
Sorghum in the Eighties
 
Proceedings of tha 

International Symposium on Sorghum
 
Volume I
 

2-7 November 1981, ICRISAT Center 
Patancheru, A.P., India 

Sponsored by 
USAID Title XII Collaborative Research Support Program 

on Sorghum and Pearl Millet \' 
(INTGORMIL) 

Indian Council of Agricultural Research 
(ICAR) 

International Crops Research Institute for the Semi-Arid Tropics 
(ICRISAT) 

j
 
ICRISAT
 

International Crops Research Institute for the Semi-Arid Tropics
 
ICRISAT Patancheru P.O.
 

Andhra Pradesh 502 324, india
 

October 1982
I 



Symposium Coordinators and Scientific Editors 

L. R. House, L. K. Mughogho, and J. M. Peacock 

Publication Editor 

J. V. Mertin 

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) is anonprofit 
scientific educational institute receiving support from donors through the Consultative 
Group on International Agricultural Research. Donors to ICRISAT include governments and 
agencies of Australia, Belgium, Canada, Federal Republic of Germany, France, India, Japan, 
Mexico, the Netherlands, New Zealand, Nigeria, Norway, Sweden, SwitzerlanO- United 
Kingdom, United States, and the following International and private organizations: Asian 
Development Bank, European Economic Community, Ford Foundation, International Bank 
for Reconstruction and Development, International Development Research Centre, 
International Fertilizer Development Center, International Fund for Agricultural Develop
ment, the Leverhulme Trust, and the United Nations Developmert Programme. Responsi
bility for the information in this publication rests with ICRISAT or the individual authors. 
Where trade names are used this does not constitute endorsement of or discrimination 
against any product by the Institute. 

Correct citation: ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 
1982. Sorghum in the Eighties: Proceedings of the International Symposium on Sorghum, 
2-7 Nov 1981, Patancheru, A.P., India, Patancheru, A.P., India: ICRISAT. 

ii 



Contents 

Volume 1
 

Foreword L. D. Swindale vii
 

1
Inauguration 
Welcoming Address J. C. Davies 3
 
Inaugural Address L. D. Swindale 5
 
Objectives of the Symposium L. R. House 11
 

Session 1-Setting the Scene 13
 

A Look Back at the 70s H. Doggett 15
 

Other Cereals
 

75
 

Status of Sorghum Production as Compared to E. R. Leng 25
 

Institutional Considerations as Related to R.W. Cummings 33
 
Sorghum Improvement in the 80s
 

Transforming Traditional Sorghums in India N. G. P. Rao 39
 
A Look Ahead into the 1980s L. R. House 61
 
Discussant-1 J. C. Davies 69
 
Discussant- 2 R. Nicou 73
 
Discussion 

Session 2-Sorghum and its Environment 81
 

The Physical Environment M. V. K. Sivakumar 03
 
and S. M. Virmani
 

The Plant and its Environment G. L. Wilson 101
 
and J. D. Eastin
 

127
 

Discussant-1 S. K. Sinha 121
 
Discussant -2 P. R. Goldsworthy 125
 
Discussion 

Session 3-Factors Reducing Sorghum Yields 129
 

(a) Environmental Stress 129
 

Reactirn and Resistance of Grain Sorghum to W. R . Jordan 131
 

and C. J. Asher
 

Micronutrients and Acidity
 

209
 

Heat and Drought and C. Y. Sullivan
 
Response and Tolerance of Sorghum to J. M. Peacock 143
 

Temperature Stress
 
Mineral Nutrition of Grain Sorghum: Macronutrients R.J. K. Myers 161
 

Mineral Nutritional Factors Reducing Sorghum Yields: R. B. Clark 179
 

Discussant- 1 N. C. Turner 191
 
Discussant - 2 A Blum 205
 
Discussion 



(b) Insect Pests 
Pest Losses and Control of Damage on Sorghum in 

De-leloping Countries-The Realities and the Myths
Sorghum Insect Pest Management - I 
Sorghum Insect Pest Management - II 
Discussant- 1 

Discussant -2 

Discussion 


(c) 	Diseases 
Disease Problems in Sorghum 

Strategies for Sorghum Disease Control 

Discussant 

Discussion 


(d) Striga and Birds 
Striga and Other Weeds in Sorghum 

Bird 	Pests and Crop Protection Strategies for 
Cereals of the Semi-Arid African Tropics


Discussant 

Discussion 


Session 4-Genetic 	Resources 
Current Situation and Future of Sorghum Germplasm 

Utilization of Germplasm in Sorghum Improvement 
Discussant - 1 

Discussant-2 

Discussion 


Session 5-Genetics and Breeding for 
The 	 Problems of Apomixis and its Prospects 

in the Eighties 

Cytoplasmic Sterility Systems in Sorghum 

Interaction of Genes and Cytoplasms in 

Sex Expression in Sorghum


Genetic and Environmental Response 

Characteristics of Sorghum


Selection in Temperate-Tropical Crosses of Sorghum 

Population Breeding Techniques in Sorghum 

213 

J. C. Davies 	 215 

G. L. Teetes 	 225 
K. V. Seshu Reddy 	 237 
W. 	R. Young 247 
M. G Jotwani 251 

257 

261 

R.A. Frederiksen 	 263 
L. K. Mughog ,o 	 273 
J. Craig 283 

285 

289 
K. V. Ramaiah 291 

and C. Parker 
R. L. Bruggers 303 

and M. M. Jaeger 
H. Doggett 313 

317 

321 
M. H. Me.igesha 323 

and K.E.Prasada Rao 
Brhane Gebrekidan 	 335 
S. K. Jain 	 347 
0. 	J. Webster 351 

355 

Improvement 

U. R. Murty, 
N. G. P. Rao, 
P. B. Kirti, and 
M. Bharathi 

K. F. Schertz 
and D. R. Pring

J. R. Quinby 

361 

373 

385 

F. R. Miller 393 

N. G. P. Rao 
and B. S. Rana 

Bhola Nath 

403 

421 

359 

iv 



Breeding for Pest Resistance in Sorg' "im 

Breeding for Disease Resistance in Sorghum 

Discussant - 1 

Discussant - 2 

Discussion 


Volume 2 

Session 6-Production Technology 
Cropping Systems with Sorghum 

Crop Management 

Sorghum Seed Production and Distribution 

The Mechanization of Millet and Sorghum 


Production in Southern Mali 
A Strategy to Raise the Productivity of 


Subsistence Farming Systems in the 

West African Semi-Arid Tropics 


Grain Postharvest Technology for Developing Countries 

Discussant - 1 

Discussant -2 

Discussion 


Session 7-Food Quality and Utilization 
Sorghum Dry Milling 

Industrial Milling of Sorghum for the 1980s 


Evaluation of Sorghum Food Quality 

Sorghum Nutritional Quality- Progress and Prospects 

Sorghum as an Energy Source 

Discussant 

Discussion 


Session 8-Socioeconomic Considerations 
Socioeconomic Considerations in 


Sorghum Farming Systems
 

B. L. Agrawal 
and L. R. House 

D T. Rosenow and 
R. A. Frederiksen 

R. G. Henzell 
M. Riccelli 

R.W. Willey, M. R.Rao, 
M. S. Reddy, 
and M. Natarajan 

M. D. Clegg 
K. R. Chopra 
M. 	 BA, D. Zerbo, 

and T. Diarra 
W. A. Stoop, 

C. M. Pattanayak, 
P. J. Matlon, and 
W. R. Root 

Do 	Sup Chung 
and C. W. Deyoe 

R.V.Vidyabhushanam 
L. R. House 

R. D. Reichert 
L. Munck, 

K.E.Bach Knudsen, 
and J. D. Axtell 

L. W. Rooney 
and D. S. Murty 

.J D. Axtell, G. Ejeta, 
and L. Munck 

R. E. Schaffert 
and L. M. Gourley 

P. Pushpamma 

D. W. Norman 

435 

447 

457 
461 
469 

475 
477 

491 
499 
507 

519 

527 

533 
537 
541 

545 
547 
565 

571 

589 

605 

625
 
629 

631 
633 



Grain Marketing in the West African Semi-Arid Tropics 

Sorghum Marketing in India 

Some Important Socioeconomic Issues Concerning 
Sorghum in India 

Research Systems 

Discussant - 1 

Discussant- 2 

Discussion 


Session 9-Plenary Session 
Recommendations 
Valedictory Speech 

Appendix 1-Short Communications 

Appendix 2-Poster Sessions 

Appendix 3-Presentation of Award and Lecture 

Appendix 4-Participants and Observers 

J. 	R. Sherman 
and I. Ouedraogo

M. 	von Oppen 

and P. P. Rao
 

H. R. Arakeri 

L. 	Busch 
and W. B. Lacy

J. 	G. Ryan 
D. B. Jones 

A. H. Bunting 

J. 	R. Quinby 

647 

659 

675 

689 

699 
717 
723 

725 

727 
735 

739 

749 

759 

769 



Foreword
 

In October 1971 in Hyderabad, India an international symposium on sorghum was 
held which examined and reviewed the then scientific, production, and nutritional 
knowledge of sorghum as a crop and as a human food. 

Almost exactly 10 years later, ICRISAT hosted Sorghum in the Eighties-an 
international symposium sponsored by USAID Title XII Collaborative Research 
Support Program on Sorghum and Pearl Millet (INTSORMIL); the Indian Council of 
Agricultural Research (ICAR); and the International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT). 

It was felt by the organizers that because so much knowledge and information 
had been attained in the intervening 10 years, scientists should meat again. 
Consequently, 245 scientists from 37 countries attended the Symposium from 2 
to 7 November 1981 dt ICRISAT Center near Hyderabad. They examined and 
evaluated the achievements made in the last decade, discussed the current 
problems, and made recommendations for future research and other activities. 

The participants showed a critical awareness ;'i sorghum's role as an important 
cereal for food, feed, construction material, and fuel in the developed and the 
developing countries. On a world production and utilization basis, sorghum ranks 
fifth after wheat, rice, maize and barley. About 90% of the total production and 
90% of the harvested area are located in 12 countries in Asia, the Americas, 
Africa, and Oceania. 

Sorghum is one of the main staple food grains of the world's poorest people, 
particularly in the semi-arid tropics (SAT). Over 55% of world sorghum production 
is in the SAT. Of the total SAT production, Asia and Africa contribute about 65%, 
of which 34% is harvested in India. Matters of considerable concern are that 
sorghum production is growing more slowly than population and that the food 
situation in parts of Africa is rapidly deteriorating. 

Situations such as these clearly indicate that more socioeconomic factors will 
need to be taken into account to guide and influence the direction of future 
scientific research on sorghum. The deliberations and discussions during the 
Symposium on factors related to sorghum and its environment, including climate, 
insects, fungi, and birds; the genetic resources; breeding for improvement; 
production technology; food quality and utilization; and the socioeconomic issues 
showed that many studies will still have to be made to further unravel the 
potentialities of this cereal. Sharp notice has been taken of research fields where 
there has been little progress in the last 10 years. 

A main value of the Symposium has been to determine work priorities for 
ICRISAT and the national programs in the SAT, and to emphasize the need for 
continued cooperation with other institutions. Sorghum in the Eighties has been a 
rewarding Symposium which has not lost sight of the basic objective to increase 
the yield and production of better sorghurn to feed people. 

I believe that the Proceedings of Sorghum in the Eighties will be a prominent 
benchmark for our future studies and perspectives on sorghum in the next 
decade.
 

L.D. Swindale 
Director General 
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Inauguration
 
Chairman: J. C. Davies 



Welcoming Address 

J. C. Davies* 

It gives me great pleasure this morning to India and Africa. 
welcome you to this Inaugural Session on behalf I trust that this blend will spark a groat deal of 
of ICAR, INTSOPMIL, and ICRISAT. The dream of debate and discussion over the next 6 days and 
about 2 years ag has culminated in this excellent thereby greatly assist us in our aims in ensuring 
attendance here at ICRISAT. significant improvements in the sorghum crop. 

The sponsors have been gratified by the great and in the use of the crop as afood in the coming 
interest, enthusiasm and encouragement re- decade. I believe we have the opportunity to 
ceived over many months of planning. We trust make very definite progress towards setting 
that you all had pleasant journeys and are fully guidelines for research in the next 10 years, in 
rested before tackling tile full program which the identifying priority problems and in making bold 
committee has prepared for you. This gathering of suggestions for alleviting some of the major food 
sorghum scientists is the largest I can remember supply problems which are known to be looming 
and we have been overwhelmed by the intense in the early 1990s for much of Africa and the 
interest occasioned by the topic, "Sorghum i1o the developing countries of the SAT. 
Eighties". In spite of your full schedule Ihope that you will 

I am particularly happy to see so many scien- all have the opportunity to see something of the 
tists from the developing world here-some of interesting and historic city of Hyderabad and to 
them are old friends as far as Iam concerned and I sample the warmth of its traditional hospitality. 
am pleased to say that I knew them as up and I wish you all a pleasant stay and hope that you 
coming students in their pregraduation days. all participate to the full in the symposium and 
There is a very useful blend of experience extracurricular interactions. If we can help in any 
represented by workers from the developed way to make your stay more comfortable please 
world and scientists with a deep and detailed ask. Welcome to you all. 
knowledge of the situations regarding sorghum in 

Director for International Cooperation. ICRISAT. 
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Inaugural Address 

L D. Swindaleg 

It is a pleasure to add my word of welcome to that 
of the Chairman and to wish you well in this 
International Symposium on Sorghum. It is my 
pleasant duty to send this symposium on its way. 

All of you assembled here are experts in one 
aspect of sorghum improvement or another and 
many of you are fully aware of the needs and 
challenges that relate to this important food and 
feed crop. I do not intend to try in this address this 
morning to review all those needs and challenges. 
Others will do it much more knowledgeably ind 
expertly than I could. 

Iwould, however, like to illustrate the issues by 
talking about the situation here in India in the hope 
and belief that what I say will have some relation 
to the conditions and circumstances elsewhere in 
the world. In the latter portion of my address I will 
speak of the contribution of ICRISAT to the wo,'" 
that needs to be done. 

You are aware I am sure of the agricultural 
miracle that has occurred in India in recent years. 
A recent article in the New York Times said that 
India, once written off as a hopeless case, has 
almost tripled its food production in the last 30 
years and now has a comfortable reserve for 
future bad years. Recently I read an article by an 
American writer who predicte'. that India could 
become the world's number one producer of grain 
in the near future which is quite a change from a 
basket case to a bread basket in 30 years. 

The success that has beon achieved has 
brought with it an imp.'oved infrastructure, input 
supply, and an adequate markat strategy even if it 
is not perfect. We can believe that a reasonable 
rate of progress will continue, that periodic 
droughts will be withstood, and that an agricultu-
ral base for the improvement of other sectors of 
the economy now exists. One clear illustration of 

Director General, ICRISAT. 

Internatoal Crops Research Institute for the Semi.Ard Tropics 

Symposium on Sorghum. 2-7 Nov 81. Patanceru. A P. India 


the solidity of the established agricultural sector is 
the mariner in which the country weathered the 
1979/80 drought, described by many as the worst 
drought of the century. On several occasions I 
have amazed people by informing them that India 
sustained the worst drought of the century in that 
year. They did not know, had not heard about it, 
there was no starvation, no deaths, no catas
trophe, and no massive food aid from foreign 
countries. The world press finding nothing bad to 
write about, wrote nothing, and the world re
mained urvjware. 

This is r'ot to say, of course, that the worst 
drought of the century passed without trace. 
Many problems were caused-a draw down in 
food stocks, the loss of hydro6tectric energy, 
reduced utilization of industrial capacity, and 
severe inflation. Further droughts in neveral areas 
of the country last year aggravated the problem 
and lengthened the recovery period. It wil. take a 
while for recovery to be complete but the pros
pects for this year's harvest seem very good and 
this should put 1979/80 into history. India, as the 
Prime Minister of India was quoted as saying at 
Cancun, Mexico, recently, is again poised for 
take-off for rapid development, and rapid reduc
tion in poverty. 

Agricultural progress must continue in this 
country indeed at a greater rate than ever before. 
Plans to ensure that this will be done are in hand 
and embodied in the chapters of India's Sixth Five 
Year Plan. A compound growth rate of 5.2% is 
projected for agricultural production for the Sixth 
Plan period, the same figure that is projected for 
growth in the economy as a whole. The plan reads 
very well, all the interlocking calc,,lations have 
been done, the targets and projections seem to 
make sense, the general tone of the document is 
optimistic and confident, and yet it may not be 
enough.
 

FAO. in a recent document prepared for the 
Seventh Session of the World Food Couri.l, 

1982 Sorghum in the Eighties: Proceedings of the Interontional 
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estimates that world cereal production needs to 
increase at 4% per annum to meet consumption 
requirements or at a greater rate if stocks are to 
be replenished. The Indian Planning Commission 
projects only a 3.6% growth in cereal production 
over the Sixth Plan period. The difference of 0.4% 
is significant because India is such an important 
nation in the world grain picture. Nonetheless, the 
Indian figure itself must be considered somewhat 
optimistic. At no time in the last 30 years has the 
growth rate in cereal production for any five-year 
period reached 3.6%. Mostly it has been below 
3%. Can India then do more? Can it reach its own 
targets? Can it exceed them? Can it reach a 
growth rate of not 4% but 4.6% instead of 3.6% 
and thus supply grain to other nations and 
contribute to the replenishment of world food 
stocks? If this is possible at all, it is most likely to 
occur in those areas where plan projections are 
equal to or below recent performance trends. This 
is the case for sorghum. The S;xth Plan projects a 
compound growth rate of 2% per year for 
sorghum production. Over the last 7 or 8 years, 
production has increased at nearly 7%-about 3 
times the projected rate. MG,. importantly 
perhaps, yieIds per hectare have increased at 
more than 3 times the above rate, more than 6%, 
meaning that production of sorghum could be 
increased to 3 or 4% per year even if the area of 
land used for the crop were reduced. 

This is not true for rice or wheat, the two major 
cereal crops of the country, The rates of increase 
of yield per hectare for those two crops are 
currently less than the projected rate of produc-
tion increase shown in the Plan. Thus greater 
production could only be obtained with these 
crops by increasing the area of land dnd that 
means increasing irrigated land with all the heavy 
costs involved. 

To increase sorghum production in this country 
it will be necessary to bring about the spread of 
improved cultivars, particularly hybrids, along with 
fertilizers in the rainfed areas where sorghum is 
mainly grown. 

The combination of genes for reduced plant 
height and susceptibility to lodging with genes fo, 
responsiveness to added nutrients which resulted 
in qua;-,!.um jumps in the yields of wheat and rice 
ii .-rigated agriculture are also proving successful 
with sorghum in rainfed conditions. Improved 
varieties and hybrids significantly outyield local 
varieties in most years in most parts of the 
country. The cost of purchasing improved seeds is 

small for sorghum and the benefits are subntan
tial. The ratio of benefit to added cost is often in 
excess of 10-by all standards sufficient to 
ensure widespread adoption. However, satisfac
tory grain qual;ty and levels of disease and pest 
resistance are necessary in combination with the 
high yields to make the improved cultivars attrac
tive to farmers. Although year-to-year variability in 
yield is higher for hybrids than for local varieties, 
the yield gains and other characteristics of good 
cultivars are sufficient to persuade farmers to take 
the higher risks involved. 

There is also much evidence to show that 
fertilizer used alone on local cultivars is economic 
in the semi-arid regions of India. Several hundred 
experiments on cultivators' fields with sorghum, 
maize, and pearl millet in rainfed areas have given 
average gains of 14 kg grain per hectare per kg of 
nitrogen, and 7 kg grain per kg of P20,. Benefit to 
cost ratios are 3 or better. 

Soil type and particularly water-holding capacity 
of the soil have significant effects on the efficien
cy of fertilizer use. Crops grown on the same soil 
in the rainy season will usually have higher 
fertilizer-use efficiencies than crops grown in the 
dry season on receding soil moisture. 

Although the above statements would suggest 
that seeds alone or fertilizer alone would be 
satisfactory lead practices for increasing produc
tion, the absolute yield gains trom a single 
practice are not sufficient to achieve the growth 
rates required. And there are in the literature and 
in practice, sufficient examples where fertilizer 
alone added to local varieties, did not provide 
significant improvements or did not cover the 
additional cost involved. The negative results are 
sufficient to feed the farmers' fears and to deter 
government agencies from recommending the 
application of fertilizers to local cultivars particular
ly in the rainfed regions. 

However, the combination of improved seeds 
and fertilizers does provide the level of additional 
yield requircd and gives positive results and 
beneficial results consistently at a benefit cost 
ratio of 3 or more. The practice can be and should 
be recommended with confidence. 

There are some problems however. Firstly the 
seed; India acknowledges its inability to produce 
enough improved seed for the farmer. This is 
aggravated in sorghum because some of the 
cultivars that are preferred have seed production 
problems. In fact there are very few hybrids in 
sorghum available to the far. ,er, at least few that 
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he is willing to use. There are perhaps three or 
four for the rainy season crop and one or two at 
the most for the winter season crop. All of them 
have scope for improvement, two of them, as I 
said, have seed production problems. Ido not say 
this to belittle the work that has been done. As I 
have already shown, the improvement in sorghum 
yield and production over the last few years in this 
country has been quite spectacular, and the 
people who have contributed to this have every 
reason to be satisfied with and r;oud of their 
contribution. But there is plenty mere work to be 
done and there is a lot of room for additional 
research. There should be now in India a wider 
array of varieties and hybrids for the farmer to 
choose from in different districts, 

Fertilizer supply is even more of a problem. 
Demand far exceeds national production. Distribu-
tion tends to he only to those areas where the 
marketing networks already exist. Interior villages 
in the country do not have access to the input that 
they so desperately require. The Government has 
recently introduced a scheme to subsidize the 
transportation cost of fertilizer to every block 
headquarters in the country, that is, to 5500 
primary distribution points from north to south and 
east to west. This should help greatly to improve 
the access of farmers to fertilizer. 

Another problem, of course, is cost. Although 
benefits substantially exceed the additional costs, 
the added costs themselves are significant. They 
range from about Rs.400 per hectare to Rs.1000 
per hectare, and this is a substantial deterrent to 
the small farmer or the marginal farmer. They 
must have access to credit if they are going to 
benefit from the technologies that are now 
available to them. 

The lead practices of improved seeds and 
fertilizers, although being satisfactory beginning 
strategies throughout the rainfed areas, will have 
only limited success if they are not properly 
combined with the rest of the package, to take 
account of the basic climatological and soil charac-
teristics area by area, district by district and region 
by region, to assure stability, ameliorate some of 
the effects of drought, and increase food produc-
tion per unit of land and capital. 

I now wish to ta!k about ICRISAT's probable 
contribution to improving sorghum in the eighties. 
What is it that we here are best able to do? Our 
mandate and objectives will be well known to 
nearly all of you. If you do not know them, please 
obtain a brochure about ICRISAT and learn about 

our work in general. We work to improve sor
ghum. pearl millet, pigeonpea, zhickpea and 
groundnut, to develop farming systems for the 
seasonally dry semi-arid tropics, to identify 
socioeconomic cor straints to agricultural devlop
ment in this climatic zone and to assist national 
and regional research programs, to operate train
ing programs and to assist extension activities. 

That mandate statement covers a lot of ground. 
It includes everything that we are likely to do. 
Obviously at any one time we must focus and 
concentrate on a portion only of the broad 
mandate. For the next 10 years, during the 
eighties, our Governing Board has agreed that 
ICRISAT will focus particularly on the small farmer 
of limited means, farming his land with few inputs 
and basically in rainfed conditions. 

In addition to serving the small farmer, howev
er, we will also serve all the users of our five crops 
wherever they are located. We are, for example, 
working on one of the most serious diseases of 
sorghum, sorghum downy mildew, and to the 
extent that we are successful in our work, 
obviously we serve all the people who are 
troubled by this disease. 

Although the growers and producers of sor
ghum are then our target group, you, the scien
tists, who are interested and working on sorghum 
production, are our immediate clients, the direct 
users of our outputs and to a lesser extent, we 
also serve -our extension and action agency 
counterparts. 

Much of our research must be designed to 
serve your needs. ICRISAT, for example, as a 
general policy, does not release named cultivars. 
We release much breeding material for scientists 
to use. We involve you in our planning and we 
plan our work to complement your work. We try 
through example and cooperation to improve the 
quality and effectiveness of research, parnicularly 
in the developing world and we also try to 
strengthen and improve institutions. 

We have established cooperative agreements 
with five universities in this country and with 
several research institutes in other countries. 

Our objectively verifiable indicators of output 
-to borrow a term from USAID-are seeds, new 
technologies, reports of new concepts and 
methods, and graduated trainees. Initially our 
outputs are scientific and technical inputs to the 
client group. In time they will appear as outputs to 
the target groups themselves but through your 
channels rather than ours. 
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I have mentioned that we do release some 
finished cultivars in various countries; particularly 
in Africa. more so than in Asia. The countries 
below the Sahara do not yet have enough trained 
personnel to have extensive networks of research 
of their own, although Iam pleased to say that this 
position is changing almost every day. 

Several of our scientists are employed on 
special projects in those countries to assist the 
national programs and to help the national prog-
ram people develop regional programs. We are 
sometimes involved in making varieties and selec-
tions available to the extension agencies. 

We are also conducting many international 
multilocational trials and through that system you 
help us and we help you. For those who cooper-
ate with us, it provides a golden opportunity to 
see what ICRISAT material is like and to make use 
of it. In India every year we have a field day for 
each crop to whic&' we invite the national scien-
tists to come and see what our crop looks like, 
and we always choose the right time when the 
crop is expressing its characteristic as best as it 
can. We invite the scientists to choose material 
that they will find valuable and that they think will 
be valuable in their programs. Obviously we do 
not have enough money to invite scientists from 
all over the world to these annual field days, but 
through the multilocational trial network the same 
opportunities exist-perhaps in a more limited 
sense-for people in other countries to benefit 
from ICRISAT material by taking it from us and 
using it in their own programs. We do not ask 
scientists how they use this material, but we 
would like to know, and I put in an appeal right 
now, whether you found the material useful or 
not, to let us know. It is helpful to us in talking to 
our donors and Governing Board to know that the 
material that was taken has proved to be useful. 

We also are. of course, much involved in 
collecting germplasm. We have recently obtained 
some extremely interesting looking material from 
southwestern Ethiopia and this will be available in 
due course for distribution to all who are in-
terested in using it. 

In sorghum particularly, we have been very 
concerned in recent years in trying to find new 
methods of screening for important characteris-
tics, and this work will continue. It isan important 
contribution that we can make. Sometimes, be-
cause of the large area that we are able to cover 
with a crop at any one time, we can make faster 
progress on developing new methods than others 

can and we are happy to contribute this work. 
Most of ICRISAT's reports of our work are 

found in our own published reports, and I hope, 
that, if not all of you are on our mailing list now, 
that you will be on our mailing list before you 
leave. It is important that you let us know the 
subjects in which you are interested, give us your 
name and address, and we will do )ur best to 
keep you regularly supplied with ICRISAT's re
ports. The same is true of our Annual Report. We 
produce a glossy covert J report annually on 
Research Highlights which is meant for our 
donors, and for the informed public but we also 
produce an annual report that is a scientific 
document and does contain brief but scientifically 
accurate information. We produrs. this because 
we believe that this is a good way for people, 
particularly in developing countries, with problems 
of hard currency, to get to know about our work, 
even if they cannot obtain access to the regular 
published journals. This is an important document 
and I hope that most of you will be able to have a 
copy of our scientific annual report. 

We are also involved in organizing conferences 
and symposia such as this. These are ways in 
which we can tell you what we are doing, you can 
tell us, we can together plan an integrated or 
coordinated program throughout the world and 
you can tell us what ICRISAT ought to do. 

During last week, we had a unique conference 
here on sorghum grain quality. Those who 
attended found it extremely interesting because 
we collected together some very interesting 
information about the use of sorghum in various 
preparations and the quality standards that go 
with those preparations. I do not think anybody 
else in the world has done this before. Iam sure 
that the proceedings of that conference, when 
they come out, will prove to be extremely valuable 
and interesting and should be a foundation for 
future progress in this very interesting field. 

Finally, we contribute by providing training 
courses. We have avariety of programs under the 
general heading of training, some of which, of 
course, are not really training-but are joint 
scientific investigations between ICRISAT staff 
and Visiting Scientists. We would like to develop 
more of these opportunities for such Scientists, 
although obviously there are limits to the numbers 
that we can handle at any one time. 

We have Research Fellows, people with recent 
Ph.D's and Master's degrees who come to spend 
time with us for one to two 'ears; Research 
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Scholars, who are people doing their graduate 
studies and come here to undertake the research 
portior; and Inservice Trainees who are scientists 
and technicians who come for a cropping season 
to learn the details and the routine of scientific 
work in sorghum improvement. 

Our facilities for training are becoming some
what strained but we would like to encourage 
more Fellows and Scholars from developing 
countrips, other than India. At the moment, most 
of ou, Fellows and Scholars from developing 
countries come from India itself. We do not want 
to shut that off, but we would like to see more 
people coming from the other countries where 
sorghum is an important food crop. 

ICRISAT is a global center for sorghum improve
ment but it is not the global center. The scientific 
manpower resources available to us to do our 
global work are less than those that are available 
for sorghum improvement in India. I would not be 
surprised if they were less than those available in 
the State of Texas. 

So. there are limits to what we can do. We can 
fulfill our responsibilities only in cooperation with 
others, with you and your colleagues and counter
parts throughout the world. 

A major goal of this Symposium must be to 
consider how to cooperaic best to make effective 
use of each other's time, abilities and knowledge, 
to strengthen this network of science through the 
bonds of friendship and common interest. 

I hope that the Symposium on Sorghum will be 
a great success. I have no doubt that during it you 
will be busy planning a symposium for Sorghum in 
the Ninetiesl It is my pleasure to inaugurate this 
symposium and to wish it well. 
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Objectives of the Symposium
 

L.R. H-se*
 

This symposium. Sorghum in the Eighties, occurs 
almost to the day, 10 years after the symposium, 
Sorghum in the Seventies. Hopefully it will be-
come a 10-year event enabling us as a group of 
scientists interested in sorghum to take account 
of what has happened and to better identify what 
are likely to be our priorities in the future. 

The overall objective that we have, as agricultu
ral scientists, is to increase human welfare. An 
effort has been made in organizing the sympo-
sium to include major &:,P._of research, training, 
and developrment relevant to this basic objective. 
There is consideration of varietal and hybrid 
development, factors that limit production, institu-
tional requirements, quality and nutrition, and 
socioeconomic considerations. In all of these, 
there are applied and more basic aspects of 
importance and for which long-term funding is 
es.sential. 

An objective of the symposium is to outline the 
state of the art at the end of the seventies and 
from this experience identify priorities for the 
eighties. This is important to what we do and how 
we work together to do it. An effort has been 
made to bring together at this meeting scientists 
from many countries and many disciplines so that 
from their varied backgrounds there will be a 
useful interaction and the development and 
strengthening of relationships. 

The Need 

The problems of population growth and increase 
in food production will be detailed in this svmpo-
sium. That the rate of population growth exceeds 
that of production (lADS i0) is of concern. The 

* Principal Plant Breeder and Leader, Sorghum Program, 
ICRISAT. 

projections of required increased food production 
by 1990, the 10-year period that we are consider
ing, make us realize the seriousness of the 
problem that we as sorghum scientists have to 
face (Ryan 1981). An objective of this symposium 
is to help us to better respond to this urgent need. 

The Clientele to Whom sXzr 
Objectives Must be Raievant 

Our basic objective is to make improvements in 
sorghum production. A major thrust is to the 
poorest of farmers working in harsh environments 
with little or no resource base; another thrust is in 
areas where the environment is good but a 
technical, more productive agriculture, is yet to 
develop; yet another thrust is in areas where 
agriculture is already highly technical and a com
munity of necessary goods and services exists. 
We should recognize that the farmer, in each 
instance, is an important end point and as 
scientists we cannot say that our job is finished 
when the technology is developed. We must help 
ensure that our findings assist in solving the 
production problem in the farmers' field. The 
important concept is change-we need the im
agination to see beyond what is; we must be 
careful not to lock the farmer into his tradition 
being ourselves convinced that he has no base for 
change; we must be prepared to exploit opportu
nities that begin to make a change and not 
over-generalize feelings that we must meet all 
needs simultaneously. One change will bring 
another. Our community of developments, experi
ences, and capabilities are mutually supporting 
and an objective of this symposium is for us to 
better see how they can be made more relevant 
to the farmer. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A P., India. Patancheru, A.P India: ICRISAT. 



Cooperation 

Most of the problems that we face are complex 
and can be most effectively solvod by cross 
discipline and cross institutional cooperation. 
Some institutions have the capability to resolve 
the more basic issues on which the applied is 
generated. Others can adapt technology to local 
needs and identify problems requiring a more 
basic understanding. Communication is a problem 
to which we should give consideration. There is a 
need to dr'velop priorities; and to share ideas, 
materials, resources, and recognition. N'is sym-
posiI'm provides an opportunity to ev,: .e and 
improve these interactions, 

I have long maintained that our germplasm 
belongs to everyone. Some collect and preserve 
it, but for the good of all. Every nation interested in 
sorghum improvement has received seeds from 
outside and benefited-it is for the common 
good that our germplasm flows easily. This 
symposium should endorse attitudes and prac-
tices that encourage seed exchange and the 
continuous need to monitor quarantine require-
ments to be effective, but not unnecessarily 
restrictive. 

It is not for us just to give priority to our 
research but to give thought to the speed of 
accomplishment. Time is important if we are to 
meet the challenge, and consideration of the rate 
of accomplishment should figure in our objec-
tives. With limited resources we must balance 
them across research, development, training, and 
infrastructure requirements. These are not static 
needs, and the balance between them will change 
with time and differ with location. A function of 
this symposium can be to help gain a perspective 
among these aspects. 

Internatioi-*l and National 
Program Relationships 

I have long felt that the development of a variety 
or hybrid and a package of management practices 
is relatively an easier part of our task. Midge 
followed the introduction of an early maturing 
hybrid and damaged later locals in northern 
Maharashtra. Fifteen years ago one could rarely 
find charcoal rot in India-now it is a problem. 
Striga is increasing in severity where the new 
hybrids are sown, and the entomologists are 
raising concern about the seriousness of army

worm in India in the eighties. The change in 
variety and its management brings on an array of 
problems requiring a fairly sophisticated research 
capability to solve. 

Ultimately an objective is for each sorghum 
growing country in the world to have its own 
research capability. Today, some do and many do 
not. International agencies can assist by generat
ing useful materials and techniques and by placing 
scientists with the necessary range of skills in 
strategic locations to adapt and generate new 
materials and techniques for different environ
ments. Training of different kinds is imperative to 
success. There is no substitute for a country 
having adequate research capability-the func
tion of international agencies is to hasten the day 
when this exists. Countries must look carefully at 
the deployment of their scientists and develop 
conditions encouraging their creative capability. 
This interrelationship is an important issue and will 
continue to be into the eighties and deserves our 
consideration. 

Technology isnot a cure-all. It must be applied if 
it is to be meaningful. Government policies can 
encourage or discourage new technology; and 
expertise within international agencies can be 
relevant to the development of national policies. 
Improvement in sorghum production is no excep
tion. I hope that we hear more about this during 
the coming week. 

This symposium is diverse in structure in an 
attempt to allow us to respond to many relevant 
facets. An attempt has been made to bring people 
together from different backgrounds and experi
ences. We hope that you will all contribute 
effectively to the objectives of this symposium. 
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A Look Back at the 70s
 

H. Doggett* 

My rnandate is to look back at the sorghum 
research situation, and the next speaker will be 
dealing with production. Lot me preface my 
remarks in this hall by congratulating farmers and 
scientists in the Indian National Program on the 
sorghum yield increase of 50% from 484 to 734 
kg/ha over 16 million hectares which has been 
achieved since the "Sorghum in the Seventies" 
Symposium held here 10 years ago. Improved 
varieties and hybrids have contributed a lot 
towards this yield increase. 

Two events gave a great impetus to the 
development of sorghum research during the 
seventies. The establishment of ICRISAT resulted 
in a big increase in the number of scientists 
working in the developing world, as well as greaty 
increased inernational support for such research. 
The implementation of the Title XII legislation in 
the USA is more recent, but is already resulting in 
valuable cooperation in breeding, disease, and 
grain quality work. All areas of sorghum research 
under study in the U.S. universities will be linked 
through this program to the developing wodd, in 
due course. 

We may look forward to an increasing coopera-
tive research program, with the increasing inputs 
from scientists in Europe, for example, from 
Britain, France, Germany and The Netherlands 
which have continued steadily through the seven
ties, fitting into one coordinated attack on the 
problems of sorgjhum and sorghum growing 
which require research. 

The main need, which has been increasingly 
realized during the seventies, is for strong national 
agricultural research programs. Only the national 
programs can do the final research anid develop-
ment appropriate for its own farmers; only the 
national programs can involve the farmers in that 

*Associate Director, Agri:ultural, Food and Nutrition 
Sciences, IDRC Regional Office, Peredeniya, Sri Lanka. 

research, and help them to implement the im
proved farming patterns and to adopt the im
proved cultivars. The establishment of The Inter
national Service for National Agricultural Research 
(ISNAR), as a channel to help strengthen those 
national programs, is therefore, one of the 
achievements of the seventies, as important for 
sorghum as for genei'al tropical farming and all 
other tropical crops. 

Strong international programs and weak nation
al programs can only result in the intemnional 
programs becoming involved in what should be 
the sphere of the national program, because the 
work needs to be done. This in tum can result in 
the weakening of the national programs, to the 
detriment of all concerned. We must look forward 
to greatly strengthened national agricultural re
search services, so that international research can 
recede into the background, to its proper role of 
providing unobtrusively back,ip and support for 
the national agrictiltural research programs. 

The "Sorghum in the Seventies" Symposium 
started by considering world gernplasm re
sources, and I shall follow much the same order 
here. 

Genetic Resources 

During the past 10 years, more of the entries in 
the original ISworld collection have been obtained 
by ICRISAT. Fresh collecting has been done in 
neglected areas of India, in the eastern Sudan, 
Western Ethiopia, Tanzania, Kenya, Somalia, Ni 
ger, Senegambia, Mali, Malawi, Zambia, and 
Botswana. Additional material has been obtained 
from Nigeria, the Sudan, and the USA. The 
greatest number of accessions has come from 
Ethiopia. Nineteen descriptors have been 
selected, and the collection evaluated and put on 
tapes. An introgression program to make use of 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 

Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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outstanding germplasm entrie3 by backcrcsses to 
elite adapted cultivars is in progress. Many 
thousands of seed samples have been distributed 
to workers overseas and within India. 

Ethiopia used an effective collection procedure 
which might be useful in other countries. Brhane 
Gebrekidan arranged for the Ethiopian Sorghum 
Improvement Project (ESIP) to employ collectors, 
who familiarized themselves with the sorghums 
being grown in their area. They obtained details 
about them beforehand from the farmers, and 
went through at harvest time collecting the 
samples. In this way, province by province over 
several years, a fairly thorough sampling of 
sorghums in Ethiopia was made. ESIP may be 
able to train collectors from o1her countries ;n the 
procedures used, in conjunction with ICRISAT. 

Looking to the future, subsamples from the 
collection ought to be maintained in ecological 
zones closer to their original habitats than is 
Hyderabad. Desirable locations would be in areas 
such as Northern Nigeria, highland Ethiopia, Tan-
zania, and the Sudan. There are practical prob-
lems, but this should be the objective, 

Population geneticists should be involved in 
planning the utilization of the collection. A set of 
climaic zcries might be defined, and a random 
mating population made up for each zone contain-
ing the main resistances and the grain and plant 
characters likely to be of value in that zone. Plant 
breeders would find such composite populations 
easy to use and of great value, 

World collection nurseries would be very desir-
able to test some of the better entries across 
locations on a world scale. This would help to 
identify those with the best stability of perform-
ance. This type of nursery put out by R.C. Pickett 
from Purdue under a USAID supported program 
was of value in identifying outstanding types, one 
of which, SC 108, is proving very successful in 
conventional sorghum improvement programs. 

Classification 

Harlan and de Wet's system of classification 
presented at the "Sorghum in the Seventies" 
Symposium has proved to be a simplification of 
very practical use. The situation within popula-
tions may be likened to a relief map, a series of 
adaptive peaks of varying altitudes separated by 
saddles and valleys. Botanists have defined the 
major peaks, using a large number of characters, 

and have sometimes tried to define the foot hills 
and the lower peaks also. Snowden (1936) pro
vided a good example of this. However, sorghum 
is a 'rolling countryside as well as a mountainous 
one, and the precise positions and altitudes of 
many of the hills are difficult to define. Harlan and 
de Wet cut across these difficulties by defining 
the major peaks on simple grain and glume 
relationships, and some association with panicle 
type, the major factors for which people have 
selected. Cultivated sorghums can now be allo
cated to five main groups, or to ten intermediates 
between these five groups. This tells us little 
about the origins of the intermediates, whether 
they are steps along the road to the peak, or 
products of hybridization between the races. 

Race bicolor is least homogeneous in this 
system, often because people have been select
ing for characters other than grain, which may be 
needed only as seed. 

To obtain a aeeper understanding of the history 
of the crop, it would be necessary to use more 
plant characters, some being subject to direct 
human selection, others not, and to analyze them 
by numerical taxonomic procedures. De Wet and 
Huckabay (1967)'have made an illuminating study, 
based on material available to Snowden (1936). 
Now tOat the world sorghum populations have 
been sampled so much more thoroughly, data 
could be collected on known indigenous materials 
from a wide range of geographical and special 
ecological zones, and analyzed by a suitable 
numerical taxonomic method. 

This would add to the evidence available on the 
history of the crop. It would also be useful to have 
additional studies, followed through several 
generations, of hybrids between the main races, 
and between them and the wild race: and 
ecotypes. Some of the work already in progret:,at 
ICRISAT on wild x cultivated crosses will contri. 
bute towards this. Further analyses of the geog
raphic distribution of neutral alleles, such as 
fertility restoration to the milo-kafir cytoplasmic 
male sterility, are also desirable. 

The Sorghum Conversion Program 

The lines extracted from the sorghum conversion 
program have made a big contribution to the 
hybrid programs in the USA. They provide perhaps 
the main reason for the steady progress in yields. 
This approach has a big potential still, relatively 
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little material has been handled in this way. 
Population breeding programs could contribute 
towards making much more photoperiod sensi-
tive tropical material available as photoperiod 
insensitive stocks in a range of plant heights. 

Sorghum Improvement 

Table 1 sets out what has been happening to 
sotghum since the last meeting through 1979. 
Argentina and India show the best percent yield 
increases, 55% and 52% respectively, and much 
of this will have been due to the use of hybrid 
sorghum. In Africa and Asia, only China exceeds 
1.0 t/ha but Ethiopia approaches it, and both 
Ethiopia and Upper Volta have made useful yield 
increases, without the use of hybrids as yet The 
figures in the table underline the contrast be-

tween the larger farmer with good hybrids, able to 
afford inputs: and the small farmer operating near 
the subsistence level, the difference between 
2.9-3.6 t/ha, and 0.5-1.0 t/ha. I hope that some
body is going to tell us more about tha situation in 
China, which grows 16.5% of the world's total 
crop, second in area only to India, but with 80% 
more yield. 

The situation in Developing Africa causes con
cam. It will be seen from Tate 2 that the total 
area under all three cereals increased by 8%, 
while the mean yield declined by 1.5% and the 
human population increased by 29%. Unless this 
trend can be reversed, there is real trouble ahead. 

In the New Wordd, there is awealth of expertise 
on sorghum in North America, which is evidently 
transferable to the situation in parts of Latin 
America, where sorghum is a new crop, still free 
from some of the Old World pests. We should 

Table 1. 	Comparative aras (1000 hal and yihlds (kg/ha) of sorghum, 1969/71 to 1977/73 (FAO Yearb olk 
1979). 

1969/71 1977/79 Percent change Percent of 
world total 

Country or region Area Yield Area Yield Area Yield area 

Nigeria 5572 652 6000 628 +8 -4 11.6 
Sudan 1828 834 2 854 767 +56 -8 5.5 
Upper Volta 1054 501 1033 591 -2 +18 2.0 
Ethiopia 950 870 743 958 -22 +10 1.4 
Niger 589 445 780 450 +32 +1 1.5 

Africa 	 12844 704 14353 714 	 +1? +1 27.7 
USA 5820 3318 5477 3 647 -6 +10 10.6 
Mexico 934 2766 1422 2 912 +52 +5 2.7 

N.C. America 7248 3094 73.90 3339 +2 +8 14.2 
Argentina 	 1979 1932 2 253 2 987 +38 +55 4.3 

S.America 2097 1933 2866 2788 +37 +44 5.5 
India 17585 484 15981 734 -9 +52 30.8 
China 8571 1090 8570 1304 0 +20 16.5 
Yemen 1235 711 886 730 -28 +3 1.7 
Pakistan 518 594 489 558 -6 -9 	 0.9 

Asia 	 28293 689 26473 899 -6 +30 51.0 

Australia 	 374 2031 465 2006 +24 -1 0.9 
USSR 	 43 1423 86 1288 +100 -10 0.2 

World 	 51043 1 103 51 835 1 320 +1.6 +20 100.0 
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TaW. 2. Compart* iAa0(C9 ha) and yleld (kgl/ha) of ceml gralne, 13/71 and 1977/79; poapuladmta 

(1000), In DeekMpInq Afrks. 

1969171 1977/79 Percent change 

Area Yield Area Yield Area Yield 

Sorl;Mum 10657 671 11 136 683 +4 +2 
Maize 12349 1012 14108 971 +14 -4 
Millet 14401 587 15072 576 +5 -2 

Total Cereals 37407 (752) 40316 (741)" +8 -1.5 
Population 282 734 (1970) 365 738 (1979) +29 

' Mean for total cereals isaverage of the three yields, and not recalculatcd from original area and production figures. 

note that the improved genotypes in the USA 
preceded improved crop management, because 
only then was this profitable. Moan grain yields in 
the USA were around 1.2 t/ha before the release 
of hybrids, lower than the present figure for China 
over a similar area. Thus the importance of both 
plant breeding ard of the economic system are 
underlined. The latter can defeat all the efforts of 
plant breeders and agronomists. The less de-
veloped countries have to pay for the infrastruc-
ture of civil service, health service, transport, 
education, defence, etc., but collecting taxes is 
difficult. Urban populations are politically aware: 
the rural populations labor on uncomplaining. It is 
easy to raise the money for infrastructure by 
paying low prices to the producer for his crops. 
Unless the farmer can market his harvest easily 
and profitably, there will be no increases in either 
yield, or in area under the crop, nor any improve-
ments in farming standards. 

Traditional Breeding Procedures 

Good progress has been made in many countries 
through using traditional breeding methods. Look-
ing only at India, we find average trial yields during 
the kharif, over four seasons, of 2.0-3.6 t/ha for 
the variety CSV-4, and 3.1 - 5.0 t/ha for the hybrid 
CSH-9. In the 1980 advanced kharif variety trials, 
we find SPV 350 from ICRISAT and SPV 346 from 
Udaipur only 400 kg/ha below the 3.8 t/ha yield of 
the hybrid CSH-5 (Anon. 1981). 

In the advanced rabi hybrid trials, SPH 200 
through SPH 204 from Parbhani, and SPH 210 and 
SPH 212 from Dharwar, all outyielded the hybrids 
CSH-8R and MSH-41, the latter from the Mahyco 
Seed Company. 

The success of the traditional plant breeding 
methodologies has never been in doubt. Popula
tion methods only supplement and provide back
up for these traditional methods. 

Perhaps the most useful advance over the past 
10 years has been in methodologies for screening 
against pests, diseases, Stfiga, and drought, 
which are important for all plant breeding proce
dures. 

One premise on which the breeding programs 
have to be based for much of the developing 
world is that the advantages of hybids will take 
some time to be adopted. Reliable seed produc
tion and distribution, and education on the need to 
purchase fresh seed for each planting, will take 
time to develop fully. Many small farmers will 
continue to save their own seed for some years 
yet. Good varieties will be needed for a long time, 
but since good hybrids come from good varieties, 
there is no conflict, and this forms one program. 

Apomixis 

Various attempts Gre being made to retain some 
of the benefits of hetarosis which do not require 
such a highly developed seed industry as do 
conventional hybrids. Work on aporrixis has now 
reached the stage when facultative apomicts, and 
"Vybrids" from crosses between them, are likely 
to be developed for farmer use. These will exploit 
and retain some of the heterosis available in 
crosses.
 

Genetic Vulnerability 

Farmers in the SAT have learnt down the years to 
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grow a range of cultivars, and landraces. This 
gives a better spread of defences against pests, 
diseases, and parasites. A reasonable level of 
resistance to the locally important pests and 
pathogens has been accumulated by selection in 
the locally adapted ge.wmplasm. When the local 
types are replaced by high yielding varieties 
(HYVs) or hybrids, a broad, adapted germplasm 
base is replaced by a single narrow genoty-e. This 
may become vulnerable to a local problem which 
was being kept under control by the local types 
and so passed unnoticed. This was evident with 
downy mildew on the earlier Indian millet hybrids, 
I obtained the first record of charcoal rot in East 
Africa by growing a USA double dwarf, shallu, at 
Ukiriguru in 1950. Some of the new HYVs and 
hybrids are showing similar vulnerability to this 
diseas3. Striga is being built up by some of the 
hybrids released in India in Telangana and Gadwal, 
Andhra Pradesh (AP), tu which parasite the local 
type PJ8K is very tolerant. 

The development of new cytoplasmic male
steriie systems in the seventies will result in 
reduced genetic vulnerability. 

Population Breeding Methods 

The biggest advance made in the 1970s has been 
in population improvement throdgh recurrent 
selection. Initiated by Orrin Webster in the USA in 
1960, population inprovement was taken up hy C. 
0. Gardner, P.T.Nordquist, W. M. Ross, and D.L. 
Oswalt. At the "Sorghum in the Seventies" 
Symposium, H. Doggett and A. B. Maunder gave 
some preliminary information on practices and 
results. 0. J. Webster commented thereon and C. 
0. Gardner and S. A. Eberhart gave papers on 
population building and handling, 

This work has continued in the USA during the 
past decade, especially in Nebraska, and for 
disease resistance and pest resistances ini Texas, 
Oklahoma. and Kansas. I understand that only 
Funk Seeds International are using population 
breeding in !heir hybrid program. 

In the developing woriU, the ICRISAT breeding 
program contains an important component of 
population improvement, but only as one compo-
nent of a complete program. Population imr,tve-
ment is also being continued by A.Tunde Obilana 
in Northern Nigeria, building on the foundation laid 
by D.J. Andrews, and also by Brhane Gebrekidan 
in Ethiopia. 

Why Population Improvement? 

1. Classical plant breeding systems, especially in 
crops which are handled as self-pollinating crops, 
work on a steadily narrowing genetic base. Their 
elite lines stem back to a small number of original 
stoLks. There is a wealth of variabilit/ available in 
sorghum. Population improvement by recurrent 
selection makes effective use of this. 
2. There is a large number of characters requiring 
improvement, and the classical system t' es 
these individually. If they are polygenic, a5 are 
yield, certain resistances and quality factors, they 
are difficult to handle by traditional means. With 
recurrent selection in populations, the genes 
controlling these characters become steadily 
more concentrated in the population, cycle by 
cycle, and the chances of selecting plants posses
sing many of the desired combinations steadily 
increase. 

The Use of Population
Improvement 

1. Population improvement is one component of 
the ICRISAT program; the other components are 
breeding by conventional moans for quality, and 
for pest, disease, Striga and drought resistances; 
for better seedling establishment, and other 
desirable traits. Promising elite lines from these 
programs are fed into the populations at the 
recombination stage, as we shall be hearing later. 
Provided that the populations are subjected to the 
right kind cf selection pressures, the resistance 
and quality levels will be maintained and im
proved, and the chances of selecting the stable, 
high-yielding genotypes with the desired phenoty
pic expression will be steadily increased. 
2. Populations are beirg developed, selected, 
and tested across environments. Experience indi
cates that each major ecological zone will require 
its own population, but there need not be many 
such zones. Plant breeders would withdraw lines 
from these populations, inbreed, and test them in 
trials, just as they do now with segregating F2 or 
F3 generations. These would be tested in yield 
trials, and an aliquot of seed from the best would 
be returned to the population to begin the next 
selection cycle. But in all other respects, the 
material would be handled along completely 
conventional lines, from that point on, with 
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selfing, reselecting and testing across environ-
ments in the usual way. 
The need for international support for the 

popilation and initial evaluation trials arises be- 
cause these must operate across national bound-
aries, and because only a low proportion (20 
-30%) of the enties in the S2 evaluation trials is 
useful material. We may expect to see more of 
the population side of the work taken over by the 
national programs as they becorme stronger and 
the populations themselves are further improved, 
As this happens, ICRISAT will be able to recede 
more into the background. Developing countries 
with 80% of their people involved in agriculture 
must have strong indigenous national agricultural 
research and development programs. ISNAR will 
be helping in this. The sooner that foreigners can 
retreat to the place of providing back-up services 
to the national programs the better. We should 
look forward to the stage being reached again that 
existed in the early 1960s, when international 
scientists could be posted back-to-back with 
national programs at national research centers 
strategically located to meet many of the needs of 
the ecological zone concemed. 

The Achievements of Population 
Breeding 


Ihope that we shall be hearing something from A. 
Tunde Obilana of his experience in Nigeria and 
that someone from Funk Seeds Intemationa, Nill 
be telling us a little of their success in developing 
hybrid parents by population breeding in the USA. 
Bhola Nath will be telling us of his work at 
ICRISAT. !n the 1980-81 rabi advanced variety 
trials in India, SPV 422 and SPV 424 from Bhola 
Nath's program came first and second for both 
grain and fodder yield, beating hybrid CSH-9, 3.7 
t/ha. by a small margin on the grain yield, and the 
best variety SPV 427 (from Dharwar) by 1.9 t/ha 
and 3.6 t/ha resprctively on the fodder yields. The 
following points should be underlined. 
1. The S2 testing system has been developed 
over the four seasons available in every 2 years. 
This involves selection and S1 testing in year 1, 
and S2 testing and recombination in year 2. If 
selection and S2 testing are done in the major 
season, S1 testing falls in the minor season. Any 
selection in that generation is thus largely for 
evident agronomic characters, or resistances, or 
quality, but not for grain yield, for which selection 

and testing must be done during the season of the 
year in which the crop is grown commercially. 

Testing must be conducted across locations, 
using different seasons as one or two "locations" 
(e.g., rabi season for khanif material) may help to 
increase breadth of adaptation. 

We need to be clear about our breeding 
objectives. Table 1 brought out the contrasts. In 
the developing world, we should not be shooting 
for 8 t/ha at the present time-that will come 
later. The immediate need is for improved stability 
of yield, combined with better yield. Average 
yields of only 1.5 t/ha would double production in 
Africa and India. 

Yield stability depends upon resistances to 
pests, diseases, and Striga; upon the good 
establishment of seedlings under difficult mois
ture regimes; upon the ability to endure drought; 
and upon the ability to endure excessive rain and 
still produce a grain of acceptable quality. Also 
another factor in Africa outside the disciplines of 
plant breeding or agronomy, except for possibili
ties of some avoidance, is the Quelea bird 
problem; the birds descend upon the small grains 
of Africa in hundreds of millions and devastate 
them like locusts. They need to be controlled like 
locusts. 

Testing across locations is the mechanism for 
achieving improved yield stability. "Locations" in 
the broadest sense include disease and pest 
nurseries, seedling establishment screening, and 
drought testing. There is sometimes confusion 
over the fact that populations need to be designed 
to serve certain ecological zones, but need to be 
tested beyond the range of those zones. This is 
essentially a partial substitute for testing across 
seasons. The ecological zone for which the 
population is designed will sometimes have wet
ter years, sometimes drier years, sometimes 
longer rainy seasons and sometimes shorter rainy 
seasons. Locating a few of the testing sites in 
wetter and drier zones in the same year helps to 
develop the season-to-season stability needed. 
2. Iwould draw special attention to the system 
which Bhola Nath has develoed for incorporating 
fresh characters, such as resistances, into the 
populations. Originally, we had planned a "side
car" system, essentially by backcrossing the 
character into the population. Bhol" Nath has 
been selecting elite lines, and merging them 
directly into the population, which is a far simpler 
system. 
3. I would emphasize the value to hybrid prog
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rams of recurrent selection in populations. By 
operating separate "R"(restorer) and "B" (main-
tainer) populations, potential hybrid parents are 
being improved separately. This is of special value 
for the development of female parents (A lines). A 
range of excellent new potential female parents 
has already been produced at ICRISAT, and this in 
itself is a "breakthrough". Hybrid seed production 
programs are hindered by having to use female 
parents which are relatively low yielding, often 
lacking in important resistances, and which may 
not flower at the same time as the pollinator, 
4. We have stressed S2 testing. When more 
resources become available, other possibilities 
can be examined. I look askarce at the S1 testing 
system with one cycle per year. Growing three 
gererations in the same year is a mad scramble, 
and impossible if seed has to be sent to other 
locations for trial, and results received back. It is 
better to be content with two generationis each 
year, and to adopt the S2 system. Not only can 
selection and S2 yield testing both be done in the 
corresponding seaon. but much more seed is 
available for testin across locations. The full 
potential of mass seltrtion has not yet been 
explored and this could be particularly valuable 
over a range of testing locations. 
5. To sum up the sorghum population improve
ment situation: 

(a) The system allows a broader germplasm 
base to be used. 
(b)It is an excellent source of selections for 
traditional progeny-row breeding programs. 
vc) It is an excellent source of steadily impro-
ving hybrid parents. 
(d) It allows a wider range of desired charac-
ters. such as resistances or quality characters, 
to be maintained and improved simultaneously. 
(e)It offers an eftective vehicle for the develop-
ment of greater yield stability in both varieties 
and hybrids. 
(f) The development of multiline and synthetic 
type varieties is a spin-off which will occur one 
day. These wiil provide greater yield stability, 
will utilize some of the available heterosis, and 
will greatly reduce the risks of genetic vulnera-
bility. 

Resistances 

These will be fully reported upon by later speak-

ers. I shall select only a few examples, without 
any disrespect to those remaining unmentioned. 

Entomology
 

Very good progress has been made in identifying 
shoot fly resistance. Some countries feel that they 
do not need this. In fact, wherever shorter-term 
sorghums are to be grown in the tropics late in ti'e 
season to permit more intensive land use, with 
the grain still ripening in the dry weather, shoot fly 
resistance is a "must". Better sources of Chilo 
stem borer resistance are urgently needed. Mass 
selection in population under Hissar conditions 
should be tried. The discovery of good resistance 
levels to earhead bugs is an unexpected bonus. 

Good advances have been made in the USA, in 
conjunction with work in South America, in 
obtaining midge resistance. The sorghum conver
sion program contributed some good resistant 
genotypes, and these are being used in breeding 
programs at several centers, including ICRISAT. 

The distribution of pest resistance nurseries 
from ICRISAT has contributed to the solution of 
breeding problems during the past decade. 

Plant Patholog-' 

Very satisfactory progress has been made in the 
development of the methodology for screening 
for grain mold resistance, and good advances in 
obtaining better levels have been made. The 
charcoal rot resistance program is becoming
increasingly important in the developing world, as
much superior high-yielding material is proving 
susceptible to this disease, overlooked because 
indigenous cultivars were resistant, or selection 
was done where the disease was unimportant. 
Again, workers in the developing world have had 
the advantage of the research carried out on this 
disease in the USA. 

Progress has also been made with downy 
mildew resistance sources. 

The cooperation between Texas A&M and 
ICRISAT in sending out a series of international 
nurseries containing sources of various disease 
resistances has been of great value during the 
seventies. 

Plant Physiology 
Good progress has been made in plant physiology 
research during the past decade. This has in
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cluded genetic differences in responses to tem-
perature levels, mineral deficiencies, and drought. 
Much work has been done on drought, and this is 
without doubt the most important physiological 
problem in the develnping world. 

Two important sources of low yield are poor 
stands in the field-usually due to poor seedling 
establishment- and the effects of drought. At 
ICRISAT these are major areas for research. 
Differences in seedling vigor, inability to push 
through a soil crust, and inability to survive 
drought stress have been identified. These now 
need to be translated into practical results in the 
breeding program, ahd deserve high priority. 

Drought tolerance has proved to be a difficult 
problem for plant breeders to handle. How does 
one select ind;vidual drought-resistant plants from 
a segregating population? The answer is that one 
probably does not. because one cannot. In the 
past, it nas been very difficult to screen short 
rows; a satisfactory procedure for this would 
permit the use of S1 testing. However, under 
drought conditions, soil irregularities are so magni-
fied that comparisons are very difficult, and too 
many replications are required to identify apparent 
differences. This problem has been tackled in 
several ways. One has been an attempt to analyze 
the main plant hormones, which govern the 
response of the plant to drought. The balance 
between these hormones under stress conditions 
may make possible the identification of drought 
resistant genotypes. A team at the University of 
Saskatchewan. Saskatoon, has made excellent 
progress in analytical methods allowing the esti-
mation of very low levels of the main hormones, 
and this shows promise of being of practical use. 

The main advance. however, has come from 
the use of the line-source technique. Inthis, a pipe 
delivers a spray which can be regulated to provide 
full irrigation close to the pipe and then declining 
evenly over a distance of several meters to the 
point where there is no irrigation. Sorghum rows 
are planted at right angles to the pipeline, and the 
plants in those rows receive decreasing amounts 
of water the further they are from the pipe. 
Drought tolerant types can therefore be identified. 
These conclusions are then confirmed in repli-
cated field trials in which a known amount of 
water can be given, i.e., there must be no rainfall. 
This is practicable in the HydPrabad summer 
season, and impressive progress has been made 
in identifying drought tolerant lines. That does not 
yet solve the problem of breeding for drought 

resistance. i.e., making crosses aiid selecting 
drought resistant progeny, although it goes a long 
way towards doing this. It is likely that a few 
cycles of mass selection in a random mating 
population planted in a "line-source" plot, with the 
best plants harvested from the dry strips furthest 
from tho line, wvo.id tell us a good deal about the 
practical potential of drought resistance breeding. 
The need for a close season at ICRISAT Center to 
restrict the build-up of pests presents real prob
lems to those who must work on drought 
resistance in the off-season. 

Strigs 
This was the subject of a workshop in October 
1981 in West Africa. The seriousness of this 
problem in Africa needs constant emphasis: Dr. 
B.S. Rana has just returned from 2 years in Kenya 
on a UNDP project. His figures indicate that the 
grain yield loss there for asusceptible variety was 
59%. 

The problems of breeding for Striga resistance 
present similar difficulties to those of drought 
resistance. In both cases, identifying resistant 
plants out of segregating populations, and the 
technology for field screening, are complex 
issues. Natural field distributions of Strigaare very 
uneven. It looks as though screening seedlings for 
low stimulant production is a practicable techni
que for reducing the number of susceptibles in 
the population to be screened-i.e., the population 
of low stimulant producing lines contains a higher 
proportion of Striga resistant types than does the 
unscreened population. Fieid screening then be
comes practicable. In fact, many of the resistant 
types identified show mechanical resistance, but 
having th j coupled with low stimulant production 
is likely to be helpful in reducing the number of 
Striga plants which grow and set seed. Evidence 
has been accumulating on the existence of 
several strains of both S. hermonthica and S. 
asiatica. There can be little doubt that the same 
will prove to be true in the majority of Striga 
species. 

An interesting advance towards the control of 
Striga has been made through the development at 
Sussex University of synthetic analogues of stri
gol, the stimulant which causes Striga seed to 
germinate (Johnson et al. 1976). There are indica
tions that these could be very effective in reduc
ing the reservoir of Striga seed in the soil, but 
sheer lack of agronomists in Africa has frustrated 
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proper field testing of these compounds. They 
show promise in the USA (Eplee in press; Noms 
and Eplee in press). 

The most neglected problem of the seventies 
was the control of Striga. This parasite is one of 
the two major causes of crop loss in cereals in the 
tropics of the Old World. comparable in import-
ance to birds. There has been progress in resist
ance breeding, but the development of good 
farming systems, including crop rotations, herbi-
cide, and improvement of soil fertility, which lie 
within the reach of the small grower,have been 
almost totally neglected. 

Grain Quality 

This item has been left until last, because it has 
just been the subject of a workshop of its own. 

A real achievement of the 70s has been the 
awakening of interest in, and the work done on, 
evident quality characters and their relationship to 
food preparation for people. Much progress has 
been made, and breeding for grain quality is 
becoming a regular feature in breeding programs, 
because we now have a better understanding of 
what grain quality is. 

During this last decade, the foundations have 
been laid for cooperative work on quality between 
ICRISAT, the developing world, USA universities, 
and Canadian universities, and the Prairie Regional
Laboratory through IDRC. This last organization 
has supported innovative work in machinery and 
methods for pearling and milling sorghum, now 
being compared with equipment developed in 
FAO projects. The International Symposium on 
Sorghum Grain Quality held at ICRISAT in October
1981 has recorded the main progress in grainquality. 

quality.production 
For those obliged by bird damage to live off 

bitter, tannin-loaded grains, progress in studying 
the methodL of reducing the tannins and enhanc-
ing the nutritive value of these grains is also 
heartening. 

Progress in pearling and milling machinery at 
the village level is particularly to be welcomed. 
This is likely to be much extended during the next 
decade, easing the burden for many housewives. 

One of the disappointments of the 70s was the 
failure of the attempt to improve the nutritive 
value of sorghum protein. The development of 
high-lysine grain sorghums has not yet made 
much practical progress. We need to be on the 

lookout for a high-lysine character which is more 
readily transferable to good grain types than have 
been those tried so far. This has nothing to do 
with protein gaps or mixed diets. Ten percent of 
the yield is protein anyway; we should endeavor 
to see that it is usable protein. An unusually large 
proportion of sorghum protein is not. 

Socloeconomics 

It is good to see that these disciplines are 
represented at this Symposium. The main prob
lem in the 1980s will be how to use the results 
from surveys in a way that is of real practical 
benefit in applying new technology to improving
the farmers' lot. The South-East Asian cropping 
systems methodology operated through IRRI has 
lessons in approaching this problem which may 
be applicable to other areas also. 

References 
ANONYMOUS. 1981. Progress report of the All India 
Coordinated Sorghum Improvement Project, 1980/81. 
ICAR and cooperating agencies. 

DE WET. J.M.J., and HUCKABAY. J.P.1967. The origin of 
Sorghum bicolor II. Distribution and domestication. 
Evolution 21 :787-802. 

EPLEE, R. E.(In press). Progress for control of Striga 
asiatica in the United States. 

FAO (Food and Agriculture Organization). 1980. FAOyearbook 1979. Rome, Italy: FAO. 

ICRISAT. 1982. Proceedings. International Symposium 
on Sorghum Grain Quality, 28-31 Oct 1981. ICRISAT, 
Patancheru, A.P., India: ICRISAT. 

JOHNSON, A.W.. ROSEBERY. G., and PARKER, C. 1976. A 
novel approach to Striga and Orobanche control using 
synthetic germination stimulants. Weed Research 16: 
223-227 

NoRRIs, R. S.. and EPLEE, R. E. (Inpress). Effects of 
stimulant plus herbicide on Striga germination. 

SNOWDEN, J. D.1936. The cultivated races of sorghum. 
London. UK: Adlard. 

23 



Status of Sorghum Production as
 
Compared to Other Cereals
 

Earl R. Leng* 

Improvement in the production of two important 
cereal crops-wheat and rice-has resulted in 
sharply increased food grain supplies in many 
areas. The much-heralded "Green Revolution" in 
the late 1960s and early 1970s, based on this 
improvement, has been described by many and 
has been well documented by Dalyrimple (1978, 
1980). No similar documentation has been pub-
lished concerning the status of the two other 
major cereals-maize and sorghum, but many 
development workers appear to believe that 
similar improvement has occurred with these 
crops as well. 

In planning the present symposium, it appeared 
desirable in "setting the scene" that the current 
status of sorghum production be evaluated, and 
particularly that it be compared with the produc-
tion status of other major cereals. This is the task 
undertaken in the present paper. 

Bases of Comparison 

After due consideration, it appeated that the most 
useful comparison would simply bq to evaluate 
progress and current status in per unit area 
production, on the most general basis possible. 
Accordingly, the excellent production reports 
issued annually by FAO were utilized, with the 
"kilograms per hectare" data being the major 
information employed (FAO 1961, 1966, 1975, 
1980). 

The four major cereal species of the world 
-wheat, rice, maize, and sorghum-were stu-
died. Data used in the comparisons, as will be 

* Program Director, INTSORMIL, University of Nebras-
ka, Lincoln, Nebraska 68583, USA. 

explained in more detail below, were for the 
United States, Mexico, Western Europe, India, 
the "developing countries" of Africa and Asia, and 
for rice only, China and Brazil. The time framework 
used was to take the four post-World-War-Il years 
of 1948-49 and 1952-53 as the "base," and then 
chart the 3-year average yield levels for the 
periods 1963-65, 1969-71, 1973-75, and 1978 
-80. No attempt was made to adjust for "unfavor
able years" or any other cause. 

Major Cereals-Trends 

Wheat 

It is clear from the data (Fig. 1)that wheat yields 
have improved significantly in all areas of the 
world where this cereal is a major crop. Mexico 
and Western Europe are the most spectacular 
examples, with Mexico showing over a fourfold 
increase between the base penod and the 1978 
-80 span (880 kg/ha to 3645 kg/ha as a national 
average). Gains in the Near East and wheat
growing countries of Asia do not appear so 
spectacular from examination of the charts, but in 
fact yields in Asia have doubled and those in the 
Near East have risen by over 50%. Moreover, the 
rates of improvement in recent years (since 1970) 
have been particularly striking in those areas. 

While yield levels in the United States have 
approximately doubled in the period under con
sideration, closer examination reveals that nearly 
all this improvement took place between the base 
period and 1970. From a base of 1120 kg/ha, 
yields rose to an average of 2144 kg/ha in the 
1969-71 period, and only to 2200 in 1978-80. As 
Dalyrimple (1980) has pointed out, the adoption of 
"modern" semidwarf types has been quite vari
able regionally in the U.S. It has been quite low in 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghumr, 2-7 Nov 81, Patancheru. A.P., India. Patancheru, A.P. India: ICRISAT. 
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Figure 1. 	 Progress in wheat yield improvement, 1948-1980. "Base" is 1948-49/1952-53 averages; 
other "time span" dates are averages of 3-year periods. 

large areas of major production, especially in the 
hard red winter belt. Thus, we see the interesting 
situation that, in the past 10 to 15 years, the 
United States is in a sense the laggard in world 
wheat production improvement, 

Rice 
Significant gains in rice yields have occurred in the 
U.S., mainland China, and the major rice produc-
ing areas of Southeast Asia (Fig. 2). Although rice 
yield improvement received the initial attention as 
evidence of the "Green Revolution," the effects 
on cereal grain supply have not been as marked as 
those of wheat improvement. In the U.S., which 
has led the world in rice production levels through- 
out the time span, there is again (as in wheat) 

evidence that little progress has been made since 
1970. 

In contrast to the situation described above, rice 
production levels in Africa (not including Egypt) 
have shown very little improvement. In Brazil, 
there has been none at all. Clearly, the major 
effects of the "Green Revolution" in rice have not 
reached these areas. Why, and what can be done 
about it, should be of considerable concern to 
African and Brazilian rice workers. 

Maize
 

Although not a food grain in many areas in the 
same sense as wheat or rice, maizo is the staple 
cereal for tens of millions in Latin America, Africa, 
parts of Asia, and even a few areas in Europe. 
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Progress in rice yield improvement, 1948-1980. "Base" and "time span" as in Figure I (this 
applies to all subsequent figures). 

Spectacular increases in production levels were proved little, if at all. There is some slight evidence 
achieved in the United States even before World of a recernt improvement in Mexico, but between 
War II,as a result of the introduction of hybrid 1963 and 1975 there was tic gain at all. In 
maize (Aldrich et al. 1975. p.20). The rate of these developing countries of Africa, and in most 
increases continued through the base period and countries of Asia, the evidence points to a decline 
has been maintained up to the present time (Fig. in yield levels since the mid-1960s. 
3). Unit-area average yields of maize exceeo those It is not the province of this paper to attempt to 
of all other cereals in the U.S. explain the drastic differences in maize yield

Transplanted to Europe after World War II,the improvement in the various areas of the world. 
same technology has greatly increased maize Suffice it to say that technological improvement
production in Eastern Europe and Italy, where the obviously is continuing at a sustained rate in the 
crop was already well established, and has revolu- U.S. and Europe, while virtually no application of a 
tionized the agriculture of Western Europe, parti- truly improved technology appears to Ie occurring 
cularly in France but also in Switzerland, Austria, in Mexico or the developing Asian and African 
and West Germany. Yields have increased four- countries. 
fold during the period (1240 to 4891 kg/ha), and 
area has increased explosivo!y (2.472 million 
hectares to 6.255 million). Yield trends, as in the Sorghum 
U.S., continue upward at an unabated pace. 

In contrast, maize yields in Mexico, and de- Sorghum is the cereal with which this paper is 
veloping countries in Asia and Afrca have im- chiefly concerned. Maunder (1972) pointed out 
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Figure 3. Progress in maize yield improvement, 

that in the United States improvement in sorghum 
yield levels had, up to that time, outstripped that 
in the other major cereals. Figure 4 confirms this, 
but also suggests that an abrupt plateauing in the 
gain rate occurred about 1970 Yield levels in the 
1978-80 period are virtually the same as for the 
1969-71 period (3392 as against 3318 kg/ha), 
and the 1973-75 level was lower (3201 kg/ha). 
This is an interesting observation, which perhaps 
other speakers in the symposium will care to 
examine in more detail. The situation in Mexico is 
even more interesting, and I believe, highly 
significant for development-oriented persons. I 
have already noted the great gains in wheat 
production levels and the contrasting insignificant 
improvement in maize yields. It might be ex-

1948-198G. 

pected that sorghum trends would resemble 
those in maize, but the opposite is true. The crop 
was almost unknown in Mexico in the 1948-1953 
period, so that the area was not reported by FAO. 
By 1969-71, the area under sorghum had risen to 
930 000 hectares, and in 1978-80, it was 
1 457 000. Apparently, sorghum is replacing the 
traditional staple cereal, maize, on a significant 
hectarage. Why? The answer is clear; sorghum 
yields in Mexico now are almost double those of 
maize (sorghum 2924 kg/ha; maize 1508). Clear
ly, a modern technology is being effectively 
applied for sorghum but not for maize. 

In the developing countries of Asia and Africa, 
the picture is clear but discouraging. Yields have 
improved little in Asia (with perhaps a few 
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exceptions) and not at all in Africa. Clearly, 5), we note the interesting situation that only 
ICRISAT, INTSORMIL, SAFGRAD, and sorghum maize is continuing to show a steady rate of gain 
workers in general still have an enormous task in yield %evels. The other three cereals do not 
before them. appear to have increased much in yield during the 

past 10 years. Whether this reflects actual 
Country Comparisons plateaus in technology, or is the result of other 

factors, is not clear. Maize yields are about double 
United States those of sorghum and more than three times 

those of wheat, with rice following maize at about 
Summarizing cereal yield trei, in the U.S. (Fig. 1000 kg/ha less. 
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Figure 4. Progress in sorghum yield improvement, 1948-1980. 
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Mexico/Drazil India 

The following comments apply to Mexico except Fifteen years ago production levels of three major 
for rice, where Brazil has ben used as a cereals (wheat, maize, and sorghum) appeared to 
comparison standard since Mexico grows little be stagnated at very low levels in India. Significant 
rice. Astonishing progress has been made in gains in rice production had occurred between the 
production levels of both wheat and sorghum (Fig. base years and 1965. but there followed a period 
6). Maize, the traditional staple grain, is lagging when rice yields d;d not improve. Now (Fig. 7) 
badly in yield levels. though perhaps some im- there is clear evidence of major gains in wheat 
provement has occurred in the past 5 years. But in and rice production. There is some evidence that 
contrast to the U.S., where maize yields are sorghum yields are improving, but yields are still 
double those of sorghum, Mexico has a sorghum very low. Maize, for which much was hoped in the 
yield average double that of maize. Rice (in Brazil) 1960s, is showing little or no progress at all. 
has shown no progress at all. Clearly. improved 
technology for wheat and sorghum production is Summary and Conclusions 
available and being widely applied at the farm 
level in Mexico. Examination of yield trends in the four major 
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Figure 6. 	 Changes in yield levels of four major cereals, Mexico and Brazil, 1948-180 (wheat, 
sorghum, and maize are in Mexico; rice is in Brazil). 

cereals-whoat, rice, maize and sorghum-
shows several interesting features of significance 
for development and world food production. 
Wheat generally, and rice in developed countries 
and the Asian production areas, have shown 
significant-even spectacular-yield increases. 
Clearly, improved technologies for producing 
these crops have been developed and are widely 
available at the farm level. More needs to be 
done, of course, but progress in these crops is 
quite encouraging. Maize, in contrast, presents 
strange anomalies. Yield increases have been 
highly significant and continuing in the U.S. and in 
European countries. In the developing world and 
in Mexico, the home of maize, very little progress 
has been made. Either no technologies suitable 
for increasing yields are yet available, or there is a 
major gap in bringing suitable technology to the 
farm level. It is not my role in this paper to analyze 

the situation in detail, but it is very troublesome to 
those concerned with maize improvement. 

Turning in conclusion to our crop, sorghum, we 
find encouragement, difficulties, and above all, 
challenge. Sorghum yields in the Western Hemis
phere are generally quite high. Spectacular prog
ress in yield levels and total production have 
recently been achieved in Mexico, where maize 
yields remain low. It is clear that recent technolo
gical advances have been made available to 
Mexican farmers. InIndia, there is some evidence 
of recent progress but there is a long way to go 
since sorghum average yields are still very low. 
There seems to be good reason to believe that 
improved technologies are now available or about 
to become so; the next challenge is to get these 
adopted widely at the farm level. In most other 
developing countries, and particularly the 'sor
ghum belt" of Africa, so little progress has been 
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made in yields that there is serious question if DALYAIMPLE, D. G. 1980. Development and spread of
 
adaptable improved technology actu3Ily is avail- semi-dwarf varieties of wheat and rice inthe United
 
able. If it is,the farmers have not yet adopted itat States. USDA/OICD, FAER 455.
 
all. All of us therefore have a triple challenge
 
-first to findout what the real limitationson yield FAQ. 1961, 1966, 1975, 1980. FAQ production yerbook.
 
are, second to overcome these limitations in a vol. 15. 20, 29. 34. respectively. Rome, Italy: FAQ.
 
practical fashion, and third to facilitate the adop
tion of improved technology by farmers on a broad MAUNDER, A. B. 1972. Objectives and approaches to
 
scaleS grain and forage sorghum improvement in the 

"Sorghum inthe Eighties" will have achieved Americas. Page 60 .- 100 in Sorghum in seventies, 
its objective if we can give major answers to the eds. N. G. P. Rao and L. R.House. Now Delhi, India: 
first challenge and suggest practical means of Oxford and IBH Publishing Co. 
conquering the second and third. 
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Institutional Considerations as Related 
to Sorghum Improvement in the 80s 

R. W. Cummings* 

The Symposium on "Sorghum in Seventies" held 
in Hyderabad almost exactly 10 years ago, addres-
sed the major topics related to sorghum improve-
ment. The nine major divisions and forty-six 
chapters of the report on that meeting provide a 
very appropriate reference point for the delibera- 
tions of the current symposium. Major topics 
covered by that meeting included biometric classi-
fication of sorghums, genetic resources; varietal 
improvement, including breeding methods and 
approaches; physiology: production technology; 
seed production; pests and diseases; utilization 
and nutritional aspects and world outlook, 

The present symposium will address most of 
these same topics and will also be giving limited 
attention to socioeconomic considerations includ- 
ing marketing. Marketing and government price 
policy are subjects, which would seem to merit 
more attention in the future, particularly in the less 
developed regions in which sorghum grain is used 
primarily as a human food. 

On a world basis, sorghum ranks fifth among 
the cereal grains in extent of production (after 
wheat, rice, maize and barley). Current FAO 
statistics indicate a wcdd production of approxi-
mately 70 million metric tons of sorghum grain on 
more than 51 million hectares of land. Some 
additional production may perhaps be included in 
the reported statistics on millet production. Inthe 
USA and South America, sorghum is grown 
principally as a grain for animal feed, while in 
Africa and Asia, the grain is grown primarily for 
use in human food, either directly or after brew-
ing. In these latter regions, the production and use 
of stover (stubble) for animal feed, building 

* Chairman. Technical Advisory Committee, Consulta-
tive Group on International Agricultural Research. 812 
Rosemont Avenue, Raleigh, NC 27607, USA. 

material, and fuel assume relatively greater im
portance than in the former. 

In the African and Asian continents, sorghum 
has been a crop principally of the small cultivator, 
and has been consumed largely at or near the 
areas in which it is produced. It has not generally 
been a major item of commerce in urban areas 
and has not had attention by govemments in 
terms of stockpiling, purchase, price support, 
research, or policy considerations comparable to 
that given to some other basic food commodities. 
'n fact, rural migrants to cities, as urbanization has 
increased, have not carried with them a propor
tionate demand for sorghum grain, but have 
tended to shift their demand in the direction of 
rice and wheat. 

Sorghum is a crop which can be grown with 
relative advantage in many areas in which the 
amount and dependability of rainfall make maize 
growing a high risk or unsuccessful in too high a 
proportion of years. In meeting world food needs, 
sorghum w'V continue to have a very important 
place. It will be crucial to a very substantial 
segment of population across central and westem 
Africa south of the Sahara, parts of East Africa, 
Southern Africa. and of India. It will fill a very 
significant place in helping to meet the human 
food and animal feed budgets in many other 
areas, including South and East Asia, China, Latin 
America, and the USA. 

This crop has not, at least until recent years, 
received the attention in the scientific community, 
by governments, and institutionally which it de
serves. Its limited place in the commercial urban 
markets, the fact that it is classed as a coarse 
grain, and the fact that so much of its production 
for direct use as human food is done by small 
producers and consumed at home may account in 
part for this situation. Increasing pressures of 
population growth on food supplies will necossi
tate our giving increasing attention toward realiz-

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India. Patancheru. A.P. India: ICRISAT. 
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ing more fully the potential of this crop which fill 

a unique and highly significant place. In many 
eological, social, and climatic situations, it may 
be the only, or at least the principal, viable 
alternative for providing the basic staple food for 

the local diet. 
I shall make no attempt to be exhaustive in my 

treatment of institutional considerations with re-
spect to "Sorghum in the Eighties'; I shall begin 
by listing a few institutions or classes of institu-
tions which now have, have had, or are destined 
to have a very significant role in this report, such 
as: 


The commercial seed industry (individually and 
colloctively) 

ICRISAT (The International Crops Research Insti-
tute for the Semi-Arid Tropics) 

USDA (The United States Department of Agricul-
turo) 

'ne Land Grant Colleges and Experiment Stations 
of the USA. especially Nebraska, Texas, and 
Indiana and BIFAD (The Board for Internation-
al Food and Agricultural Development) 
through its cooperative Research Support 
Project on Sorghum 

The Indian national sorghum researc' ograms, 
notably PIRRCOM (Project for li,.josirication 
of Regicnal Research on Cotton, Oilseeds. 
and Millets) and AICSIP (All India Coordinated 
Sorghum Improvement Project). 

National Research Institutions in Africa, notably 
the Sudan. Ethiopia, Tanzania. Uganda, Niger-
ia, Upper Volta, and the Senegal 

FAO/UNDP (Food and Agriculture Organization of 
the U.N. and the United Nations Develop-
ment Programme) 

The Rockefeller Foundation 
ORSTOM - Organizacion de Recher-

che Scientifique et Techni. 
que Outre Mar 

IRAT - Institut de Recherche 'France 
Agronomique Tropicales 
et des Cultures Vivriares 

EMBRAPA - Empresa Brasileira de Pes-
quisa Agropecuaria 

IBPGR - International Board for 
Plant Genetic Resources 

ICIPE - International Centre of In-
sect Physiology and 
Ecology 

TPI - Tropical Products Institute 
COPR - Centre for Overseas Pest( UK 

ResearchJ 

WRO - Weed Research Organiza-, 

tion 
ODM 

USAID 

- Overseas Development 
Ministry 

- U.S. Agency for Intema-

UK 

tional Development 
SAFGRAD - Semi-Arid Food Grains Re

search and Development 
Project 

OCLALAV - An International Program 
in Africa for study of grain 
eating birds 

All of the above, and many others, can and 
should be complementary to one another and do 
not need to be competitive, nor does there need 
to be unnecessary duplication of effort. For each 
to reinforce the impact of others, a very good level 
of intercommunication, sharing of information, 
and joint planning will be needed. Not one of 
these organizational entities needs to feel 
threatened by the existence or accomplishments 
of another, but each can draw on the contributions 
of the others to help accelerate the progress it is 
able to achieve. 

The gene pool residing in the various genetic 
entities embracing the total worldwide diversity of 
the genus is a central element. Several institu
tions contribute to the collection, preservation, 
description, maintenance and utilization of this 
basic resource. The International Board for Plant 
Genetic Resources (IBPGP.). with its Standing 
Committee on Sorghums and Millets, can con
tinue to fulfill a key coordinating role in efforts 
toward making the most of this basic resource. 
This committee has contributed toward develop
ing an appropriate list of descriptors for character
ization and recording information on the entries in 
the collections. The USDA, through its Division of 
Plant Exploration and Introduction, the Rockefeller 
Foundation, the Indian n.3tional sorghum improve
ment program, ORSTOM, IRAT, and ICRISAT 
have all been instrumental in collecting and 
assembling the basic germplasm collections pre
sently on hand consisting of more than 17 000 
entries. Ethiopia and nearby areas, considered as 
the center of origin for this crop, have provided a 
rich range of genetic diversity. Collections from 
other parts of Africa and the Indian subcontinent 
to which the crop had spread have made valuable 
and extensive additions. 

The Sorghum and Millet committee has indi
cated that the present collection, rich as it may be, 
is still deficient in its completeness in sampling 
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the genetic diversity which may exist in sorghum 
growing areas not yet covered, in more remote 
and less accessible areas in the countries already 
covered, and is especially short in its coverage of 
the diversity in related wild species in the genus. 
The same agencies will need to make up these 
deficiencies. 

The maintenance and preservation of genetic 
collections in a viablo condition, the evaluation and 
description of the various entries, the identifica-
tion of genes carrying specific qualitative and 
quantitative characters, and ultimately their utiliza-
tion through incorporation into superior varieties 
and hybrids must involve a wide range of institu-
tional participation. ICRISAT has developed good 
medium term seed storage facilities and is cur-
rently developing facilities for long term storage. 
ICRISAT has been designated as a primary center 
for maintenance of the sorghum germplasm 
collection. Duplicates will be maintained in long 
term storage in the USDA center at Fort Collins, 
Colorado. Turrialba. Costa Rica; Addis Ababa, 
Ethiopia; Bad, Italy; and Brasilia. Brazil are among 
the locations which will supplement the primary 
centers in maintaining portions of the collection. 

It is not always possible directly to utilize, in 
breeding and varietal improvement programs. 
many of the valuable characters of varieties or 
entries taken from one type of environment for 
the impiovement of varieties suitable to another 
and diffefent ecological situation. One program 
aimed at overcoming a part of this problem is the 
conversion progiam of the USDA in which the 
characteristics of sone of the taller growing 
photoperiod sensitive varieties from the tropics 
are transferred into semidwarf nonphotoperiod 
sensitive varieties which can be grown in more 
temperate environments. These converted en-
tities then become a part of the resources which 
can be drawn on in both tropical and temperate 
programs. 

The characterization of entries in the world 
collections must be a continuing process carried 
out in a wide range of locations which expose the 
entries to a range of ecological conditions and 
stresses. The development of standard descrip-
tois and their progressive refinement provides a 
basis on which the observations from various 
locations can be taken for analysis and collation. 
The ultimate institutional arrangement for a corn-
prehensive collation, computer recording, and 
management of such information is still to be 
developed. 

The ultimate value of genetic collectiors lies in 
the preservation of the total genetic diversity of 
the genus and its availability for use in developing 
genetic combinations which are productive and 
are able to meet and overcome the stresses to 
which they may be subjected in the wide variety 
of environments in which they may be needed 
around the world, including stresses produced by 
new diseases, insect pests, or other hazards. 

A comparison of different breeding methods 
and approaches is beyond the scope of this paper. 
Institutionally, however, one might make some 
distinction in the roles being performed or which 
seem likely as between private commercial firms, 
individually or collectively, and those in which 
public agencies may be needed. 

The Texas Agricultural Experiment Station, with 
cooperation of the USDA. deserves special men
tion for its pioneering leadership in demonstrating 
the potential for sorghum as a feed grain and for 
introducing and developing the varieties and plant 
types necessary for its major expansion and 
production in the plains area of the USA. Other 
state experiment stations inchLling Kansas, Neb
raska, and Indiana have also made important 
contributions in recent years. 

In the aggregate, private commercial seed 
companies can be expected to concentrate their 
attention to those segments of sorghum produc
tion in which a substantial volume of market sales 
of seed can be anticipated and therefore, a 
profitable commercial seed operation can be 
anticipated. The most obvious segment for this 
type of operation is the relatively large-scale 
production of sorghum as a feed grain. As 
indicated previously, this has developed to date in 
the middle west and plains area of the USA, 
Argentina, Brazil, and parts of Mexico. Grain type 
does not have to play as large a part therein as is 
the case in which human taste preferances and 
processing and cooking qualities become more 
significant. The grain does need to be reasonably 
bold, its digestibility and nutritive value good, and 
yield relatively high and dependable. Obviously, 
components which might affect its digestibility or 
utilization of its nutritional components should be 
avoided. Generally speaking, varieties or hybrids 
with relatively short stature, which are weakly or 
nonphotoperiod sensitive, quite uniform in matur
ity, with a narrow grain to stover (stubble) ratio, 
and suitable for mechanical harvesting would be 
preferred. For this segment of sorghum produc
tion, the private commercial seed industry has 
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done an excellent job in buiV n,on the pioneering 
work referred to above ir . ,loping suitable 
hybrids and varieties and providing sources and 
supplies of planting seed. Public agencies perform 
a vital role in providing access to the necessary 
range of genetic characteristics, in developing 
principles and techniques for genetic improve-
ment, and in evaluating progress. The plant 
breeding and seed production for this sector can 
be handled well by private commercial seed 
companies. 

The development of sorghum varieties needed 
for providing the basic subsistence food needs, 
with their desired grain qualities, taste characteris-
tics, and adaptation to the various environmental 
conditions and specific situations encountered by 
small farmers of the tropics cannot be expected to 
be a high priority for the private seed companies 
and remains, to a large degree, a need to be filled 
by public agencies. Even in the more advanced 
and larger research systems or the developing 
world, this has not in the past been a high priority 
activity. It has usually been relegated to a secon-
dary position and often combined with other 
responsibilities and commodities in a miscel-
laneous category. This is still a neglected area, but 
one which will, no doubt, receive more prominent 
attention in the future in nations throughout the 
semi-arid tropics. The task is ultimately one of the 
primary concerns of the individual nations in 
which sorghum is a significant basic staple food. 
But there are many common elements and 
problems which cut across national boundaries, 
And even within small nations, the range of 
climatic patterns, rainfall duration and distibution, 
and soil characteristics may provide several diffe-
rent varietal and cultural adaptation zones. Such 
nations often do not and cannot have a research 
organization in the near future adequate to cope 
fully with their needs. And even if they did, it 
would be wasteful and inefficient for them to do 
so individually since several nations in the same 
region have similar needs, 

ICRISAT can fulfill a vital and indispensable role 
insuch situations in providing the range of genetic 
materials, put together in combinations which 
provide the range of characters needed, and out 
of which varieties can be selected and developed, 
tested, and proven for their dependability in the 
various ecological situations encountered. By 
promoting and organizing testing within and 
across several nations in locations in which the 
environmental conditions are monitored, the 

range of transferability of information from one 
location to another can be predicted. ICRISAT's 
work on climatic modelling as a basis for predict
ing the adaptability of crops and varieties to the 
characteristics of their environments should en
able it to select materials and elements of 
production technology most likely to fit specific 
situations and thus achieve substantial economies 
in experimentation by eliminating in advance 
those materials -nd practices which could not be 
expected to be successful and concentrating 
attention on those with gieater picbability of 
success. The individual national programs would 
be cooperating partners in such international 
development, adaptation, testing, and verification 
of materials and technology. Regional organiza
tions and programs such as those provided by 
IRAT and SAFGRAD can and should be partners in 
such activities. 

ICRISAT will no doubt continue its search for 
ways to improve its service to the programs of the 
many nations of Africa, Asia, and Latin America 
which are seeking to develop the full potential of 
this crop. Because of sorghum's central import
ance to the food budget and economies of a large 
number of nations in West Africa, and the 
substantial divergence in ecological and pest 
conditions from those prevailing in ICRISAT, and 
the need for close contact with production and 
marketing problems in that region, ICRISAT has 
established a subcenter for sorghum work in 
West Africa, linked to its headquarters, but 
oriented especially to problems peculiar to the 
region. It is anticipated that this will improve 
ICRISAT's ability to provide service to national 
programs throughout the region, in several of 
which ICRISAT personnel have been posted on 
special projects, and with the regional Semi-Arid 
Food Grains Research and Development (SAF-
GRAD) program. 

ICRISAT also recognizes the need for attention 
to sorghums suitable for higher altitudes and 
cooler climates on several continents, as well as 
for other situations in Latin America with high 
potential for sorghum production. The cooperative 
project presently hosted by CIMMYT is helping to 
fill these needs. Other approaches for providing a 
two-way liaison to Southern and Eastern Africa, 
Southeast Asia, and South America, especially 
Brazil, while less intensive at present, will require 
continued study and attention. 

The UNDP has been very helpful and imagina
tive in helping to provide the financial resources 
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for extending ICRISAT's program, especially to 
important areas on continents other than its 
headquarters location. The support and assistance 
of the UNDP/FAO field staffs in these regions 
have contributed substantially to program effec-
tiveness. 

The French organizations, IRAT and ORSTOM 
have a long history of work on sorghum improve-
ment and development work in the Francophone 
countries of West Africa. ORSTOM. in coopera-
tion with the IBPGR, has taken the lead in recent 
years in organizing sorghum and millet collection 
missions in Africa and has thus made important 
additions to the germplasm collections. IRAT 
continues to provide support to cooperative ap-
plied research on sorghum improvement in those 
nations, including the provision of key personnel 
in ICRISAT cooperative regional programs in 
Africa. 

Likewise, the UK has had a long historic 
association with agricultural research and im-
provement programs in the Anglophone coun-
tries. This has been particularly significant in 
countries such as Nigeria, Ghana. Kenya, Uganda 
and the Sudan. Institutions in the UK concerned 
with tropical agriculture such as the Weed Re-
search Organization, the Tropical Products Insti-
tute, the Centre for Overseas Pest Research, and 
Reading University are among those institutions 
whose input has proved valuable in studies on 
Striga control, pheromones, grain quality, pest 
management and control, and crop physiology, 

The International Centre of Insect Physiology 
and Ecology (ICIPE) has been cooperating with 
ICRISAT in the study of certain problems related 
to the biology and behavior of the sorghum shoot 
fly and to a lesser extent on other insect pests. 
This cooperation will no doubt be further culti-
vated and extended. 

The Rockefeller Foundation and the Indian 
national sorghum improvement projects sup-
ported by the Indian Council of Agricultural Re-
search deserve special mention in an institutional 
context, for their contributions to advances in 
attention to sorghum improvement during the 
past 25 years. First under the combined Project 
for Intensification of Regional Research on Cot-
ton, Oilseeds, and Millets (PIRRCOM). systematic 
collections and evaluation of sorghum germplasm 
were made throughout India, supplemented by 
importations from other areas. Incooperation with 
the USDA, the Rockefeller Foundation supported 
collection missions in Ethiopia. 

India later separated out sorghum for special 
attention under its All India Sorghum Improve
ment Project (AICSIP). The use of male-sterile 
lines in production of hybrids received early 
attention but presently both first generation hyb
rids and varieties are included. The Rockefeller 
Foundation personnel promoted exchange of 
genetic material and studies on production tech
nology not only in cooperative programs in India 
but in other countries and continents as well. 
These studies have helped in identifying and 
calling attention to many complex problems which 
must be faced if sorghum is to fulfill its potential in 
contributing to the world's food and nutrition 
budget. 

The Symposium on "Sorghum in Seventies" 
held just prior to the establishment of ICRISAT, 
was a landmark as, I am sure, the current 
symposium on "Sorghum in the Eighties" will 
become. 

We all know of the susceptibility of sorghum to 
depredation by birds and in particular to the 
hordes of Quelea on the African Continent. An 
African regional program (OCLALAV) has devoted 
considerable effort to the study of the population 
dynamics, migration patterns and behavior of 
these birds. Some effort has been devoted to the 
genetic factors and grain qualities of sorghum 
varieties which favor or diminish bird preferences. 
Unfortunately, grain characteristics which appear 
to be less attractive to birds have frequently been 
associated with chemical components that seem 
to reduce the nutritive value or digestive utilization 
of the grain. Bird damage remains a serious 
problem, especially in Africa, and justifies con
tinued attention. 

Since this paper is ccncemed with institutional 
considerations, the listing of individuals who 
provided the leadership to programs has been 
avoided. It should be remembered, however, that 
the imaginative, dedicated, and sustained leader
ship of outstanding individual scientists has been, 
and will continue to be the factor that makes 
institutions effective. 

My treatment on institutional considerations 
has not been, and cannot be, exhaustive. The 
orchestration of the cooperative and complemn
tary efforts of able and ded;cated people working 
through the large range of organizations con
cemed will largely determine the contribution this 
crop can and will make to the future welfare of 
mankind. 
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Transforming Traditional Sorghums in India 

N.G.P. Rao* 

Viewed against the background of the agricultural 
history of India, changes that influenced Indian 
agriculture during the 1960s and 1970s are 
perhaps the most significant. The rapid impact of 
these changes and the potential created do give 
us confidence that India could successfully meet 
its current and future needs of the most needed 
agricultural commodities. We have certainly been 
fortunate to be participants and witnesses to this 
great transformation. 

Mixed cropping, crop rotations, cultural prac-
tices, organic manures, chemical fertilizers and 
plant protection chemicals no doubt influenced 
traditional agriculture, but it is the major genotypic 
changes brought about during the 1960s that 
triggered cultivar-input-management-interactions; 
resulted in quantum jumps in productivity; im-
parted stability to production and enabled practice 
of new crdpping systems leading towards more 
efficient land and water use. 

The transformation that began with irrigated 
wheat and rice soon pervaded dryland food crops 
like sorghum and pearl millet, commercial crops, 
fruits and vegetables. Changes leading towards 
the transformation of sorghum in India is tne 
subject of my presentation. 

Agricultural Systems of 
Semi-Arid Tropics: Improvement 
or Transformation? 
Agricultural systems of the semi-arid tropics (SAT) 
by and large, continue to be subsistence systems 
and reflect the highest degree of crop diversifica-
tion. Analyzing the role of risk in dryland agricul-
ture in India, Binswanger et al. (1980) concluded 

* Regional Sorghum Breeder, ICRISAT, and Visiting 
Professor, Institute of Agriculture Research, Ahmadu 
Bello University, Samaru, Zaria, Nigeria. 

that income risk, measured as the variance of 
income over time, is high. Variability in production 
is the major source of this income risk rather than 
price variability. For risk averse farmers they 
contend that such income variability leads to 
underinvestment. This is true of all subsistence 
agricultural production systems. Consequently, 
mixed or intercropping became an important fea
ture of traditional agriculture and it3 superiority in 
terms of insurance from risk, higher returns and 
better labor use has been well documented (Abalu 
and D'Silva 1980, Jodha 1980). 

It may, then be pertinent to examine :! e 
essential components of traditional agricultural 
systems. There is a striking parallelism in the 
evolution of tropical cultivars across continents. 
They are tall; late maturing, the growing period 
being considerably longer than the length of the 
rainy season; generally photosensitive; and char
acterized by localized adaptation and low harvest 
indices. Such tropical cultivars are generally 
adapted to low population levels and generally 
exhibit lower rates of fertilizer response. Under 
adequate moisture and low populations they do 
produce large earheads reflecting their individ-al 
superiority, but their community performance is 
poor even when there is no stress. Since flower
ing generally takes place after the cessation of the 
rainy season, rainfall fluctuations render them 
highly vulnerable, and crop losses approach total 
failure in years of low and erratic rains. Depending 
on the components of the cropping systems, the 
degree of damage may vary and one of them 
might provide some insurance. Yet, sole and 
mixed crops in traditional systems are low yielding 
and climate-vulnerable. This is generally so with 
sorghum and applicable with some modifications 
to other dryland crops and cropping systems.

This being the case, a pertinent question is 
whether research efforts should be directed to 
improve existing systems or should they be 
directed towards transformation of existing sys-

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81, Patancheru. A P. India Palancheru, AP. India: ICRISAT. 
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tems. All researches in India till the 1960s and in 
most African countries till today have been 
directed towards improvement of existing agricul-
tural systems. They generally involved crosses 
between related varieties for cultivar improve
ment, fertilizer and population studies, practices 
aimed at better soil and water management and 
modifications to existing cropping systems. These 
efforts were based on local or improved local 
cultivars and did reflect increased yields under 
experiment station conditions. The recommenda-
tions that emerged from such researches were 
aimed at marginal increases and frequently in-
volved change of cultivars, but similar in plant 
architecture to locals, use of organic manures, low 
levels of fertilizer and low plant populations and 
with some soil and water conservation measures 
such as mulching, contour bunding, etc. The 
recommendations that emerged from the dry 
farming research stations of the Deccan rabi 
fumish examples in this directiJm. Ty were 
somewhat "survival-oriented" rather than "pro-
ductivity-oriented" and did contribute to some 
yield advances but could do little to cross the 
environmental barrier or the yield barrier, 

Analyzing crop yields in relation to rainfall 
fluctuations, Rao et al. (1975) emphasized the 
need for transgressing environmental limits and 
aiming at quantum jumps in yield levels to 
enhance the productivity of rainfed crops. A 
breakthrough in rainfed agriculture can, therefore, 
be expected by planning for large quantum jumps 
rather than for slow and graded increases which 
are within the limits of environmental fluctuations. 
Illustrating from data on sorghum obtained during 
1972/73, which was one of the most difficult 
years encountered with respect to rainfall, we 
(Rao et al. 1975) preferred the transformational 
approach to that of an improvement approach. It is 
this approach that has yielded results in the Indian 
context. I consider it meaningful to the rest of the 
SAT. 

Considering the policy implications of their risk 
analysis in SAT India, Binswanger et al. (1980) 
concluded that there is no need for advocating 
development of risk graded technologies so that 
small farmers may adopt the low yield low risk 
ones and the large farmers the high yield high 
risk ones. I fully agree with them and the trans-
formational approach cutting across environmen-
tal limitations is the answer and I therefore, 
propose to further deliberate and elaborate 
on this. 

Genotype Alteration:
 
Performance, Adaptation,
 
and Stability
 

The attributes of tropical cultivars have been 
listed: tallness, lateness, photosensitivity, low 
harvest indices, poor community performance, 
etc. In traditional agriculture, the timing of the 
main stages in the reproductive cycles of plants is 
optimized in relation to seasonal conditions 
through control mechanisms that are extremely 
sensitive to daylength and temperature (Evans 
1980). If this is so in traditional agriculture, the 
design and development of productive and stable 
agriculture requires re-optimization of the cycles 
of growth and reproduction in such a way that the 
emphasis is on the economic product rather than 
on total dry matter and that the more critical 
phases of growth coincide with favorable periods 
of climate. 

Water use efficiency refers to the yield of dry 
matter produced per unit of water consumed and 
drought resistance is the ability to survive, endure 
and compensate for or escape damage from 
wilting (Reitz 1974). Sorghum is no doubt efficient 
in water use requiring about 322g of water per g 
of dry matter (Briggs and Shantz 1914), but if the 
production of total dry matter of the plant extends 
beyond a limit, it will then limit water use 
efficiency. Severe stress during seedling, flower 
primordial and grain filling stages is generally 
critical and it is desirable that the probability of 
these stages coinciding with assured periods of 
rainfall or profile moisture be maximized. 

Most traditional kharifsorghums of the Deccan 
and the central Indian plateau require 140 days or 
more to mature, while the duration of a normal 
rainy season is from the beginning of July to mid 
or late September. August usually represents the 
peak rainfall month. Such sorghums usually re
main in the vegetative stage till the second week 
of October, and if rains cease earlier, yield losses 
are heavy. The total dry matter produced in normal 
circumstances may be as high as 450 g per plant, 
and nearly 70% of this is accumulated in the stalk 
(Rao and Venkateswarlu 1971). They are characte
rized by a single peak for the rates of growth 
coinciding with flowering. The behavior of several 
African sorghums is similar (Goldsworthy 1970). 
The temperate sorghums on the other hand 
produce less dry matter per plant, exhibit two 
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peaks for growth rates coinciding with preflower- heights and maturities and that an "intermediate 
ing and grain-filling stages resulting in a 50: 50 dry optimum" satisfies several requirements includ
matter distribution (Anantharaman et al. 1978). ing grain, stover, input rsponses etc., in tropical
This is illustrated in Figure 1. countries. If there is an extended season, it is 

Superior sorghum hybrids and varieties de- better to capitalize on it through practice of 
veloped from temperate-tropical crosses have suitable cropping systems rather than through
reduced maturity duration (100-110 days) and 
consistently yield well (Table 1). The critical stages
of growth- seedling, flower primordia, and grain Table 1. All India performance of sorghum hybrids 
filling-coincide with periods of assured rainfall or and varieties (khrf).
satisfactory profile moisture status. Thus, in 
breeding for efficient water use for grain produc- Grain yield (kg/ha)

tion such corrections for duration, dry matter Hybrid/

production and differentiation at optimal times of Variety 1978 1979 1980 Av. %CSH-1
 
the season are essential and should constitute the
 
first steps in modifying traditional tropical sor- Hybrids
 
ghums.
 

Yet arguments are still advanced that in heavy CSH-1 3582 3522 3034 3379 100 
rainfall areas the duration of the traditional sor- CSH-5 4307 3808 3437 3851 114 
ghums still represents the optimum and that CSH-6 4265 3648 3480 3798 112 
improved cultivars should match the duration of CSH-9 5036 4353 3836 4408 130 
locals. Efforts in Africa (Andrews 1975) to develop Varieties 
long-season dwarfs are yet to yield useful results. SPV-221 3198 3303 3160 3220 95 
Earlier studies by Rao et al. (1973) reveal that SPV-245 3868 3564 3237 3556 105 
highest yaeids are obtained at intermediate 
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Figure 1. Rates of growth and dry-matter distribution of tropical and temperate sorghums. 
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growing 	 very late cultivars. Extremely late 
varieties 	have no yield advantage, 

Once, the major corrections for duration and dry 
matter in relation to rainfall probabilities are 
accomplished, we could capitalize on incorporat-
ing attributes like varietal differences for photo-
synthesis under moisture stress, root systems 
and various attributes associated with drought 
resistance. We have discussed these aspects 
earlier (Rao et al.1979) and I shall not go into them 
presently since other speakers may be consider-
ing them at length. 

While the impact of altered genotypes of 
sorghum has been spectacular in some parts of 
India during kharif, attempts of altering rabi 
sorghums have met with partial success. The 
planting of rabi sorghums grown under residual 
moisture in black soil areas generally starts 
towards late September and may extend up to 
late October. Mid-October plantings are common. 
By November the temreratures begin to drop. 
Depending on the moisture status of the profile, 
the black soils begin to develo'j deep cracks either 
at flowering time or later. T.s results not only in 
moisture stress during th', postflowering period, 
but it causes heavy lo',ging. 

The variety M35-'. predominates in the rabi 
belt and we (Rao and Murty 1963) analyzed the 
reasons for its wider adaptation. Compared with 
compact headed types, it is earlier in maturity, has 
abetter root system, and had optimum dry matter 
production. It is also the most drought resistant 
variety (Sullivan 1972). 

The problems of varietal improvement during 
rabi are somewhat different. In years of stress, 
extreme earliness as exhibited by photosensitive 
hybrid CSH-2 enables it to escape drought effects 
and produce yield, uut the yields are low and not 
comparable with M35-1 in normal years. In fact, 
we considered the use of such hybrids in ex-
tremely drought prone areas. The late kharif 
sorghums are also highly sensitive and become 
extremely dwarf, early, and low yielding during 
rabi. 

The total dry matter produced by traditional 
winter types like M35-1 is not high like kharif 
sorghums and they do exhibit two peaks for rates 
of growth and a favorable dry matter distribution 
pattern. Efforts to further influence harvest index 
in favor of grain rendered types like R16 more 
susceptible to charcoal rot. This means, unlike 
kharif, the options for influencing duration and dry 
matter are limited during rabi. 

Yet some progress has been made and hybrids 
like CSH-7R and CSH-8R and an improved variety 
SPV-86 did exhibit constant yield superiority over 
M35-1, even though the margin of increases 
were not as high as those obtained during kharif 
(Table 2). But, when the new hybrids were grown 
under a new set of agronomic conditions, i.e. 
advanced dates of plantings, fertilizer use, and 
optimal populations, yield differences over M35 
-1 were substantial (Fig. 2). But as plantings 
became delayed, the yield advantage over M35-1 
declined, and after apoint in November they were 
inferior to M35- 1.The parents of the hybrids had 
more kharif parentage in them, and as the 
plantings were delayed, apart from moisture 
stress, temperature sensitivity came into opera
tion. The variety M35-1 is also less sensitive to 
low temperature. Therefore, I feel 'hat develop
ment of temperature-insensitive males and' 
females with rabi adaptation could lead to the 
development of superior rcbi hybrids. 

The rabi situation is difficult but is mC.,d 
predictable, since very little rain is received durinb 
crop growth. I believe that the limits of the 
moisture status and its progressive decline in rabi 
soil profiles under extreme stress, optimal, and 
suboptimal conditions have been quantified. It is 
then possible to decide on the limits of dry matter 
that such profiles could sustain to maturity. If 
these limits are known and with the present 
understanding of drought resistance and tempera
ture sensitivity of genotypes, it should be possible 
to develop more efficient genotypes for the 
future. 

That tiepica! cultivars are highly photosensitive 
and local in their adaptation has been well 
recognized. The virtues of photosensitivity in 
tropical situations have also been frequently 
overemphasized. While photosensitive varieties 
do tend to flower about the same time when 
plantings are scattered within a season, the yield 

Table 2. 	All India average performance of rabi 
hybrids and varieties. 

Grain yeld 
Hybrid/Variety 	 (kg/ha) 
CSH-8R (Hybrid) 3313 
CSV-8R (SPV 86) (Imp. Variety) 3299 
M 35-1 (Local) 2881 
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Figure 2. 	 Yield of sorghum as affected by diffe-
rent dates of sowing during rabi sea-
son (Sholapur). 

reduction on late plantings is drastic. Such culti-
vars, which by themselves are low-yielding and 
subject to climatic fluctuations in their own 
environments, could not be expected to adapt and 
perform in an altered environment, 

Wide adaptation, therefore, involves genotype 
alterations to suit growing conditions, superiority 
in performance per se, and less sensitivity to 
daylength and temperature in some situations. 
Once these changes have been incorporated in 
altered genotypes, the entire kharif sorghum belt 
of India could be treated as one zone (Fig. 3) in 
place of the several small agroclimatic regions 
towards which breeding efforts were directed in 
the past (Rao 1970). This is a major conceptual 
change that furthered sorghum improvement 
efforts in the country. 

The statement of Evans (1980) that high
yielding crops are neither more nor less suscepti-
ble to annual variation must be viewed with 
caution since the precise purpose of genotype 
alteration for dryland agriculture is to minimize 

such variation. An analysis based on over 300 
experiments over several years (Rao and Rana 
1980) furnished data on changes brought forth in 
improved cultivars developed early in the project
with respect to average yield levels and coeffi
cients of variability (Fig. 4). This is a very signifi
cant change that reflected on sorghum production 
over vast 	areas in Maharashtra and Karnataka 
States.
 

Our studies to date have also established that,
compared with improved varieties, hybrds do 
exhibit homeostatic advantages particularly under 
moisture striss (Rao and Harinarayana 1968; 
Singhania and Rao 1976). A more recent analysis 
of 3 years data from All India experiments by Rao 
et al. (1982) further established that the hybrids 
CSH-9, CSH-6, CSH-5, and CSH-1 were the 
highest yielders in the kharif tracts of the entire 
country and were the most widely adapted. The 
improved varieties were no doubt superior to 
locals in yield and adaptability but were not 
comparable with hybrids. The locals were char
acterized by low means and high coefficients of 
variability. We are now examining the possibilities
for raising the yield of improved varieties to the 
level of hybrids (Balaramireddy and Rao 1981). 

Further efforts to use risk aversion in plant 
breeding (Barah et al. 1981) point out that yield 
and risk preference based rankings are closely 
related. Also correlated are adaptability and stabil
ity lending support to our past breeding efforts 
towards genotype alteration and multilocational 
testing in the pursuit of low risk and high yields 
(Fig. 5). 

We are now concerned with the task of 
incorporating greater levels of resistance to insect 
pests (Rao et al. 1977) and diseases (Rao et al. 
1980) against the altered genetic background so 
as to confer greater levels of stability in perform
ance besides reducing or even eliminating use of 
pesticides. Our emphasis now is on understand
ing and incorporating resistance to several of the 
insect pests and diseases together in altered 
genotypes 	 (Rao 1981). 

Adaptation to Soil 
and Climate 

Soil, water (rainfall) and solar energy constitute 
the natural resources of semi-arid crop production 
systems with a well established relationship of 
subsistence adaptation. It has been the past 
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experience that resource management by itself 
did not yield perceptible results until a relationship
of productive adaptation has been established. 

The SAT regions have an arid season of 5-10 
months when potential evapotranspiration (PET) 
exceeds precipitation. Since PET is dependent on 
rainfall, temperature, and crop cover, crop adapta-
tion to soil and climatological factors is of primary 

concern. We will now consider genotype adapta
tion to soil and climatic factors. 

Agriculture in the tropics is said to have first 
developed in areas where the soils are of high 
base status-Vertisols, Alfisols, Mollisols, and 
certain Entisols and Inceptisols-which are also 
the centers of population density. The impact of 
the green revolution has also been largely con
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Figure 4. 	 Adaptability of tropical and temperate yields.

sorghums. In recent years there has been growing interest
in climate 	changes.and climate-food output re

lationships. It is believed that good or bad weather 
in one part of the world may have a similar 

fined to areas of high base status (Sanchez and influence in other parts (USDA 1975). Unfavorable 
Buol 1975). weather conditions during 1964-66 and 1972-74 

Sorghums in India are predominantly cultivated were responsible for a decline in global food 
in Vertisols and to a limited extent in Alfisols and production. Weather variability is considered to be 
both have not posed any serious problems. The a much more important consideration than a 
major point of concern is the ability of the soil global cooling or warming trend (Thompson 1975).
profile to store water for crop use. Depending on Averages of the preceding 30 years are stated to 
the soil type, this may vary from less than provide better guidelines for development of
100 mm to over 250 mm. The storage ability strategies compatible with the laws of nature to 
partially mitigates the effects of irregular rainfall, mitigate effects of climatic fluctuations on produc-
Encrustation problems may be encountered, tion. 
more particularly in the red soil areas, if heavy The SAT region of India, excluding the coastal 
rains after sowings are followed by a hot and dry areas of Andhra Pradesh and Tamil Nadu, parts of 
spell, but this problem has not been serious, southern Kamataka, eastern Uttar Pradesh, east-

Ifwater does not limit vegetative growth, total em Madhya Pradesh, northeastern Rajasthan,
dry matter production is related to solar radiation Haryana, and Punjab represents the major grain
and can be predicted. But frequently water stress sorghum belt. Even these excluded areas grow
does limit the rate of dry matter production. forage sorghums. The areas prone to moderate 
Fluctuations in rainfall, which are changes repe- and severe drought are depicted in Fig. 6. Of the 
ated over time, are arule rather than an exception. 16-18 million hectares grown under sorghum,
Predictions of the amount and distribution of approximately 2/3 of the area is cultivated during
rainfall are difficult. Based on early rainfall in a the rainy season (kharif) and 1/3 during winter 
season, some predictions of the behavior of rains (rabi) primarily in the Deccan Plateau covering 
may be possible. Studies by the Indian Meteorolo- near continuous areas in Maharashtra, Karnataka,
 
gical Department estimated that climatic varia- and Andhra Pradesh.
 
tions resulting in droughts, floods, etc., may The limits of the rainy season in most regions
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are fairly well known. The southwest monsoon, 
which influences most of the sorghum belt with 
the exception of Tamil Nadu and a small portion of 
Andhra Pradesh, usually establishes towards the 
end of June and terminates before the end of 
September. The probable date of commencement 
of sowing rains, the months and weeks when 
rainfall probabilities are high and low, and the 
likely inter-spell duration between rains have been 
computed (Raman 1975). July is the least drought-
prone month and October the most (George et al. 
1973). Premature cessation of the monsoon by 
the beginning of September is not uncommon, 
and October rains are uncertain. Consequently 
traditional kharif sorghums may run out of mois-
ture before flowering. The moisture status of the 
rabi soils, where sorghums are grown under 
residual moisture, is frequently unsatisfactory 
during the grain-filling period, resulting in serious 
yield losses. The deccan rabi used to be famine 
prone. 

It is. then, the water balance that limits the 
length of the growing season. The mean duration 
of the crop-growing season for some sorghum-

Tabe 3. Crop growing season 

Location State 

Kurnool Andhra Pradesh 

Cuddpah 
Hyderabad 
Raichur Karnataka 
Gulbarga " 

Poona Maharashtra 
Sholapur 
Ahmednagar 
Aurangabad 

Akola Maharashtra 
Amravati 
Jalgaon -

Khandwa Madhya Pradesh 
Neemuch 

Hanamkonda Andhra Pradesh 

Bidar Karnataka 
Indore Madhya Pradesh 

in some sorghum growing areas (Krishnan 1974). 

Crop growing season 
Av. annual Av. annual 

rainfall PET 
(mm) (mm) 

674 1827 

743 1834 
743 1834 
717 1951 
753 1913 

715 1474 
742 1802 
677 1605 
792 1774 

877 1730 
975 1769 
840 1912 

961 1729 
895 1601 

945 1787 

977 1754 
1053 1813 

growing areas computed by Krishnen (1974) is 
summarized in Table 3. The justification for 
long-season sorghum seem to arise from such 
exercises. 

A closer look at the present-day situation in 
areas represented by Jalgaon, Akola, and Amrava
ti in Maharashtra, and Neemuch, Khandwa, and 
Indore in Madhya Pradesh, which are all in the 
drought-prone black soil belt, reveals that 100 
-110-day hybrids with some built-in ability to 
stand grain deterioration when rains occur late 
have taken firm root, providing for assured single
crop sorghum and a possible second crop of 
safflower or chickpea. Areas with supplemental 
irrigation took to a sorghum-wheat rotation that 
was not possible with traditional cultivars. 

Thus computed, crop-growing seasons at best 
indicate the longest possible growing period, and 
strategies to avoid failures should take into 
account the effective rainfall period with its 
attendant aberrations. One has to plan for assured 
single-crop yields within sole and intercropping 
systems in low rainfall areas, and two-crop sequ
ences in high rainfall areas. 

Actual duration 

Jun 17-Oct 26 

Jun 14-Nov 30 

Jun 14-Nov 30 

Jun 12-Oct 28 

Jun 9 -Oct 21 


Jun 4 -Nov 21 

Jun 8 -Nov 2 

Jun 2 -Nov 8 

Jun 5 -Nov 20 


Jun 5 -Dec 4 

Jun 4 - Dec 22 

Jun 9 Nov 21 


Jun 7 -Dec 30 
Jun 14-Jan 15 


Jun 4 -Dec 8 


Jun 1 - Dec 13 

Jun 5 -Dec 27 


No. of 
days Remarks 

132 Alfisol-Kharif and 
Vertisol- Rabi 

170
 
130
 
139 Mostly Vertisol
135 Rabi 

171 
148 
160
 
169
 (Some Kharifl
 
183 Mostly Vertisol
202 Kharif
 
166 

207 
216
 

188 Alfisol-Kharif and 
Vertisol-Rabi 

196 Alfisol-Kharif 
206 Vertisol-Kharif 
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Statisticil probabilities of the occurrence of 
drought ha\'e limitations, and the farmer's interest 
being always in the "current year," knowledge of 
soil and climate together with actual performance 
in normal, above-normal, below-normal, and aber
rant years of rainfall would furnish a rational basis 
for decision making in the development of crop
production strategies that would stand the test of 
time. Such years were encountered during 1964 
-66, 1972-74, 1975-76, 1976-77, 1980-81, 
etc., and both rainfall and yield data for diverse 
cultivars are available for analysis. This transitional 
period in Indian sorghums has thus furnished a 
valuable opportunity to ass;ess the potentialities 
and limitations of alternate crop production strate-
gies and arrive at rational conclusions. Such a 
strategy based on actual situations encountered 
seems to be the best suited to minimize climatic 
vulnerability and to maximize productivity when 
encountered with more favorable situations 
(Tables 4 and 5,. 

Genotype alterations '-oupled with manage-
ment practices, alternate cropping systems, and 
contingency plans such as crop substitution under 
aberrant situations, furnish the means to meet 
adverse and favorable conditions. This leads us to 
a consideration of resource utilization through 
genotype-input-management interactions, 

Genotype-input-
Management Relations 

That selection must be oriented towards changing 
agronomic practices has frequently been empha-

Table 4. Rainfall attributes over teq locationis. 
Year 

Rainfall-attributes 1972/73 1975/76 1976/77 

1. Total rainfall (mm) 634 989 917 

2. Number of rainy days 
(29)
42 

(25)
69 

(36)
59 

3. CV (%)of monthly 
(29) 
153 

(25)
136 

(36) 
142 

rainfall (29) (25) (36) 

Note: Figures in parentheses indicate number of locations on 
which the averages were based. 

Tab le ANIndia averageskg/ha) r. yieid of 
Inaid hbdr. 

Year 

Hybrids 1972/73 1975/76 1976/77 

CSH-1 3602 2869 3138 
(35) (32) (32)

CSH-5 3925 3658 3568 
(35) (32) (32) 

CSH-6 4013 3466 3090 
(35) (32) (32) 

Note: 	 Figures in parentheses indicate number of locations on 
which the averages were based. 

sized. That plant breeders have more frequently 
selected for higher potential under favorable 
conditions associated with rapid rise in the use of 
agronomic inputs and that this may be an undesir
able road to follow, more particularly, in the 
context of the need for increasing food production 
in developing countries and the limited resources 
of the small farmer has also been pointed out 
(Evans 1976, 1980). Since tropical sorghums 
involve developing countries and small farmers, 
the issues need examination. 

While there have been attempts to orient 
breeding towards changes in agronomy such as 
mechanized agriculture, it is now the genotype 
change that initiated changes in agronomic prac
tices, eventually resulting in production advances. 
This has been the case with cereals like wheat, 
rice, sorghum, etc., and is now beginning to 
reflect ingrain legumes. Iwill examine the case of 
sorghum at some length. 

Traditional technology emphasized "local im
proved" varieties, somewhat delayed plantings 
possibly to limit excessive vegetative growth, low 
seed rates, periodic apptication of organic manu
res, and limited use cr absence of fertilizer 
application. This had no coubt a survival value, but 
its impact on productivity or stability of production 
has not been perceptible. On the other hand, the 
effect of an altered genotype in relation to input 
application and management has been more 
conspicuous, and this has been illustrated with 
rabi 	sorghums earlier. 

Nutritional adaptation is widespread in nature
Ntre apditin i diffrencestfr 

and there are distinct genotypic differences for 
response patterns to nutritional elements, and 
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toxicities as well. At an application level up to 50 
kg N/ha, sorghum hybrids and some improved 
varieties have returned 15-28 kg of grain per kg 
of nitrogen against 6-8 kg for traditional locals, 
Further, in hundreds of nitrogen response trials 
conducted all over India during several years, we 
never observed crossing over of response curves 
to indicate that certain genotypes (including Ioc-
als) were higher yielding at lower levels of 
nitrogen application or, conversely, where any 
hybrids were yielding less than others at lower 
levels but outyielded them beyond a point of 
fertilizer dosage. 

Similarly, several studies on genotype re-
sponses to popul3tion levels in All India trials 
established the superiority of altered genotypes 
for community performance compared with the 
improved local cultivars. Population levels of 
180 000 to 200 000 plants per hectare were 
optimal at the field level. 

The response of the altered genotypes to 
fertilizer and population levels are more specta-

cular and coupled with their lower susceptibility to 
climatic variables, notably rainfall, their adoption 
rate is on the increase, although the level of 
fertilizer used on commercial sorghum fields is 
still low. The response patterns during kharif and 
rabi are illustrated in Figures 7 and 8. 

Considering all agronomic inputs, including use 
of fer,.:izer, pesticides, etc.. it has been stated 
frequently that the performance of high-yielding 
hybrids and varieties remains satisfactory only 
under optimal inputs (including irrigation water) 
and management, and that their yields will not be 
satisfactory under absence or lower levels of such 
inputs and management. Consequently, "high 
yield agriculture" is associated with "high input 
agriculture" and it is questionable whether this is 
applicable to the small farmers in developing 
countries. This aspect has been examined in a 
multilocation experiment conducted over 3 years 
(Vidyasagar Rao et al. 1980). The top-ranking 
hybrids and varieties maintained their relative 
ranks under both types of input-management 
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Figure 7. Components of production (kharif). 
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Figure 8. Components of production (rabi). 

Table 6. 	Mean yields and ranks of some hybrids 
end varieties under high and low man-
agement during kharif seasons of 1974, 
1975, and 1977. 

High management Low man3gement 

Yield Rank Yield Rank 
(kg/ha) (kg/ha) 

Hvbrids 
CSH-1 3569 4 2468 4 
CSH-5 4514 1 3185 2 
CSH-6 4125 3 3346 1 

'Varietios 
C3V-3 3200 5 1970 5 
CSV-5 2622 6 1701 6 

levels (Table 6). The rank correlations were highly 
significant (Table 7). The yield levels were no 

135 180 


Fertilizer response (N kg/hal 
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( Y=19.97-f.1571X-.0031 
(2)V=17.2+.2446X-.0013 
(3) 9 =17.47+.1926X-.0095 
(4) 9-a16.4&+. 852X-.0010 

0 30 60 90 

Table 7. Rank correlations between high and low 
managements. 

Year Trial Coefficient 

1974 Variety Trial 
Variety/Hybrid Trial 

1975 Hybrid Trial 
1977 Early Duration Trial 

Mid Duration Trial 

0.91 0 
0.9400 
0.850" 
0.85"" 

0.8000 

Significant at 1/. 

doubt different at different levels of management. 
The genotype x input-management interactions 
were significant only in a few cases, and even 
there the magnitude of the interaction m.s.s. was 
the lowest compared to the m.s.s for genotypes 
or managements. 

These and various other studies indicate that 
agricultur3 based on altered genotypes is not 
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incompatible with lower input levels, and the 
actual level and use of inputs gets into the realm 
of availability, supply, credit, and related matters 
rather than technology-imposed limitations. While 
the yield levels may vary depending on input use, 
altered genotypes did confer greater levels of 
stability and productivity. In some years and areas, 
the difference has been of the order of economic 
yields against total failure. 

Traditional kharif sorghums in the Deccan used 
to be planted during mid-July. Sorghum hybrids 
based on temperate materials showed increased 
susceptibility to shoot fly under late plantings (Fig. 
9a). The dominant mechanism of resistance to 
shoot fly is nonpreference for oviposition, and at 
times of shoot fly buildup, the hybrids were 
preferentially attacked. But once the advantages 
of planting with the onset of the monsoon for 
higher yields and avoidance of shoot fly were 
demonstrated, the practice caught on and virtually 
no insecticide is used for shoot fly control on 
commercial khanf hybrid sorghums. This is a 
management change leading .towards pest avoi
dance. At the same time, shoot fly control through 
carbofuran seed treatment, application of gra
nules, etc., have been recommended and prac-
ticed under early rabi plantings in some areas and 
in seed production plots sown at altered timings 
(Rao 1979). 

Similarly, the advent of early-sorghum hybrids 
and the consequent growing of early and late 
cultivars in the same area during initial years of 
hybrid spread resulted in extended periods of 
flowering conducive to rapid multiplication of 
sorghum midge (Fig. 9b), causing damage on late 
locals. The gains in hybrid yields were offset by 
reduced yields of local cultivars. A judicious policy 
of en-block coverage 0f hybrids of approximately 
similar maturities, in preference to a dissipated 
spread, resulted in the elimination of the causative 
factor of extended flowering and contained midge 
(Rao and Jotwani 1974). This is another example 
of a management change consequent to a genoty
pe change. In fact, it may be said that the 
incidence of midge promoted hybrids in some 
areas. 

Another example of a transitional problem is 
grain deterioration (Fig. 9c). Traditional cultivars 
normally maturing in December have clean grains. 
The reduction of duration to minimize climatic 
vulnerability caused them to ripen during mid or 
late October, with a low probability of occurrence 
of rains. Farmer reaction to the first hybrid was 

SORGHUM SNO T 
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Figure 9. Problems encountered during the 

transition period from vulnerable to 
stable agriculture. 
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excellent in dry and tow-rainfall years, since both One has to first realize that the component 
yield and grain quality were good; but in years of 
extended rainfall poorer grain quality resulted and 
consequently the price received a setback. The 
demands of dry and wet years are apparently 
antagonistic and one has to find a satisfactory 
compromise. A clearer understanding of the 
problem of grain deterioration (Rana et al. 1978) 
and the development of hybrids like CSH-5, 
CSH-6. and CSH-9 not only reduced the magni-
tude of the problem of grain deterioration, but 
acted as an incentive to stay with early-maturing 
hybrids and increase yields further through the 
practice of sequence cropping in areas of assured 
rainfall, 

Thus, during the period of transition from 
vulnerable to stable agriculture, such problems of 
transformation (Fig. 9a, b, c) are not uncommon, 
and one has to find ways and means to get over 
them till we move from a subsistence inequilib-
rium to a stable and productive equilibrium, 

I will now turn to the effects of genotype 
modification on cropping systems. The role of 
mixed or intercropping in traditional agriculture 
has been idealized. In the African context, Abalu 
and D'Silva (1980) stated that while traditional 
intercropping systems have a socioeconomic 
rationale, most efforts at improvement have been 
towards sole crops, which have apparently not 
yielded anticipated results on farmer holdings. 
Furthermore, single crop technologies should be 
discouraged and in their place an approach that 
accounts for all crops of the farming system 
should be evolved. Jodha (1980) felt that the 
difficulties of incorporating high yielding varieties 
into ir':rcropping systems may be one of the 
fact irs responsible for their limited spread. This 
rais;s questik-,' whether sole crop technologies 
are at variance with intercrop technologies and 
whether different approaches are necessary. 

cultivars of the traditional intercropping systems 
are themselves the products of climate vulnerable 
subsistence agriculture. But for the spread of risk 
cover over species, they are essentially replace
ment systems characterized by low yields. Unless 
the components themselves undergo radical alter
ation, the system will not alter. Rao and Rana 
(1980) demonstrated that sole crop stability and 
productivity is a prerequisite for productive inter
cropping systems. Further, based on studies 
involving inter- and intra-species competition, 
genotype x density interactions and alternate 
planting patterns, Rao et al. (1981a) examined the 
design and practice of stable, productive and 
profitable intercropping systems. Summarizing 
data from several All India trials, Rao and Rana 
(1980) furnished evidence of such systems which 
involved sorghum as the principal crop with 
90-95% of the sole crop yield and pigeonpea, 
soybean and groundnut as intercrops (Table 8). 
New and more remunerative crops like onion, 
garlic, etc., are now being exoerimented to 
enhance returns. Traditional intercropping sys
tems which have given place to sole crops of 
hybrid sorghum have now been oriented towards 
more profitable intercropping (Rao and Rana 
1980). 

While such intercropping systems are advan
tageous in areas of relatively low rainfall, multiple 
cropping is more profitable in high rainfall areas 
with moisture retentive soils. A vast portion of the 
black soil belt of the Deccan and central Indian 
plateaus with 800 mm of annual rainfall which 
sustained 5-6 months' crops of traditional sor
ghums, can now take an assured crop of short
season hybrid in all years and a following crop of 
safflower or chickpea in normal and above normal 
years of rainfall (Fig. 10). Rao and Rana (1980) felt 
that the present shortages of grain legumes and 

Table S. Yields in sorghum based Intercropping systems averaged over several experiments. 

Average yield (q/ha) 
Intercropping 
system 
(monocrop/ 
intercrop) 

Sorghum 
(sole crop) 

Sorghum 
(intercrop-

ping system) 

Intercrop 
(sole crop) 

Intercrop 
(intercrop

ping system) 

Sorghum/pigeonpea 35 8±1.9 32.4±1.4 16.5±0.9 9.4±0.4 
Sorghum/soybean 330±1 9 32,2±1 8 13.9±0.7 5.5±0.3 
Sorghum/groundnut 33 6±27 33.1±1 8 10 4±1.4 4.8±0.5 
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Figure i0. Sorghum-growing districts for potential double cropping under rainfed conditions in India. 

edible oilseeds could be met by the practice of 
sorghum based inter- and sequence cropping on 
existing sorghum acreages. 

That productivity per year in the tropics will 
probably be achieved by attempts to maximize the 
number of crops rather than yield of each crop 

(Evans 1980) is relevant for areas where trad on
ally long season sorghums have been u,,der 
cultivation in India and Africa. Emphasis on the 
manipulation of the cropping system based on 
modified cultivars will be more fruitful, as demon
strated in India, than attempts to breed improved 
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cultivars comparable to late locals in maturity, 
Ratooning hybrid sorghum has become a com-

mon practice in large areas of the Jalgaon district 
of Maharashtra. in some tank-fed areas of Andhra 
Pradesh, particularly when water is not adequate 
for rice cultivation, and under supplemental irriga-
tion in several situations. 

The advent of hybrid sorghums gave birth to an 
organized hybrid seed industry in the public and 
private sectors. 

Some Case Studies 

Any crop improvement strategy for rainfed lands 
should provide for assured yields even when 
unfavorable weather conditions are encountered. 
It should also furnish the means to maximize 
output if rainfall is normal or optimal. As discus-
sed, genotype alterations coupled with manage-
ment practices, alternate cropping systems and 
contingency plans provide ways and means to 
meet adverse as well as favorable conditions. This 
will be illustrated with a few examples. 

All India national demonstrations of sorghum 
conducted in previous years on 1-ha plots re-
vealed that in none of the years were average 
yields less than 2500"kg/ha, and maximum yields 
recorded were quite high (Fig. 11). In the initial 
years of hybrid spread during the kharif in the 
States of Maharashtra and Karnataka and their 
impact on overall kharif yields, projections were 
made on the possible impact of the total coverage 
on yields which turned out to be 2500 kg/ha. This 
indicates that the present average yields of kharif 
could be elevated to 2500 kg/ha. Higher order 
yields recorded are comparable to those obtained 
elsewhere in the world. 

Another example is the performance of CSH-1 
during the early years of its spread in the 
Harpanhalli taluq of Bellary district in Karnataka 
State. In one of the most difficult drought situa-
tions encountered, hybrid yields on an area basis 
were spectacular (Fig. 12). 

The 1972/73 crop year witnessed widespread 
drought in many parts of the world including India. 
The yields of improved cultivars at 29 experimen-
tal sites all over India ranged from 2500 to 
4000 kg/ha, against the near total failure of some 
late locals. Analyzing rainfall-yield relationships 
during this year, Rao et al. (1975) observed that 
the amount of variation in yield ascribable to 
rainfall was mostly determined by the number of 

rainy days and the coefficient of variation in 
monthly rainfall. The variation accounted by rain
fall characteristics did not exceed 40% with any of 
the improved cultivars ard it was only 15-20% 
with the hybrids CSH-1 and CSH-5. Early maturity 
coupled with hybridity conferred homeostatic 
advantages. The performance of CSH-1 during 
rabi in Andhra Pradesh is summarized in Table 9. 
This is based on early planting ard fertilizer use in 
a year when rainfall was low. 

The 1976/77 crop year was a case where rains 
were well distributed during July and August, but 
ceased abruptly by the first week of September in 
the Deccan and Malwa plateaus. The late locals 
suffered, but in Maharashtra State, where hybrids 
covered 52% of the khaif area, khanif sorghum 
production touched a record 2.96 million metric 
tons. The compensation of hybrids for failure of 
locals has been tremendous. 

Assessing the results in the pilo: project area of 
Indore in Madhya Pradesh, Choudhary (1980) 
reported that CSH-5 recorded the highest average 
yield among the various crops tried. Most farmers 
adopted only two practices- improved high yield
ing seeds and fertilizer. The technology was 
particularly beneficial to the small farmer. Kharif 
sorghum accounted for most of the cropping in 
otherwise khariffallows, which would normally be 
cropped by rainfed wheat during rabi. 

rhe minimum yield guarantee schemes of the 
Governments of Maharashtra and Andhra Pradesh 
with rainfed sorghums have been a phenomenal 
success. Data from Maharashtra are summarized 
in Table 10. 

The best proof is on the impact of the hybrid 
coverage on kharif sorghum production in the 
States of Maharashtra and Kamataka (Table 11) 
where the coverages have boxn "iubstantial. 
Other states could emulate this example. 

So far, we have considered sole crop examples. 
The possible impact of productive inter- and 
sequence-cropping systems have been examined 
by Rao et al. (1979) and Rao and Rana (1980). 

Economic Analysis 

Iwant to conclude with a brief reference to some 
economic analyses. 

Jodha (1980) stated that "the scope for dyna
mizing SAT agriculture is limited for want of viable 
technological options." As a solution, he com
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Figure 11. Yields obtained in All India national demonstrations with sorghum. 

mends the resource centered approach, with the collect runoff water for supplemental irrigation,
watershed as the unit, and involving land smoo- together with agronomic inputs. It is apparent that 
thing, semipermanent graded broadbeds and fur- this package is cost intensive. That risk graded 
rows, grassed waterways, small dams or tanks to technologies are irrelevant to SAT agriculture has 
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Figure 12. Performance of CSH- 1 under ex-
treme moisture stress in Harpanhalli 
taluq, Bellary district, Kamataka, In
dia, kharf 1968 (rainfall received and 
average yield obtained over 10 000 
acres). 

been borne out by the studies of Binswanger et al. 
(1980) and Vidyasagar Rao et al. (1981). 

At the sorghum production workshcp held at 
Udaipur, various questions were raised on the 
relevance and profitability of the sorghum produc-
tion technology developed under the All India 
Sorghum Project (Rao 1979). The additional in-
vestment is primarily on seed and the level of 
fertilizers used. Since the technology was 
oriented towards quantum increases cutting 
through environmental limitations, its profitability 
was high. Its orientation towards system changes 
makes it more versatile. Approaches of en-block 
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TnI 9. Number of crop experiments and mean 
grain yield In different Samathies of 
Khammarn District, and Andhra Pradneh, 

1972/73. 

No. of Experi
ments con- Grain yield 

ducted (kg/ha) 
%over 

Samathi CSH -1 Local CSH-1 Local Local 

Wyra 3 3 4490 1318 340 
Khammam 3 3 4983 2109 236 
Burgampad 2 - 4457 - -
Kothagudem 6 6 4915 1233 398 
Yellandu 5 4 2683 1297 207 
Bhadrachalam 1 1 4571 1186 385 
Tirumalayapalem 8 4 4235 1742 243 

Mean 4239 1477 287 

Table 10. 	 Granyields from pilot project blocks on 
hybrid sorghum In Maharashtra State 

(rainy season). 
No of 	 Average 

Coverage experi- yield 
Year (ha) ments (q/ha) 

1976/77 75063 5579 27.40 
1977/78 73386 3333 27.30
1978/79 35539 959 22-80 
1979/80 20832 805 22.70 

transformation enhanced its acceptance. Its rele
vance was more to the small farmer. 

The quantitative analysis of Ryan et al. (1980) 
termed "Steps In Improved Technology" analysis 
(SlIT) furnishes a soun basis for technological 
options. The LII (local improved variety, fertilizer 
use and improved soil and crop management) 
represents the improvement approach. The III 
(altered variety, fertilizer use and improved soil 
and crop management) represents the transfor
mation approach for sole crops on drylands. There 
were various other treatments. Comparing all 
treatment in Alfisols and Vertisols, they concluded 
that both from the risk and profit point of view, the 
III
technology (transformation approach) is benefi
cial. An investment of Rs.100 in Vertisols on this 



T"l 111. Proeraw of kha" sorghum In Maharashtra. 

Area Production Average yield Area covered under HYV 
Year ('000 ha) ('000 tonnes) (kg/ha) ('000 hat 

1970/71 2537 888 

1971/72 2283 1080 

1972/73 2494 907 

1973/74 2763 1289 

1974/75 2606 218 

1975/76 2795 2224 

1976/77 3094 2958 

1977/78 3210 3487 


approach could generate additional Rs. 1700 in 
net benefits (Fig. 13). 

In the Hyderabad Alfisols also, the III approach 
was the best, the improvement approach also 
being profit-risk efficient. But here, the locals are 
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Figure 13. 	 Average net benefits and variable 
costs per ha in steps-in-improved-
technology experiment. (based on 
Ryan et al. 1980). 
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of the same duration as the hybrids, whereas in 
most of the sorghum growing'areas the locals are 
very late and prone to climatic risk, and in bad 
years, input investments may be totally lost. 

The advantages of Vertisol watersheds was 
much less compared to the SlIT experiments. 

Permit me to be somewhat personal. I worked 
in the Indian Sorghum Program from the end of 
1961 until the beginning of the 1980s. I have been 
deeply committed and involved in this vcnture. 

Apart from carrying out the improvement work, 
my colleagues and I analyzed each and every step 
of the technological aspects and tried to develop a 
rationale. Whatever I have spoken today comes 
from this experience. I sincerely feel that viable 
technological options are available for the ame
lioration of sorghum and that such a transforma
tional approach is relevant to tropical drylands and 
could yield results, not only in other parts of India 
but also in the African context. 
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A Look Ahee'i into the 1980s 

L. R. House* 

This statement represents an effort to look into 
the 80s. Our priorities and activities in the future 
rest directly on our experience of the past. 

We are aware of the vast differences in 
production capability of countries in different parts 
of the world. We are particularly concerned about 
some countries of Africa and Latin America where 
the rate of increase in population is exeeding that 
of production. We are aware that some of these 
differences are due to environmental factors that 
we cannot control or are very expensive to 
control. We are also aware that there are many 
factors that we can influence, and it is those 
factors in which we are most interested. An effort 
is made here to identify priority considerations 
and to comment on how we can approach them. 

Objective 

Our basic objective is to generate a positive 
change. This may mean a shift from traditional to 
technical agriculture involving credit and other 
goods and services. It may mean the generation 
of new hybrids in a competitive marketing situa-
tion where export interests are of concern. As 
research scientists from a range of backgrounds, 
there are many common features in our priorities. 
Nevertheless there are some differences. We 
need 1o seek ways of working together to 
maximize our return on the total investment in 
sorghum improvement and production. An end 
result is to provide a better living for the people 
that make their livelihood from agriculture. 

Research Organization 

Sorghum is an important food grain in the semi-

0Principal Plant Breeder and Leader. Sorghum Program, 
ICRISAT. 

arid tropics. Generally, the stover (stubble) is used 
for construction, feed, and fuel. Growing condi
tions in much of this part of the world are harsh, 
the farmers frequently poor, and the supply of 
goods and services are inade,- ate or almost 
absent. We recognize that in such conditions to 
attempt to maximize production with limited 
resources, the need is great for stability of 
production including resistance for important yield 
limiting factors. We are impressed that a solution 
to these problems involves input from a team of 
scientists. It is difficult to visuali 'n expatriate 
team in every country where tt,,re is need. 

At ICRISAT we have identified an approach to 
respond to our mandate- implementation will be 
an objective in the 80s. We have divided the world 
into what we call geographic functional regions. 
Environmentally, these regions, are not 
homogeneous. In fact they contain different 
zones of adaptation and there are specific prob
lems that may or may not be of concern across 
different adaptation zones (Fig. 1). Regions have 
been identified in such a way that there is 
geographic, social, and crop continuity and they 
are of such a size that coordination is expected to 
be effective. Geographic functional regions are 
identified in Table 1. 

A number of national and international agencies 
are involved with programs in these regions. 
There are situations where an agency provides 
support both on a bilateral and regional basis. 
Coordination across input by different agencies, if 
attempted, is generally undertaken by a national 
agency- less often is there regional coordination. 
There is a need to improve interaction and today 
several agencies are concerned that a coordina
tion activity on a regional basis is feasible and 
desirable. 

There is a rising interest among universities and 
research agencies in research and training re
levant to the developing world. This involves 
research and training within the university or 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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Table . riskapmonea 

1. Indian Sub-continent 
2. West Africa-low-intermediate rainfall 
3. West Africa-high rainfall, long season 
4. East Africa-Yemens 
5. Southern Africa 
6. Central America 
7. Tropical South America
8. Far East9. South-east Asia 

10. Mediterranean-USSR 
11. Oceania 
12. Temperate Americas 

agency or cooperative research with an institution 
in another country. INTSORMIL, a program of 
USAID, in the USA consists of a group of 
universities participating in and receiving grant 
funds for research both in U.S universities and 
overseas. Institutions such as the Commonwealth 
Overseas Pest Research organization, the Max 
Planck Research Institute, and others conduct 
research with international objectives and inputs, 

Particularly in West Africa there are several 
regional agencies interested in sorghum. With 
SAFGRAD, CILSS, Institute du Sahel, and ICRI-
SAT, cooperative working mechanisms have been 
developed and are being further developed. 

It is apparent that we have a research need 
requiring a team approach. The team should 
operate regionally, largely if not completely, within 
the national program structure and there should 
be a substantial component in training. This 
mechanism provides expertise in the array of 
disciplines required-and the composition of the 
team can change with developments. It is econo-
mic in keeping numbers of specialists low, and is 
structured to strengthen national program capabil-
ity as a function of the regional program. The 
better we can organize our input into research and 
development, the faster will be the rate of 
progress and achievement, 

Support from funding agencies may be essen-
tial for national and regional activities. The regional 
program needs identification and can be associ-
ated with agencies such as ICRISAT, INTSORMIL, 
FAO, and others. The regional base provides a 
vehicle for other inputs, such as coordinating 
regional trials in Africa by SAFGRAD. Cooperation 

with institutions primarily in the developed worldessential to the solution of relevant more 
fundamental aspects of the problem. Important to 

all of this activity is the strengthening and ultimate 
independence of local research organization. I am 
reflecting, to a considerable degree, concepts 
being developed at ICRISAT. This is a way much 
of the input has to be developed. At ICRISAT we 
are seeking to respond to our mandate-we 
realize that this will be an important aspect of our 

activities in the 80s. Within ICRISAT, we visualize 
considerable independence of regional activity. 
There are situations where it may be desirable for 
ICRISAT to base a regional program and situations 
where others should do this and ICRISAT cooper
ates. 

The Technical Input 

A list of traits of priority concern for research for 
different geographic functional regions is pre
sented in Figure 1. This array of traits has been 
developed at ICRISAT for our 10 year projection 
based on contacts with numerous sorghum work
ers over the world. This is not a static array of 
priorities but we have gained confidence that at 
this time, it is reasonably accurate. The relation
ship between environment (zones of adaptation) 
and traits of priority concern, are associated in this 
future. 

It is apparent that there are differences that will 
require a somewhat tailored response. Midge is 
almost a universal problem, sooty stripe is wide
spread but of priority concern in West Africa. Birds 
are a nuisance in many areas but a major limiting 
factor to production in Eastern and Southern 
Africa. Weeds are a greater problem in wet as 
compared with dry areas. Anthracnose is impor
tant in the high elevations of Ethiopia where Striga 
is not serious, but in lower elevations the reverse 
is true. Anthracnose is serious in northern India 
but not in the central nor southern parts of the 
country. Shoot fly can frequently be avoided by 
early sowing; in India shoot fly is a more severe 
problem in the postmonsoon season than in the 
monsoon season. These are examples; many 
more cases could be identified. 

When one realizes that the farmer requires a 
stable crop combining many traits, and that a 
solution to such problems as indicated above is 
important to this stability, one appreciates a 
complexity that is staggering. It is not much help 

63 



to have varieties resistant to grain mold if yield is 
lost to midge. Input into many of these problems 
has taken place- certainly, there is much that can 
be done to improve the situation. The problem can 
be approached by looking at aspects of it-the 
development of agronomically elite types, the 
development of sources of resistance and quality 
traits, and combining the two. 

The Development of Agronomic Elitnem 

Germplasm 

The world collection of sorghum now has some 
22 000 entries. This is a valuable source of new 
genes contributing to improved varieties and 
hybrids. Probably, most sorghum breeders in the 
world are making use of zera zera types originat-
ing in central Sudan and the Gambella area of 
Ethiopia. Interesting results ara beginning to 
appear in segregates from crosses between 
cultivated and wild types. Breeders have mad,' 
collections of sorghum dating back many years. 
This will continue for many more years and on a 
more professional basis through the IBPGR, the 
activities of the Genetic Resources Unit at ICRI-
SAY, the seed repository of the USDA at Fort 
Collins and others. 

Utilization of the collection has been direct, by 
intergression, and by conversion. It has been an 
important source of genetic variability and will 
continue to be so. It is important that we develop 
the necessary mechanisms and facilities for prop-
er maintenance, evaluation, and utilization. A 
stronger regional capability would contribute 
much to making these functions more effective, 
Germplasm centers have developed, for example 
at Addis Ababa in Ethiopia and Izmer in Turkey; 
there is a concern for a center in West Africa. 
These and additional storage facilities are impor-
tant. We need to decide where we need major 
repositories and where we need to house working 
collection. As yet, we have not identified 
a systematic way to increase and describe germ-
plasm in areas of adaptation, preferably near to 
where accessions were collected. The concern to 
preserve germplasm has gained momentum-
we must now increase our concern on its mainte-
nance and evaluation. Free exchange of germ-
plasm is essential to crop improvement and to the 
speed of crop improvement. It is important that 
we encourage attitudes of free exchange among 
all who are interested, 

Breeding is central to the development of 
superior varieties and hybrids. The concern is very 
much for yield and stability of yield. The full array 
of breeding techniques is used-pedigree, back
crossing, and population improvement. All have 
contributed--all will continue to contribute. 

The identification of varieties that will substan
tially outyield locals in environmentally harsh 
conditions with low input remains questionable. 
The value of heterosis, by hybrids or synthetics is 
important to this question and certainly provides 
one of the strongest mechanisms that we have to 
respond to this situation. The need to diversify the 
germplasm base of our A. lines to develop hybrids 
adapted to an array of environments is an impor
tant consideration for the 80s. I believe that we 
need to move cautiously ahead with hybrids 
recognizing the input into a seed industry that will 
be required-this becomes part of the strategy 
and is expected to be of increasing concern in the 
coming decade. There is concern about genetic 
vulnerability, i.e., sudden occurrence of suscepti
bility to a pest associated with the cytoplasmic 
genetic male-sterility system in Ike bc dparent of 
hybrids. There is also intr'rest in the use of 
apomixis enabling the vegetative propagation of 
hybrids through seed. We are interested in other 
possibilities such as the farmer use of synthetics 
carrying one or both ms 3 and ms, male-sterility 
factors; as with hybrid seed production this may 
raise increased concern because of the increased 
susceptibility of male-sterile plants to ergot. 

Superior varieties that will compete successful
ly with good locals are more likely in environmen
tally favorable situations. Increase in yield in many 
instances will no doubt be of sufficient magnitude 
to attract investment into fertilizer, water, and 
other inputs. Heterosis will contribute in these 
areas also, and increasingly varieties may be used 
primarily when there is a shortfall of hybrid seed. 
This represents a transition period through which 
many countries have passed, some are in the 
process, some will and some will not, in the 80s. 
The pace should be such that the system required 
to provide adequate quantities of good quality 
seed on atimely basis can be developed. It is clear 
that varietal improvement is a necessity of itself 
and to a hybrid program so the two are com
patible. 

The most relevant approach to increasing pro
duction will vary with the situation. If hybrids 
prove useful in high elevation areas, seed parents 
adapted to those conditions will need to be 
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developed. Experience has indicated the need for 
a 40 or 50% increase in yield, from variety or 
hybrid and from management to initiate change 
away from traditional agriculture. The approach in 
areas of lower moisture stress will likely lead the 
way as yield changes justifying a greater expendi-
ture on inputs is possible. Special techniques, 
such as ways to conserve moisture, may be 
inexpensive and feasible in dry areas, and along 
with good varieties and hybrids begin to start a 
change that hopefully would increase in rate with 
time. Obviously, different environmental situa-
tions will require a different approach to maximize 
production. It is important that relevant factors are 
identified. 

Population breeding has attracted a lot of 
attention. Progress with population breeding at 
ICRISAT has been rewarding in terms oi useful 
derivatives that are now contributing in man, 
places in the world. We may be approaching a 
situat,',tn where the general usefulness is being 
restricvtd by lack of broad enough multilocation 
testing. A resolution of how to manage popula-
tions as we respond to an international mandate is 
an issue immediately before us. The usefulness of 
populations for the simultaneous incorporation of 
several traits is widely recognized and will no 
doubt be increasingly employed. Sorghum is an 
important component of intercropping systems 
and has been used traditionally as a means of 
stabilizing food availability. It can also be em-
ployed in 64erent situations to select types that 
"fit" better the relationship between crops and 
also to provide a means to better utilize agrowing 
season. Ganga Prasada Rao is interested in 
exploring the use of shorter duration sorghums 
with a better harvest index as part of a cropping 
system in the longer rainy season as found in 
Nigeria. The cropping systems approach is a 
valuable approach and new varieties and techni-
ques will continue to provide new opportunities in 
the years to come. 

The method to identify stability is by multiloca-
tion evaluation. Such testing serves both the 
purpose of evaluation and the distribution of elite 
varieties and hybrids. There is concern that 
numbers of entries are balanced with the burden 
that such tests place on local research station 
capability. It is possible to so burden a local 
research facility, that little opportuoity is left for 
Ical imagination and input. There is need for 
international cooperation so that contributions 
from anyone can first be evaluated as afunction of 

regional centers so that only the most contributing 
material enters national programs. This, of course. 
will vary in different parts of the world. Coordina
tion on a regional basis is obviously relevant and 
its further development is of continuing concern. 

Experience has shown that some local varieties 
fail to respond economically to inputs whereas 
others are more responsive and also combine well 
with exotics providing useful selections in the F2 
and advanced generations. Evaluation of locals for 
broad adaptation and responsiveness to inputs is 
potentially rewarding both in terms of direct use 
with improved management, and as parents in 
crossing programs. Selected locals would be 
prime candidates for conversion for use in tern
perate zone sorghum improvement programs. At 
present, there appears to be promise following 
careful evaluation of locals in Maii. Experience 
over the last 20 years in India has established that 
valuable varieties and hybrids, with substantial 
yield increases over locals, can come from intro
duced material. -(he use of responsive broadly 
adapted local cultivars and good introductions, 
frequently involving progeny from crosses be
tween the two, appears to be rewarding. There is 
concern that varieties and hybrids do respond in 
low fertility situations. Experience indicates that 
varieties that yield well under high levels of 
fertility do best also under low levels. Suitable 
testing is required to understand performance of 
new cultivars across an array of fertility levels. It is 
clear that we will see an increased input into 
nitrogen fixation in the decade ahead. 

Breeding for Reitance nd Quality Treks 

The speed with which resistance and quality traits 
can be incorporated into elite material depends on 
our capability to screen and on the complexity of 
inheritance. The need for an agency such as 
ICRISAT is to develop relatively simple tests that 
can be readily applied to large numbers of 
samples. Techniques need to be developed that 
can be applied in the areas where a problem is 
important. A detailed screening procedure to 
screen for resistance to shoot fly has been 
developed at ICRISAT but is likely to be too 
expensive for scientists in national programs to 
use. Such procedures can be used to identify the 
source and to develop stronger levels of resist
ance in varieties with good agronomic traits; 
however, it will be difficult to introduce the trait 
into varietal materials adapted to environments 
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different from the one at ICRISAT. The technique 
is then not useful to finally incorporate the trait 
into breeding stocks that must be selected for 
adaptation in the area for which the varietal 
material is destined. We find, however, that we 
can develop useful simple procedures and this is a 
major undertaking for us in the future. We are 
also aware of the need for scientists in a region 
who can develop and adapt techniques and 
manage screening programs. 

Once sources of resistance are identified there 
is concern about their stability across environ-
ments. Multilocation testing on an international 
basis is important to this function. Experience 
indicates that generally, in the absence of a 
qualified scientist, useful results are not reco-
vered. Again the need for specialists working as a 
team isapparent-and as mentioned before, this 
function of evaluation and screening need to be 
undertaken incorporating a strong training compo-
nent in order to stabilize these acivities within the 
local structure. We should be able to make 
substantial inputs in this area in the 80s. 

We have been interested in looking into the 
opportunity to find components of quantitatively 
inherited traits that can be simply screened for 
and at times are simply inherited. The problem of 
stand establishment is being examined from 
several points of view-hypocotyl length to per-
mit deep sowing which would delay germination 
until the soil moisture situation was more adequ-
ate; germination through a crust; and the effect of 
soil temperature on emergence. The glossy and 
trichome traits are simply inherited and are 
contributing to resistance to shoot fly. The group 
at the Commonwealth Overseas Pest Research 
organization islooking in detail into the Chilo stem 
borer-plant relationship helping to identify particu-
lar traits that may be more readily selected for 
than stem borer resistance per se. A search for 
traits useful for screening germplasm for resist-
ance and quality traits is not new; a more 
intensive search in the coming years is likely. 
These research activities offer an excellent oppor-
tunity for cooperation with institutions in the 
developed world. 

There is concern about the simultaneous iricor-
poration of resistance for several traits into 
agronomically elite germplasm. We are aware that 
as the number of traits increases the gain per 
generation of selection for any particular trait is 
reduced and it is questionable that more than 
three traits can be efficiently selected for at the 

same time. There are indications that this is true 
for the population breeding approach also. More 
thought and experience would be worthwhile in 
this area. We a3e looking for varieties that already 
show promising levels of resistance to more than 
one trait. We feel that varieties can be blocked 
into maturity groups, be tan in plant color, and 
with visually good quality seed. On this as a 
common base we can couple other factors for 
incorporation. This coupling can be based on traits 
that tend to appear together; for example, 
drought resistance, resistance to charcoal rot, and 
resistance to Striga. Factors can be coupled based 
on a response need in certain environments, for 
example, early maturity, resistance to grain mold 
and to midge. There is no need to incorporate 
resistance to shoot fly and Striga into materials for 
the Americas or greenbug resistance into mate
rials for Africa or Asia. We are also interested in 
heritabilities of different traits and how these may 
influence breeding procedures. For simply inher
ited traits, simpJy backcrossing into elite stocks 
r.,cy be the easiest and fastest without worrying 
about more than one trait. As we attempt to work 
more internationally, and our capability to screen 
for various traits improves, we will be more and 
more involved with these considerations. 

Cooperation in screening can be improved and 
we need to seek ways of doing it. Midge is 
constantly severe at Sierra Talhada in north east 
Brazil; Busseola fusca is severe at Samaru in 
northern Nigeria. "Hot spots" can be identified for 
many traits of economic importance. If we could 
give thought to the development of a network 
where national or regional programs in an area 
could provide an international opportunity for 
screening it would enable us to evaluate our best 
material effectively and competitively and should 
help us mobilize useful germplasm more rapidly 
than at present. 

We have been relatively successful in India in 
identifying locations and seasons where we real
ize a different severity of attack for both insects 
and diseases. Where relevant, this will permit 
screening at lower levels of severity in early 
generations and at higher levels on later genera
tions. We feel at ICRISAT that the first several 
years of the 80s will be devoted to develop
ment and perfection of techniques for screen
ing and that more extensive application will fol
low. Again this is not new, but we must further 
resolve this opportunity particularly in Asia and 
Africa. 
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One of the difficulties faced while screening is 
to prevent another problem from interfering with 
the trait being measured. Stem borer can nullify a 
charcoal rot screen, head bugs can interfere with 
the screening of midge. It is necessary that all 
concerned clearly differentiate farming from the 
growing and managing of experimental crops. 

Pest management is a relatively recent term, 
probably not fully understood by many. Pest 
management for midge and birds would apply 
immediately as farmers begin to use earlier 
maturing varieties and hybrids in areas where 
longer season traditional types are commonly 
grown. Midge was a problem in India building up 
on CSH-1 and severely damaging later maturing 
locals; there are indications that the same will 
happen in Africa. Block planting of a variety or 
hybrid of the same maturity at the same time has 
been beneficial in several places in the world, 
including India, and holds promise for other areas 
as well. A better understanding of pest manage-
ment is required as well as an adjustment of our 
own attitudes about how or with what precau-
tions we want to introduce new material into the 
farming' community. 

Predators can be valuable-the lady bird beeiie 
will '.ontrol aphids on sorghum in India, and a 
small shiny black Cocinellid beetle will contribute 
to the control of mites. A better understanding of 
this and of ways of using insecticides so as not to 
reduce thu beneficial effects of predators is an 
important consideration. 

Food Quality and Technology 

The quality that people like in their food is 
conditioned from childhood. There are situations 
where grain of different varietal types has been 
refused because of food quality, and examples of 
where poor quality types have been accepted. It is 
reasonable that a variety or hybrid contributing 
substantially to yield will be accepted even if the 
grain quality is not so good. On the other hand, the 
closer we can approach preference, the more 
easily and quickly a new variety or hybrid will be 
accepted both because of taste and because of 
market value. 

Major foods from sorghum can be classified as 
leavened and unleavened bread made from fer-
mented or nonfermented dough; thick and thin 
gels or porridges; rice like preparations and beer. 
Grain hardness has been found to be an important 

criteria for different preparations assuming there 
is no bitter taste and that the color is acceptable. It 
is possible to develop relatively simple procedures 
to evaluate these preparations. Reproduceability 
and a capability to identify good from not good, 
are basic. It is clear that visually attractive grain 
may not make a good food and that grain from 
some varieties is good across a number of 
preparations; CSH-5 is in this category. Input into 
food quality considerations has expanded in the 
last few years and is destined to be an important 
aspect of crop improvement in the future. Intema
tional evaluation involving traditional food prepara
tions, milling, industrial food preparation, and 
determination of physicochemical parameters has 
already begun, representing a coordinated input to 
evaluate selected grain types. This is certainly an 
example situation that should be encouraged in 
other areas also. 

In many traditional societies grain is pearled by 
pounding. This is generally done by women using 
a heavy wood pedestal with grain in a wooden
mortar. It is a laborious time consuming job 
frequently not continued in urban situations. 
During the 70s, steps have been taken, notably by 
the IDRC, to develop simple effective peading 
machines and they have reached pilot operation in 
several place3. Dr. Perten, working in the food 
technology laboratory in Khartoum has contri
buted to processing sorghum to be sold in stores 
insealed bags. We have not yet evaluated varietal 
variation enabling one to make foods normally 
from pounded (pearled) grain, but without pound
ing. I have been impressed that if a solution could 
be found to this problem we would reduce adaily 
burden of many women. Sorghum flour has long 
been blended with that of wheat and maize-this 
isstill atopic of research that will continue into the 
80s. 

We were encouraged by the genes contributing 
to high lysirp, found in two accessions from 
Ethiopia (IS 11758 and IS 11157) and from 
mutation studies at Purdue (P 721). Problems 
have developed in their use that conjure up the 
complexity of problems encountered with opa
que-2 maize. There is some division of opinion 
about the effort that should be placed on nutrition
al traits but there is a universal consensus that 
yield and yield stability is a higher priority than 
work on nutrition. Considerably more has been 
learned about tannin, but many food grains are 
low in these compounds and where they are not, 
the grain is generally made into beer or treated 
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with ,od ash that reduces or eliminates undesir-
able nutritional aspects. This has been of concern 
in relation to bird resistant sorghums and a 
research input in places where Quelea is a 
problem may deserve consideration. 

We have been concerned about results re-
ported from feeding children in Peru where 
sorghum has been found poor in terms of nitrogen 
and energy retention. This is a flag that should 
stimulate more research- particularly the effect 
of food preparation on these retention aspects. 
Work along this line is already under way at 
Purdue University and is apt to expand in the 
decade ahead. Interest will be in terms of selec-
tion criteria (Purdue has developed a test) and in 
terms of trying to extend different preparation 
procedures that enhance nitrogen and energy 
retention. This could be a more rewarding effort 
for the 80s in the area of nutrition than a concern 
for lysine. 

Conditions of Research 

I have long been concerned that a great effort 
is made on an international basis to educate 
scientists, and very little if any thought is given 
to the conditions of research in which these 
scientists work. The opportunity for many scien-
tists to effectively utilize their education is all too 
frequently lost because conditions of research are 
poor. Frequently, experiment station develop-
ment and operation is poorly understood and the 
so.called farm superintendent has no stature with 
the scientific community. In many countries, I 
suspect that 50% or more of the useful results 
that could come from field research are lost 
because of poor station development and man-
agement. This is costly in terms of time and 
money. 

This is not a particularly attractive area for 
donors who frequently want easily identifiable 
results to justify expenditure. Yet, as we enter this 
decade a much greater input is required in this 
area if our progress is to be as rapid as it can be. 
Increased levels of education and training would 
help and International Institutes should look more 
seriously at this. Education is required for those 
who will actually manage an experiment station as 
well as for administrators who need to better 
understand experiment station personnel require-
ments. Universities could help by insuring that 
their students from other lands are adequately 

exposed to their own experiment station manage 
ment operations. This is an important need for thi 
80s. 

The Community of Goods
 
and Services
 

The concern that we have is to increase and t( 
sustain an increased production of food witt 
sorghum being important among the food grains 
The objective in some places is to shift traditiona 
agriculture to a more technical agriculture, anc 
where the agriculture is already highly technical, 
to increase production even more than it is now, 

A look at locations with a highly technica 
agriculture indicates the kinds of goods anc 
services required. These include a range ol 
inputs: rural credit in support of short terrr 
production goals and for long term investment 
-wells, equipment, etc; increased availability o 
fertilizer and other chemical inputs; established 
markets and facilities for postharvest manage
ment of the grain; an established seed industrV 
with quality control; an effective extension agen
cy; government awareness of needed changes 
and the establishment of policies that encourage 
and support new technology; availability of im
proved farming equipment and the services re
quired to keep it running; and ultimately food 
processing and marketing systems to supply 
packaged food of known quality. This is acomplex 
array of diverse inputs, but all are relevant. A well 
devel )ped and proven technology can fail or yield 
only a limited reward if government policy is 
discouraging. 

A proper seed industry requires inputs into 
propagation of seed by breeders, foundation seed 
stocks agencies, and producers of the commercial 
seed. Quality control requires seed laws, certifica
tion, and seed testing laboratories. An input into 
processing equipment is required as well as a 
marketing system for the seed. This aspect of 
availability of quality seed is in itself acomplex of 
diverse inputs. Significantly, many of these inputs 
are being considered in this symposium. 

The situation that we face in the 80s is 
diverse-in some countries these inputs are 
effective and efficient; in others, they exist, but 
efficiency could be improved; and in others these 
inputs must essentially still come. There will be 
changes required in all of these areas if we are to 
move forward in the 80s. 
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Session 1 Setting the Scene
 

J. C. Davies* Discussant-1 

The papers presented in my view gave a very 
useful background to the Symposium and high- 
lighted the successes, the failures and the prob-
lems we face in the 1980s in increasing the supply 
of sorghum as a food at a time when significant 
shortfalls in production are forecast. 

Both Doggett and N. G. P. Rao drew attention 
to the success in India over the last 10 years in 
significantly increasing production. Are there les-
sons to be leamt from this in the 80s and how 
much is applicable to Africa? Most papers, particu-
lady that by Leng placed the shortfall situation 
clearly in perspective. In my view throughout our 
discussions we must focus our concern on Africa. 
The forecasts for India are, that production will 
approximately keep pace with demand and popu-
lation growth, but in Africa the rapidly increasing 
population and forecast decline in production 
trend, as will be noted by Ryan later (these 
Proceedings), make the future bleak. 

Papers highlight the importance of a sound 
germplasm base and utilization of this base to the 
full in breeding programs, if we are to meet the 
challenges of the 80s. Time is possibly running 
out and valuable landrace material is being lost, 
Possibly we could encourage adoption of the 
Ethiopian method of training collectors to obtain 
full details of the collections made, to ensure 
conservation. The question of grow out and safe 
storage should be addressed. All of us are familiar 
in recent years with losses of complete collec-
tions in Africa of both collected and edvanced 
breeding material. How can such waste of re-
sources be avoided? 

I believe that the papers, except for that by 
Cummings, touch only marginally on a point which 
scientists choose to play down-and that is the 
effect of government policy on production 
through marketing policy and strategy. This is a 

Director for International Cooperation, ICRISAT. 

matter which has concerned me for the last 25 
years, as I was appointed originally to Africa as a 
result of the fact that a price was set for maize 
which resulted in ahuge surplus. This surplus was 
an embarrassment as all stores were filled, and 
poor storage resulted in large insect losses in 
stow. Subsequent price changes resulted in such 
a paucity of maize that I was unable to carry out 
experimenal work, as maize was almost unobtain
able in suffici'nt quantity. Is much of the problem 
of production related to low farm gate prices 
which are adopted to provide low food prices for 
the articulate and politically aware urban popula
tion? 

The question of the merits of hybrid sorghum 
vis a vis varieties is one which merits attention. It 
is clearly brought out in the papers that hybrids 
have produced quantum jumps in production in 
India and elsewhere. These increases have led to 
many beneficial effects for the farmers as awhole 
and encouraged innovative methods and improve
ments, including fertilizer and pesticide usage. 
However infrastructures must be considered. 
Doggett notes that some of the newer varietal 
lines from plant breeding programs are producing 
yields in wide-scale testing not greatly different 
from those of hybrids currently in use. In the 
African situation there are certainly problems with 
production of hybrid seed-not all of them 
technical and the use of hybrids does demand 
effective production techniques and efficient de
livery and marketing systems if benefits are to be 
reaped. The question of hytrids and varieties is 
one I feel sure will be addressed many times in 
the next week. Possibly the emotive subject of 
government versus private company seed produc
tion is one which may also be addressed. Clearly 
any cultivars released by government or private 
seed companies should in no way increase the 
risk to farmers of damage or loss from whatever 
cause. In this context I am sure that participants 
will discuss and make recommendations on popu-

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, AP. India: ICRISAT. 
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lation breeding approaches. It is rightly observed 
in the papers, that conventional breeding and the 
population approach are not mutually exclusive, 
but go hand in hand. A wide genetic base for 
Africa is a must to effect rapid improvement. As 
an 'outsider' to the debates on population versus 
conv,-ntional approaches I find this self evident. In 
this ce'text a more important issue, as far as I can 
judge, is the fact that we must realistically face 
the fact that the cultivars which will help or hinder 
the solving of the forecast food shortages of the 
late 1980s are already in the pipeline. It does, after 
all, take up to 10 years to adequately test, multiply 
and widely distribute a proven line. This is clear 
from both the Doggett and N. G.P.Rao papers. It 
is equally clear from Leng that the 'crunch' is 
almost with is. 

A clear picture of the major stress factors 
reducing yields emerges from the papers. A 
trebling of the current yield averages in sorghum 
from their pitifully low 500-700 kg/ha would be a 
major contribution. To do this, incorporation of 
identified resistance factors into higher yielding 
agronomically desirable palatable types is a must 
-but we do not need, though it would be nice to 
have, the 8000 kg/ha cultivar. Administrators, 
donors, publicists must guard against setting too 
much store inassessment of success or failure on 
these high, perhaps unrealistically high figures, 

In obtaining improvements in observation of 
stress factors we clearly need improved screen-
ing techniques in the 1980s. This is particularly so 
in the area of Striga and drought. These techni-
ques as is clearly brought out must be made 
available to national programs which are strong, 
adequately funded and well staffed, which is a 
point stressed by House and others. It is a 
sobering fact that in spite of y3ars of training 
effort and input, it is possible that the amount of 
research effort going into coarse grain production 
indeveloping countries this year, may be less than 
it was 10-15 years ago. Both Cummings and 
Doggett note the importance of the fact that 
sorghum is grown as a food mainly by the small 
farmer of very limited means and that it has 
important features of increased dependability in 
erratic rainfall and soil conditions. The specter of 
duplication of effort in research to serve this 
farmer, which is increasingly being raised, is to my 
mind a phantom fear. What is needed is more 
people actually working on the ground in the 
different functional regions discussed by House. 
The Augean stable is large, the shovellers are 

few-but the revicwers and pundits are a multi
plying breed. 

The comparative advantages of different organi
zations be they regional bodies such as SAFGRAD 
and CILSS, developed or developing country 
universities, national programs and IARCs need to 
be clearly understood and stressed. A little over
lap in programs is both desirable and necessary,
but as stressed by Cummings, communication 
needs to be improved. Perhaps in the next week 
or so we will do our bit to improve this communi
cation at both organizational and personal levels 
-a factor stressed by House. How is this to be 
achieved-through training at various institutions 
and through regional organizations presumably? 

Several of the pep;.. s, particularly Rao's stress 
the importance of rin..1 aversion and intercropping
in strategies for the 1980s. This is a topic which 
needs detailed study in the next week. What 
elements of the technology being developed, for 
example in the USA where there is adequate 
funding and staffing for sorghum research, are 
applicable to a situation such as India with 
adequate infrastructure and to Africa where the 
situation is perhaps less developed? Rao raises 
very real issues when he discusses whether our 
efforts in the 1980s should be directed towards 
improvement of existing systems (cultivars). He 
even suggests that the virtues of photosensitivity 
in tropical situations have been overemphasized 
and that a transformation strategy is requird 
utilizing - iitable cropping systems. I Iope these 
theories will be squarely addressed and debated 
in the coming week. In the context of cropping 
systems, possibly the importance of soils and the 
water storage capacity of the soil profile and the 
effects of erratic rainfall have perhaps been 
underestimated. Hopefully this will be corrected 
in the course of the week. Certainly there are 
indications that the data base in agrometeorology 
is being examined and improved in many coun
tries and could, as N. G. P. Rao states, possibly 
give useful guidance and formulating strategies 
for both cultivar development and optimizing 
water usage in the SAT. The importance of the 
'reliability' of cultivars grown by farmers vis a vis 
their apparent drawbacks with regard to plant 
population density and response to fertilizer, are 
subjects in which I am sure our phsiologist and 
agronomist participants will have a considerable 
input. Certainly it appears that for the small farmer 
situation, more detailed work is required on the 
performance of improved cultivars in intercrop 
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situatiens compared with the existing ones being 
grown. 

Clearly the 1970s saw a big improvement in 
breeding for acceptable food quality, possibly as a 
esult of the Sorghum in Seventies symposium. 

This effort needs !o be reinforced. The contribu
tion of red/brown seeds, of lower food quality, to 
resistance to birds, diseases, and insect attack 
needs evaluation in the light of improved food 
processing techniques. Useful pioneering work 
has ,lready been done in Senegal, Sudan and East 
Africa. 

Finally I believe all the papers indicate that more 
effort is needed to capitalize fully on information 
on sorghum becoming available in developed 
countries and in assisting developing countries in 
establishing sound research bases in disciplines 
relative to sorghum production. I hope this confer
c.ice will make positive- .tements and proposals 
on how this can be dot We appear to be in a 
declining actual fund situation for research on 
sorghum -maximizing the utilization of scarce 
financial resources for the benefit of all, is a very 
important consideration at this time. 

Iwould like to compliment the authors of these 
papers on setting auseful tone for our conference 
and I hope that they stimulate good and fruitful 
discussion and realistic and worthwhile recom
mendations by the end of the week. 
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Session I Setting the Scene 

R. Nicou* Discussant-2 

In most of the papers presented, the writers are 
happy about the results obtained during the last 
10 years owing to the selection of early varieties, 
with short straw, and thus better adapted to 
rainfall cycles, and yielding more than the local 
varieties. It appears from all this that considerable 
progress has been made in this field. Furthermore 
certain projects have been launched with the aim 
to develop varieties resistant to the major para-
sites, diseases and to Striga. 

A few authors have laid much stress on 
breeding for better utilization of water, not only 
through plant adaptation to the cycle, but also 
through a better development of the root system 
and in-depth physiological studies on the plant's 
adaptation characteristics to drought conditions. 

But little has been spoken about the break-
throughs in sorghum agronomy which are very 
Important. Certain organizations, such as IRAT 
have been concentrating on these problems in 
West Africa for 20 years. ICRISAT for almost 10 
years, has been trying out farming techniques on 
Vertisols. 

In agronomy, striking results have been gained 
in techniques of soil prepation, sowing, and 
weeding of crops. Even the simple control of 
weeds can often increase yields considtirably. 
Regarding mineral and organic fertilization, many 
detailed research programs have been pursued on 
the use of natural phosphates which are present 
in several West African countries. Research on 
transformation of vegetable waste into manure, 
compost and biogas is being conducted in West 
Africa and India, and very interesting results have 
been obtained. The problem of crop succession, 
especially toxic effects, of sorgh-um on the follow-
ing crops in sandy or clayey soil has also been 
investigated. There is still much to be done in 
agronomy, but a lot has already been achieved, 

IRAT, 110 rue de I'UniversitC, Paris, 7eme, France. 

International Crops Research Institute for the Semi-AniO Tropics. 1" 

Despite all the hopes of progress raised by the 
research results, it is disappointing to learn that 
yield is still low in many countries. Some techni
ques are not transferred, and certain varieties are 
not popularized. While conversing with scientists 
or with the cultivatorF themselves, we observe 
that many questions remain unanswered. They 
are either general or basic, but most often they 
are down-to-earth. We should discuss them here 
and I now draw your attention to a few examples: 
1. A basic question to begin with is what is the 

future of sorghum as a food crop? In West 
Africa, one often hears specialists saying that 
in time sorghum will lose its ground to millet 
which is resistant to drought, climatic hazards, 
and will grow in sandy soils, and whose area 
will extend to the south in drought years; and 
also lose to maize wh;,:h has responded 
spectacularly to research and is expanding 
towards the north, due to greater adaptation. 

2. 	Concerning varietal improvement, a number of 
reproaches have been made to the different 
research organizations. They have been ac
cused of using too much exotic material, 
hybridization and not working on local cultivars. 
Between 1940 and 1960 a lot of work had 
been done in this field but should it not be 
resumed in the light of present knowledge? 

3. 	 The improved varieties ard hybrids have been 
known to adapt with difficulty to rural cultiva
tion conditions. They are accused of being too 
sophisticated and less hardy. What is the 
truth? 

4. 	Much is spoken about work on drought resist
ance. Is breeding alone sufficient? Should not 
agroclimatological knowledge be better utilized 
in this field? Should not the techniques of 
water economy at the plot level (soil
preparation, ridging) and also at the level of 
land management (level terraces or furrows, 
watersheds...etc) play an equally important 
role? 

Sorghum in the Eighties: Proceeding.W of the International 
Symposium on Sorghum, 2-7 Nov 81, Patanchep-, A P.. India. Patancheru, A.P. India: ICRISAT. 
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5. 	Is not agroromy necessay at first,ifwe aim to 
improve the yields due to the poor natural 
fertility of the soils? The major mineral de
ficiecies (nitrogen, phosphorus), the organic 
condition of the soils, the tendency towards 
acidification all together cause yields to remain 
st-ant and often sorghum stops growing 
even if the varieties are good. 

6. 	Should we think of working on sorghum as t 
is, or in terms of a farming system? Should we 
consider, as some persons are advising, that 
sorghum is a food crop which can benefit only 
from improvements brought to the cash crop 
which precedes it? In the framework of a 
farming system, in what way can the veget
able residues be used? 

7. 	 Is it not necessary that postharvest technolo
gies and a better organization of a marketing 
network be known at the village level for the 
transfer of techniques and varieties proposed 
by the research? This last item may not be 
directly relevant to this meeting, but I think that 
this is one of the conditions which would 
encourago the farmer to produce more. 

These seven points should not be Vaken as 
affirmations, but I would like you to refl.ct upon
them and discuss them so that our future re
search will be more relevant, at the village level, to 
the real problems which affect the sorghum crop. 
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esion 1 Setting the Scene
 

Discussion
 

Bunting 
It seems to me that price, in many circumst-
ances determines the volume of output and the 
level of technology that the farmers are willing to 
apply to improve yield per hectare. Perhaps Dr. 
Leng would care to comment on the influence of 
price on levels of yield. 

Leng 
Many factors other than the price of the product* 
influence levels of technology and yield. 

Andrews 
I would like to highlight the menace of Striga in 
Africa. I have just returned from an extended 
visit there and Striga on sorghum (and pearl 
millet) is the worst I have seen in20 years. We 
can see from Dr. Leng's figures that there is. 
good potential for increasing sorghum yields 
-the Mexican and Indian figures testify to that. 
Dr. Doggett however mentioned Striga as a 
major problem. I would go farther than that and 
say that the potential of high yielding variet~es 
and agronomic inputs can and will be set by
Strnga-there will be no lasting progress in 
dryland cv -al yields in Africa until the problems 
of breeding resistance for and controlling Striga
receives full recognition. 

Jotwani 
Iwould like to comment on Dr. Doggett's remark 
about resistance to the sorghum stem borer. In 
India satisfactory progress has been made on, 
resistance to Chilo. Numerous sources of resist-
ance have been identified and we have highly 
promising derivatives like E-302, E-303, P-37 and 
P-151 which possess desirable agronomic char
acters as well as a moderate level of resistance 
to the borer. 

Doggett 
The statement made was that better sources of 
resistance are needed. I completely accept Dr. 
Jotwani's comment but believe that the 'moder-
ate' level of resistance which he mentions needs 
to be stren,!hened. 

Vartan 
I feel that the role of sorghum as a food in 
Mexico and Central America is not dequately 
appreciated in comparison to sorghum as a feed 
grain. 

House 
The ICR;SAT sorghum program in Mexico is 
trying to help in improving the production and 
yield of sorghum in Central America and Carib
bean countries where the yield of sorghum 
ranges between 0.8-1.2 t/ha and up to 90% of 
the production is used for food. I question 
whether the extent of food use of sorghum in 
Central America is adequately appreciated else
where. Sorghum is an important food in Haiti, El 
Salvador, Honduras and Guatemala. There is 
interest in the Dominican Republic and Mexico. 
The sorghum flour is mixed in a range of 
proportions in maize. The rather extensive use of 
sorghum as a food tends to be lost in the feed 
use. 

Davies 
The food sorghums are important in Mexico; 
however the spectacular increase in sorghum 
production is for feed Sorghum can have an 
important place in two ways; feed substitution 
and for admixture with maize in totillas. The 
ICRISAT program is aimed at sorghum for food. 

Gebrekidan 
How much of the phenomenal yield increase in 
Mexico is due to sorghum research done in 
Mexico and how much is due to sorghum. 
research in the U.S.? 

Leng 
I think most of it is due to sorghum improvement 
research in the U.S.. particularly in Texas, mostly 
replacing maize. 

Gebrekidan 
To what extent has the increase in sorghum 
production in Mexico resulted from the work of 
the Mexican National Program and to what 
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extent is it the result of work by U.S. seed 
companies? 

Leng 
From what I understand it results almost entirely 
from adoption of modem technology and U.S. 
developed hybrids. The U.S. seed companies 
have played the principal role in this develop-
ment. 

Stoop 
In connection with Dr. Leng's observation on 
decreasing sorghum yields in Africa and Dr. 
Roo's comments on the need for transforming 
sorghum farming in Africa, I want to make some 
comments. 

In West Africa farmers have until recently 
practiced a system of shifting cultivation. In that 
system, neither land management nor technolo-
gical inputs are practiced. We are now dealing 
with only the first or at most the second 
generation of farmers practicing a permanent or 
settled agriculture. In this settled agriculture, 
land management in terms of erosion control 
and fertility maintenance is vital to maintain long 
term soil productivity, especially on the wide-
spread slopiitg and low fertility soils. However, 
most farmers still lack these management skills 
nor are they sufficiently aware how to manage 
the new technology made available (e.g., animal 
drawn equipment, herbicides, fertilizers, etc), 
although these important technologies did per-
mit farmers to expand their farms considerably. 
In some cases this expansion has clearly led to 
further soil degradation. 

Thus a major problem remains, i.e., the im-
plementation of improved technology for far-
mers; a far stronger extension program than 
presently exists in African countries, will be
required to overcome this constraint. 

Norman 
Two speakers, Drs. Leng and Doggett empha-
sized the significance of yield pe- hectare of 
sorghum and the poor results in Africa compared 
with India. Because of the differences in the 
land/labor ratios in the two regions this is not 
necessarily a useful comparison. Farmers 
wishing to maximize their net return will maxi-
mize their retums to the most limiting factor 
(resource). In India, land is generally more 
limiting than labor and therefore assuming a 
positive correlation between net return and yield, 

yield per hactare is indeed relevant. However in 
much of Africa, labor is often more limiting than 
land and therefore -weld per man-hour put in 
during the labor bottleneck period is much more 
relevant. Comparisons between Africa and India 
would, therefore, I believe, be more relevant if 
expressed in terms of rates of change in 
production-which is in turn determined by a 
combination of yield per hectare times the 
number of hectares devoted to sorghum. 

Morris 
As Dr. Bunting hinted, the sorghum millet 
production decline on a per capita basis is almost 
certainly a resu!t of a relatively low price (or 
return per man-day of work) and it is not so much 
a problem associated with the production. Con
sidering the increase in imports of wheat and 
rice in the coastal countries this is not surprising. 

The increases in producton which have occur
red have been the results of an increasing 
number of farm families and hectares cultivated. 
However, there is a small number of farmers 
that are capable of successfully intensifying as 
well as extensifying with cereal yields, two or 
more times the average. We would suggest that 
a study of their production would be more 
profitable than attempting the proposed transfor
mation in West Africa. 

Grain losses after harvest were studied by 
Gordon Yaciup in Senegal. In this area farmers 
select the best grains for seeding. 

The possibility of increasing demand by pro
viding a high quality degummed sorghum flour in 
the cities-as will be discussed by Axtell, Ejeta, 
Munck-offers a great potential to reduce im
ports of grain and to increase urban consumption 
of sorghum (and millet). 

NazDr. Rao, have you thoroughly tested the African 
material and how much experience do you have 
in the African region to recommend the use of 
hybrids or Indian material? This question is based 
on the existing differences between india and 
Africa in insect pests and diseases and environ
mental factors. 

N. G. P. Rao 
I have not recommended any specific materials. 
What I emphasized was the approach which is 
based on limited African experience during the 
past several years. The materials will emerge if 
the approach is folklwed. 
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Bunting 
Regarding adaptation of local varieties, Idisagree 
with Dr. N.G. P. Rao. In respect to resistance to 
loss in storage, traditional varieties stored may 
lose 2-3% whereas introduced ones may lose 
up to 20-30%. 

Rana 
Are we not narrowing the germplasm base-all 
tan plant color types in Kenya are susceptible to 
the H. turcicum. Does ICRISAT plan to respond 
to all problems from the Center or from regional 
bases? 

House 
ICRISAT will try and develop a regional capability 
to respond to problems, particularly those not 
expressed in India. In no way do we anticipate
responding to all problems from the Center. 

Jotwani 
Mention was made in one of the papers about 
screening techniques for resistance to pests. As 
far as the shoot fly is concerned, we have a 
pretty good standard method but for stem borer 
and midge there is some difficulty. Isualest that 
advantage of this symposium be taken to outline 
the screening procedures for major pests for the 
use of different workers. 

Kambal 
Mr. R. Nicou raised a question regarding the 
future of sorghum as a human food. Inthe Sudan 
there was much concern about this matter 
arising from the marked increase in wheat 
consumption following migration from rural 
areas to towns, and education of girls. However, 
two new developments encouraged sorghum 
consumption. The first was production of flour 
from decorticated grains. This flour was readily 
accepted not only for mixing with wheat for 
bread making, but for making the local prepara-
tions Kisra and Asida. Secondly, a successful 
attempt was made to mechanize Kisra produc-
tion. In Yemen. mtere is no immediate danger for 
sorghum as it sells at a much higher price than 
introduced wheat. 

Rana 
The high yielding varieties are expected to 
spread rapidly because of ease of seed produc-
tion, but it is the hybrids which are adopted more 
by farmers in spite of high seed costs. How 

much emphasis is needed to be given to hybrid 
development relative to varietal development in 
the 80s? 

House 
Ibelieve that ."reeding programs should know 
experimentlly, .ow hybrids compare with 
varieties. A v=,i~y improvement program is 
basic to a hybrid program. I believe that use of 
heterosis is one oy our strongest tools for the 
harsh environment. I cannot say how much 
emphasis should be given, but where the area 
sown to sorghum is large enough to justify a 
hybrid seed industry, I believe that a significant 
part of the crop improvement program should be 
directed to hybrid improvement. 

Obilana 
I want to dwell on the production graphs shown 
by Dr. Leng. The differences in production 
figures for sorghum as shown by him and given 
by FAO, between developed and developing 
countries, are very evident though not very 
comparativel Our job in this symposium is to 
deliberate on how to close the gap as much and 
as soon as possible. What we should consider as 
reasons for the discrepancy are: who produces 
the sorghum, where, and why is it produced. 
Sorghum in the developed world is produced 
with high technology and for agro-industry as 
animal feed. Contrastingly, in most of the de
veloping countries, sorghums are produced for 
human consumption by small holding farmers; 
this latter poses the problem of acceptability for 
food quality. Consequently, the farmers still 
grow their high quality local sorghums in the 
absence of acceptable improved sorghums and 
thereby still maintain their low yield levels of 
800-1200 kg/ha. 

Parameswarappa 
There is an urgent need to look at the palatability 
and cryptic quality characteristics of fodder of 
improved varieties and a need to improve them, 
in case they are inferior to local cultivars. 

House 

I am aware. in India, that some farmers find that 
the processing of stover from new hybrids into 
hay is more difficult than it is with locals. 
However, by research 't may be possible to 
improve the quality of hby, thus providing a 
better feed. This would be valuable research for 
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the All India Coordinated Sorghum Improvement
Prject. At this time, ICRISAT does not have a 
mandate to work on forage. 

Adkoli 
Is it not possible to evolve a composite type of 
sorghum utilizing varied germplasm collected in 
the 1970s? Hybrid seed does involve a technolo-
gically cumbersome procedure to harness hybrid 
vigor. Is this a goal for sorghum improvement in 
the next decade at ICRISAT? 

House 
We are interested in the use of heterosis in areas 
where there is no seed industry. We are current-
ly evolving synthetics with IICRISAT Center) and 
without (ICRISAT-Mali) genetic male sxerility.
Hopefully, these will be useful as efforts are 
made to establish ways to produce and market 
hybrid seed. 

Vidyabhushanam 

It is significant to note that all the speakers in the 

session made references to the sustained prog-

ress made in the Indian sorghum programs

leading to a production advance. Dr. N.G.P. Rao 
in his presentation suggested the possibility of 
obtaining similar transformation in the African 
situation and the material developed in India may
be useful for this purpose. Since the break-
through in production in India has gone about 
mainly through large-scale adoption of hybrids, I 
wish to know how this transformation using the 
Indian material can be brought about in Africa? 

N. G. P. Rao 
I have emphasized more on the approach rather 
than specific Indian materials. If the approach is 
adopted, it is possible we may identify some 
agronomically desirable materials for immediate 
use in the form of hybrids or varieties. The 

emphasis is on an altered broad genetic base on 

which further improvement could be superim-

posed. 


Bunting 
In northern Nigeria, sorghum varieties are very
closely adapted in phenology to the date on 
which the rainy season plantings begin. A hybrid
from India may by good fortune, have such an 
adaptation and consequently succeed in an 

appropriate place in Nigeria. but in general one 

would not expect to succeed with materials that 


had not been bred for specific adaptation. One 
additional attribute of great importance is resist
ance to pests in storage. 

N. G. P. Rao 
As Prof. Bunting pointed out, sorghum varieties 
of northern Nigeria sown at the beginning of the 
rains, flower after the cessation of rains. This in 
itself has been the primary reason for their low 
and uncertain yields and lack of progress in 
accomplishing perceptible improvement over 
the years. This has been the case with traditional
Indian sorghums and researches to improve
them tili recent years. Rainfall analysis in north
ern Nigeria reveals that the beginning and end of 
the rainy season have their own uncertainties 
and there is a well marked stable period. If 
critical growth periods are adjusted to suit this 
stable period, yield levels could be elevated and 
stabilized. Hence reoptimization of critical stages 
of growth to such a phenology is essential.
Flowering should preferably take place at periods
of optimal moisture rather than towards the end 
of the rains which during several years may 
cease prematurely. The problem of insect pests,
diseases and nitrogen management should all be 
viewed in this context and the necessary attri
butes incorporated. 

I have not suggested any specific Indian 
hybrids or varieties. Infact present Indian hybrids
and varieties are largely based on African zera 
zeras and I will not be surprised if they find a 
place in some African situations. 

What is most important to me is the identifica
tion of an altered and broad genetic base which 
is highly productive and stable. Once this is 
accomplished, attributes which confer specific 
adaptations in terms of pests, diseases, etc., 
could be added rapidly. 

Kanwar 
It is evident from discussions that we need new 
technology which can better utilize the environ
ment; so we should improve management. 
Some techniques have been identified and more 
are needed. 

In subsequent discussion Dr. Leng raised two 
issues: (1) remove the limitations to production;
12) develop a delivery system. Dr. Doggett said 
that new technology has given rise to second
generation problems such as Striga, charcoal rot. 
and birds. So we should be prepared for them. He 
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realized that some good screening techniques for 
identification of resistance traits have been de
veloped and more needs to be done. The follow
ing questions were raised: (1) establishment of 
gene banks, (2) the degree of emphasis on 
varieties vs hybrids, (3) gene transfer by conver
sion, (4) development of screening techniques 
and creation of networks for international evalua
tion of resistant lines. 

Dr. Kanwar emphasized that the success of 
progress will depend on the strength of national 
programs. 
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The Physical Environment 

M. V. K. Sivakumar and S. M. Virmani* 

It is appropriate that the technical sessions of the 
Sorghum in the Eighties Symposium should start 
with the physical environment because it is the 
medium in which the biological material express-
es itself. The "properties" of the medium such as 
radiation, rainfall, temperature, and soils control 
the rate of the biological processes such as 
nutrient uptake, photosynthesis, respiration, dry 
matter accumulation, etc.An understanding of the 
interactions between the properties and proces-
ses should lead us to develop principles for 
improved productivity of the sorghum crop. 

There is a wide range of environments in the 
world in which sorghum can be grown. In this 
paper, characterization of sorghum climates is 
limited to the semi-arid tropics (SAT). It should be 
mentioned here that the boundaries for delinea-
tion of the SAY in this paper have been drawn 
according to the classification given by Troll 
(1965). Because of the limits imposed by the 
parameters used in Troll's procedure, the reader 
may find that these SAT boundaries differ from 
others published. For reasons of simplicity and 
space the discussion here is limited to Troll's SAT 
areas but this in no way should be taken to imply 
that sorghum growing areas falling outside these 
boundaries are any less important. 

An extended description of the agrometeorology 
of sorghum and millet growing areas of the SAT 
will be the subject of an ICRISAT/Wodd Meteoro-
logical Organization Symposium to be held at 
ICRISAT in November 1982. For additional infor-
mation on the physical environment of sorghum 
the reader is referred to the proceedings of this 
symposium. The SAT are the areas located in the 
seasonally dry tropical climates, spread over four 
continents and 48 countries. The mean annual 
temperature in the SAT is > 18*C; rainfall 

* Principal Agroclimatologist and Program Leader, Farm-
ing Systems Research Program. ICRISAT. 

exceeds potential evapotranspiration for only 2 to 
4.5 months in the dry SAT and for 4.5 to 7 months 
in the wet/dry SAT (Troll 1965). The coefficient of 
variability of rainfall in the SAT is 20-30%. Over 
55% of the world's sorghum production comes 
from the SAT (Davies 1980). 

Using average production data for sorghum 
from 1974 to 1978 in different countries in the 
SAT, von Oppen and Ryan (1981) calculated the 
amount of sorghum production in the different 
SAT regions. From the data on sorghum distribu
tion in the SAT they showed that India is the 
largest single sorghum-producing country in the 
world contributing 34% of the SAT total. Pakistan 
and Thailand are the other major producers in 
Asia. In Central and South America, Mexico and 
Argentina together contribute 34%. We have, 
however, nr data to show whether sorghum 
production in Mexico and Argentina comes solely 
from the semi-arid tropical areas of those cour
tries or from other climatic regions also. The next 
region in importance is West Africa which contri
butes 15% of the sorghum production in the SAT. 
The major sorghum-growing countries there are 
Ghana, Niger, Nigeria, and Upper Volta. About 
10% of the sorghum in the SAT is produced in 
eastem Africa, the countries of major importance 
here being Ethiopia, Kenya, Sudan, and Tanzania. 
In southern Africa, Malawi, Mozambique, Zim
babwe, and Zambia are the major producers. In 
west Asia, Saudi Arabia, and Yemen Arab Repub
lic contribute together 3% of the total sorghum 
production in the SAT. Over 65% of the total 
sorghum in the SAT is produced in Asia and Africa 
and our assessment of the sorghum environment 
focuses primarily on these two continents. 

Because sorghum in the SAT is grown mostly in 
developing countries, and also because the pace 
of economic and social progress in these coun
tries varies from country to country, the advance 
of meteorological knowledge has been different. 
Accordingly, the availability of climatic data varies 

International Crops Resewch Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81, Patancheru. AP, India. Patancheru, AP. India: ICRISAT. 
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across these countries. We have drawn generali-
zations at several places for this reason and we 
hope the reader will appreciate the reasons for so 
doing. 

Environment of Sorghum-
growing Areas in Africa 

Radliaon 

Direct measurements of global solar radiation are 
few and far between in Africa (Coch6me and 
Franquin 1967). Empirical estimation of solar 
radiation has been a common practice, especially 
using the data on sunshine hours. The mean 
annual solar radiation in semi-arid Africa ranges 
from 16.7 to 20.9 MJ/m 2/day (Thompson 1965). 
Areas situated in the northern and southern 
boundaries of semi-arid Africa receive the highest 
solar radiation amounts. 

Coch6me and Franquin (1967) and Brown and 
Coch6me (1973) calculated the global solar radia-
tion for several stations in West and East Africa. 
Monthly global solar radiation for selected stations 
in these areas is presented in Table 1. Average 
monthly global solar radiation at Nairobi varies 
from as high as 24.6 MJ/ml/day during February to 
13.8 MJ/ml/day in July. During the sorghum-
growing season at most locations the global solar 
radiation averages about 18.8 MJ/m2/day. Inareas 

north of the equator the yearly minimal valuos of 
solar radiation normally occur around the month of 
August. This period coincides with the wettest 
period of the year with increased cloudiness. 

Temperature 
Ingeneral, temperature determines the rate of 
plant growth and development. The effects of 
temperature stress on each critical stage of 
development of sorghum are discussed by 
Peacock (1982). We briefly describe here the 
range of temperatures under which sorghum is 
grown in semi-arid Africa. Africa is the world's 
hottest continent; the average annual tempera
ture exceeds 21 °C. As shown in Table 2, daily 
mean maximum temperatures are consistently 
high during the growing season and the seasonal 
variation is relatively small, especially for areas 
closer to the equator. The cooling effect of the 
rains reduces the mean monthly temperatures. In 
general the lowest air temperatures are recorded 
in the month of August, which is also the wettest 
month of the year. The highest air temperatures 
normally occur at the beginning of the growing 
season. In the highlands of East Africa tempera
tures lower than 220C are also recorded. For 
sorghum-growing areas south of the equator, 
maximum screen temperatures in January of up 
to 32C are recorded in Zambia and Zimbabwe. At 
Sucoma in the Shire valley of Malawi maximum 

Table 1. Monthly mean global radiation (MJ/m'lday) at selected stations In Africa. 

Location Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 

Sokoto 
(Nigeria) 

Kano 
(Nigeria) 

Navrongo 
(Ghana) 

Maradi 
(Niger) 

Niamey 
(Niger) 

Ouagadougou 
(Upper Volta) 

Asmara 
(Ethiopia) 

Nairobi 
(Kenya) 

19.2 

18.9 

20.1 

20.0 

19.3 

18.4 

21.3 

23.0 

20.9 

20.1 

22.4 

21.5 

20.R 

19.4 

23.3 

24.6 

20.1 

20.6 

21.5 

23.0 

20.8 

20.6 

24.8 

23.0 

20.7 

20.3 

20.7 

22.9 

21.0 

19.5 

25.3 

19.5 

21.1 

21.4 

20.6 

22.3 

21.2 

20.0 

25.6 

17.2 

21.3 

20.3 

19.9 

22.5 

20.7 

17.9 

23.0 

16.4 

18.7 

18.6 

17.7 

19.7 

18.9 

17.1 

17.7 

13.8 

16.8 

16.4 

16.7 

18.4 

17.6 

15.3 

17.4 

14.7 

19.7 

20.1 

18.3 

20.8 

19.3 

17.9 

22.7 

18.8 

21.8 

21.7 

21.2 

21.7 

21.0 

20.2 

23.0 

20.1 

20.5 

20.5 

20.5 

20.1 

24.3 

18.9 

20.8 

19.5 

19.0 

18.8 

19.8 

19.2 

18.2 

16.6 

20.0 

20.9 
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Tab I Uem nmudmum Ond mnikmm ar tenmpeatr 1OC)during On aorhum-growing ase at 

Islstd ellew In Afm. 

June July Aug Sept Oct Nov 

Location Nov* Dec Jan Feb Mar Apr 

Accra 28.9 27.3 27.2 28.5 29.6 30.9 
(Ghana) 22.6 21.8 21.3 21.8 22.3 22.8 

Navrono 32.7 30.7 29.6 30.6 33.4 35.9 
(Ghans) 23.2 22.5 22.3 21.9 21.9 20.1 

Bobo Dioulasso 31.8 30.1 29.5 30,7 32.8 34.4 
(Upper Volta) 21.3 20.7 20.6 20.4 20.6 19.2 

Ouagadougou 33.1 31.2 30.3 31.8 35.6 36.9 
(Upper Volta) 22.9 22.2 21.4 21.3 21.8 20.0 

Maradi 36.7 32.3 30.6 32.1 35.9 35.5 
(Niger) 23.8 22.0 21.1 21.5 19.3 15.4 

Niamey 36.7 33.2 31.3 33.0 37.2 37.2 
(Niger) 25.1 23.2 22.5 22.7 23.0 19.0 

Sokoto 35.4 31.5 29.9 31.4 34.7 35.4 
(Nigeria) 24.1 22.1 21.4 21.5 21.0 17.8 

Kano 33.6 30.4 29.2 30.9 33.9 33.7 
(Nigeria) 22.5 21.1 20.8 20.9 19.8 16.0 

Muguga 21.6 22.4 22.5 23.9 25.4 23.4 
(Kenya) 11.2 9.9 12.1 12.7 12.8 13.1 

* Months in the lower column apply to locations south of equator. 

temperatures of 350 C are not uncommon (SVADP towards the tropical high pressure anticyclone 
1975). The diurnal range in temperature in the zone and then drop vertically, become compress
sorghum-growing areas north and south of the ed. warm up, and loose the rest of their moisture 
equator is very similar. In the highlands of East over the desert zones of the Sahara and Kalahar. 
Africa, temperature variation due to altitude differ- These currents then move horizontally toward the 
ences is important. ascending ITCZ, thus closing the cycle. Deflected 

by the earth's rotation, they then become trade

winds which blow from northeast to southwest inRainfall 
the northern hemisphere, and from southeast to 

The pattern of air circulation over the African northwest in the southern hemisphere. The ITCZ 
continent is determined by the earth's rotation passes over the same region twice a year; there 
and the temperature difference between the are two rainy seasons in the countries lying on 
tropical and polar regions, both sides of the equator. 

The intertropical convergence zone, commonly In Africa, the southward and northward influ
called the ITCZ or ITZ, has a particular role in this ence of the ITCZ is clearly seen (Fig. 1). In West 
circulation. At a specific time during the season, Africa,the mean -nnual rainfall varies from 250 to 
the air in the equatorial region becomes very 1250 mm. Studies by Cocheme and Franquin 
heated and rises to condense at a high altitude (1967) for the semi-arid areas south of Sahara in 
over the zone of maximum rainfall. These air West Africa showed that rainfall isohyets run 
currents of varying dryness move at great height parallel with the equator with bands or zones 
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north. Cocheme and Franquin (1967) calculated stations it is not possible to forecast with any
coefficients of variability in annual rainfall for the degree of accuracy the annual rainfall in terms of 
semi-arid regions in West Africa south of Sahara 
that range from 15 to 38%. In West Africa the 
monthly mean rainfall increases gradually from 
the beginning of the rainy season in late spring or 
early summer to a maximum in August. The 
duration of the rainy season varies with mean 
annual rainfall (see discussion below in the sec-
tion under growing period). 

In East Africa, the rainfall zones are more 
complex because of the Ethiopian highlands with 
altitudes of 3000-5000 m. Brown and Cocheme 
(1973) presented consolidated and simplified 
maps of annual rainfall isohyets for the highlands 
of eastern Africa. The mean annual rainfall for 
two-thirds of the stations investigated is between 
600 and 1200 mm, the remainder being stations 
receiving amounts in excess of 1200 mm. The 
highlands receive generally more rain than adjoin-
ing lowlands. On the western scarp of the high 
pattern inthe Ethiopian highlands, rainfall exceeds 
1200-1300 mm/yr, while on the eastern scarp 
the rainfall is less. Latitudinal effects are largely
concealed by those of height and of the exposure 
complex (Brown and Cocheme 1973). Whereas 
latitude is a fair guide for the annual rainfall 
variations in West Africa, in East African highland 

the geographical coordinates. Rainfall zonation in 
Sudan also is fairly precise as one moves towards 
the equator. Rainfall variability in southern Africa is 
again fairly large. For example, in the Republic of 
Zambia, the mean annual rainfall varies from 
700 mm in the south to 1400 mm in the north
western areas. 

Average rainfall figures do not yield information 
on the dependability of precipitation. Hargreaves 
(1975) has defined dependable precipitation (DP) 
as the amount of rainfall which could be received 
at 75% probability. The moisture availability index 
(MA!)--defined as the ratio of dependable pre
cipitation to potential evapotranspiration -could 
give an idea of the precipitation adequacy for crop 
growth. Monthly values of MAI during the sor
ghum-growing season at selected locations 
in semi-arid Africa are shown in Table 3. The 
data show that in West Africa moisture avail
ability for sorghum growth is fairly adequate 
until September. October and November are 
very undependble. In eastern Africa, parti
cularly at Mombasa and Dar es Salaam moi
sture availability is fairly low. Moisture availability 
at Livingstone in Zambia is comparatively favor
able. 

Table 3. Moisture availability Index (MAI) during the sorghum-growing season at selected locations Inthe 

semi-arid tropics. 

June July Aug Sept Oct Nov 

Location Dec* Jan Feb Mar Apr May 

Ouagadougou 0.47 1.00 1.47 0.75 0.06 0.00 
(Upper Volta)

Kano 0.48 1.07 1.76 0.59 0.00 0.00 
(Nigeria) 

Geneina 0.07 0.67 1.36 0.29 0.00 0.00 
(Sudan) 

Mombasa 0.17 0.02 0.01 0.10 0.55 1.20 
(Kenya)

Dar Es Salaam 0.22 0.09 0.15 0.40 1.45 0.01 
(Tanzania)

Inhambane 0.37 0.32 0.36 0 ?6 0.36 0.31 
(Mozambique) 

Livingstone 0.62 0.80 0.55 0.29 0.03 0.00 
(Zambia)
 

Months in the lower column apply to locations south of equator.
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Length of the Growing Period 

For a rainfod crop such as sorghum to be 
successful, it is necessary that its growth cycle 
should be oi such a length that it is comfortably 
contained within the available growing period, 
Failure to match these characteristics does not 
completely exclude cultivation of the crop, but can 
result in reduction of yield and quality. There are 
several methods of calculating the growing 
period. But the methods adopted by the agroeco-
logical zones project of FAO (1978) appear to be 
useful. The growing period is defined as the 
period (indays) during a year when precipitation 
exceeds half the potential evapotranspiration, plus 
a period required to evapotranspire an assumed 
100 mm of water from excess precipitdtion stored 
in the soil profile. The choice of 100 mm was 
based oi experimental evidence from East and 
West Africa which indicates that the crops of the 
study can utilize stored soil moisture in the range 
of 75-125 mm by the time of harvest. 

The length of the sorghum-growing pericd (FAO 
1978) inthe sorghum-growing am as of semi-arid 
Africa ranges from 90 days in Senegal, Mali, 
Upper Volta, Niger, and Chad on the northern 
Sahelian boundary to 270 days insouthern regions 
of Ghana, Nigeria, and Sudan. South of the 
equator the sorghum growing season is again 
reduced to 90 days inparts of Namibia, Botswana, 
Zimbabwe, and Mozambique. Medium growing 
period lengths of 150-210 days are common 
throughout the sorghum-growing areas in SAT 
Africa. The importance of the length of growing 
period and the adaptation of local photosensitive 
varieties to the long growing seasons has been 
extensively studied at the Institute of Agricultural 
Research in Samaru, Nigeria (Andrews 1970; 
Kowal and Andrews 1973; Kassam and Andrews 
1975). For example, Kassam and Andrews (1975) 
showed that for short Kaura, a photosensitive 
Nigerian sorghum, total dry weight and grain yield 
decreased with delay in sowing after 26 May at 
rates of 1700 kg/ha per week and 360 kg/ha per 
week respectively. Bunting and Curtis (1968) 
showed that the date of heading of the local 
sorghum isclosely related to the average date of 
the end of the local rains. 

Soils of Sorghum-growing 
Areas in SAT Africa 
The growing periods calculated abovc take into 
consideration only the water supply and water 

demand at a given location. However, the soil 
profile serves as ameans of balancing, over time, 
the discontinuous water supply with the con
tinuous atmospheric evaporative demand. The 
properties of the soil profile obviously afferl its 
moisture retention, runoff, and drainage as wall as 
the losses of water by evaporation and transpre
tion (Russell 1980). The soil map of Africa pub
lished by FAO (1977) identifies 53 broad soil 
regions inAfrica. Inthe sorghum-growing areas of 
semi-aria Airica, i i 1dju, -nil zones were identi
fied. The grouping here isdorne with the purpose 
of identifying abroad soil type, 9nd it is necessary 
to point out that the soil type id,ntified in a given 
zone often will have associated soils and other soil 
types. For a comprehensive description of the 
soils of Africa the reader isreferred to FAO (1977), 
Swvndale (982), and Jones and Wild (1975). 

Arenosols 

These are sandy soils (up to 95% sand) that occur 
extensively, mostly on flat to undulating topogra
phy, in the northern boundary of SAT Africa in 
Upper Volta, Niger, Nigeria, Sudan,and along the 
southern boundary covering Mozambique, Zim
babwe, and Zambia. In Upper Volta, Nigeria, 
Zimbabwe, and Zambia, Cambic Arenosols pre
dominate while inNiger, Luvic Arenosols occur. In 
Mozambique, Cambic and Luvic Arenosols coex
ist. Cambic Arenosols are sandy soils with aslight 
color or structural B horizon. The clay fraction is 
made up of kaolinite ar~d oxides of iron and 
aluminum. Luvic Arenosols occur in moister cli
mates than the Cambic Arenosols. The clay 
Iraction in the B horizon could exceed 14%. 
Charreau (1974) reports that for Cambic Areviosols 
at Bambey, Senegal, volumetric water content 
(cc/cc) at field capacity varies from 12 to 15%, 
and the permanent wilting point from 3 to 4%. 

Luvisols 

Luvisols or Alfisols occur in the more moist 
climates of the Sudanian ecological zone in 
Gharla, Upper Volta, Niger. Nigeria, and Sudan. 
Ferrk Luvisols, which are underlain by indurated 
ironstne, are most common. The clay fraction is 
dominated by kaolinite and other low-activity
clays. The associated soils include Gleyic and 
Plinthic Luvisols. Volumetric water content (cc 
/cc) at field capacity varies from 17 to 22%, ard 
permanent wilting point ranges from 7 to 8%. 
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Ferralsols 

These are the most weathered soils which are 
situateJ towards the wet boundary of a region. 
These occur in Nigeria and Zambia. Orthic ferral-
sols are yellowish brown to reddish brown in 
color, and Rhodic Ferralsols are rec, while Xanthic 
Ferralsols are yellow to yellowish brown. In 
Nigeria all the three types coexist, while in Zambia 
Rhodic and Orthic Ferralsols are common. Physic-
al constants data for Ferralsols in Africa are not 
available, but for Rhodic Ferralsols located at Jaiba 
in Brazil, it was reported (Swindale 1982) that 
volumetric water content (cc/cc) at field capacity 
varies from 28 to 32% and wilting point from 20 to 
22%. 

Vertisols and Gleysols 

These coils occupy large areas in Sudan and 
Ethiopia. Chromic Vertisols are slightly yellower, 
browner or redder and re contiguous with Pellic 
Vertisols. The clay fraction predominates, with 
50-60% in most horizons. The water-holding 
capacity of Vertisols is normally above 200 mm. 
The Gleysols are poorly drained and the hydromor
phic properties dominate others. 

Nitosols 

Humic Nitosols occur in the tropical highland 
zunes of Ethiopia. The weathering stage of 
Nitosols makes them more fertile than Ferralsols. 
These are considered good agricultural soils. 

Regosols 

Large areas in Ethiopia and Kenya are covered by 
Calcaric Regosois. These are weakly developed 
soils on unconsolidated materials. The suitability 
of these soils for agriculture is extremely limited 
and they need good managem int for better crop 
production. 

Cambisols 

They are found in the sorghum-growing areas of 
SAT Africa, mostly in Ethiopia. They are character-
istic of a recent stage of soil formation and in the 
Ethiopian highlands Dystric Carnbisols and Humic 
Cambisols occur in hilly topography. Dystric Cam-
bisols are poor soils. However, the associated 
E;tric Cambisols in Ethiopia are good soils, rich in 
nutrients. 

Acrisols 

These soils are insufficiently weathered to be 
Ferralsols but more strongly leached than Luvi
sols (Young 1976). In Tanzania, mostly Ferric 
Acrisols occur where the ecological conditions are 
severe. They have a coarse - medium texture, 
and are considered poor. 

Fluvisols 

These are alluvial soils developed from recent 
alluvial deposits in many African valleys; where 
water is available the soils are amenable to 
irrigation. They are well endowed with exchinge
able bases and with total P20s. 

Lithosols 

Soils with continuous hard rock at <10 .m depth. 
Because of dissected topogr:,phy with steep 
slopes and of rockiness and stoniness of the 
substrection, the suitability of these soils for crop 
production is limited. 

Complex of Soils 

The soil complex indicated here includes Nitosols. 
Lithosols. Cambisols, Vertisols, Ferralsols, Acri
sols, Gleysols, and Fluvisols in most of Tanzania. 
Inaddition the complex of soils in the southeast
ern Tanzania includes Regosols, Arenosols, and 
Ferralsols. 

From the above description of the broad soil 
zones in Africa and the length of the growing 
period it can be concluded that, even where the 
soil type is favorable, potential yields of sorghum 
could be limited by the length of the growing 
period and vice versa. The length of the growing 
period superimposed on the soil type reveals 
some interesting features (Fig. 2). In the Areno
sols soil region on the northern boundary of SAT 
Africa, the growing period is between 90 and 150 
day, while on the southern boundary the growing 
periud extends up to 210 days. These soils also 
generally lack adequate nutrient elements. Luvi
sols in West Africa and Sudan have a richer 
chemical composition and a better growing 
period, but they need better erosion control. 
Ferralsols in southern Ghana and Nigeria have a 
low natural fertility, but the growing period there 
isover 270 days. Vertisols and Gleysols in Sudan 
come under the 150-210 day growing period and, 
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Pradesh, and Maharashtra are the most important 
sorghum-growing states followed by Gujarat, 
Madhya Pradesh, and Tamil Nadu. Based on the 
data available on the sorghum area and production 
data for 1979-80, it was estimated that of the total 
area of 16.4 million hectafes under sorghum, 60% 
is under rainy-season sorghum (the kharif crop in 
India) and 40% is under the postrainy season 
sorghum (termed as rabi crop). Abhout 66% of the 
annual production comes from a rainy season crop 
while 34% is contributed by the postrainy season. 
In view of this, we felt the need to distinguish 
between the climatic characteristics in the two 
seasons in our discussion. 

Bapna et al. (1980) classified the sorghum-
growing districts in India into three categories: (a)
>15% of sorghum area to district cropped area 
and >0.5% of sorghum area to all India sorghum 
area, (b) >15% to district cropped area and 
<0.5% to all India or <15% to district cropped 
area and >0.5% to all India, and (c) <15% to 
district cropped area and <0.5% to all India. 
Based on this classification, we defined districts 
undr categories (a)and (b)as core districts and 
districts under category (c) as satellite districts, 
Further to emphasize the seasonal production, we 
define rainy-season sorghum districts as those 
where the area under sorghum in the rainy season 
is more than 75% of the total area under 
sorghum. A similar definition applies to those 
districts which are classified as postrainy-season 
sorghum districts. Districts where the area under 
sorghum in any of the two seasons is less than 
75% of the total area ,,nder sorghum are termed 
as rainy- and podtrainy-season districts. Therefore 
we propose six classifications of sorghum-
growing areas in India, as shown in Figure 3. Over 
99% of the sorghum in India comes from the SAT 
areas. From this map it is evident that core 
rainy-season sorghum areas extend from 9°N 
(Madurai) to 250N (Hamirpur). On the other hand, 
the core postrainy-season sorghum-growing areas 
are restricted to a narrow belt of 14°N (Nellore) to 
21°N (Dhule). The reascps for this interesting 
zoning become more evidentwhen we !oc k at the 
soils and the length of the growing pe'iod. 

Temperature 

The temperature variation between different sor-
ghum growing areas in each of the six zones 
shown in Figure 3 has to be mainly viewed in 
terms of the two growing seasons. Based on 

30-year normals (IMD 1967), the average, max
imum, and minimum air temperatures duing the 
growing season were calculated for the rainy and 
postrainy seasons. As shown in Table 4, during 
the rainy season average temperatures vary from 
310 in June to 23*C in November. The data are 
shown for a 6-month period because sowing and 
harvesting of the rainy- and postrainy-season 
crops vary in different regions. In the postrainy 
season, average temperature varies from 221 to 
29°C. Average temperatures, however, could be 
misleading and it is more important to examine 
maximum and minimum temperatures. The sea
sonal variation in the average maximum and 
minimum temperatures calculated from 25 repre
sentative stations for each season along with the 
average dates of anthesis and physiological 
maturity for CSH-6 (a rainy-season hybrid sor
ghum) and CSH-8 R (a postrainy-season hybrid 
sorghum) are shown in Figures 4 and 5. It is 
evident from the data that the maximum tempera
ture variation during the rainy season is not 
significant, but the minimum temperatures de
crease from 25°C to about 20°C by physiological 
maturity. In the postrainy season, however, the 
maximum temperature increases from 30C at the 
end of October to 35°C by March. What is relevant 
in terms of the crop phenology is that the diumal 
range in temperature is rather small in the rainy 
season and the uniformly high temperatures 
should promote good vegetative growth and grain 
filling. In the postrainy seasonthe diumal range in 
temperature, especially around flowering, is 
rather large and the minimum temperatures are 
consistently low. Implications of these tempera
tures are discussed in cfcail by Peacock (1982). 

Peacock (1982) suggests that the extreme 
temperatures are as relevant to sorghum growth 
as the average temperature. The highest and 
lowest air temperatures recorded in the rainy 
sorghum-growing season at selected locations 
are shown in Table 5. Maximum temperatures 
could reach as high as 450C. as at Jhansi, while 
the temperature dip could extend to as low as 80C 
in November at Indore. During the postrainy 
season (Table 6) highest temperatures of up to 
40°C could be recorded, while minimum tempera
tures of 80C are not uncommon 

Solar Radiation 

Average global solar radiation during the rainy 
season varies from 16.7 to 18.8 MJ/m2/day while 
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Tale 4. Average temperatures during rainy and postrainy sorghum-growing seasons In semi-arid India. 

June July 

Season 	 Oct* Nov 

Rainy 	 31.2 27.8 
Postrainy 	 26.5 23.9 

Rainy 	 36.4 31.4 
Postrainy 	 31.8 30.3 

Rainy 	 25.9 24.1 
Postrainy 	 21.1 17.5 

*Months in the lower column apply to postrainy seasons. 

40-	 Max. temp. 

-- ------ Min. temp.35-35-


G30-

030

25-

20-

15 - Physiological 

Sowing Anthesls maturity 

It I I I I I0 

June July Aug Sept Oct Nov 

Figure 4. 	 Seasonal changes in maximum and 
minimum air temperatures during the 
rainy season in India. 

Rainfall 

The success of sorghum as a rainy or postrainy 
crop depends to a large extent on the available soil 
moisture which is largely modulated by the rainfall 
and the soil type. The rainfall isohyets superim-
posed on the sorghum-growing areas show that 
the annual rainfall varies from 700 mm to 
1400 mm (Fig. 6). It is also interesting to note that 
almost all the core rainy-season sorghum-growing 
areas are located between the 800 and 1000 mm/ 

Aug Sept Oct Nov 

Dec Jan Feb Mar 

Mean average temperature (C) 
27.0 27.1 26.3 22.9 
22.2 22.8 25.1 28.5 

Mean maximum temperature (°C) 
30.5 31.3 32.4 30.1 
29.4 30.1 32.8 36.2 

Mean minimum temperature (°C) 
23.4 22.8 20.1 15.7 
15.0 15.4 17.4 20.8 

40- - Max. temp.-.. Mtn. temp. 
M 

30

25

,20-	 J 

151 	 PysiologIcal 

Sowing Anthesils maturity
O 	 +1 

Oct Nov Dec Jan Feb Mar 

Figure 5. 	 Seasonal changes in maximum and 
minimum air temperatures during the 
postrainy season in India. 

yr rainfall isohyets. The core postrainy-season 
sorghum-growing areas are mostly located in the 
belt with low and undependable rainfall areas with 
800 mm/yr. Based on a moisture index defined as 

P x ,E10 P is the precipitation, and PE 
is the potential evapotranspiration, Krishnan 
(1972) showed that the moisture deficiency dur
ing the rainy season is accentuated from east to 
west. In southern India, deficiency exists in 
Andhra Pradesh, interior Maharashtra, Kamataka, 
and Tamil Nadu. During the postrainy season 
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Table 5. Hoghest ad lowest i temperst (C recorded In the rainy sorghum-,vowing season at selected 

locations in semi-add India. 

Location June July Aug Sept Oct Nov 

Akola 42.2 
22.5 

36.2 
21.8 

31.4 
21.7 

35.0 
21.1 

35.6 
14.7 

33.6 
10.6 

Hyderabad 39.9 
21.2 

34.0 
21.0 

33.0 
20.9 

32.8 
20.3 

33.3 
15.8 

31.5 
11.8 

Indore 40.0 
21.4 

34.1 
21.0 

31,5 
20.4 

32.6 
18.9 

33.2 
13.0 

31.2 
8.2 

Jhansi 44.9 
23.8 

396 
23.1 

35.5 
22.7 

35.6 
21.6 

36.0 
14.7 

33.4 
8.8 

Table 6. Highest and lowest air btmperatures (C) recorded during the postrainy sorghum-growing season 

at selected locations In semi-arid India. 

Location 	 Oct Nov Dec Jan Feb Mar 

Bijapur 	 33.6 31.8 31.4 32.7 35.8 38.5 
17.0 12.9 11.1 12.0 14.1 17.3 

Gulbarga 	 34.4 32.8 31.5 32.7 36.1 39.4 
16.8 12.9 10.5 11.7 14.3 17.4 

Sholapur 	 34.7 32.2 31.9 33.3 36.4 39.7 
16.6 12.9 10.7 11.3 13.1 16.7 

Ahmednagar 33.5 32.2 31.1 32.0 34.4 38.5 
14.5 10.5 8.0 8.0 9.6 13.0 

Table 7. Moisture availability Index (MAI) In the rainy months of sorghum-growing areas at selected 

locations In semi-arid India. 

Season 	 Location June July Aug Sept Oct 

Rainy 	 Hyderabad 0.31 0.76 0.66 0.88 0.15 
Akola 0.38 1.10 0.60 0.60 0.03 
Nagpur 0.74 2.54 1.64 0.73 0.07 
Indore 0.25 1.44 1.13 0.67 0.03 

Postrainy 	 Sholaptr 0.38 0.41 0.41 0.72 0.13 
Ahmednagar 0.40 0.34 0.23 0.67 0.13 
Chitradurga 0.24 0.37 0.34 0.47 0.40 

moisture deficiency extends over the entire coun- As described eadi , a measure of the dependa
try except for a small belt in eastern Tamil Nadu. bility of the annua! raiir' in meeting L.op water 
The deficiency accentuates from south to north in oieeds could be given by comparing the potential 
peninsular India and from east to west in north evapotranspiration (PE) with dependable rainfall. 
India. Moisture availability index (MAI), as defined ear
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lier, for the rainy months at selected locations in 
the rainy- and postrainy-season sorghum-growing 
areas (Table 7) shows that MAI in the rainy-season 
sorghum-growing areas is consistently high in 
comparison with those areas where sorghum is 
grown only in the postrainy-season. The low MAI 
values at Sholapur, Ahmednagar, and Chitradurga 
bear ample evidence of the farmers' preference to 
crop these areas only in the postrainy season. 

Length of the Growing Period 

Length of the growing period calculated by the 
agroecological zones project of FAO (Frere 1980, 
personal communication) for the sorghum-
growing areas in semi-arid India is shown in Figure 
7. Most of the core rainy-season sorghum-
growing areas show growing periods between 
120 and 180 days. 

Soils 

Murthy and Pandey (1978) prepared a soil map 6f 
India. A superimposition of the soil map of India 
over the sorghum-growing areas shows (Fig. 8) 
that the core sorghum-growing areas are in the 
black soil and red sandy soil belts. 

The black soils are usually poorly drained and 
possess a low hydrailic conductivity. The texture 
of the topsoil is alh'ays clayey (40 - 60%) which 
leads to pronounced shrinking of the soil during 
drying. Black soils are hard in the dry season, but 
muddy and sticky in the wet season. The soil 
depth varies usually between 1 and 2 m and the 
available water-holding capacity ranges from 150 
to 300 mm. 

The red soils or Alfisols are relatively shallow, 
well-drained, and have a reasonable hydraulic 
conductivity. The texture of the surface soil 
ranges from sandy in Andhra Pradesh, Tamil 
Nadu, and Kamataka states to loamy soil in 
Madhya Pradesh and Orissa. The water-holding 
capacity of the soil is variable, depending on the 
depth, but ranges usually between 100 and 
150 mm. In the dry season the soils are difficult to 
cultivate because of surface hardness. 

The alluvial soils, or Entisols, are usually deep, 
possess good physical qualities, and are moder
ately permeable. The available water-holding 
capacity is lower than that of Vertisols, and varies 
from 150 to 200 mm. The texture of the surface 
soil ma,! range from drift sands to loams and from 
silts to heavy clays. 

The sorghum-growing area under laterite soils 
or Oxisols is fairly limited. The surface soil texture 
is loamy or clayey. The topsoil is of varying depth 
underlain by ferruginous deposits which harden 
on exposure. 

As mentioned earlier, the soil profile character
istics play an important role in the plant-water 
relations. Using a water balance model to give 
estimates of weekly changes in available soil 
water for the shallow, medium, and deep soils, 
with 50, 150, and 300 mm water-holding capaci
ties respectively, Virmani et al. (1978) showed 
that available soil moisture contents (mm) at the 
commencement of the rainy season for the three 
soil types are 16, 66, and 72 mm, respectively. At 
the commencement of the postrainy season the 
available soil moisture is 7, 80, and 204 mm for 
the shallow, medium, and deep soils. These data 
emphasize the need to consider the soil character
istics rather carefully in analyzing crop productivity 
over different seasons. 

Based on soil climatic zonation, Kanwar (1972) 
pointed out that the most efficient sorghum 
regions are in the peninsular region or the central 
and south Indian states. This area lies in the 
climatic belts where the precipitation deficit 
(when compared with the potential evapotrans
piration) could extend up to 40%, and on black 
soils that have higher moisture retention capacity. 

Summary 

The physical environment of the sorghum grow
ing areas in semi-arid Africa and India has been 
evaluated by examining the temperature, radia
tion, and rainfall regimes with respect to soils of 
these areas. Analysis of the sorghum-growing 
areas in Africa showed that considerable potential 
exists in terms of the climatic suitability of the 
areas growing sorghum. Considering the differ
ences in the two major sorghum-growing seasons 
in India, i.e., the rainy and postrainy seasons, 
emphasis was placed on describing the physical 
environment in the two seasons and the cropping 
potential that exists, particularly in the black soil 
areas of India. 
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The Plant and its Environment
 

G. L. Wilson and J. Eastin* 

At the Sorghum in the Seventies Symposium (Rao 
and House 1972), an extensive discussion of 
sorghum did not provide for a distinct considera-
tion of physiology, of which only some aspects 
were covered. In the intervening decade several 
reviews of the physiology of cereals have 
appeared and a number of these crops have been 
dealt with individually. The only separate treat-
ment of sorghum is a recent review by Eastin 
(1981) in which there is some emphasis on 
reproductive behavior and the development of 
grain yield. The excellent review of the compara
tive physiology of cereals by Evans and Wrdlaw 
(1976) can draw on little information for sorghum 
when discussing many important aspects of crop 
behavior. The botany of sorghum has been 
described by Doggett (1970), Freeman (1970). 
Purseglove (1972) and House (1980). 

To some extent it is suitable to proceed on a 
phenological basis. Of various schemes for the 
recognition of growth stages, that of Eastin (1972) 
has been widely accepted. It distinguishes the 
period from sowing to panicle initiation as Growth 
Stage 1 (GS1); from initiation to anthesis (synony- 
mous with bloom and flowering) as GS2; and 
from anthesis to physiological maturity, identified 
with the formation of the black layer at the base of 
the grain (Eastin et al. 1973), as GS3. These 
stages are based on reproductive development, 
However the production of other organs is also 
important, but their initiation, growth and activity 
do not correspond with the three conventional 
growth stages. For example, leaf initiation occurs 
only during GS1, expansion occupies all of GS1 
and some of GS2, while photosynthesis and 
water use continue until the end. 

What is largely an account of physiology might 

Department of Agriculture, University of Queensland. 
Australia, and Department of Agronomy, University of 
Nebraska, USA, respectively. 

have been structured on processes, but this is 
done only for dry weight production and water 
use. A need to emphasize the plant has led to 
descriptions of the growth of seedlings unti; 
emergence, and then of the plant parts, with 
environmental influences being introduced as 
appropriate. Dry weight increase and reproductive 
development are then integrated in grain yield. 

Germinatin and Emergence 

Seed must be viable in the sense that it is at least 
capable of germinating. A comprehensive account 
of seed viability is given by Roberts (1972). It 
would not appear that there is important genoty
pic variation in sorghum in capacity to produce 
viable seed, but differences may develop either in 
the formative stage or in subsequent handling. 
Maximum germinability is reached before phy
siological maturity of the seed and may decline in 
later stages of development (Srivastava and Pin
nell 1963). These authors have also shown that 
the source of the seed, within a genotype, has 
important effects on germination behavior. Reten
tion of viability in storage follows the usual pattern 
of decline with age, increased temperature and 
higher moisture content. Sorghum seed can 
tolerate low water content, although too rapid 
uptake from such levels can cause damage to the 
seedling which is produced (Nutile 1964). This 
could be prevented by raising moisture content 
before sowing. High temperature can damage 
seed in an immediate way, in contrast to the 
longer term deterioration effect during storage 
(Ross and Webster 1970). 

The viability of seed can be assessed in 
standard laboratory germination tests, but very 
commonly overestimates effective germination in 
the field under conditions which would be ex
pected to permit it. Tne discrepancy is often 

ir!,mational Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the IntemationoI 
Symposium on Sorghum, 2-7 Nov 81. Patancheru, A.P., India. Patancheru, AP. India: ICRISAT. 
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attributed to what is known as vigor, whose 
definitior (e.g., Woodstock 1973) involves not 
only germination but also emergence characteris-
tics, in vhich additional factors are operative, 
Nevertheless some continuing capability is in-
volved and it includes more rapid germination. It 
seems likely that this capability includes superior 
cap3city to mobilize seed reserves for the proces-
ses of germination and subsequent elongation 
growth. Various tests have been devised in an 
attempt to distinguish levels of vigor but it is not 
clear that they provide a reliable improvement on 
standard germination tests (Yaycock et al. 1975). 
Suh et al. (1974) examined the effect of seed size 
within a narrow range of variability about normal 
and found none on emergence; nor any subse- 
quent growth and yield characteristic. Maranville 
and Clegg (1977) have shown that high density in 
seeds improves emergence. 

It would appear that deterioration of seed 
quality leads not only to reduced germination 
percentage, but to reduced vigor, and therefore 
crops based on poor seed may suffer the multiple 
defects of reduced plant numbers, inferior 
emerged seedlings (i.e. smaller plants as the b' sis 
of approximately exponential growth which 
should follow for some time) and secondary 
prob!ems such as less effective competition with 
weeds. Because one of the major problems in 
sorghum production is crop establishment, stu-
dies of seed quality should be given some 
emphasis. 

Germination (and emergence) are affected not 
only by the characteristics of the seeds but also by 
the soil environment in which they are sown. A 
recent conference (Ministry of Agriculture, Food 
and Fisheries 1980) has dealt with a number of 
important aspects, the two well known influences 
being those of temperature and moisture supply. 

Most research having occurred ir those areas 
where sorghum is grown at high latitudes with 
relatively short growing seasons, emphasis has 
been placed on behavior at low temperature. 
Miller (1982) has shown that there is a substantial 
genetic variability. Upper limits of temperature 
have received less attention but it isbecoming 
recognized that in the semi-arid tropics, soil 
temperatures may be far above optimum. This 
subject is dealt with by Peacock (1982). Optimum 
temperatures for emergence (independent of 
germination) do not appear to have beer. ex-
amined, beyond Evans and Stickler's (1961) 
observation that shoot elongation was greater at 

280C than at 16°C. 
The study of moisture effects are difficult in 

view of complex seed-soil moisture relationships 
involving initi3; seed water content, amounts and 
potential of water in the soil, hydraulic conductiv
ity of the soil, and seed-soil contact. The main 
experimental work has examined germination in 
relation to water availability of the seed environ
ment. Mali et al. (1979) showed substantial 
differerces between varieties in water uptake 
from snil by the time of rermination, and also 
differences within vari,ties in the rate of and 
amount of uptake, according to the water poten
tial of the soil. They draw attention to the possible 
agronomic value of genotypes which may take up 
insufficient water for germination when soil water 
availability is low. Stout et al. (1980) reported 
delayed initiation, slow rate and reduced final 
percentage of germination at low water availabil
ity. In RS 610, germination was reduced at -8bars 
and fell to zero at-15 bars. There ',,eredifferences 
between the two cultivars examined. They also 
showed that the use of osmotic solutio ; to 
sirnuiate effects of soil water potentials gave 
quite different results. Therefore the numerous 
investigations based on that method, such as that 
of Evans and Stickler (1961), may be of limited 
value. Nevertheless, the observation by these 
latter authors that there was not only variation 
between genotypes in response to osmotic 
potential and temperature, but also variation 
according to the source of seed of one genotype, 
is worth noting. 

Because certain seed water contents have to 
be attained for satisfactory germination, the ioea 
of increasing water content before sowing has 
developed, and has been shown to be useful 
(Phillips and Youngman 1971). This is known as 
priming of seeds, but has been developed in 
additional ways. Raising seed water content in 
osmotic solutions which delay uptake is claimed 
to result in better subsequent perforr, -nce 
(Heydecker 1974). 

Mali et al. (1977) showed that soil bulk density 
imposes a limitation on see Iling emergence, and 
that there are cultivar differences in ability to 
emerge. 

Prediction of times to germination and emerg
ence has been based on temperatures but always 
assuming adequate water supply, e.g., Arkin et al. 
(1976), Angus et al. (1980). Horrocks and Clonin
ger (1974) incorporated sowing depth in their 
model. 
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Leaf Area and Canopy 
SDevelopment 


Leaf area is the basis of growth and yield. In the 
photoperiod insensitive types, in which most of 
the leaf area produced is likely to persist until 
about grain maturity, such area is likely to be a 
major limitation to yield. Where soil water deficits 
occur, it is possible that a lower leaf area may be 
necessary in order to reduce the rate of depletion 
of soil water so that sufficient remains for later 
stages of growth, 

Leaf area per plant depends on the number of 
leaves, rates of expansion, eventual sizes of 
leaves, and senescence. Leaf area per unit of land 
area, Leaf Area Index (LAI), is agronomically more 
importan', and depends also on plant populations, 
Extent of tillering is another factor. The physiology 
of leaves, especially in regard to radiation inter-
ception and photosynthetic conversion, depends 
not only on the amount of leaf but also on its 
arrangement in the canopy, whose structure has 
therefore to be considered. 

The number of leaves produced is strongly 
related to factors determining panicle initiation, in 
which genetic variation is large, and for photo
period "ensitive types, daylength has of course a 
major effect. Quinby et al. (1973) examined 
aspects of this in some detail and showed 
differences in the numbers of leaves produced, 
rate of leaf production and time to panicle
initiation depending on cultivar, temperature and 
photoperiod. Boyer and McPherson (1975) draw 
attention to effects of water deficits on leaf 
initiation in general, and Whiteman and Wilson 
(1965) have recorded some effects in sorghum. 

The importance of leaf expansion rates and 
dependence on environmental influences has 
determined a large literature for crops in general, 
but little for sorghum. In the absence of other 
limiting factors, rate of expansion in sorghum is 
temperature dependent (Arkin et al. 1976). Wade 
et al. (unpublished) observed leaf expansion to be 
strongly dependent on air temperature and that 
there are marked genetic differences in response. 

Presumably the effect of water status is similar 
to that described for maize by Boyer (1970), and 
clearly mineral nutrition is important. Much of leaf 
expansion occurs concurrently with development 
of the panicle during GS2 and there is a belief that 
the two are competitive for substrate (Eastin 
1972; Brown 1978). Leaf area depends not only 

on rates of expansion but also on senescence, 
which is influenced by anumber of factors suchas water stress and nutrient deficiencies. 
Attempts to model leaf a:ea productiL. will have 
to take account of such loss, as do Arkin . 
(1976). 

Stems 

The growth of stem is relatively abrupt. It compris
es a very small part of the plant until soon after 
panicle initiation, but then elongates rapid'; during 
most of the remainder of GS2. Ths extent of such 
elongation is under the importa it control of genes 
which modify internode len jth (Doggett 1970). 
The adaptation of sorghum to mechanized har
vesting has depended on the incorporation of 
dwarfing genes. Leaf number and therefoe inter
node number, under both genetic and photo
periodic controls, has an additional effect. There 
are consequences of such variation in stem length 
for panicle development, canopy structure and 
grain yield, which are considered later when these 
topics are discussed. 

Roots 

Roots occupy that part of the plant's environment 
over which we have potentially the most controJ, 
by way of soil preparation, irrigation and fertilizer 
application. In most areas of cultivation, mineral 
nutrients and water supply are major limiting 
factors and root systems are usually seen in 
relation to uptake activity. They do however have 
additional functions (e.g., temporary storage, 
Chamberlin 1978, and suppliers of growth subst
ances to above ground parts, Michael and Sieler-
Kelbitch 1972). Jordan et al. (1979) recorded 
reduction of plant growth when root numbers 
were reduced although there was no apparent 
interference with the supply of water and miner
als to the shoot. 

No very detailed descriptions of sorghum roots 
have been published, although earlier references 
to the botany of sorghum contain some material, 
and Jordan et al. (1979) briefly describe the 
pattern of development. There are problems in 
measuring the effective size of root systerm's. The 
most important attributes are root density and 
activity in that part of the soil volurme which has 
been least depleted of water and mineral nut
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that growth is completed by, if not
ients. These are not measured by total root reported 
weight or limits of extension. Jordan and Miller before, anthesis (e.g.. Kaigama et al. 1977; Myers 

1980), but there are exceptions (McClure and
(1980) pay attention to this. 

The extent, and particularly the depth, of the Harvey 1962). 

root system varies with many factors, both soil 
and plant. Ther, is some balance between shoot 
and root growth, perhaps contilled at least in part 
by competitive access by shoots to photosynthe-
tically derived assimilates (Eastin 1972; Hultquist 
1973; Rice 1979). Many reports indicate max-
imum rooting depth of the order of 1.5 m (Lavy 
and Eastin 1969; Mayaki et al. 1976; Kaigama ot 
al. 1977) and lateral extension of well over 2.0 m. 
from the crown is described by Law and Eastin 
(1969). In spite of the depth of penetration, the 
main development of root is at arelatively shallow 
depth. For example, Mayaki et al. (1976) found 
about 80% of the mass in the top 30 cm. similar ' 
to that reported by Myers (1980). Genetic varia-
tion in the extent of root systems is covered by 
Jordan and Sullivan (1981). 

There nave been numerous studies of effects 
of moisture supply on root growth, but there is 
little basis of comparability because of plant ages 
at which measurements have been made, genoty-
pe differences, actual measurements made. and 
differing conditions under which plants have been 
grown. Jordan et al. (1979) draw attention to the 
great importance of soil moisture at the soil 
surface at the time the crown roots, which 
becormie the main root system, are being pro-
duced. They observed that substantial red-', ions 
in numbers of such roots can be compensated for 
by a greater development of each, but that there 
is a lower limit beyond which plant growth is 
adversely affected. Hemsath and Muzurak (1974) 
studied the penetration of seminal roots at an 
early seedling stage and found elongation posi-
tively related to the matric potential of the soil but 
interpreted the effect as that of soil resistance. 
Merrill and Rawlins (1979). working with larger 
plants, likewise found that penetrometer soil 
strength was the main constraint on root elonga-
tion, but only below -5 to -10 bars. 

Kaigama et al. (1977) compared root distribution 
of irrigated and nonirrigated crops and found a 
greater proportion of the mass at depth in the 
non-irrigated, as did Merrill and Rawlins (1979) 
under less frequent irrigation. Mayaki et al. (1976) 
however, observed little effect. 

The rate of exploitation of soil volume and the 
duration of t.x"ension are of particular interest, and 
some pects will be considered later. It is 

Tillering 

The agronomic arguments in favor of and against 
tilleing are numrous and need not be presented 
here. There must be physiological factors deter
mining its occurrence, and consequences for yield 
but little is known about either. Agronomically the 
rriin interest attaches to basal tillers which from 
by the growth from buds at the lower nodes. If 
these form early they can give heads which 
mature more or less concurrently with that of the 
main stem, although general observation shows 
that there is genetically based variation in this. It is 
clear that such tillering tends to 4,ccur more 
prolifically at lower temperatures, and at high 
temperatures in most cultivars, it is unusual to 
find any tillers although there are striking excep
tions. The only experimental work which comes 
to notice is that of Downes (1968) who found, in 
one cultivar, that the basal buds did not expand 
when the daily mean temperature exceeded 
about 180C, and that the stimulation by lower 
temperature was effective only between the four 
and six (expanded) leaf stages. l-'e suggested that 
higher temperatures may have been suppressive 
because of the promotion of leaf expansion and 
hence competitive use of assimilates in the 
leaves. At least this hypothesis agrees with the 
frequent observation that serius reouctions in 
grain numbers or enhancement of photosynthesis 
after flowering, both of which result in assimilates 
surplus to the requirements for grain filling, cause 
late tiller growth. Perhaps the reduction in tillering 
at high population den:ities arises from light 
competition and reduced assimilate supply. 

Tillering has consequences similar to an in
crease in population density, although giving less 
horizontally uniform dispersion of foliage. The 
extent to which tillers form independent roots 
seems to vary, but the significance of this is not 
known. Insofar as tillers are in an unfavorable 
situation in competition for light, especially at 
higher populations, biological inefficiency may 
result because the harvest index of tillers is low 
compared with that of the main stem, and thus an 
equal population of main stems only might give 
better grain yield for the same utilization of 
environmental resources. 
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Reproductive Growth 

Grain yield correlates more positively with seed 
number per unit land area than with seed weight.
Therefore, the events of GS2, associated with 
development of spikelets, are very important in 
the determination of yield. 

Panicle Initiation 

Sorghum is a quantitative short day plant, in-
florescence initiation being promoted by short 
days, although not necessarily independent of. 
temperature. Doggett (1970) reviewed most of 
the earlier pertinent literature. Lane (1963) de-
scribed daylength and light quality effects on 
panicle initiation. Reaction to daylength for arange
of sorghum was investigated by Miller et al. 
(1968) by altering field sowing dates in Puerto 
Rico where the daily temperature variation was of 
the order of 2°C. Caddell and Weibel (1972) found 
that photoperiod sensitivity, which signals the end 
of ajuvenile stage, isattained at about 15 days if 5 
leaves have been expanded. Kassam and 
Andrews (1975) observed that exposure to long 
days at this time reduced the number of short 
days required for initiation, 

Some temperature effects on flowering have 
been described by Fryer et al. (1966), Caddell and 
Weibel (1971) and Quinby et al. (1973) 

The cultivation of sorghum at higher latitudes is, 
because of temperature requirements, only possi-
ble during a period centered approximately on 
mid-summer, when daylengths are such that the 
original more tropically adapted types would not 
flower sufficiently early. Therefore daylength sen-
sitivity has been greatly reduced by temperate 
zone plant breeders. Guinby (1972) reviewed the 
expression of height and maturity genes. Some 
recent tropical improvement programs have 
emphasized relative insensitivity but care must be 
taken to avoid maturation during the rainy season 
with attendant grain mold problems. 

Water stress generally delays panicle initiation, 
according to its length and severity (Whiteman
and Wilson 1965). 

Paulsen (1962) described the transition of sor-
ghum from vegetative to floral status, signalling 
the end of GS1. Lee et al. (1974) provided amore 
detailed anatomical description of apex transfor-
mation and subsequent development up to anth- 
esis (GS2). Substantial genetic variability in GS1 
duration exists and isconditioned by environment, 

The relatively insensitive RS 610 varied from 27 to 
52 days depending on calendar month of sowing
(Paulsen 1962). Variability ismuch lower amongst
adapted U.S. hybrids because of select;on to fit a 
limited growing season. Eastin (unpublished) 
found a range for 20 hybrids of 32.7 to 44.5 days
in GS1 with the equivalent of 203 to 301 growing 
degree units (150C temperature base). Seethara
ma (1977) compared 48 lines under climatic 
conditions tending to reduce GS1 to a minimum 
and recorded a range of 31 to 48 days. The 
consequences of GS1 length on leaf area develop
ment in relation to grain yield are not well known. 

Panicle Development 

Since seed number potential is set during GS2, 
knowledge of the impact of environmental influ
ences (chiefly water, temperature and photo
period) on differentiation and devel.-pment of 
spikelets and florets is critical. Panicle develop
ment, as detailed by Lee et al. (1973), isparalleled 
by essentially all of stem elongation, much root 
development and expansion of about six leaves in 
U.S. sorghum types (Eastin 1972). Presumably 
there is competition for available assimilates 
between these simultaneously expanding plant 
parts. Usually, vegetative development is less 
adversely influenced than is flora' development
when stresses occur (Eastin 1972, 1981; Eastin et 
al. 1981; Brown 1978). 

Eastin et al. (1976) reported yield reduction of 
the order of 25 to 36% in sorghums held 5°C 
above near optimum at night during GS2 and GS3. 
The yield reductions were closely associated with 
seed number reductions, an effect presumed to 
be i,roduced during GS2 since little post anthesis 
abortion was noted. The elevation of night tem
perature reduced duration of GS2 by 9%. Increas
ing day temperature from 29 to 340Creduced GS2 
by an average of 17%. 

Hultquist (1973) showed the greatest sensitivity
in seed proruction to water stress to be near the 
beginning .f npuncle and panicle rachis elonga
tion which is near the floret differentiation stage
(early boot). Lewis et al. (1974) showed yield
sensitivity during the boot stage to low water 
strpss in the field. Bennett's (1979) glasshouse 
data show similar water stress effects. Also 
Castleberry (1973) demonstrated the capacity of 
sorghum to differentiate greater seed numbers 
and maintain yield when stands were thinned 
about 27% up to near the floret differentiation 

105 



stage. The thinned stands permitted more light 
per plant which was used to differentiate suffi-
ciently higher seed numbers to offset loss of 
plants. Brown (1978) demonstrated a similar 
positive seed number response to enhanced light, 
The combined results of these studies demons-
trate (a), the ability of sorghum to respond 
favorably in terms of seed number to production 
inputs up to about the floret differentiation stage 
and (b), the high sensitivity of yield influenced by 
seed number, during the period from floret 
differentiation to bloom, 

Ogunlela (1979) further showed the sensitivity 
of RS 671 to elevated temperatures by subjecting 
small field plots to temperatures of ambient +5°C 
for weekly intervals during GS2 and the first week 
after anthesis. The most sensitive period was the 
flor3t differentiation stage (2 to 3 weeks after 
panicle initiation) where 5°C above ambient re
duced seed number and yields 28% and 30%, 
respectively. The weekly temperature treatments 
had no visible effect on general plant growth 
including leaf area. Production efficiency during 
grain fill (grain pioduced per plant per GS3 day) 
was reduced in direct proportion to seed number 
reductions effected a month earlier during panicle 
development. The impact of sink size potential 
(seed number per unit land area) on production 
efficie.ncy of the Iaves (grain yield per day) was 
surprisingly high. 

These large seed number and yield reduction 
(about 30%) induced by mild night temperature 
elevation (50C) above optimum occurred at yield 
levels in excess of 6 t/ha. Tests have not been 
run to evaluate less than optimum or stress 
effects on floret differentiation in the 0.5 to 
1.5 t/ha yield range. Percentage redtiction may be 
quantitatively lower. 

As inferred above, duration of GS2 influences 
seed number and yield. J.D. Eastin (unpublished) 
recorded GS2 durations of 20 U.S. hybrids from 
33.9 to 38.2 days or 277 to 298 glowing degree 
units (150C base). Seetharama (197' recorded 
GS2 duration varying from 29 to 64 days in 48 
lines more adapted to tropical conditions. 

In order to better understand the morphological 
responses described during GS2. expressed later 
as seed numbers, the underlying physiological 
reactions must be elucidated. 3rown (1978) 
observed in the nybrid E 57 that where numbers 
of higher level spikelets were reduced because of 
unfavorable conditions prevailing at critical stages 
in their development, increased numbers of grains 

ientually formed on lower branches. Muchow 
and Wilson (1976) applied spikelet removal treat
ments at about anthesis for testing source-sink 
relationships in several hybrids and in one case, 
the expected reduction in grain number did not 
occur; that is, spikelets which would not have 
formed grain, did so. Apparently, in the normal 
course of development, more fertile spikelets 
develop than would give "normal" sized grains 
under the expected grain-filling conditions, and a 
late adjustment of number occurs to bring grain 
storage a-, supply into balance. If this is so, it 
provides an explanation of toe remarkable con
stancy of grain size within agenotype in spite of a 
large variation in plant size, except when grain 
filling is restricted by a serious decline of dry 
weight production, and hence of material for the 
attainment of grain size. 

Grain Growth 

Dickinson (1976) found grain growth to enter the 
linear dry matter accumulation phase 2 to 3 days 
after anthesis which is very soon compared to 
corn (10-11 days). The linear growth continued 
up to 2 days before black layer. He elevated 
temperature by placing plastic bags over panicles 
in the field at 3-day intervals and noted effects on 
seed number and seed size. The most sensitive 
period was 6 to 9 day/s after anthesis at which 
time serious reductions in seed weight resulted. 
Apparently this is the period when seed volume 
potential is influenced and probably corresponds 
to active cell division in the endosperm. Limita
tions to seed size possibly may be imposed not 
only by numbers of endosperm cells produced, 
but also by limitations placed on cell wall plas
ticity. 

The nature and timing of the determination of 
seed volume potential seems pertinent to the 
question of source-sink-transport limitations to 
grain filling which have been discussed for sor
ghum by Muchow a ia Wilson (1976). They 
concluded, as did Fischer and Wilson (1975a), that 
there is not a restriction imposed by transport in 
the hybrids which they examined. While the latter 
authors took the simple view that the ability of 
grains to grow larger than they do indicates a 
source limitation. Muchow and Wilson (1976) 
argued that this conclusion is justifiable only if 
there are no competing sinks elsewhere in the 
plant, which there often are. Thus they preferred 
to accept simultaneous source and sink limita
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tions in the several hybrids which they examined, 
concluding that source was the major limitation in 
three of them. whcreas source and sink limita-
tions were more evenly balanced in a fourth. 
Fischer and Wilson (1975a) observed that in some 
low yielding open pollinated cultivars there was 
little capacity of remaining grains to grow larger 
when some spikelets were removed at anthesis, 
but U. Jayasuriya (personal communication) finds 
that even in some low yielding parents of hybrids 
where there is clearly a large surplus of source 
supply, removal leads to some increase in grain 
sizes. 

Reconsidering experimental approaches used 
in such studies, anothir question arises, following 
from the quite different times of attaining max-
imum volumes and weights of grains. Spikelet 
removal treatments were always applied at or 
very soon after anthesis. To what extent were 
consequent increases in grain weights at maturity 
associated with corresponding increases in early 
volumes? The grains may not have grown heavier 
because tiere was overall More material to fi!l 
them, but because some influence at or soon 
after fertilization allowed the grains subsequently 
to store more material. Thus whereas the ex-
perimental manipulation had sought to increase 
source in relation to a fixed sink in each grain, it 
had in fact increased the size of that sink. Fischer 
and Wilson's (1975a,b) data show that either grain 
removal or enhancei illumination one week after 
an.:.esis increased potential grain size, but less so 
when these treatments were imposed at or 
before anthesis. 

It is not proposed to consider this issue further, 
but clearly some new experimental work is 
required to clarify a fundamentally important 
question in yield improvement. Itdoes incidentally 
reopen the question of importance of grain 
numbers as a yield determinant. They had been 
ruled out as a limitation to yield because the 
growth capacity of individual grains seemed not to 
have been utilized, but this capacity may oot in 
fact have existed. To the extent that this is true, 
some explanation is provided for the remarkably 
high correlation between grain numbers and yield; 
which on the basis of simple reasoning, implies a 
limitation resulting from grain number. 

Relatively high linearity of grain growth persists 
over a wide range of environments for ieasons 
unknown. Gerik (1979) noted the corresponding 
values for respiration rate vs temperature in 
vegetative sorghum plants to be about half the b 

values for the panicles after anthesis. Mahalak
shmi (1978) noted a similar low respiration tern
perature respcnse in panicles and also found a 
very low response of bound starch synthetase to 
temperature. These low temperature response 
characteristics may relate to the linear rate stabil
ity of grain growth. 

Giles et al. (1975) detailed the ontogeny and 
structure of the black layer. Darkening in the 
general placento-chalazal area appears to result in 
sorghum as a consequence of mucilage and 
pectin accumulation in the phloern parenchyma of 
the pedicel. By contrast incom, embryo devekap
ment seems to crush the cells in the placental 
area when the characteristic darkening associated 
with maturity occurs (Kiesselbach and Walker 
1952). In both cases, content of cells on the 
endosperm side of the placento-ch.lazal area 
diminishes before characteristic blac: 13yer 
appearance. Kiesselbach and Walker (1952) sug
gest that endosperm digestion by the expanding 
scutellum occurs at that time. If embryo expan
sion could be delayed perhaps greater seed size 
could be attained in sorghum. 

Eastin (1981) reviewed some of the work 
pointing to the importance of yield compensation 
potential in terms of seed weight when seed 
number has been unduly limited by environment 
during panicle development. Hultquist (1973) 
showed the capacity of a stress resistant hybrid to 
increase seed weight to 20% greater than that of 
the normal hybrid in glasshouse pots. Heinrich 
(1981) reported that three genotypes most stable 
to environmental stresses under a range of field 
conditions maintained production by maintaining 
higher comparative levels of both seed number 
per unit land area and high seed weight. The seed 
weight yield component as it relates to black layer 
formation (senescence), length of grain fill and 
rate of grain fill merits considerable attention 
,castin 1981). 

The total duration of GS3 is highly variable, with 
both genotype and environmentally irduced varia
tion. J.F. Angus (personal communication) re
corded reduced duration with increasing temper
ture in several cultivars. I. Baker (personal com
munication) observed large reductions as day or 
night temperatures increased over tte range 
250/200 to 35 0/25°C in two genotypes, the effects 
being much greater than on durations of earlier 
growth stages. Chowdhury and Wardlaw (1978) 
made a careful study of the time course of grain 
growth in RS 610, and found the duration to be 
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reduced independently of the rate of filling. 
Therefore the end of filling was not brought about 
by the attainment of some particular size of grain; 
nor was it apparent that the higher temperatures 
limited the supply of assimilates for grain growth. 
Thus potentially large losses of grain weight 
accumulation could follow high temperatures 
during GS3. Eastin (1976) observed reductions of 
duration of GS3 varying from 7 to 20% .aused by 
temperatures 5C above optimum and corres-
ponding reductions of grain filling rates w3re 28 
and 5%, respectively. 

Seetharama (1977) recorded GS3 durations 
varying from 31 to 56 days in 48 lines. Again, there 
is a contrast with the uniformity of at least earlier 
U.S. hybrid material, Eastin (1972) reporting a 
range of only 38 to 44 days for five hybrids and the 
six parents used in their production. This same 
author does however report a range of 31 - 56 
lays (identical with Seetharama's range) in a 
tandom mating population, and in such popula-
tions he found ranges with the much lower limit of 
20 days. A comparison of 25 commercial hybrids 
in S.E. Queensland during the 1980/1981 season 
showed that GS3 varied between 33 and 44 days. 
J.D. Eastin (unpublished) reported a range among 
hybrids of 38.5 to 49.7 days or a range of 261 to 
314 growing degree units. 

Photosynthesis, Respiration, 
and Dry Weight Increase 

Dry weight production is, apart from the relatively 
small mineral component, the net result of photo-
synthetic gain and respiratory loss of carbon. 
Photosynthesis and its variation in relation to 
environmental factors is relatively well under-
stood, but much less is known about respiration 
which probably accounts for the loss of between 
one quarter and one half of the carbon fixed. 

The amount of photosynthesis in canopies 
depends on the amount of photosynthetically 
active radiation intercepted by the plant parts 
involved, its distribution over the surfaces-and 
hence levels of radiation per unit surface area 
-and photosynthetic capacity per unit of such 
surface. The latter may have components of 
genetic variability, and certainly does have those 
arising from a great multiplicity of influences, such 
as age, acclimation, persistent effects of unfavor-
able conditions, water status and temperature. 
Sorghum, as a C,plant, does not have photore-

spiration in its leaves, and hence photosynthesis 
and net photosynthesis of leaves during daylight 
are the same. 

Sorghum leaves have the high photosynthetic 
capacity of the C, grasses, rates in excess of 200 

2ng CO2 cm- s-' being recorded in the field for 
horizontally exposed leaves in chambers (Eastin 
1968, Rawson et al. 1978). In their natural 
orientation, which on average over whole leaf 
length can practically never be normal to the 
direction of illumination, rates will be lower. Thus 
Fischer and Wilson (1976) recorded, on the basis 
of dosing whole canopies with "CO2, average 
rates of 122 ng CO2 cm-2 s-' for flag leaves in a 
plant stand. Although these leaves are the best 
illuminated in the canopy, they are substantially 
shaded by the heads. 

Genetically based variation in photosynthetic 
capacity is of obvious interest. Although differ
ences have often been measured in a number of 
the cereals, it is never clear that they cannot be 
attributed to other factors. It does not appear that 
any serious search for variation has been under
taken in sorghum, and it will not be useful to do so 
until more satisfactory criteria can be established. 
One of the confounding influences is pOs!cible 
feedback control; that is, an influence of 'the rate 
of utilization of products on the rate of their 
production. Clear examples of occurrence and 
nonoccurrence have been reported for cereals, 
but the issue has apparently never been examined 
carefully in any situation for sorghum. 

The C,species generally have higher rates of 
photosynthesis than do C,species at high temper
atures and high light. There has been some 
disagreement amongst workers on the extent to 
which this difference is maintained at lower 
temperatures and light. The comparison is of no 
importanre here, but it might be observed that the 
efficiency of photosynthetic conversion by the 
lbaves of C,plants is unlikely to be inferior at the 
lower temperatures at which they are usually 
grown and at the lower light levels within cano
pies. Ludlow (1981) presents data relevant to this 
question. Norcio (1976) found temperature optima 
for sorghum growing in the field to lie inthe range 
350-42 0C with more pronounced genetic differ
ences at the high end, beyond which rates fell off 
sharply. Likewise, Gerik (1979) recorded genetic 
differences in the optimum. Sumayao et al. (1977) 
found a fall in rate of photosynthesis for a crop 
stand above 330C. This is however a different 
situation, where leaf is on average exposed to low 
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levels of illuminance. The temperature response 	 Eastin (1968) reported up to 40% at noon and 
of a leaf depends on illuminance, and it may be 	 even grev t,3r values at lower solar elevation, then 
that optima are affected. 	 high efficiencies of conversion are desirable and 

Photosynthetic rates are affected by leaf water genetic variation should be examined. However, 
status which may be adversely affected by both higher head photosynthesis achieved simply by 
soil water supply and rates of transpiration. The higher interception may be counterproductive 
effects are largely those of lowered stomatal because, for the latter half of GS3, photosynthetic. 
conductance. Although there are reports of inter- efficiency in the head is low and radiation is 
relationships between water status of the en- intercepted which could be more efficiently used 
vironment. stomatal conductance and photo- by leaves (Eastin and Sullivan (1969). Pastemak 
synthetic rates (e.g., Sullivan and Blum 1970; and Wilson (1976) observed that net photosynth-
Henzell et al. 1976), particular quantitative re- esis was maintained in the panicle under relatively 
lationships may have limited value, because of the severe plant water stress, while that of leaves 
capacity of leaves to acclimate to reduced water more or less ceased. 
status. This is considered later. Rate of photosynthesis in leaves is expressed 

It is probable that widespread loss of photo- on a leaf area basis but photosynthesis of cano
synthetic efficiency occurs, especially during GSJ. pies is based on land area occupied by the crop. 
in consequence of leaf pathogens which would by Maximum rates for leaves are not the important 
usual criteria, be considered minor, and evidence factor in determining high rates for canopies. The 
of such losses is apparent to workers carrying out maximum rates in acanopy will come from the full 
careful field studies of grain production. A. A. interception of radiation and its distribution over 
Done (peisonal communication) notes wide the whole leaf surface in such a way that this 
genetic diversity in sorghum in resistance to leaf surface is photosynthesizing at maximum efficien
disease, so much so that the more susceptible cy of conversion, which is at quite low levels of 
lines have no prospect of yielding satisfactorily in illuminance and low rates of photosynthesis 
the wet season of the monsoon tropics; and he (Ludlow and Wilson 1971). 
considers that resistance is a major requirement Clearly the ideal canopy cannot exist, or at the 
for cultivars adapted to such climates, best, only temporarily. The canopy structure is 

As in many ce-eals, photosynthesis in the head fixed (on a short term basis), but solar angle 
makes a signiiicant contribution to dry matter changes during the day, radiation level changes 
nroduction and grain yield. Unlike photosynthetic throughout one day and between successive 
products synthesized in the leaves which may days. and amount of cloud changes the propor
move to all parts of the plant, those of the head tions oi direct and diffuse radiation. These charac
remain there and are an important part of grain teristics of radiation are factors which determine 
yield. Fischer and Wilson (1971b) found that 18% its distribution within the canopy. Inpractice then, 
of grain yield was derived from photosynthesis in an ideal canopy is one which gives the best 
the head. about half of this being attributable to average output over a number of days. 
fixation of carbon respired there. Fischer and Canopy structural features and radiation penet-
Wilson (1976) described profiles of photosynth- ration have been described by Loomis and Wil
esis at noon in sorghum stands in the field. Over a liams (1969) and Montieth (1969). Theoretically 
period of some 3 weeks after anthesis, an there are advantages in canopies with leaves 
average of about 15% of total canopy photosynth- which are more erect, narrow, widely separated 
esis occurred in the heads, reaching a peak of vertically and randomly spaced horizontally. Fis
approximately 20%, thereafter falling rapidly. The cher and Wilson (1976) have shown all of these to 
experimental method would not detect internal be present in the more efficient canopies of 
refixation of respired carbon and therefore the sorghum at higher population densities, although 
importance of photosynthesis in the head was the relative importance of each was not deter
probably greater. To the extent that infloresc- mined. Trenbath and Angus (1975) argue that leaf 
ences intercept an im')ortant fraction of solar angle is of little importance in the C,species and 
radiation Fischer et al (1976) recorded 13% in a to be of value req,'res high solar angles. Hadley

° high populatic density stand of Texas 610. but 	 (1957), Maunder . d Weddige (1966), Graham 
and Lessman (1961?', nd Hoshino et al. (1978) 

* Texas 610 is a smut-resistant form of RS 610 	 provide evidence of the advantage of height. U. 
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Jayaruriya (personal communication) has re-
corded genetically based differences in canopy 
structures and associated differences in produc-
tivity. Fischer and Wilson's (1975c) observation of 
large population density effects on structure 
within a genotype should be noted when sear
ching for genetic differences; it may be necessary 
to examine those latter in relation to populations, 
although some of the superior characters may be 
expressed independently of population. Light 
distribution in sorghum stands has been discus-
sod in relation to pop ilation densities, spatial 
arrangements and row orientation by Witt et al. 
(1972), Kanemasu and Arkin (1974), Kanemasu 
and Owonubi (1978). Kanemasu and Owonubi 
(1978) suggest that where hand harvesting is 
carried out, it might be desirable to mix short and 
tall genotypes to improve light interception. High-
er population and more uniform spacing are 
generally shown to be favorable as expressed in 
dry matter production and grain yield, but there is 
less agreement that north-south rows are advan-
tageous. These conclusions are reached where 
soil water supply is not limiting; where it is, there 
are other considerations which will be dealt with 
later. 

Very high crop growth rates have been re-
corded for C, crops, close to the potential max-
imum of 71 gm -1d-' estimated by Loomis and 
Williams (1963). The highest rate observed for 
sorghum is 44 g m-2 d-' (Fischer and Wilson 
1975c). High rates will not occur except at high 
solar radiation, and comparisons between spe-
cies. or within a species, mean nothing unless 
made under the same conditions. 

Respiratory losses are high and therefore the 
extent to which they vary may be very important 
in d.y weight production. This is a complex and 
not well understood subject. Evans and Wardlaw 
(1976) reviewed what was known for cereals, and 
provide a general background. It is usual to 
distinguish between growth and maintenance 
respiration, the former representing the energy 
(and corresponding dry weight) loss required in 
production of new tissues, whereas the latter is 
involved in maintenance at a subcellular level, 
Grcwth respiration is closely linked to dry weight 
production. and variability as a proportion of dry 
weight may be small. 

Rawson et al. (1978) found that respiration in 
the panicle is strongly temperature dependent, 
and calculations from their data suggest that high 
temperatures would be deleterious to grain 

weight accumulation. Chowdhury and Wardlaw 
(1978) however examined temperature effects on 
grain filling in some detail and could not be sure 
that reductions associated with high temperature 
could be attributed to excessive respiration. 

Grain Yield 

There are two suurces of material for grain filling. 
The major one under normal circumstances is i; at 
concurrently provided by photosynthesis. The 
other is the product of earlier photosynthesis, 
which has been temporarily stored elsewhere. 

The usual patterns of total dry weight accumula
tion and grain growth determine significant tem
porary storage. In a period from at least two 
weeks before anthesis until several weeks after, 
weight accumulates linearly. Incontrast, for about 
2 or 3 days either side of anthesis, there is no 
significant expansion of nonreproductive parts 
and negligible increase in grain weight occurs for 
some 2 or 3 days after anthesis (Dickinson 1976); 
therefore, currently assimilated material must be 
stcred in nonreproductive structures. Chamberlin 
(1978) showed that this occurs mainly in upper 
leaves and stem intemodes, although at the peak 
of such storage roots may also be involved. 
Fischer and Wilson (1971a) and Chamberlin (1978) 
estimated that 10- 12% of grain yield is derived 
from carbon assimilated before anthesis. 

The grain dry weight is usually about equal to 
the total plant weight increase during GS3 (e.g., 
Muchow and Wilson !976). The ratio of grain 
weight to total dry weight increase after anthesis 
is referred to as the Distribution Index. Because 
the Distribution Index is approximately one, and 
some of the grain material arises from preanthesis 
assimilation, it 'ollows that some of the GS3 
photosynthesis goes elsewhere in the plant. 
Eastin (1972) and Chamberlin (1978) have de
scribed such a movement. This behavior is re
levant to the earlier discussed problem of 
reaching conclusions about sink-source limitation 
to grain filling. If photosynthesis during GS3 is 
reduced, and this can happen from various 
causes, the amount of preanthesis contribution i.' 
perhaps little affected but becomes relatively 
more important; and the Distribution Index in
creases. 

The failure of all current assimilates to go to 
grain derives substantially from the perennial habit 
of sorghum. Following the beginning of rapid grain 
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filling and the transfer of stored material, the 
weight of nongrain parts decli,ies, but later this 
increases again. This increase could be seen as 
the inability of the grain to store further material, 
that is a late stage sink limitation, but it also 
represents the renewal of vegetative growth. It 
might be argued that a sorghum with more annual 
characteristics and therefore lacking competing 
sinks for assimilate would be desirable, but this 
would have to be associated with capacity for 
increased rate or effective duration of grain 
growth. 

The importance of stored material may not be 
so much the amount which eventually becomes 
grain as that it is an additional supply which can 
offset inadequacies of concurrent photosynthesis 
during early grain growth stages. Chamberlin 
(1978) showed rates of grain weight increase 
exceeding rates of total weight increase under 
favorable conditions. U. Jayasuriya, (personal 
communication) observed, in a number of trials, 
far more uniform and usually higher rates of 
increase in giain than in total plant weight, which 
is possible only if a storage pool is available. As 
discussed eadier, eventual limitations to grain 
storage capacity and hence perhaps to yield, 
might be imposed by inadequacies of earlier 
stages of grain growth. 

Because the major limitation to grain yield 
normally appears to be the supply of currently 
produced assimilates during grain filling, and as 
also noted, grain yield approximates to total dry 
weight production during that period, the main 
objective inobtaining yield is the maximiation of 
net photosynthesis during GS3. The requirements 
of high rates have already been disr.,ssed, 
although there are difficulties of maintaining 
throughout GS3 capabilities which exist at the 
beginning. The influence of temperature, acting 
via respiration rate, has been discussed earlier, 

Water deficits might be expected to lead to 
stomatal closure and hence reduction of photo-
synthesis, but reports that stomal.a remain open 
during this growth stage will be noted later. 
Nevertheless severe reductions of dry weight 
accumulation and grain yield insorghum which is 
droughted during grain filling, is well known. 
Drought induced loss of leaf area will directly 
affect photosynthesis. High temperature may also 
cause loss of effective leaf area whereas in other 
areas of cultivation, suboptimal temperatures for 
photosynthesis may exist at this stage. Mineral 
nutrient status of the plant is likely to be declining 

because of decreasing soil moisture supply. ces
sation of root extension and perhaps reduction of 
root activity. The nutrient-and especially nit
rogen-status of leaves will be reduced by 
remobilization and transfer to grain (Myers and 
Asher 1982). Increasing age will reduce the 
photosynthetic capacity of at least the older 
leaves in the canopy. Loss of effective leaf 
surface caused by pathogen and insect attack 
may increase with time. 

Some other aspects of the development of 
grain yield have been sufficiently introduced 
earlier under Reproductive Growth, but reference 
to the seeming importance of the two is made 
here. The source-sink question needs clarification. 
If indeed the size of sink-the grain storage 
capacity-is not a serious limitation, then in
creases need not be sought. However, as ex
plained before, a careful reappraisal of some 
conclusions which have been reached isrequired. 
The other is effectivw, duration of grain filling. 
Under many cultivation situations a continuing 
source of grain filling material is not utilized 
because of the maturation of the grain. 

High yields are associated with high plant 
populations, the importance of which in rates of 
dry wo,-;qht production has been discussed. There 
is .,.-.n disagreement in the literature concerning 
yield responsiveness to ircreasing population. An 
important factor in discrepancies is probably the 
degree of uniformity within plant stands. In a 
number of trials in S.E.Queensland (Australia, 
latitude 28°S) yields in excess of 13 t/ha 
(14%moisture) have been measured. Muchow 
and Wilson (1976) recorded 14.8 t and Fischer and 
Wilson (1975c) 14.5 t. M.R. Heslehurst and G.L. 
Wilson (unpublished) measured yields from 13.2 
to 18.0 tlha in six hybrids. In all of these, 
populations were 400 000 plants/ha or higher, and 
there was a very high degree of interplant 
uniformity. In a trial (unpublished), the hybrid 
Texas 610 was grown at populations up to 
500 000 plants/ha and at three levels of uniformity 
of plant spacing. Responsiveness ingrain yield up 
to the highest population was achieved only in the 
most uniform stand. In less uniform stands, there 
was a reduction in harvest index of some plants, 
caused by reductions ingrain number to the point 
that sink limitaiions had been introduced. Yield 
decline inmaize in consequence of non-uniformity 
has been described by Glenn and Daynard (1974). 

It should be noted that the high yields referred 
to above were achieved in seasons of particularly 
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high solar radiation. The higher yielding hybrids 
have relatively uniform durations of grain filling, 
and yield variation depends largely on rates of 
filling, which corresponds closely to rates of total 
dry weight production in crop stands; these in 
tum being closely dependent on intercepted 
radiation. 

This leads to the question of scope for improve-
ment in maximum yields beyond those presently 
being obtained. High yields are associated with 
hybrids, although whether this should necessarily 
be so is a question which is not addressed here. 
One of the earlier .,f these hybrids is Texas 610, 
which is still widely cultivated. In Queensland 
(Australia) it is used as a standard against which 
the yields of other cultivars are expressed in the 
annual yield trials conducted by the Department of 
Primary Industries. In a recent 6-year period, trials 
using the leading commercial hybrids gave aver-
age yields just below that of RS 610 in each of the 
four main areas of production. 

The most promising avenue appears to be 
increased duration of grain filling, provided that 
this is accompanied by increased grain storage 
capacity. Such extension of GS3 could be based 
on either genetic characteristics or cultivation at 
lower temperatures than are usually experienced 
at this stage. It will in turn be restricted to climates 
which permit a longer growing season, or altema- 
tively must be achieved by a reduction in time to 
anthesis. The latter does not however appear to 
be particularly promising in view of the wide-
spread experience that this reduces yield. If this is 
simply a problem of inadequate leaf canopy for full 
interc,.,ntion of radiation, increased populations 
might la;mely compensate. There is however the 
possibility that further reduction of GS2 might not 
allow adequate development of the panicle, -a 
requirement for an increise in its size having 
meanwhile been suggested. Moreover small 
plants might have root systems which less 
effectively e ploit soil depth. 

This brief reference to maximum yields should 
perhaps conclude with the reminder that most of 
the world's sorghum is grown where there is little 
likelihood of attaining 20% of such maxima, and 
other aspects of the physiology of yield become 
more important. 

Water 

Of the major cereals, sorghum is one of those 

better adapted to cultivation in climates where the 
probability of water deficits at some stages of 
growth is high. Therefore its water use and 
reactions to water deficits attract particular re
search attention. 

General reviews on water relations are numer
ous, e.g.., Begg and Turner (1976), Fischer and 
Turner (1978), and Turner and Kramer (1980). 
Cereal crops are dealt with by Boyer and McPher
son ('975), while general reviews of the physiolo
gy of cereals, referred to earlier, have sections on 
water relations. Jordan and Sullivan (1982) cover 
aspects relevant to this paper. 

The features of particular interest here are 
uptake and loss. Loss occurs mainly via stomata 
which are able to exercise a control over the rate 
of outward diffusion of water vapor by varying 
their resistance. The immediate control of stomat
al behavior commonly lies in leaf water status, and 
much research has been directed to examining 
the relationship between them, with a particular 
interest in the possibility of genetically based 
variation (e.g., Henzell et al. 1975, 1976; Blum 
1974a). Such variability is observed. There are 
some reports that the range of stomatal aperture, 
from closed to fully open, occurs over a very 
narrow range of leaf water potential (e.g., Blum 
1974b; Turner 1974) although the particular value 
of potential varies widely between different re
ports. However, Jones and Rawson (1979), who 
followed a careful examination of stornsai be
havior in sorghum, concluded that responses of 
that kind probably arose from the experimental 
methods used, and that opening not only occurs 
over a wide range of leaf water potential, but the 
particular range depends on the rate of fall of 
potential. Taking into account also that most 
studies of stomatal behavior in relation to leaf 
water status have been based on leaves which 
are undergoing rapid changes of water content, 
and that in the field stress develops much more 
slowly thus permitting physiological adjustment, 
doubt arises about the validity or usefulness of 
much of the work which has been reported inthis 
area. This adjustment is the subject of much 
current study, not merely in terms of its physiolo
gy, which includes substantial osmotic adjust
ment (e.g., Jones and Turner 1978) but also in an 
attempt to identify genetic variation in the capac
ity. There is in fact little evidence so far of such 
variation. Jones and Turner found no difference 
between the two cultivars which they examined. 
Ackerson et al. (1980) report differences in osmo
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tic adjustment in leaf water potential required to 
initiate stomatal control of transpiration before 
flowering, 

Notwithstanding the view that stomatal varia-
tion is of major importance in controlling water 
use, there are reports that it plays a more limited 
role. Ackerson and Krieg (1977) and Ackerson et 
al. (1980) state that after heading, stomata are not 
sensitive to leaf water potential, down to -27 
bars, while Sullivan and Blum (1970) reported that 
stomata of sorghum remain slightly open all day, 
even during severe drought. Insensitivity after 
anthesis has also been recorded by HL,0quist 
(1973), Bennet (1979), and Garrity (1980). Acker-
son and Krieg (1977) and Aho (1980) have 
observed control of water use other than by way 
of leaf water potential and its effect on leaf 
resistance. Stomata response to leaf-air vapor 
pressure deficit (VPD) was seen to have some 
influence, while a variable internal flow resistance 
existed, increasing as soil water potential de-
creased 

Recovery of stomata occurs fairly rapidly after 
relief of stress (Sullivan and Blum 1970), but to 
what extent there is genetic variation is not 
known; and again there may be acclimation 
effects :nvoved. 

There is significant water loss via the panicle. 
Pasternak and Wilson (1976) and Rawson et al. 
(1978) recoded losses of appioximately 50 g per 
panicle per day. The former observed that with 
increasing water stress, transpiration from the 
head was little affected whereas that from the 
rest of the plant fell greatly. 

Ritchie and Burnett (1971) report that with 
adequate soil moisture, an LAI of 2.7 is sufficient 
to result in evapotranspiration of 90% of potential, 
and Ritchie and Jordan (1972) recorded leaf water 
potentials of -6 to -9 bars in this situation. 
Likewise. Ritchie (1971) found that when canpies 
exceeded 45% ground cover and transpiration 
was not limited by water supply, daily net radia-
tion was approximately equivalent to daily evapor-
ation from the crop. At lower valuer, of LAI, 
evaporation from the soil surface becomes impor-
tant. In view of what has been said earlier about 
canopy structure and productivity, it would follow 
that water use efficiency should rise substantially 
at higher LAI. Olsen (1971) presented data which 
support this. 

Ritchie and Jordan (1972), in modeling water 
loss, view soil water movement to the roots as 
the limiting factor when soil water level declines, 

Ritchie c! al. (1972) add root distribution as 
another limitation. It is interesting to note that 
these workers can model water loss without 
calling on stomatal behavior as an input. It .maybe 
that a simpler system might have been operating 
because stomata remaineu open in spite of water 
deficits, reports of whic have already been 
noted, or perhaps there vas a stomatal response 
sufficiently closely linked to soil water supply to 
permit its being ignored in the model. A similar 
explanation would have to apply to the variable 
flow resistance referred to earlier. 

Kanemasu et al.'s (1976) model of evapotrans
piration does not take account of stomatal resist
ance except that it may be incorporated in the 
crop constant which they use, and the relatively 
high levels of soil water availability at which they 
worked may not have led to sigrificant closure. In 
explaining differences between sorghum and 
soybean, they fall back on observed differences in 
stomatal resistances. 

Sumayao et al. (1977) have also observed that 
transpiration from well watered sorghum is ener
gy dependent and little affected by stomata, but 
as the supply declines they ascribe declining 
transpiration to stomatal closure. The work of 
Ackerson et al. (1980) has already been men
tioned. They found stomatal response associated 
with leaf water potential as soil water declined 
and reported genotypic differences which only 
appeared when leaf potential fell. They also noted 
the large ontogenetic change in which stomatal 
control was lost after flowering. Again, it is 
difficult to reconcile this with some of the simpler 
models of water loss referred to above. Because 
sorghum is a C, plant, a higher water use 
efficiency is to be expected and has been shown 
by Rawson et al. (1978). 

Water uptake depends on root growth, which 
has already been discussed. Bhan et al. (1973) 
state that drought resistant cultivars are superior 
in numbers and weights of roots, although onoe 
must beware of cause and effect components of 
such relationships. Thus Teare et al. (1973) 
observed that sorghum had about twice the 
weight of roots per unit volume of soil compared 
with soybean, but in fact used less water because 
of better stomatal control. Likewise Sullivan and 
Blum (1970) have reported cultivar differences in 
patterns of extraction, but they point out that root 
distribution is not the only factor involved in 
drought resistance. Jordan and Miller (1980) have 
drawn attention to the insufficiency of root densi
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ty at depth to allow adequate use of soil moisture 
which may be available there. They have evidence 
of genetically based variation. Blum (1974a) 
observed differences among numerous genoty-
pes in amount of water extracted from the soil, 
and varying associations with leaf water poten-
tials, leaf resistance and drought suceptibility. 

Making the best use of a limited supply of 
stored soil moisture is a problem of widespread 
concern. At the beginning of grain filling there is a 
balance of grain storage capacity and photosynth-
etic potential to fill it. The latter can be exercised 
only if there is sufficient soii moisture to meet 
transpirational demand while photosynthesis con
tinues until grain maturity. A crop stand which 
maximizes the development of biomass up to 
flowering may deplete moisture storage so that 
little of the high grain potential can be realized. 
One approach is to use low plant populations, 
although there can be substantial compensation 
for numbers by sizes, especially if extensive 
tillering occurs. 

Blum (1974 a)drew attention to advantages in 
slow rates of water extraction. Passioura (1972) 
made the same observation with wheat, where 
restriction of the roots to the seminal only, slowed 
down water use before anthesis so that withdownm ateu,r eo remaned o that wom
limited supply, enough remained for the comple-
tion of grain filling, 

A procedure has been devised by Blum and 
Naveh (1976) in which a crop is established at a 
relatively high density within widely spaced dou-
ble rows. The early competition not only reduces 
leaf area development and hence water use, 
but also restricts root growth so that the full soil 
volume is not occupied until late in the crop cycle, 
thereby extending water supply in time. Thomas 
et al. (1981) carried out extensive trials to test the 
value of wide rows, and concluded that there was 
an advantage only in very dry seasons and at low 
yield. They argued that the gain in such years did 
not compensate for loss of yield caused by 
inadequate populations in good years. The differ
ence between the points of view seems to be that 
Blum and Naveh's system is designed for use 
with known, relatively large amounts of stored soil 
water, but with no expectation of effective rainfallsasondurig te gowig Ontheothr hnd,
duiring the growing season. On the other hand, 
Thomas et al. were working within a cropping 
system where soil water storage is relatively low 
at planting, insufficient to produce useful yields, 
and rain is hoped for at some point in the season. 

Various workers refer to desirable strategies of 

transpiration control and soil water extraction 
(e.g., Henzell et al. 1976; Blum 1974; Suilivan and 
Blum 1970). Obviously there is no one effective 
strategy, and the requirement is to match genoty
pe and agronomic practice to the facts and 
probabilities of water supply in a particular loca
tion. 
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Swun 2 Sorghum and s Environment
 

S. K. SInha* Discumnt-I 

a di.-.%:usant, my concern shou!d be to ha-' thiough yields up to 7200 kg ha-" or ,wi:a 
tomment upon the two papers th-t have just hava boon obtained at different resarc 
toon presented. The topic co = -.zicn, sor- J:'!le 1). It is interesting to note that tho average 
,i'u)n and its environment, h - , r i-,Mssed by ,.s in the districts wibue research centers are 

.ii the speakers. I shl "-,.4' ,iore dwell located are relatively poor. This suggests that 
upx.-i ' biological aspects of the sorghLrn although thf technology for improved sorghum 
environment. production is available, it has not yet baan 

The following main points were made by the accepted by thre farmer. Since high Via.,L;nf 
prece *g speakers: hybrids and vaci-cs * EArady cornponen c;"! 
1. In lx.i,, sorghum is grown 83 a rainy-season this technology, thoae rj be thov ft 

-(klwr.,j and as a postrainy season (rabi) crop. greater emphasis placG- c, improved mnge 
During the rainy season, the total rainfall is ment in this decade. This requires a better 
generally adequate, but due to poor distribu- physiological understanding of the crop in order to 
tion, it can cause agricultural drought. Tho plan a suitable management strategy. 
poztrainy 7eason crop is grown mostly o 
black soils or. stoi-'A soil moisture, after the 
cessation of the monsoon rain3 in central and 
south India. 	 Teblo 1. Experimental farm yilkds and the average 

2. 	In Ehe -.inv season, the maximLm and mini- ylald of sorghum In some dlstrlcm. 
mum temperatures range between 35°C and Yield Yield 
15oC respectively in different parts of the Research Stn Kg/ha-' District Kg/ha-' 
country. The temperatures normally decline at 
the time of grain development. Inthe postrainy ICRISAT 7200 Medak 410 
season higher temperatures generally prevail Rahuri 5920 Ahmednagar 410 
during planting and grain fill. Amravati 5750 Amravati 1230 

3. 	The phenology of the crop is important in Dharwar 6900 Dharwar 1491 
relatioo to productivity. Matching of critical Coimbatore 5780 Coimbatore 863 
stages, such as grain development, with ade- Akola 4040 Akola 673 
quate water availability and suitable tempera- Parbhani 4120 Parbhani 681 
tures would be desirable objectives. 

Some mention was made about partitioning of 
dry matter after anthesis, effects of temperature Physiological Aspects of Yield 
on grain development, respiration, population 
density and modeling. Wilson and Eastin (1982) have given a detailed 

account of the various growth processes from
Sorghum Yields in India germination to grain fill, which could influence 

grain yield in sorghum. However, it is important to 

know the capacity of available cultivars to produce
The average yield of sorghum, in India, is 675 kg dry matter and their ability to partition it for grain 

* 	Professor of Plant Physiclogy, Water Technology production. It is the complementation of these 
Centre, Indian Agricultural Research Institute, New components which determines grain yield (Sinha 
Delhi. India. and Khanna 1975). 

International Crops Research Institute lor the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov M, Patancheru, AP.. India. Patancheru. A P. Ir,dia: ICRISAT. 



We have grown hybrid CSH-6 at Delhi from Therc,,ore, the average weight of a panicle is 
1979 to 1981 with and without irrigation (Chatur- about 175 g.At a relatively lower population such 
vedi, Kailasanathan, Rajagopal and Sinha, unpub-
lished). Dry matter accumulation up to 22 tonnes 
Ia- was obtained in this hybrid in 92 days. This 
gives an average rate of 23.9 g ml day-' for the 
entire period of growth. The interception of light is 
almost complete after 40 d vs o! .rwth when 
the maximum leaf area is r .-. In the last 50,,cthed. 
days a crop growth rate of 40 g m2 day ' was 
recorded. It wa select the peak period of dry 
matter accumulation, then a rate of 50 g ml day-' 
was observed. 

Despite 22 tonnc ha- u. rV matter produc-
tion, the grain yield -:s o';y 4.5 or 5.1 tonnes 
ha-'. This means that under field conditions, a 
relatively poor harvest index is achieved despite 
the fact that on an individual plant basis the 
harvest index is sufficiently high in hybrids (Sinha 
and Khanna 1975). Accordingly studies on panicle 
development, its potential and characteristis 
become important areas for investigation uia"*-r 
field conditions where interplant competition is 
important. 

Sink Potential 

!n most of the hybrids released in India including 
CSH - 6, panicle differentiation starts between 25 
and 30 days after sowing. Anthesis occurred 
between 55 and 57 days and maturity was 
obtained between 85 and 91 days (Table 2). The 
analysis of panicle characters shows that there 
are on an average 90 or morn secondary branches 
and each secondary has up to 50 kernels or more. 
The kernel weight is 30-35g per 1000 grains, 

" as 2 or 4 p!3nts rn a grain weight of up to ; ,Og 
per panicle can bn oained. All this sug ,ts that 
the 'sink' potential of the existing hybtids. particu
larly CSII.3, is considerably high. but is not 
realized in spite of su~ficient dry matter being 
produced. 

The following questions become relevant in this 
respect: 
1. 	Why under field conditiono is only 20% or less 

of the potential paracle weight achieved, de
spite the availability of dry matter? 

2. 	 What is the form in which dry matter is stored 
in the stem and leaves? 

3. 	 Is it possible that limitation of some nutrients, 
tK..., as nitrogen (applied say at the rate of 
40-60 kg N ha-') restricts the development of 
grains in the panicle? 

4. 	What is the effect of senescence of leaves on 
the mobilization of nitrogen from leaves to 
grains? 

5. 	What percentage of dry matter produc(,f r 
anthesis, is utilized for grain development? 

Answers to the above questions would provide 
a better understanding for achieving higher yields 
under favorable conditiuns. 

Effect of Water Availability 
and Population Density 

The pattern of dry matter accumulation for 1979, 
1980 and 1981 is given in Figure 1 in relation 
to rainfall. In the last 2 years, the crop was 
irrigated at the time of anthesis, therefore for 
about 40-60 days from sowing, there was 

Table 2. Effect of location on the number of days to differentlation, anthesis, and maturity Inthe sorghum 

hybrid CSH4. 

Flag leaf 
Location Latitude I°N) Initiation emergence 

ICRISAT 17.27 18 41 
Rahun 19.24 
Delhi 28.35 25 41 
Hissar 29.10 48 

Days from sowing 

Anthe.is Maturity 

55 85 
55 86 
55 86 
57 91 

lBased on collaborative modeling experiment with ICRISAT Agroclimatology program. unpublshedi 
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Figure 1. Pattern of dry-mattar accumulation in 
relation to rainfall in 1979, 1980, and 
1981, in h!'brid CSH-6 (Chaturvedi, 
Kailasnathan, Rajagopal, and Sinha, 
unpublished), 

adoquato watcy io sur,)ort growt'i. ,7wever 
because of ti-tc fur of rains in 197q mdJ 1961, a 
water deficit (&-svu!ked frcO , , Cte 

-,anthesis. lrri ti'con at this in'Aa aI dry 
b70%and rsultsd i cofrain'. 

that tmere is adeW , moiture available i ta 

soil profit fter 
Phal 192 ~tri g;&4 yiB in 

whe ,. liz ,..- with wloa' ocilabiiity
after r.t This is p..zsibly becu-s lrost of 

the pnotosynhato proidaed after anth-;.sis is 

utilized for grain development. In sorghum, the 
increase in dry matter production after anthenis 
was 192% in 1981 (TablD l), but the increase in 

;iy This suggests thatgrainpost-anthesisyield wasphotos .hates,%. are not utilized for 

gw development inscrghurasQ'ofectively asor 
wheat. This aspect requires dcii'a investigation 
under Indian conditions. 

One of the methods for ensuring adequate 
moisture aftor anthesis could be by manipulating 
pcpujatiort ciansity. In the All India 'oordinated 
Dr~land Agriculture Research Project, apopulatien 
of 180 00 plants ha-' is recommended. This 

popultion was not found suitable in a year of 
defi',rt rainfall but was t-80..nisfactory when the 

awter tdes-. Therefor, it aplc. th ar
nufl,,.er ofof studies at different Iocoi-oi are
requirod to determine the suitable popul"tin for a 

given water regime at different stages of growth.
Considering the fact that in the semiarid 

regions of India where sorghum is grown; the 
rainfall ranges from 700 to 1400 mm ('imar 

and Virmani 19821 the poz;5;bliies of cufir~ g 
runoff water are very promising. A single ir-ir'.. 
tion with the stored water could considerabl'y 
crease yields and would alleviate the period of 
drought. 

Table 3. BakWW end grain yed In CSH-8 st DIN. 

Year 
Biological yield (qlha)* 
10 I, 

% increase 
over 10 

Grain yield (qlha) 
10 I, 

% increase 
over 

1979 
1980 
1981 

169±16 
153±2 
117±3 

173±2 
160±7 

13 
3' 

34±3 
39±9 
27±2 

.15±8 
51±2 

15 
89 

"q - quintal llq - 100 kg). 10 = No irnigatin; I, , Irrigation at anthesis. (Samo in Table 4.) 
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Table 4. Total dgy mate dstirulbatw N' C V~-t&W.4 _:crnfhm . 

At anthesis Post-anthesis (gm-2) 
% increase % incre=o 

Year 10 I, over 	Io IQ I, over 10 

I19"Y % ±29 	 1104±45 
1'0 682±43 682±43 	 851±43 1050±24 23 
1981 893±94 Cri±94 	 437±18 1276±111 1 2 

Rabi Sorghum 	 tors, crop growth, a dwvclopment. Thi, is 
where the emprsis in tkio ei.htfis shoula be 

Sivakurnr od Vimu-ni (.r2)in their paper stated placed. Breeding for stabity ownmponents, such 
the cu-, :ions An-ier which rabi sioghm is as diseases, may be a better objective thw:t 
grown. The main problem is tha in black soils breeding for yield. 
cracks appear from the time of panicleemergence 
to harvest. A rise in mean temperature then adds 
to the problem of drought, leading to poor yields. 
The following questions are relevant o this 

1. 	 'V't:- is the i;n:ailavailable soil noisture and 
r :,vl PASSOjuRA, J. 9. 1976. Physiok"jyof grain yield in wheatlong does it take for the soils to develop 
cracks? growr.q on stored water. Australian Journal of Plant 

2. 	 How much cumulative evaporation leads to Physiology 3: 559-65. 

cracking? 	 SIH. S. K.. s;,. , R. 1975. Physiological, 
3. 	Can the time of panicle emergence be ad- bozhernical and z':.'Iic basis heterosis. Advances in 

justed to occur before the a ;D. ,s;rnee of soil Agronomy 27: 123-170. 
cracks? 

4. 	Would photoperiod sensitive v~r:':; be more SrVAKUMAR, NM.V. K. and ViRMAN, S. M. 1982. The 
desirab':? (In fact M35- 1. which is adaptable physical environment. These Proceedings: ICRISAT. 
to these regions, is a photosensitive variety.
 
Will early differentiation in this variety be more WILSON, G. L.,and EASTIN, J. D. 1982. The plant and ils
 
2dvantageous?) environment. These Procoedings: ICRISAT.
 

5. 	What is the optimum population which a given 
..-lmoisture profile could support up to grain 

'-velopment?
 
ov,yunderstandroi,. l.h%.
r,.' above questions have 

not been adoressed i;)dipih in the rabi sorghum 
growing areas. Answers to many of these ques
ions would be necessary to develop a suitable 
strategy for improving yields. 

Snclusions 

In India, considerable progress hfs been made in 
breeding for yield. Consequently ve,y high yield
ing cultivars are available. However in my opinion, 
,he average i.,d of sorghum will increase only 
throiigh improvement in management, based on a 
detailed understanding of agrometeorological fuc
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Session 2 Srghum and its Environment 

P. R. Goldsworthy* Discussant-2 

Th. p,.lp's of Sessions 1 and 2 have referred to 
two si ticns in which the gims of sorghum 
impWa.inient are likely to cifki. Tha first con-
cems fme environ;'-t. the aim of 
improve.rit is often to achkl.v',,aximum poten-
tial Irodu'¢ i; the second is in adverse environ-
ments where the aim is usually to prevent or limit 
, ;.d Though the aims may differ, an 
und, . :tIing of the development of yield in 
tvm'rs of the phonology of the crop, in the manner 
d-'scribed here by Professors Wilson and Eastin, 
is a necessary step towards crop improvement in 
both situations, 

The phenology of the crop places the develop-
rnI-nt and production of yield in time. How this is 
eone is lik,'q ',o have an important influence on 
yield in any given environment. The recognition of 
different stgjs of development of a crop plant 
and measuroernnt *f tho rate arid duration of the 
changes that take place during e¢ch stage pro'de 
the bNsis on wthich to examine how the time 
available is usad to produce yield, and whether it 
can be used better. 

In favorable environments the aim is towards 
the highest potential production and for sorghum, 
improvements are designed to exploit the high 
gvowth rates attainable L , C, crops. There may be 
scope for manipulation c the duration of the 
growth phases to rnmo better uLve of time and 
avoid undue competiticr- between tho developing 
grains and other denisnds for assimilates. The 
duration from anthesis to maturity has not been 
found to vary greatly, but within its span a longer 
eff,3ctive duration of grain growth offers the 
prospect of improved yields. Even so it is pointed 
out that feedback, by which the rate of utilization 
of the products of photosynthesis influences the 
rate of their production, often confounds studies 

* The International Center for Agricultural Research in 
Dry Areas. P.O.Box 5466. A*.po, Syria. 

of s,)urce-sink boAnce eiid little more progress 
may be possible until Ntt.r technique.3 of mea
surement are availai to us. 'Yilds of 14 t/ha or 
more have been attair,- , it is probable that 
this is near to hat m rnumr production with the 
prospect of o ,lycoaparative!' small additional 
gains in '0" futuie. 

Advo-cnvionmvnrs presw m a different chal
lenge. Dr. Leng hea sh,'¢en ui ov prorajss to 
increase production andj';isk ol cereal cniiss hais 
differed between crOcp and regions over tha pcs 
three decades. However, p3t of this contmst in 
rates of progress rry !I) a consequenc-9 of 
differences between environments. Much of the 
increase in yield and production of wheat and ri 
in Asia has come from irrigated cfo ps; tha 
corresponding increase in yields of roc-i~ in the 
United States and Europe, and of soghcn in th3 
United States and Mexico, has bon =-sorn
plished in favorable environments. In contrast. 
where the environment is less fnvorab, -cd there 
is less control over it,gains havo been smabilr. Dr. 
t.eng provides a notable example with wheat in 
the United States, where managemoent of the 
cmp is extensive rather than intensive, -,'VJ yield 
increases have been small. Similarly there ha3 
been much less progrr,s; to improve yields of rice 
in Africa or of maize om-: sorghum in Africa and 
Asia, whek. these crw-ys are grown without 
irrigation, with uncertain rainfall and on marginal 
land. Yields of sorghum in these environments are 
around 700 kg/ha and the near maximum yields of 
14 t/ha attained in favorable environments are of 
little relevance. The principal aim in less favored 
environments is to limit yield losmfrom pests and 
disease, or from -Jverse vori.tins in environ
ment. particularly in the amount and distribution of 
water. 

Pests and diseases o1 n cause serious losses 
when control of the environment is limited. In 
small-scale agriculture, host plant resistance is 
often the only practical means available to control 

International Crops Research Institute for the Semi-Ard Tropics. 192. Sorghum in the Eighties: Proceedings of the International 
Symposium cri Sorghum. 2-7 Nov 81. Patancheru. AP.. India. Patancheru. AP. India: ICRISAT. 

125 



damage. Recent advances in food legumes illus-
trate how new sources of genetic diversity can be 
used successfully to develop resistant varieties 
and -- limit loss. This may be the only practical 
way to control pests and diseases of sorghum 
also, p.:roiculary downy mildew. 

To minimize the adverse effects on crop yield of 
variation in climate, we must first recognize 
distinct climatic zones as described here by Drs. 
Sivakumar and Virmani. The next step is to define 
the expect.--d variation within these zones so that 
we can ui-,te the risk posed to a crop. 
Seasonal vwi-ions in temperature and radiavon 
at a qiv-n site are comparatively predictada; the 
amourn? and duration of rainfall is usualky much 
less predictable. The variation in depth and physic-
al characteristics of the soil also influences direct-
ly, the amount of water available. These variables 
can be defined to ectimate the eypected duration 
of the growing season when water is available, 
arid the probability of the occurrence of periods 
when w.±;tar will be limiting, in the manner 
describedIcy Drs. Sivaurmar and Virrnani. The 
ag;-nomist or breeder hos then to select a 
genctype with the phanok:y and physiological 
responses that will place the p,'duction of grain at 
the most favorable time, when there is neither too 
much nor too little water. 

Because of the, geographic spread of their 
responsibility, the crop improvement programs at 
international agricuLial research centers have 
usually adopted ;ecurrent selection procedure 
based on the performance of breeder's lines at 
several locations, in different environments. This 
leads to the development of improved varieties 
that are less sensitive than :raditional, local 
cultivars to the features of a particular environ-
ment. but it has the advantage that the improved 
varieties can be widely distributed. However, in 
some regions, notably West Africa, photoperiod 
sensitivity in local cultivars is a necessary part oftheofsorgumdapatio o grwin seaonstheofsorgumdapatio o grwin seaons 
that differ in length with latitude, and introduced 
cultivars that lack similar adaptation are therefore 
unlikely to be widely adopted. This suggests 
much more work may be required with photo
period sensitive genotypes adapted to specific 
environments. 

Genotypes which by virtue of their phenology 
avoid drought can help to diminish losses. This is 
not a new concept. May and Milthorpe (1962) 
argued that it was likely to be a more rewarding 
approach than the search for tolerance to internal 

water deficits, which until then had attracted 
more attention and continues to do so. 

Root distribution also has adirect bearing on the 
amount of water available to a crop and Profes
sors Wilson and Eastin note that there is genetic 
diversity in root morphology in sorghum that 
should be expored. 

The accumula, ion in the stem of labile carbohy
drate which con later be mobilized to fill grain is a 
fature of many old, traditional cultivars of cereals, 
and is usually associated with low yiGd. It is not a 
feature of new modern varieties. Even so, it may 
represent a useful mechanism of survival, buffer
ing grain yield against circumstances which may 
adversely affect photosynthesis during grain fill
ing. In developing vatieties for adverse environ. 
ments we may not wish to discard this character 
entirely. 

The two papers by Drs. Sivakumar and Virmani, 
and Professors Wilson and Eastin illustrate the 
variation in the crop and its environment, and the 
complexity of the relationships between the two. 
One conclusion is the need for perhaps fewer 
experiments, at selected locations, with better 
environmental data, so that more general and 
useful conclusions can be drawn from them. 

Two other topics warrant special note. i.e., 
seedling emergence, and hybrid vigor. Dr. 
Peacock notes the first as n important problem in 
many SAT regions, yet if piogress is to be made 
there is a need for a better definition and then 
measurement of the characters that determine 
seedling vigor. Similarly, if hybrid sorghum is 
consistently better than varieties there is need to 
explain this in terms of rates and durations of the 
measurable processes that determine yield in the 
two types of sorghum. 

Reference 

MAY, L.H., and MILTHORPE, F.L. 1962. Drought resistance
of crop plants. Field Crop Abstracts 15: 171 - 179. 
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Session 2 Sorghum and its Environment
 

Discussion
 

Nicou 
Iwish to make the fcllowing three cornmnts on 
the phtrsical environments of West Africa: (1) A 
number of sorghum zones exist in West Africa 
where the average rainfall of bL',tween 500 and 
SCO rm:m comes in a very erratic pattem. This 
makes sorghum brocziing more diffictit. If too 
short, the sorghum plarts might withe , if too 
long, the grains might k-.ome moldy. (2) The 
soils of this rygon ae mostly sandy and sandy-
clay and the vv'ater re.zrve is npToximately 8 
cm. Moreover the soil depth is of feat import-
ance; and the presence of a ! t,,;hs cru;t at 
30- 6O cm makes it more difficult to stud/ the 
plant response. (3) Inatempting to improve crop 
yields, zronomic research should not be 
ignored. The studies conducted over the last 20 
years in Upper Volta suggest that a little extra 
water appiod in time has a profound effect on 
increasa in gran yierJ. 

Scheuriwi 
I would like to elaborate on Mr. Nicou's corn-
ments conceming sorghum pl.nr growth in 
Wcz Africa. The West African farmer recognizes 
!he 3uc s disruption of regular rains in Septem-
ber. He adjusts the planting date of his local 
sorghums so that they will flower during the 
latter fortnight of September. In many years the 
plants flower and fill grain under extreme 
drought. The soil moisture and fertility levels are 
extremely low during postfloral drought since 
the soil clay content and CEC are so low in West 
Africa. Local sorghums have evolved over cen-
turies under those austere conditions. The local 
sorghums, particularly the guineenses are able 
to fill sound vitreous grain under postfloral 
drought stress, while under identical conditions, 
introduced varieties and hybrids seem to phy-
siologically coilapse after flowering. They set 
floury grain with low test weight which is 
useless as food. We must be careful not to 
overstate the potential performance of HYVs and 
introduced hybrids under the severe conditions 
in West Africa. If new varieties and hybrids are 

ever to make an impt ct in West Africa, they
 
must be able to handle the boom and bust
 
situation of vigours growth under high moisture
 
during the month Weceding anthesis followed by
 
the filling of hard vitreous grain under extreme
 
moisture and fertility deWton during the month
 
following anthesis.
 

Sivakumar 
Your comment is vw'y partinea.t and impoi'tant. I 
should mention that tha work of Drs. Kanm 
and Andrews, from tha InstituL of Agricultural 
Research at Samaru, on shmt Kaura, a photosen
sitive Nigerian sorghum showed that when 
sown after 26 May, the total dry weigt and grain 
'-,eld decre3sed at the rate of 1700 kg/ha per 
wek and'360 kg/ha per week respectively. Dr. 
Curtis and Professor Bunting also showed that 
the date of headuing of local sorghum is closely 
related to the avosge date of the end of local 
rains, by means of photoperiodism. 

Parvatikar 
Winter sorghum grows on stored, limited, and 
depleting soil moisture conditions. The tempera
ture increases as the crop rratures. Under these 
conditions which of the growth stages-GS1, 
GS2 or GS3-should have longer duration? 

Wilson 
I do not know if a IonC . 1 has any value; along 
GS2 may lead to increased numbers of florets 
and hence numbers of grains and a long GS3 
should, if potential grain sizes are adequate to 
accommodate the additional material available, 
lead to larger grains. Overall therefore yield 
should increase. Howevr the field situation is 
commonly one in which long crop durations are 
undesirable for a number of reasons, most of 
which result in yield reductions. 

Eastin 
Not much information is available on this point. 
However, growth room tests suggest that a 
10% reduction in length of the panicle develop
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ment period can reduce seed number per unit 
land area by a fourth to a third which coireo-i 
ponds closely to the percent grain yield reduc-
tion. Generating a high leaf area during GS1 (long 
duration) may not be desirable in severe stress 
areas. 

Payvatikar 
J.,st by improving crop stand (ear bearing plants/ 
unit land area) and harvest index in M35-1, a 
significant irnprovement, in yield cpn be achieved 
in the rabi (pstrainy season). Breeders should 
cooperate with physiologists in this venture. 

Wilson 
An increase of harvest index achieved by in-
creasing, and storing as grain, the amount of 
material produced after anthesis, relative to that 
produced earlier, should genora!ly be satisfac
tory. If, however, it results from maximizing the 
movement to grain of both stored photosynthate 
and that produced during GS3, there are two 
problems. One is increased risk of lodging. The 
other is reduced fodder value of the stover, a 
very important component of yield in some 
countries like India. 

Fana 
(1) Dr. N.G.P. Rao has shown this morning that 
ihe total biomass production of tropical varieties 
is much higher but they are low in productivity 
due to low harvest index and poor population 
performance. Therefore, the first correction to 
be made in the tropical tails is to modify the dry 
matter distribution so that the major part of dry 
matter produced is translocated to the earhead 
as shown by the high harvest index of CSH-1 or 
CSV-1. 

The second step to increase the productivity is 
to increase the total biomass production main
taining the high harvest index (around 40-50%), 
and the maturity. It amounts to -he simultaneous 
selection for high rote of growth and high harvest 
index. CSH-5 and CSH-9 are examples. These 
hybrids have an average yield of 4 t/ha or more 
under rainfed agriculture. Their potential yield is 
S-9 t/ha. Now the question is what is next? We 
have two alternatives at this stage-either to 
continue the selection for a higher rate of growth 
a0d h,gh harvest index, or to select for a longer 
grain filling stage without changing the maturity 
period and the population response. 
(2) The temperate early dwarfs show wider 

adaptability across the continent but not the long 
duration dwarfs. We do not know the physiolo
gical basis for the wider adaptability of temper
ate dwarfs. 

Sinha 
Many Indian hybrids have high yield potential 
(seed number). It will be diffi!k to increase this 
potential further without changing the length of 
GS2. Under Indian conditions further increase in 
GS2 is not desirable. 

Blum 
There is a higher root density per unit leaf area 
(cm root/cm3 soil/cm leaf area) in early genoty
pes, as compared with late genotypes. Hence 
early genotypes are also more dehydration 
avoidant than late ones. 
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Factors Reducing Sorghum Yields
 

Environmental Stress
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Reaction and Resistance
 
of Grain Sorghtim to Heat and Drought
 

W. R. Jordan and C. Y. Sullivan* 

Most of the world's grain sorghum production 
occurs in add or semi-arid climates without the aid 
of irrigation. Droughts of variable duration and 
intensity are commonp!ace in these regions and 
are often associated with above average tempera-
tures. The economic and moral implications of 
serious crop losses from recent droughts have 
focused new reeacrch efforts on the manage-
ment of limited water resources to maintain high 
yields. In the following sections we axeminthe 
response of grain sorghum to low soil water 
av;.J-b'ihlity and higi' temperatures and ditscuss 
means to ameliorate deleterious effecis of tgese 
stresses. 

Potentially, the !)rolr of crop performance in 
water-limited sit;ktdons resolves into two basic 
compo.ents. A ge &' component sets broad 
limits on the mtcK.,m(s) through which the 
plernt co-. with a !;pec4sifc stress, while a 
m~renmsat component in uercis both pattern 
rai total amouit of water ,v?-!, to the crop. 

Even though each cornponent may heh v d as,ve) 
distinct from the other, tihi ph'sion oi genetic-
ally.conlrolled rnechansisns often reprace.its a 
form of adaptation which depends on the nature 
of the drought. Because the components do 
interact, efficient use of water must br based on a 
thorough understanding of the entire produclion 
system including climate, management, and 
genotype. 

Yield and Water Use 

Results from recent field studies shown in Figure 

Professor of Crop Physiology, Texas Agricultural Ex-
perirnont Station Blackland Research Center, P.O. Box 
748. Tenple.Texas 76503, and Research Plant Phy-
siologist, USDA-SEA-AR. University of Nebraska, Lin-
coin. Nebraska 68583, USA. respectively, 

1 (Garrity 1980; Sullivan et al. 1980; Garrity et al. 
1981) illustrate the linear relation between grain 
yield and total water use (evapotranspiration, ET) 
reported by others (Hanks et al. 1969; Inuyama et 
al. 1976; Gerard et al. 1980). This general relation 
is expected and results from the central Foles 
played by photosynthetic tissues in light intercep
tion and by stomata in rejjulation of water vapor 
and CO2 exchange. 

In Garity's 3tudies, ET was varied with a line 
source sprinkler irrigation system where water 
applicntions decreased linearly with distance per
p.endicular to the source line Hanks et al. 1976). 
By using two paraill source 'incs spaced at 
appropria te distarncec, and by operating th lines 
singly or simultaneously, water may be applied in 
a gradient (G)or uniform (I) fashion. Data prq
c.mted in Figure 1 were obtained by operating the 
system in the gradient mode during ll three 
growth stages (GGG treatment) which ,,',:owed 
gradual developnient of water stress throughout 
the season. Figure 2 illustrates results from other 
treatments where gradient or uniform irrigations 
were applied in combinations with different 
growth stages. In this manner, the effect of water 
deficit at specific growth stages was determined. 
For exampt.a, the GGI treatment was irrigated in 
the gradient mode allowing stress to develop 
during growth stages 1and 2 (GS1 = 5-leaf stage 
to panicle initiation; GS2 = panicle initiation to end 
of anthesis), with a uniform irrigation (no stress) 
applied during growth stago 3 (end of anthesis to 
physiological maturity), 

The relationships presented in Figures 1 and 2 
illustrate several points. Harvest index (grain 
yield/total above-ground dry matter) was not 

affecied by water stress suggesting that all three 
hybrids possessed mechanisms which allowed 
maintenance of the balance between vegetative 
and reproductive growth. However, the slopes of 
the regression lines differed among hybrids and 

International Crops Research Institute fortha Semi-Arid Tropics. 1982. Sorghum in tho Eighties: Proceedings of the International. 
Symposium on Sorghum, 2-7 Nov 81, ?-.iancheru, A.P.. India. Patancheru, AP. Indi3: ICRISAT. 
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Figure 1. 	 The relationship between evapotranspiration mind grain yield for three sorghum hybrids grown 
on a sandy soil in western Nebraska in 1978. Evapotranspiration was modified by j ,rqulation 
of soil water availability with a line-source sprinkler irrigation system. See text for details of 
the treatment (from Garrity 1980). 

irrigation treatments suggesting differences in 
water use efficiency (WUE, defined as grain 
yield/total ET). The effects of water stress (re-
duced ET) on relative yields did not vary among 
hybrids, turther suggesting that differences in 
yield potential with adequate irrigation w3s pri-
marily responsible for differences among hybrid 
yields under water-limiting conditions. Because of 
the difficulty in separating soil evaporation from 
transpiration, the genotypic variation in apparent 
WUE may not translate into real biological differ-
ences in grain yield per unit water transpired. 

The response of 'RS 626' to soil water availabil-
ity during each of the three growth stages (Fin. 2) 
provides evidence that the history of witer 

availability to the crop may significantly alter the 
apparent WUE. For example, the apparent WUE 
of the GGI treatment was lower (greater yield css 
per unit ET reduction below maximum) than GGG 
even though there was no stress during the grain 
filling period. These results suggest that the yield 
potential for the crop was already set and high soil 
water availability during grain filling contributed 
more to ET than to grain yield. Results from the 
IIG treatment suggest a greater loss of water 
occurred as soil evaporation during early growth 
before complete canopy cover (a leaf area index 
approximately equal to 3) was achieved. Addition
al water losses via soil evaporation contribute to 
ET but not qrain yield accounting for the lower 
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nance in situations where extensive 'head blast0-
ing' results from sever, heat and drought stress 
during the boot stage as illustrated by the re
sponse of 'RS 610' (Hsiao et al. 1976b). Severe10-


Gl x"i 	 stress at head emergence resulted in lower seed 
numbers per head. but enhanced tillering resulted 
in more heads per plant. In spite of serious head 

20-s 
blast, final yields were still 78% of the fully 

-watered controls. Genotypic variability in head 
3O blast in response to drought has been observed 

and will be discussed in a later section. 

1:1 sSituation and Risk Analysis 

s 
G G IIG 

1978 Crop imDrovement for enhanced drought resist

50 40 50 3430 00 
ance r'!st be based, first of all, on a quantitative

110understanding of the production climate with 

Evapotransplration deficit (%) 

of eva mro iionFigure 2. The re~tI &;.,i ty 
o1Jion
deficit to grain rof rc for 

"RS 626' h&yfgra~rs &vih um. Refer 

to text for treatment definitions (from 

Gariy et a!. 1982). 

WUE cz;mpared with the GGG trc:.iment. Harvest 

indrctx:xas unaffected by ET deficit (water stress) 

in all treatments. Ti i consistent with the report 
that the harvestof Boyer and -,975) 


index of maize was not altered by soil water 


deficits sufficient to reduce gr a,:,
yields by 50% or 

more. Some genotypic variability for maintenance 
index during drought is suggested,of harvest 

however, from data presented by Hsiao et al. 
grain yield of sorghum(1976b). They found 


cultivar 'Ryer 15' fell as irrigations were reduced, 

but the harvest index remained relatively con-


stant. Incontrast, 'DD38' maintained grain yield at 


the expense of dry matter in vegetative parts 


(higher harvest index), 

In the examples of Garrity et al. (1981) and 


Hsiao et al. (1976b) discussed above, soil water 


.vailebility was adjusted so yield reductions were 

- crally less than 50% of maximum and actual 


jiain yields were above 3000 kg/ha. Sin," even 
the low yields achieved in these studies represent 

producingexcellent yields in some sorghum 
regions, additional mechansims for drought resist-
ance would likely be required for crops grown 

with severe water limitations. Developmental 
plasticity could contribute greatly to yield mainte-

regard to soil water availability. Detailed soil and 

weather information are available for many loca

tions, but, until recently, interpretation of this 

information in terms 	of plant response has relied 

extensive yield testing. Consideringstrongly on 
the cost, time requirement and environmental 
variability encountered from yaar to year, it is a 

small wonder that breeding of truly drought 
resistant cultivars has been a difficult goal to 
attain. 

Powerful new tools in the form of Crop Simula

tion Models (CSMs) are now available to assist in 

the development of drought resistant cultivars. 
Such models are driven by climatic inputs, usually 

in the form of temperature, solar radiation and 
a rapid, inexpensiverainfall, and thereby ,rovide 

means to test specific hypotheses related to 

weather sequence effects on growth, develop

ment and yield. When coupled with a soil water 

balance subroutine, plant response to any degree 
or pattern of available soil water may be evalu

ated. While this appioach will obviously not 

provide a panacea for all problems, we propose 
that accurate, validated CSMs be used to evaluate 

the potential benefit of specioic mechanisms 
relate_,tc drought resistance. This approach, with 

crop maturity as a test variable, is illustrated in 
Figure 3. 

Inthis example, the CSM entitled SORGF (Arkin 
et al. 1976; Maas and Arkin 1978), was run on 31 
years of weather data from Temple, Texas; 
Lubbock, Texas; and Manhattan, Kansas. Be

cause of model construction, anthesis date was 
varied by specifying that the crop formed either 15 

(early maturity) or 17 (later maturity) leaves. This 
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Figure 3. A, C, and E represent a 31-year average distribution of precipitation (shaded bars) andpotential evapotranspiration by months for three locations. B, D, and F represent the 
probabilityfora given yie/d at those locationsfor an early (N= 15) anda late (N = 17) maturity
genotype. Yields are from simulationswith SORGF using actual daily weather data for each 
location. See text for details. 

choice produced anthesis dates which differed by
about 10 days at each location. The soils at each 
location were assumed to hold a maximum of 
180 mm plant available water within the profile,
The profiles were assumed to be completely filledat planting time at Temple and Manhattan, but 

only 50% filled at Lubbock because of low winter 
rainfall (Fig. 3A, C. and E). Planting dates were 
those commonly used ineach region. Yields are 
expressed as a fraction of the highest simulated 
•ield during the 31 seasons. 

several points may be made from this analysis,
First, in this situation the later maturity genotype 
isalways preferred at Lubbock (Fig. 38) since the 
yield is slightly higher at any probability level. 
However, this is not the case at Temple and 
Manhattan (Figs. 3D and F)since the probability 
curves crossed at relative yields near 0.6 and 0.5, 

respectively. At these two locations early maturity
is associated with greater yields inabout 33 and 
15% of the years, respectively. Since producers
will be penalized in terms of yield in only a 
relatively few years at Temple and Manhattan.and rarely at Lubbock, the risk associated with 

using the later maturity genotype is more than 
offset by its higher yield potential (compare early 
vs late at high probability levels). The power of 
CSMs in preliminary analyses of this type is 
evident in the wide choice of possible initial 
conditions, and a quantitative estimation of the 
effects of many proposed modifications of crop 
response may be obtained. 

A basic requirement for using CSMs such as 
SORGF is that each potential mechanism for 
drought resistance must be quantified interms of 
changes inplant morphology, phonology, or phy
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siolugical activity. Hereir, lies the most serious 
limitation to the use of CSMs to evaluate potential 
mechanisms for avoidance or lolerance of 
drought. For ths; most part, individual mechanisms 
have not been studied in sufficient detail to 
quantify thair effects in terms of specific plant 
responses. Concentrated research 6fforts inthis 
area are badly needed. Mechanisms of potential 
benefit to survival and yield maintenance of 
sorghum grown under drought conditions are 
considered in rnore detail in the following sec-
tions. 

Mechanisms for Avoidance or 
Tolerance of DroLght and Heat 

The literature abounds with examples of metabo-
lic and growth disturbances induced by water 
stess. Few of these disturbances have been 
critically examined to determine their potential 
roles as contributing factors in overall drought 
resistance. Jordan and Monk (1980) summarized 
reports for sorghum related to various mechan-
isms for avoidance or tolerance of drought and 
concluded that avoidance mechanisms provided 
the greatest opportunities for yield maintenance 
since tolerance mechanisms were often associ-
ated with substantial yield losses. Some selected 
examples are discussed below, and a subjective 
evaluation of their potential usefulness in crop 
improvement is made. 

Maturity 

The potential for matching crop maturity to 
specific, water-limited environments was illus-
trated in Figure 3. The yield advantage associated 
with early maturity for a dr'land sorghum grown in 
a mediterranean climate has been documented by 
Blum (1970). Early maturity would be expected to 
be of greater potential benefit insituations where 
growth is achieved solely on stored water. Since 
genetic manipulation and selection for maturity is 
relatively simple (Quinby 1972), the potential of 
this mechanism can be quickly exploited. The 
underlying problem associated with this approach 
appears to be an incomplete understanding of the 
environment with regard to water supply and a 
quantitative expression of an acceptable level of 
risk associated with choice of a specific maturity 
genotype. Since weather data bases are generally 
available throughout much of the world's sor-

ghum production area, the basic problem redu-.es 
to one of producer education and informa'ion 
availability. 

Root System Diversity
 

Diurnal development of internal water deficit (low 
plant water potential) is a well documented 
pnenornerion resulting from the time lag in water 
uptake from the soil to replace that lost in 
transpiration. For soghurn, water uptake 3ppears 
to be rapid enough to prevent development of low 
leaf water potential so long as plant available 
water in the rooting zone is not reduced below 
about 30% (Ritchie 1974). The plant root syson,. 
plays a central role in determining the rate and 
final amount of soil water actually available to the 
crop. Modification of the root system to extract 
greater quantities of soil water or to regulate the 
rate of depletion may constitute an important 
dought avoidance mechanism (Blum 1974a). 

Genetic improvornent of a trait requires the 
existence of both genetic variability for the charac
t-,r and a means to quantitatively assess the 
character on large numbers of plants. The exist
ence of genetic variability for root characteristics 
in sorghum is demonstrated by several recent 
reports (Jordan et al. 1979; Blum et al. 1977a, b; 
Wright 1978; Bower 1972; Nour and Weibel 
1978; Bhan et al. 1973; Jordan and Monk 1980). 
The genetic variability is ganerally expressed in 
the distribution of growth (dry matter) between 
the shoot and root, or in the distribution of growth 
between root axes and lateral branches. As with 
other characters, little work has been devoted to 
the examination of benefits to plant performance 
which may be derived from specific root variants. 
High root to shoot ratios of young plants have 
been correlated with superior drought resistance 
of a few lines (Nour and Weibel 1978; Bhan et al. 
1973), but wnrk thus far does not constitute a 
rigorous test of the value of specific root charac
teristics to drought resistance. The development 
of specific root variant isulines would provide a 
badly needed source of genetic material to test 
the value of specific root traits. 

As in the case with maturity, a choice of the 
root "ideotype" must be based on a thorough 
understanding of the seasonal pattern of water 
availability for the soil of interest. While little 
evidence exists that cultivars of sorghum differ in 
their capacity to extract more or less water from a 
soil layer permeated by roots, acase may exist for 
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proposing that increased rooting depth will in-
crease the total water available to the plant. Such 
an illustration is provided by Jordan and Miller 
(1980) for sorghum growing on a deep clay soil. In 
this instance, an adapted hybrid does not normally 
remove all available water below a soil depth of 
cbout 75 cm. Increased rooting density in the 
lower portion of the zoil profile allows the timely 
extraction of greater quantities of soil water, as 
illustrated in Figure 4. The net res.;- is a delay in 
the time required to deplete the profile to the 
extent where serious water deficits occur. If 
these deficits normally occur near anthesis, a 
particularly sensitive growth phase, then deep 
rooting may contribute to yield maintenance. Also, 
a delay in the onset of serious water deficits may 
allow the crop to avoid damaging water deficits 
provided this delay is associated with higher 
probabilities of rainfall needed to complete grain 
development. Deep rooting is a potentially useful 
mecharism for crops grown on soils where deep 
profile recharge occurs during the off season. 

As an alternative to root system modification to 
increase the total available soil water, Passioura 
(1972) proposed root modifications which act to 
regulate the rate of water use. His research with 
wheat provided strong evidence that grain yield 
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Figure 4. 	 The relationship between deep 
rootedness of sorghum at anthesis 
and change in volumetric soil water 
content at the 150-cm soil depth 
during a 12-day period near anthesis. 
Deep rootedness is the soil depth 
above which 80% of the roots were 
observed. 
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was highly correlated with soil water remaining at 
anthesis. Provided the probability for significant 
rainfall duing the growing season was low, 
varieties which used a smaller fraction of the total 
wat-ir during vegetative growth produced higher 
grain yields Since dryland wheat often exists on 
only a few seminal roots, he proposed to increase 
the root resistance to water flow by selection for 
small xylem vessel diameter. High root resistance 
acts to slow vegetative growth (water potentials 
are lowered) and thus reduces leaf area index and 
the water use before anthesis. While Richards 
and Passioura (1981a,b) have successfully identi
fied genetic variability for xylem vessel diameter 
in wheat roots, no such comparable effo 't appears 
to have been undertaken with sorghur. 

Thus, while genetic variability in a few root 
characteristics has been demonstrated, prognosis 
for increasing drought resistance by bieeding for 
these t-aits is not good. Methods to study root 
systems are relatively primitive and are not 
suitable for evaluating the large numbers of plants 
required in breeding programs. Furthermore, the 
plasticity exhibited in rooting patterns of plants 
growing in a natural field environment prevents 
genotypic expression of deep rooting except 
during seasons with extended periods of drought 
(Jordan and 	Monk, Agronomy Abstracts 1980). 

Epicuticulam Wax Loads 
The aerial portions of most sorghums are covered 
with a thick, amorphous layer of wax. In addition, 
the normal or "bloom" types are characterized Ly 

presence of wax filaments on the peduncle,
leaf sheaths and the basal portion of the abaxial 
leaf surfaces giving these tissues a fluffy, white 

The presence of the waxy bloom is 
controlled by a single, dominant gene (BmBm), 
but several bloomless (bmbm) and sparse bloom 
(hh) variants are known (Ayyangar and Ponnaiya 
1941; Ayyangar et al. 1937; Peterson et al. 1979). 

Epicuticular wax (EW) has been implicated as a 
feature of sorghum which enhances its drought 
resistance. Comparisons between pairs of BmBm 
and bmbm isolines demonstrate aconsistent yield 
advantage in favor of the BmBm type which is 
accentuated in water-limited environments (Ross 
1972; Webster 1977; Webster and Schmalzel 
1979). These results suggest the BmBm charac
ter may permit more efficient use of limited soil 
water and support the finding that the transpira
tion ratio is higher for BmBm isolines (Chatterton 



et al. 1975). Presurntly, heavier wax loads 
associated with the BmBm character lowers net 
radiation by increasing reflectance and thickens 
the boundary layer thereby retarding transpiration 
(Blum 1979). EW loads on leaves of normal 
(BmBm) sorghums were reported to range be-
tween 1.14 and 2.19 mg dm I (Ebercon et al. 
1977; Powell et al. 1977), but environment is 
kno,n to modify the EW load of many plants. An 
example of environmental effects on EW loads on 
14 genotypes grown under dryland conditions at 
Temple, Texas (USA), is shown inFigure 5 (Jordan 
et al. 1981). Mean EW load. over all genotypes 
ranged from a low of 0.91 mg dm' in 1979 (wet 
year) to a high of 1.51 mg dm-' in 1977 (dry year). 
The range among gcnotypes averaged over all 
/ears was 0.97 to 1.63 mg dm -'. Genotype 
response across environments (years) was vari-
ab'e with some cultivars maintaining EW loads 
coirsistently above the mean (M35-1 and 
RTx430) or below the mean (RTx7078 and 
IS1598C), while the reaction of others was incon-
sistent across years. In 1980, an evaluation of 138 
normal (BmBm) lines released from the sorghum 
conversion program demonstrated that a wide 
range of genetic variability exists for EW loads 
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Figure 5. 	 Epicuticular wax load on leaves of 14 
sorghum genotypes grown in unirri-
gated plots at Temple, Texas (USA) 
from 1976 to 1979. Means of all 
genotypes are indicated by the dot, 
and the range is designated by the 
vertical bars. 

19 to 3.47 mag dm-1)which may be of potential 
use in breeding programs. 

Crop improvement for higher EW loads does 
appear possible, and techniques re available for 
the rapid screening of large numbers ol ssmples 
(Ebercon et al. 1977). However, the value of 
higher EW loads within the range of BmBm 
genotypes remains to be demonstrated. The role 
of high EW loads appears to be important to leaf 
survival rather than to maintenance of high pro
ductivity since its principal effect is to retard water 
loss via the cuticular pathway. As such, variations 
in EW loads would be expected to be important 
only when stomata are closed by severe water 
deficits. If high EW loads act to preserve green 
leaf area by prevention of lethal desiccation, it 
may be an important character that allows rapid 
responses to rehydration if water becomes avail
able later in the growing season. 

(1. 


Osmoregulation 
Osmotic adjustment by cells through synthesis 
and accumulation of solutes inresponse to water 
deficits has been termed osmoregulation. Accu
mulated solutes are often a complex mixture of 
organic acids, amino acids and sugars. It is 
believed that osmoregulaticn serves as a mechan
ism to maintain turgor as tissue water potentials 
fall. thereby maintaining growth (Hsiao et al. 
1976a). Genetic variability for osmoregulation has 
been reported for wheat (Morgan 1980) and rice 
(Steponkus et al. 1980), but not for sorghum. One 

of 'RS 610' and 'Shallu' failed to 
demonstrate differences in osmoregulatory 
capacity even though the two cultivars are known 

differ in drought resistance (Jones and Turner 
1978; Tumer and Jones 1980). Blum and Ebercon 

et al. (1977) reported cultivar differences in the 
capacity to accumulate proline in response to 
water stress, but it is not known if osmoregulation 
parallels proline accumulation. Blum (1979) sug
gested that proline may be important as an energy 
source during recovery from water stress. 

If osmoregulation is to be considered an impor
tant mechanism indrought resistance with poten
tial application in a breeding program, much basic 
work remains. First, genetic variability in the rate 
or final extent of osmotic adjustment must be 
demonstrated. Then, simple, rapid techniques 
must be developed to evaluate the character. 
Finally, the value of osmoregulation to perform
ance under water-limiting conditions must be 
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demonstrated. It therefore appears unlikely that 
rapid advances in improving the general osmore-
gulatory capacity of sorghums will be forthcoming 
in the near future. 

While the prognosis for timely incorporation of 
general osmoregulatory capacity into sorghu,.,r is 
poor, a case may be made for genetic manipula-
tion of stomatal response to water deficit, one 
specific consequence of osmoregulation. When 
exposed to water deficits, sorghum plants adApt 
in many ways. One form of ada,ptation is a general 
lowering of the leaf water potential at which 
stomatal closure occurs. If this phenomenon is 
assumed to be a consequence of osmoregulation, 
rather than a r-sult of changes in cell size or 
cellular elasticiv,, then the maintenance of low 
stomatal resistance may b-- taken as a measure of 
osmoregulation. Henzell et al. (1975) reported 
cultivar differences in stomatal sensitivity to water 
deficit, but no large-scale screening activity has 
been undertaken. Ackerson et al. (1980) also 
reported osmotic adjustment of lines and hybrids 
subjected to drought in the field, but their results 
may have been confounded by changes in cell 
size. Among the six cultivars they tested, the 
predicted point of zero turgor ranged between 
-21.0 and -25.5 bars leaf water potential. 
Whether differences in net photosynthesis were 
also maintained at low water potentials is not 
known. Genotypic differences in fractional water 
loss per unit decrease in leaf water potential, 
possibly due to osmoregulation, were also de-
monstrated in one test with ten diverse sorghum 
types (Blum 1974b). 

Heat and 	 Desiccation Tolerance 
When plants can no longer maintain turgor 
through combinations of mechanisms regulating 
water uptake and loss, cellular desiccation results. 
During the symposium "Sorghum in the Seven-
ties," Sullivan (1972) described a simple method 
for the evaluation of heat and desiccation toler-
ance based on loss of membrane integrity of leaf 
tissue following stress under controlled condi-
tions. Not only does the heat tolerance of leaf 
discs accurately predict whole-plant response to 
high temperatures, but heat tolerance has been 
positively correlated with yield when crops are 
exposed to heat and drought z!ress (Sullivan and 
Ross 1979). Taken as a whole, this body of work 
represents one of the few examples where 
results from a basic laboratory test have been 
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extended to field situations with positive results. 
It seems appropriate to review current progress 
related to heat and desiccation tolerance tests. 

Genotypic variability exists within sorghums for 
both heat and desiccation tolerance (Sullivan and 
Blum 1970; Sullivan 1972; Blum and Ebercon 
1976; Sullivan et al. 1977; Sullivan and Ross 
1979). but parallel cultivar ranking; between the 
two tests are often not obtained (Sullivan and 
Ross 1979). Both heat and de3iccation tolerances 
change with stage of plant development and with 
environment as shown in Figure 6. Therefore, the 
appropriate time to evaluate genotypes from field 
nurseries should reflect normal pattems of stress 
occurrence. The 1980 season at Temple, TX 
provided a near-ideal test situation because of a 
long midseason drought. Since water deficits 
rarely develop early in the season, cultivars were 
sampled near anthe:is when differences in 
drought response were visible. Results from a 
test involving 136 lines from the sorghum conver
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Figure 6. 	 Mean heat (-) or desiccation (--) 
tolerance of 49 sorghum genotypes 
grown in five environments in 1980. 
Evaluations were made at one time 
when half the genotypes had reached 
anthesis. Environments: 1 = Temple,-
Texas (USA), dryland, 1980; 2 = Big 
Spring, Texas, 1980; 3 = Lubbock, 
Texas, irrigated, 1980; 4 = Lubbock, 
Texas, dfyland, 1980; 5 = Temple, 
Texas, dryland, 1981. 



sion program are illustrated in Figure 7. The heat 
tolerances of several lines, were significantly 
greater than those of the two standard lines, 
RTx430 and BTx378 (61 and 64% damage, 
respectively). These results provide further evi-
dence ihat parental lines with high heat tolerance 
can be identified for incorporation into breeding 
programs. Similar conclusions resulted from eva-
luation of desiccation tolerance of these same 
lines, but heat and desicca;tion tolerances of 
genotype,, were not signific:,ntly correlated. 

Results !rom a second test, also conducted in 
1980, illustrate the feasibility of genetic manipula-
tion based on these tests. The response of 30 F, 
hybrids to a stress induced by a Carbowax 3000 
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Figure 7. Frequency distribution of heat toler-
ance for 136 diverse sorghum lines 
grown at Temple. Texas (USA), in 
1980. 

solution with a water potential of -33 bars is 
illustrated inTable 1 (Jordan and Monk 1980). Of 
the females tested, 'A35-6' promoted greatest 
desiccation tolerance, while hybrids with 
'ATAM618' were most susceptible. Among the 
pollinators, 'GPR148' promoted greatest desicca
tion toierance, while "1790E'and 'Tx7000' hybrids 
were most susceptible. 

Since the parental lines used in the hybrid test 
were not selected solely on known differences in 
heat or desiccation tolerance, the relatively small 
range in cellular damage (Table 1) is not unex
pected. The relatively consistent performance of 
some parents in hybrid combination suggest 
selection for high or low heat or desiccation 
tolerance is an attainable goal in a breeding 
program. However, neither of these tests appear 
to be in general use in major breeding programs
today. 

Photosynthesis 

Water stress reduces the photosynthetic capacity 
of a crop in many ways ranging from inhibition of 
leaf area development to reduced photochemical 
and biochemical activities of chloroplasts (Boyer 
1976). Parallel reductions in net photosynthesis 

stomatal conductance are well documented 
consequences of plant water deficits. Since 
drought stress ;s frequently accompanied by high 
temperatures, stuostantial heat stress may de
velop as transpiration rates fall and leaf tempera
tures rise (Gates 1968; Peacock 1982). 

Data of Norcio (1976), cited in Sullivan et al. 
(1977), suggests that substantial variability in the 

Table 1. 	Desiccation tolgrance of 30 F,sorghum hybrids grown at Temple, Texas In1980. Hybrids are ranked 
from low (1)to high (6)tolerance within each column. Mean cellular damage (i))for hybrfds with 
each male and female are given at the side and bottom of the table. All evaluations were made near 
anthes (Jordan and Monk 1980). 

Male 
Female parent 

parent A35-6 A4R ATAM618 AT623 ATx5405 X, % 

1790E 1 1 1 2 3 50.4 
Tx430 4 2 5 5 1 45.0 
SCO170-6-17 5 5 4 4 4 40.7 
Tx7078 3 3 3 3 5 43.9 
Tx7000 2 4 2 1 2 48.9 
GPR148 6 6 6 6 6 34.1 
R. % 39.6 42.7 51.1 44.0 41.8 43.8 
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temperature optimum for photosynthesis may 
exist among sorghum genotypes. Maximum 
photosynthetic rates for 'RS 626' were observed 
near 35°C, while the maximum for 'NB9040' 
occurred near 42'C. The extinction temperature 
for both gnotypes was near 45°C. Further tests 
demonstrated a positive correlation between the 
ability to maintain photosynthesis at high temper
atures and cellular heat tolerance determined by 
the leaf-disc method (see preceding section). 
Since yield in a high-stress year was highly 
correlated with cellular heat tolerance for these 
same genotypes, a causal relition between heat 
tolerance of the photosynthetic process and yield 
is suggested. 

Visual Reactions to Drought 

Only recently have sorghum breeders reported 
attempts to quantify and determine the genetic
mechanisms underlying visible symptoms of 
drought stress. In the Texas sorghum breeding 
program, cultivars are ranked and selection made 
on the basis of leaf rolling, excessive leaf erect-
ness. leaf bleaching, leaf tip and margin burn, 
delayed anthesis and head blast (Clark et al.,1979; Woodfin et al. 1979). The presence of these 

symptoms is considered an undesirable drought 
response. Evaluations before anthesis and again 
during late grain filling has provided a means to 
separate genotypes based on "early" or "late" 
drought leaction. Culfivar differences have been 
observed for early cGr late drought tolerance,'but, 
thus far, no genotypes nave been found with high 
tolerance at both growth stages. !, is significant 
that visible stress symptoms were not correlated 
with heat nor desiccation tolerance evaluations in 
1980 involving 49 genotypes in four environ-
ments. There also appears to be some question 
as to whether all symptoms currently included in 
the visible stress rating should be considered as 
undesirable. Leaf rolling, for example, does re
duce canopy photosynthesis, but reduced inter-
ception of radiation may be more important in 
terms of avoidance of heat and desiccation 
stresses Begg 1980). 

Because of their relatively short existence, the 
success of breeding programs based on selection 
for visible drought symptoms cannot be evalu
ated. Visual screening does, however, overcome 
the limitations inherent in screening for physiolo-
gical characters and may provide near-term oppor-
tunities for crop improvement. 
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Response and Tolerance of
 
Sorghum to Temperature Stress
 

J.M. Peacock* 

Before attempting to address this subject it is 
important to defie what is understood by tern- 
perature stress. It is a complex subject which has 
recently been reviewed in three books (Lyons et 
al. 1979; Levitt 1980; Turner and Kramer 1980) 
therefore definitions and details of the physiolo-
gical and biochemical processes associated with 
temperature stress will not be given here. Inbrief, 
however, a quantitative definition of temperature 
stress in sorghum, as in any crop, is difficult to 
provide since it will depend on anumber of factors 
which will include the duration of exposure of 
either high or low temperature, the activity or 
stage of growth of the exposed tissue and finally 
the thermal adaptation of the particular sorghum 
cultivar. 

The productivity and adaptation of a sorghum 
crop will be most affected when temperature 
stress coincides with critical stages of growth so 
it is proposed to examine the effects of tempera
ture stress on each critical stage of development 
(Wilson and Eastin 1982), starting with the newly 
sown seed, to the grain on the panicle at the hard 
dough stage. Consideration will be given to what 
is currently understood about the plants' response 
and adaptation to low and high temperatures, but 
more emphasis will be given to describing current 
screening techniques and how our present under. 
standing of the problem can enable sorghum 
scientists to develop more efficient screening 
procedures for the future. 

Inaddition, because it has been suggested that 
acclimation and adaptation should be examined 
within distinct geographical regions (House 1981 
a), I propose to deal with high and low tempera-
ture stress separately. 

At the outset it is important to establish two 
points: (1)the need to obtain a clearer picture of 

Principal Crop Physiologist, Sorghum Program, 
ICRISAT. 

the temperature conditions of the sorghum
growing areas of the world and the probabilities of 
lethal and stress irducing temperatures occurring 
at any time during the growing season. An 
example of this is given by Rosenthal and Ham
mer (1979) but, as discussed by Sivakumar and 
Virmani (1982). this is an area where an increased 
research thrust is required in the future. (2) that to 
interpret the effects of temperature per se on 
plant growth in the field iEoften difficult because 
temperatures in the crop canopy vary both with 
time and space (Fig. 1). 
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Figure 1. 	A series of soil and air temperature 
profiles measured during a 24-hr 
period (10 April 1976) in a sorghum 
crop cv 65 D, Sebele, Botswana. 

International Crops Research Institute for the Semi-Arid Tropics. 1982 Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India Patancheru, AP.India: ICRISAT. 
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High Temperature (Heat Stress) 
Introduction 

Heat stress is a major factor influencing the 
productivity and adaptation of many wild and 
cultivated plants and many crop species of tropical
and subtropical origin are sensitive to high tem-
pratures in the range 30- 550C. 

In the semi-arid tropics where sorghum is 
grown, air temperatures often exceed 40'C and 
leaf tcmperatures of 550C have been measured. 
At the soil surface even higher temperatures
(>60C) can be experienced by the emerging
sorghum plumule (Peacock and Ntshole 1976) and 
temperatures as high as 68tC have been recorded 
(Peacock 1977). Under such conditions heat 
stress is often accompanied by drought stress 
and there are usually interactions within the plant 
to these two stresses (Sullivan et al. 1977).
Despite this, it is argued (Sullivan and Ross 1979)
that for plant breeding purposes it is desirable to 
measure and selact for them separately. This i"las Recent studies at ICRISAT (Wilson et al. 1982)
been done in Nebraska and currently is a major
research area at ICRISAT (ICRISAT 1981). In 
addition, a number of scientists have used re-
sponse to heat stress to select for drought
resistance (Hunter et al. 1936; Heyne and Laude 
1940; Heyne and Brunson 1940; Kaloyereas
1958; Kilen and Andrew 1969). Also heat stress is 
easier to induce experimentally than water stress. 

It is fo, these reasons that insorghum research 
at ICRISAT more emphasis is being placed on 
utilizing temperature stress as a means of selec
tion for both heat and drought tolerance. Already it 
has been shown that there is sufficient variability 
to select for sorghum genotypes with high tem
perature tolerance (Sullivan and Blum 1970; Wil-
son et al. 1982). 

High Temperature Effects on Processes 
and Growth Stages 

Germination and Establishment 

The ability of a sorghum seedling to emerge and 
establish rapidly is a vital prerequisite to the 
adoption of any new cultivar. However this has 
been largely ignored by crop improvement prog-
rams throughout the world. Although many prom-
ising sorghum cultivars may have resistance 
across geoclraphic regions to local pests and 

diseases, what is their use if under farm or 
experimental conditions they fail to emerge and 
establish? 

Martin et al. (1935) stated that sorghums are of 
tropical origin and have long been known to 
germinate and grow best at relatively high tem
peratures. The optimum soil temperature in Mar
tin's experiment was between 30°C and 350C but 
a review of the literature (Table 1)46 years after 
that experiment was conducted shows that opti
mum germination can occur at soil temperatures
ranging from 21°-35°C (Martin et al. 1935; 
Rosbaco 1958; Stoffer and Van Riper 1963; Bajay
and Papp 1969; Kanemasu et al. 1975; Aisien and 
Ghosh 1978). It would also appear that the 
supposedly lethal temperature for germination 
ranges from 40°-480C (Knapp 1966; Singh and 
Dhaliwal 1972; Kailasanathan et dl. 1976). These 
two ranges in temperature suggest that there is 
genetic variation, not only inthe optimum temper
ature for germination but in the temperature at 
which coleoptiles can survive. 

have confirmed that there is genetic variation in 
the ability of sorghum to emerge at high soil 
temperatures and the results of this series of 
experiments will be discussed inthe later section 
on selection for heat tolerance. 

af Arn 	 m 

In sorghum, 	as in any crop plant, the rate of dry 

Table 1. Summary of dta on optimum and lethal 

germlnatlon 	temperaure in sorghum. 
°C Reference 

Optimum 30-35 Martin et al, 1935temperature 	 30-35 Rosbaco, 1958
 
21 Stickler et al, 1962
 
22 Bajay and Papp, 1969
 
26 Pavlov, 1969 
23 Kanemasu et al, 1975 
22 Aisien and Ghosh, 1978 
22-25 Kusewa, 1978 

Lethal > 40 Singh and Dhaliwal. 1972 
temperature 	 40 Kailasanathan et al. 1976
 

47 Kusewa, 1978
 
48 Knapp, 1966
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matter production is strongly affected by lea area 
especially during GS1 when the canopy is tie-
veloping (McCree and Davis 1974). The compo-
nents affecting leaf area development include the 
time to panicle initiation, (through its influence on 
leaf number) the rates of leaf appearance, leaf 
expansion and leaf senescence, and the com-
bined effects of canopy structure. Inthe Poaceae, 
in the absence of water and nutrient stress, these 
developmental rates have been shown to be 
largely governed by temperatuie (Watts 1974, for 
maize; Peacock 1975a, b,and 1976a, for temper-
ate grasses; and Gallagher 1979, for temnperate 
cereals). In sorghum, few quantitative data are 
available (Troughton et al. 1974; McCree and 
Davis 1974; Johnson 1967) about the effects of 
temperature on leaf area development although 
Johnson's (1967) data suggest that leaf extension 
closely parallels air temperature particularly at 
night. More recent data of Baker (1981 unpub-
lished) show that final leaf number and leaf area 
were increased when temperatures were varied 
from 25°/20°C to 35°/25°C. 

The effect of temperature on the rate of leaf 
appearance has been examined by Downes 
(1968) who showed that in sorghum, leaf appear-
ance increased lirearly with air temperature from 

° 
13 to 23°C. 
Genetic variation in leaf growth in relation to 

temperature has been shown to be large (Quinby 

5
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et al. 1973; Wade et al. unpublished). Some data 
fron ICRISAT on the effects of temperature on 
leaf extcnsion are shown in Figure 2. The con
tinuous line represents the best fit of the data and 
it can be seen that the rate of leaf extension is 
markedly reduced above tempeatures of 340C. 
The dotted line, fitted by eye suggests that the 
base temperature (To) for leaf extension is around 
15.5°C. In most field situaions however, water 
stress, which usually accompanies high tempera
tures, will have had an earlier and more drastic 
effect on the rate of leaf extension. 

Tillering will also affect the final leaf area and 
although it is affected by many environm,.ental 
variables, Downes (1968) showed that the rato of 
tiller production in the cv Combine Kafir ceased if 
the averag2 daily mean temperature exceoded a 
threshold value of about 18*C. However E&,calada 
and Plucknett (1975) show that there is a consid
erable interaction between temperature and 
photopricad; when temperatures were increased 
(from 23.90/15.50C to 32.2°/23.9°C) with a simul
taneous increae3e in daylength (10-14h) increases 
in tiller number per plant resulted. 

There is clearly a dearth of information on the 
effects of temperature on leaf area development 
and almost none on the effects of high tempera
ture. Studies were initiated at ICRISAT in 1980 to 
examine the effects of temperature on leaf area 
development over a wide range of temperatures 
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Figure 2. Relationship between leaf extension and temperature in sorghum cv CSH 8 (adapted from
Wade et al. unpublished).
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with emphasis on the summer senison where the 
effects of high temperature in the absence of 
water and nutrient a',Aebeing examined. Of 
particular interest is thi othect of high tempera-
ture per se not oni cell cDxpansion, division or the 
resultant 	 growth, but on cell and leaf tissue 
survival. (See later section on selection for heat 
tolerance.) 

In my opinion, studies on the relationships 
between 	(high) temperature and the rates of leaf 
extension, appearance and senescence and the 
interactions with water and nutrient stress are 
vital both in thk, n.reas of improved crop establish-
ment and drought resistance. This should be 
marked as an area for a major research thrust in 
the 80s. 


Root Growth and Nutrient Uptake 

There appears to be a complete dearth of informa-
tion on the effects of high temperature on root 
development and nutrient uptake ii sorghum. 
This is an important area and shou'd perhaps bie 
examined in the 80s. 

Panicle 	 Initiation and Dpvelopment-The
Components of Yield 


The onset of the reproductive phase commences 
with the initizion of the panicle meristem marking 
the end of the vegetative growth phase. This 
usually occurs between 30 and 40 days after 
eme;gcoce but the timing which may vary from 
19 to 70 days (House 1981 b) is largely controlled 
by photoperiod and temperature (Caddel and 
Weibel 1971; Downes 1972; Quinby et al. 1973). 
How tempei-;ture affects floral initiatidn is still not 
clear. Recent work by Baker (1981 unpublished) 
shows that increasing day'night temperatures 
from 250/200 to 350/250C hastened floral initiation. 
However ez;;ier work by Gownes (1972) and 
Guinby et al. (1973) indicated that higher tempera- 
tures (day/night 320/28 and 320/290C) delayed 

initiation. It is possible that the higher night 
temperatures are delaying initiation. The length of 
the reproductive phase (GS3) is also markedly 
reduced by temperature (Baker 1981 unpublished) 
and day temperatures were shown by Caddel and 
Weibel (1971) to be most important. There is no 
information about very high (450-550C) tempera-
tures on either the onset or the length of the floral 
period.e information is available though on the 

Some i mtolerance 
effects of high temperature on floret develop

ment. Dowves (1972) and Baker (1981 unpub
lished) showed that high temperature (day/night 
33°/28 ° -ind 350/280C) late in panicle develop
ment induced floret abortion, a result which was, 
in general, consistent with the findings of Paster
nak and Wilson (1969) using artificially produced 
heat vaves (5 days at 42*/32°C.day/night) at the 
boot s iie. However they showed that there was 
no liuret damage if the panicle;,xas fully emerged. 
In a study using 6 sorghum cultivars grown in 14 
different environments, it was found that toler
ance to high temperatures contributed more to 
yied stability than did tolerance of low moisture 
conditions. Specifically, where high temperatures 
ocourred during panicle development, the capac
ity of a genotype to produce greater seed num
bers per 	 head (and hence greater yield) was 
impoitant 	(Heinrich 1981).

It is now well documented that heat hardening 
occurs when plants are exposed to subinjurious 
high temperatures (Sullivan and Kinbacher 1967; 
Coffman 1957; Levitt 1980); however, as con
cluded from the above results the ability of 
genotypes to heat harden, varies. Some genoty

pes may fail to harden appreciably, while others 
harden very noticeably. Table 2 shows the heattolerance of four sorghum lines before and after 

heat hardening in growth chambers at about 3 
weeks of age. The relative ranking of heat 
tolerance chaoyjd when they were exposed to 
high temperatures. In this experiment (Sullivan et 
al. 1977), sorghum CK-60 did not heat-harden to 
the same uxtent as the others, and its relative 
tolerance was ;ower (han the other sorghums 
after the high temperature treaerent, However it 
was found that as the plants aged and neared the 
boot and bloom stage in the field, only the yellow 

Table 2. 	Effect of heat hardening an the relative 
heat tolerance of four sorghum genoty

___" 

Day/night,temperature (°C
 

31/27 	 42/27 

CK 60 	 9084 
9084 	 RS610 
RS 610 	 C7078 
C 7078 	 CK 60 

a.The sorghums are ranked from highest to lowest in heat 
(from Sullivan et al. 1977). 
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endosper.i :o)'.m 9084 remained high in heat 
tolerance i hat there were no evident differ
ences in the heat tolerance of the remaining 
three. The effect of high temperatures at the time 
of panicle development may not be that critical 
but it is obviously an area which needs further 
research in an attempt to establish whether heat 
hardening carried out in the seedling stage can 
confer tolerance in the later stages. 

The effects of tempelature on the components 
of yield are w:.; documented (Tateno and Ojima 
1976; Eastin 1976; Chowdhury and Wardlaw 
1978). Grain number per head itself was not 
significantly altered by temperatures over the 
range (day/night) 210/160 to 360/31C .30/250 
to 35°/25°C (Chowdhury and Waid.lw.1978; 
Downes 1972; Baker 1981 unpublished); howev-
er, yields were markedly reduced at higher tem-
peratures (30°,i2Y, 35°/25°C) due to a reduction 
in grain weight (Tateno and Ojima 1976; Baker 
1981 unpublished). There is evidence that high 
temperatures during panicle development MUy 
reduce seed number per head, and yield, insome 
sorghum cultivars (Heinrich 1981; Ogunlela 1979). 
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Figure 3. High temperature effects on photo-
synthesis of four sorghum cultivars 
(from Norcio 1976). 

Photosynthesis and Respiration 

Genetically based variation in photosynthetic 
capacity ha3 always been of interest in crop 
plants. In C,species, like sorghum, high rates of 
photosynthesis occur only at high temperatures 
and at high light intensities. The optimum temper

° 
ature has been shown to range from 30 to 42'C 
(Norcio 1976; Vong and Murata 1977). Sumayao 
et al. (1977) concluded however that photosynthe
tic rates declined when leaf temperatures ex
ceeded 33°C. Chesnokov et al. (1974) found that 
photosynthesis was reduced by 70% at 44°C and 
95% at 48*C. G,-otype differences inthe mainte
nance of photosynthesis at high temperatures 
(43°C) obviously occur (Norcio 1976). Figure 3 
shows that the hybrid RS 691 and its male parent 
9040 maintained high levels of photosynthesis 
compared with Redlan and AS 626. Norcio (1976) 
also found a positive correlation between high 
photosynthesis rates at high temperatures and 
cellular heat tolerance of sorghums determined by 
the "electro-conductivity" method (Sullivan 1972). 
However, selection for high photosynthetic rates 
per se in other crops has generally not been a 
productive approach to increasing yields. Howev
er when heat stress is involved, an ability to 
maintain relatively high rates of photosynthesis 
may very well contribute to yield. This should be 
examined further. The high correlation between 

tolerance and high photosynthesis as shown 
by Norcio (1976) is encouraging but it is unlikely 

the measurement of photosynthesis per se 
will ever become a practical screening method. 

That respiration rates insorghum (like any crop) 
are influenced by temperature is well established 
(Norcio 1976; Vong and Murata 1977; McCroe 
1974; Eastin 1981). Wilson and Eastin (These 
Proceedings) have thoroughly reviewed this sub
ject and concluded that there is a great deal of 
genetic variability in respiration response to tem
perature. Of particular interest is the recent work 
of Gerik (1979) and Mahalakshmi (1978); the 
former showing that whole plant dark respiration 
varied from 4 to 10 mg Co, g-' hr-' at 300C.More 
recent work by Eastin (1981) shows that respira

in sorghum at panicle initiation increased 
12-14% for' 'ery degree C over the range from 
120 -27 0 C. 

Selection Methods for Heat Tolerance 

It has been established that genetic variation to 
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Table 3. 	 Rank order of pecentemew g for some genotypes of difeiret surfse treatments. showing (a) 
no Inteiction with temperature and b) Interaction. 

Genotype 	serial number 
Surface 
treatment (a) 3 7 16 18 19 

Bare soil 1 27 18 26 17 
Light kaolin 4 25 18 27 16 
Hea-y kaolin 4 26 18 29 15 

heat stress in sorghum exists. It is vital therefore 
that in the 80s breeders and physiologists concen-
trate on developing screening and breeding 
methods to generate heat tolerant material. It is 
equally important that the selection methods are 
simple, repeatable and inexpensive, and capable 
of screening a wide range of germplasm and 
breeders lines. 

Improved Emergence and Establishment 

A series of experiments were conducted, at 
ICRISAT, in the laboratory, glasshouse and field 
studying the emergence of a number f sorghum 
genotypes over a range of high temperatures. The 
work demonstrated that some lines have an ability 
to emerge even when soil surface ternperaures 
were as high as U50C. In the laboratory experi-
ments, the temperature of the soil surface in pots 
was controlled using a band of heating elements 
positioned above a water bath (Soman 1981). The 
surface temperature could be varied between 350 
and 65°C either by a thermostat or varying the 
height of the heat source above the soil. The 
significance of this technique is that the effect of 
heat stress can be examined in the absence of 
either water shortage or soil crusting. In the 
glasshouse similar experiments were conducted 
but different surface treatments were used to 
manipulate temperature. Charcoal dust (black) and 
kaolin (white) were used to modify surface tem-
peratures (Wilson et al. 1982) with the bare soil 
surface (no surface cover) providing a medium 
treatment. In the field (in this case large brick 

chambers) (Wilson et al. 1982) the same surface 

covers were used to modify soil temperature 

results show that there is considerable genotypic 
variation and tolerance. Genotype x temperature 
interactions were also observed and this requires 
further investigation (Table 3). 
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The effect of temperature on the rate of 
plumule extension was also examined (Soman 
1981, Fig. 4). It is argued that the quicker the 
plumule reaches the surface the more chance it 
has for emerging before a surface crust develops. 
The rates were shown to vary among gcnotypes 
(e.g., at 41°C the hybrid CSH 6, grew at a rate of 
less than 0.5 mm hr-' while the variety SPV 354 
grew at a rate of 1.3 mm hr-1).* 

The development of the plumule in the soil is 
now being examined more closely. Visual obser

vations indicate (Plate 1) that on reaching the 
surface (in many instances where there is no 
crust) the plumule bends over. In some instances 
the leaves curled around themselves and could 
not emerge. In collaboration with the production 
economists at ICRISAT, a survey into the specific 
problems relating to crop establishment in far
mer's fields has been initiated together with 
on-farm experiments. The problems of crop estab
lishment in sorghum cannot be overemphasized. 
Along with drought it is the major limiting factor to 
sorghum production in the SAT (Peacock 1980). 
Temperature clearly plays an important role and I 
regard this as one of the key areas for research in 
the 80s. 

It is worth noting that throughout this series of 
experiments on factors affecting crop establishment 
(temperature, water and crusting effects) the Indian 
varieties performed significantly better than the hyb
rids CSH 1, CSH 5, CSH 6. Only CSH 8 appeared to 
have the tolerance of the varieties (Soman 1981). This 
is perhaps important because numerous reports have 
been received this year about poor crop establishment 
of CSH 5 in farmers' fields in Central India and until 
now the dominance of sorghum hybrids in nonstress, 
and to some extent in stress conditions has gone 
unchallenged. 
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Figure 4. Genotypic differences in the effect of temperature on the rate of plumule extension in a 
range of sorghum cultivars (adapted from Soman 1981). 

Leaf Tissue Survival 

Earlier work (Sullivan and Blum 1970; Sullivan 
1972; Blum and Ebercon 1976; Sullivan and Ross 
1979) has shown that genetic variability for both 
heat and desiccation tolerance exists in sorghum. 
The inability to survive high temperature may give 
rise to the phenomena known as "leaf firing" 
(Sullivan et al. 1977; Peacock 1979; Jordan and 
Monk 1980). Research in Botswana (Peacock 
1979) showed that leaf firing occurred in the 
hybrid RS 610 at a leaf temperature of 43°C. This 
reiatively low leaf temperature suggests that it 
would be advantageous to select lines having a 
high critical leaf temperature or so-called heat 
tolerance. 

At Nebraska the leaf disc method (which 
essentially estimates the electrolytic leakage from 
a leaf disc by measuring the electrical conductiv
ity) has been extensively used to measure heat 
tolerance (Sullivan 1972). In addition Sullivan and 
Ross (1979) showed that in two populations 
(M35-1 conversion hybrids and NP9BR lines) 
heat tolerance was positively correlated with 
higher yields (Fig. 5). 

At ICRISAT germplasm and breeders source 
material have been screened for heat and desicca
ticn tolerance. Lines were sown at Sangareddy 
(25 km from ICRISAT Center) in April 1980 and 
established with irrigation. No further water was 
applied until the monsoon broke in early June. 
During the period air temperatures reached 43°C 
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Plate 1. 	 The effect of high soil surface temperature on plumule emergence in sorghum. Plumules ot 
the cultivar io the right of the steel blade are bent over and will not emerge; those of the 
cultivar to the left -re unaffected. 

and leaf temperature exceeded 55TC. Leaf desic
0 cation (firing) occurred but the extent and variation 

52 0 
did not become so apparent until 10 days or more 
after the rains had started It was then obvious 

.C that some lines had been completely "fired",others partially fired, whilst some were un

= 44 affected. Despite having made the measure-

U 
1 36 

= .69*. 
Y .01 5x + 10.12 

ments of leaf temperature (which are many times 
easier to measure than either stomatal conduct
ance or solute and water potentials) material was 

0 selected by visual scoring Over a 1000 lines could 
28 
~28 * 

be evaluated in a day. Good correspondence was 
also obtained when the same material was grown 
at Anantapur (India) and Gadambalia (Sudan) (Plate 

, 2 
Yield (kgha) 

30 0 
2) under naturally occurring drought during the 
normal growing (rainy) season. It should be 
emphasized however that these were pilot experi

ments. Eventually the physiological basis of the 
Figure 5. The relationship between heat toler- visual scores should be known and this will be 

ance and yield of fifteen M35-1 con- carried out on a limited number of susceptible and 
version hybrids determined during a tolerant lines at a later stage. 
period of maximum stress in Nebras- Experiments conducted in 1981 using the line 
ka (from Sullivan and Ross 1979) source irrigation technique (Hanks et al. 1976; 
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Plate 2. The effect of extreme heat and water 
stress on sorghum cultivars grown at 
Gadambalia, Sudan. The leaves of the 
cultivar in the row on the left are 
desiccated. 

ICRISAT 1982) showed that two sister lines which 
had previously been shown to be desiccation 
susceptible (D71463), and desiccation tolerant 
(D71464), in the Sangareddy experiment were 
also drought susceptible and tolerant respectively. 
More recently at Temple, Texas (Jordan and 
Sullivan 1982) results from a screen involving 136 
lines provide further evidence that parental lines 
with high heat tolerance can be identified and that 
oreeding for tolerance is an attainable goal. As 
mentioned earlier it is known that under field 
conditions heat stress often accompanies drought 
stress and that plants with drought resistance also 
have higher heat resistance (Levitt 1980). Very 
early work (Hunter et al. 1936; Heyne and Laude 
1940; Heyne and Brunson 1940) classified 
drought resistance in maize seedlings based on 
resistance to high temperatures. Moreover they 

found that drought resistance at the seedling 
stage was highly correlated with that in the 
rature field plants grown in the hot dry summer, 
thus demonstrating a simple, inexpensive, but 
repeatable method for selecting for drought re
sistance. 

Other techniques have been used to identify 
heat tolerance and in addition to the electrical 
conductivity method (Sullivan 1972), two labora
tory techniques look promising, (a)the chlorophyll 
stability index (Kayloyereas 1958, as modified by 
Murty and Majumder 1962) and (b)the measure
ment of increased chlorophyll fluorescence (Smil
lie 1979a). Inthe latter, the temperature at which 
there is an increase in chlorophyll fluorescence 
yield can be correlated with the temperature of 
irreversible damage to the photosynthetic mem
branes. 

All three methods may provide valuable screen
ing tools to evaluate the inherent adaptability of 
sorghum lines to temperature extremes. Howev
er in the final analysis, if all these can be equated 
to a visual score (such as 'leaf firing') in the field, 
as described earlier, then it is the visual score 
approach that should be adopted incrop improve
ment programs. It is possible that the simple 
approach adopted by Heyne and his colleagues in 
the 1930s will provide the basis for our heat and 
drought screening techniques for sorghum in the 
1980s. 

Low Temperature
(Chilling Stress) 

Many important crop species of tropical and 
subtropical origin are sensitive to low tempera
tures in the range of 200 down to about 0°C and 
suffer "chilling injury" when subjected to non
freezing temperatures below about 100 to 150C. 
The common symptoms of chilling injury include 
poor establishment, chlorosis of young seedlings, 
restricted growth and development and in the 
case of certain cereals, spikelet sterility and 
reduced grain yield. The extent and severity of 
chilling injury is a function of ihe temperature and 
duration of the chilling stress, the species and 
condition stage of plant development. As men
tioned at the beginning of this paper, this is a 
subject which has recently been comprehensively 
reviewed (Lyons et al. 1979; Levitt 1980; Raper 
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and Kramer 1981) and all three books should be 
referred to for details of the biochemical and 
physiological processes involved, 

In sorghum a number of the relationships 
between temperature and growth have already 
been discussed in this paper so it is proposed to 
deal only with the specific effects of low tempera-
ture on sorghum and to cover those areas which 
will enable a crop improvement team to generate 
improved cold-tolerant lines from the sources of 
resistance identified. Sorghum bicolor is known to 
be particularly chilling sensitive (Bagnall 1979). 
However some grain sorghums are known to 
possess varying degrees of cold tclerance (Singh 
1977) and a substantial amount of these have 
been grown in the highlands of Ethiopia, Uganda, 
Yemen Arab Republic and to a limited extent in 
the highlands of Kenya, Zaire, Cameroun and New 
Mexico. In some areas, for example Botswana, 
cold night temperatures are at present one of the 
major factors limiting sorghum production 
(Peacock and Ntshole 1976). 

Low Temperature Effects on Processes 
and Growth Stages 

Germination and Establishment 

Large-scale screening of the germplasm at low 
temperature has not been carried out, but accord-
ing to Quinby et al. (1958) the minimum tempera-
ture for germination is between 7.20C and 100C 
which is remarkably close to the range of 80 
-10°C quoted by Pinthus and Rosenblum (1961). 
Both groups indicate that a higher temperature 
(15.6°C), was required for subsequent emerg-
ence. More recently Thomas and Miller (1979) 
have established that the minimum germination 
temperature may vary within species from 4.6°C 
to 16.5°C and the implication of these data are 
discussed further by Miller (1981). Singh and 
Dhaliwal (1972) obtained 55% emergence at 15'C 
reaching an optimum between 250 and 30'C. They 
obtained no emergence at all at 50 and 100C. 
McWilliam et al. (1979) found that initial germina-
tion, seedling-respiration and mesocotyl exten-
sion in three sorghum species all declined as the 
temperature was reduced from 240 down to 80C. 
The rate of decline, however, varied between 
species (S. leiocladum,S. verticilliflourm, S.bico-
/or), especially in the lower part of the tempera- 
ture range below about 12°C.Arrhenius plots of 

germination rate for two of the species, a com
mercial U.S. hybrid (S.bicolor) and a wild tropical 
species (S.verticilliflorum) are shown in Figure 6a. 
A characteristic of the responses is the sudden 
increase the 0, values below a certain tempera
ture range. Inthis case it was higher (14- 16°C) for 
the more sensitive tropical species than for the 
commercial U.S. hybrid (11°-12°C). A similar 
response has been observed for the elongation of 
the mesocotyl of sorghum seedlings (Fig. 6b). 
McWilliam (1981) suggests that these high 0,0 s 
below about 12'C indicate extremely high activa
tion energies and may help explain the poor 
response at these temperatures. Genetic differ
ences were also observed by Pinthus and 
Rosenblum (1961), and Stickler et al. (1962) found 
that Kaoliangs (sorghum originating in the moun
tainous regions of central and western China) 
germinated and emerged faster than standard 
grain sorghum varieties, particularly at low tem
peratures. 

Sorghum seedlings are normally killed when 
temperatures drop below 0°C although some 
seedlings have been reported to withstand a 
slight frost (Martin 1941). Seed however will 
survive temperatures down to -12C provided 
the seed moisture content is below 15% (Gritton 
and Atkins 1963; Rosenow et al. 1962; Bass and 
Stanwood 1978). However at higher moisture 
levels (30-35%) subsequent germination was 
markedly affected (Carlson and Atkins 1960; 
Rosenow et al. 1962; Kantor and Webster 1967). 

Leaf Area Development, Stem Growth, 
and Tillering 

There is a dearth of information on the effects of 
low temperature on leaf area development, stem 
growth, and tillering. Recent work by Major et al. 
(1981) in a controlled environment chamber 
showed that reductions in leaf number and plant 
height caused by chilling temperatures (130C/80C 
day/night) were only temporary but tiller number 
was increased from three to 3s many as eight per 
plant. Major's (1981) work however showed that 
exposure to-chilling temperatures (13°C/8°C day/ 
night) did not affect grain growth, grain number 
per panicle or yield per panicle. The period of low 
temperature was in the dark and there isevidence 
that the growth of sorghum ismuch less sensitive 
to a period of low temperature given during the 
night period than under conditions of high irra
diance during the day (Bagnall 1979). McWilliam 
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Figure 6. 	 Arrhenius plots for (a) germingtion rate (reciprocal of days to 50% germination) and (b) 
mesocotyl elongation rate for two sorghum species (Sb., S. bicolor, commercial hybrid; Sv, 
S. verticilliflorum, tropical wild sorghum). 0,, values derived from regressions are indicated 
for each slope. (Adapted from McWilliam 1981.) 

(1981) claims that light accelerates and intensifies Panicle Initiation and Development-The 
low temperature injury in chilling-sensitive tissue. Components of Yield 

Another common symptom of chilling injury 
during early growth is chlorosis on the first formed Unlike high temperature effects, there is appa
leaves. Chlorophyll synthesis is severely depress- rently very little information on the effects of low 
ed at low temperatures in many chilling sensitive temperature on panicle initiation and develop
species and Sla * et al. (1974) observed irreversi- ment, although Downes and Marshall (1971) 
ble chlorotic ban ds on sorghum leaves exposed to demonstrated in glasshouse experiments that 
temperatures clo.3e to 00 C. Recent evidence right temperatures of 130C or less during meiosis 
(McWilliam et al. 1979) from electron micrographs can indice male sterility. Taylor (1973) speculated 
of sorghum leaf tissue suggest that the failure to that poor grain sorghum yield in New Zealand may 
develop chlorophyll under these conditions is have b3en due to pollen sterility induced by low 
associated with the arrested development of the temperctuwe. This was examined further by 
thylakoid membrane system of the developing Brooking (1976) who was able to induce male 
plastid!. .part from this work, there is nothing to sterility by exposure to low night temperatures. 
my knowledge and like the earlier work reported However, as yet, there is no unequivocal uvidence 
on leaf area development at high temperature it for the occurrence of low temperature-induced 
nr.,-ds examining. Possible sites in countries of pollen sterility in sorghum crops in New Zealand 
Ea.m Africa. Mexico could be identified for and further detailed field work is required to 
dc::.iled studies in the 1980s. elucidate the potential impo(tance of this type of 

sterility induction. Peacock (1977a) argued that 
Root Growth d Nutrient Uptake the low yields of late planted sorghum in Bots-
As with high teryprrature, there is apparently no wana were almost certainly due to the low night 
information, temperature (40-120C) occurring during GS3. In

153 



deed Eastin (1976) shows that with RS 610, night 
temperatures of 17*C (29=C/17 0C) were too low 
to permit a high metabolic efficiency. 

Photosynthesis 

The effects of low temperature on photosynthesis 
have been examined (Pastemak and Wilson 1972; 
Bagnall 1979) and it is clear that photosynthetic 
rates drop rapidly on exposure to temperatures 
below 20*C. In addition to the direct effect on 
photosynthesis, the injury to the leaf incurred 
during chilling can affect the photosynthetic 
capacity of the leaf when returned to a higher 
temperature (McWilliam 1981). Considerable 
work has been carried out on the low temperature 
effects of photosynthetic reactions (Taylor et al. 
1974; Slack et al. 1974). Bagnall (1979) showed 
that wild sorghum S. leiocladum had a higher 
photosynthetic rate over the range 3 ° to 20°C than 
S. bicolor, however it is unlikely that detailed 
measurements of leaf or canopy photosynthesis, 
as in the high temperature work, are going to 
provide practical screening methods. 

Selection for Chilling Tolerance 
Insummary it is apparent that very little is known 
about sources of variation to chilling tolerance in 
sorghum. Variation however does exist (Bagnall 
1979; Manokaran 1979) and therefore it is impor-
tant that breeders and physiologists in the 1980s 
further develop practical strategies to generate 
improved cold tolerant material. Singh (1977)-in 
outlining a breeding program for cold tolerance at 
a Sorghum Workshop in Hyderabad indicated that 
any one of the followig reasons could be attri- 
buted to the failure of 3orghum at low tempera-
ture: (i)poor oi no germination, (ii)good gdrmina-
lion and vegetative growth but no flowering, (iii) 
flowering, but no pollei and seed set, and (iv) 
partial or poor seed production. Cleady (i, and (ii) 
deal primarily with temperate zones where sow
ing occurs in a cold spring but there are warm 
summer temperatures at flowering, (iii) and (iv) 
are likely to be as~eciated '-,.th the high elevationaropics where i can be cold at the time of 
flowering and where night temperatures are 

f rin in ahero apraches phy 
.teadily dropping as the crop approaches phy-
siological maturity. Both are important but there 
may be little correlation between the two types of 
material, 

To identify and generate such material, screen-

ing methods have to be improved and adopted 
and a recent review (Paull et al. 1979) titled 
"Chilling injury assays for plant breeding" lists a 
number oi rapid screening techniques to assist in 
selecting for greater chilling tolerance. Two 
methods appear promising. First, fluorescence 
monitoring of intact leaves has been used to 
screen a number of higher p!ants with positive 
results (Murata and Fork 1975; Melcarek and 
Brown 1977) and the technique can be adapted to 
measure detached leaf segments (Smillie 1979b). 
Second, leakage of cell contents has been suc
cessfully used io assay chilling injury (Creencia 
and Bramlage 1971; Patterson et al. 1976). 

It is interesting to note that in screening for heat 
tolerance both the fluorescence method and the 
electrical conductivity method have been suc
cessfully used with sorghum and therefore 
attempts should now be made (if not already done 
so) to use the two methods for screening for 
chilling tolerance in sorghum. 

In addition, inheritance studies (Paull et al. 
1979) indicate that variation for chilling sensitivity 
within species is largely additive and under 
polygenic control. Increased chilling tolerance has 
been achieved by selection in corn (Mock and 
Bakri 1976) and in tropical varieties of rice (IRRI 
1978). 

The transfer of genes for cold tolerance from 
wild species adapted to high altitudes in the 
tropics is being attempted with sorghum (van 
Arkel 1977) and Guiragossian, V. (personal com
munication) has made excellent progress in 
selecting for early flowering and good seed set in 
high altitude sorghums in Mexico. 

This is obviously an important area and like the 
research on heat tolerance should be given 
increasing support during the 1980s. Ibelieve that 
success will depend not only on developing 
simple screening techniques for chilling tolerance, 
but in locating suitable areas for field evaluation. 
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Mineral Nutrition of Grain Sorghum:
 
Macronutrients
 

R. J. K. Myers and C. J. Asher* 

Recent FAO siatistics (FAO 1979) indicate a total 
world production of grain sorghum of the order of 
6.9 x 10' tonnes per year from a harvested area of 
about 5.2 x 10' ha. These values are a;most 
certainly an Uiderestimatv' since, for some coun-
tries, sorghum data is included within the lotals 
given for millet. Although 70 countries pi,:c*;uce 
more than 10 tonnes of sorghum per t;'ear, 90.6% 
of the total production and 89.5% of thp har-
vested area is accounted for by 12 cournai'% in 
Asia, the America-, Africa, and Oceania (TL-ie 1). 

Sorghum is ;,,ally a crop c !he se-ii-arid 
tropics, but mucii of the c:rop improv, :nent 
researdh or, it has been conducted at latitudes 
well cuisid.', the tropics. It is perhaps for this 
reason that the highest .vrjrage sorghum yields 
come irom countries witi their main sorghum 
producing areas in temperate or subtropical zones 
(e.g.. USA., Mexico, Argentina) rather than the 
tropics. 

It is clear from Table 1 that even if we consider 
only the major sorghum soils of the major 
sorghum producing countries, much diversity 
exists. It is likely that a much wider range of soils 
is actually involved within the countries listed in 
Table 1,and a wider range still in the many other 
counties of the world with smaller but still 
substantial son hum industries. Such a diversity of 
soils carries with it the expectation of a variety of 
soil fertility and plant nutrition problems. Howev-
er, comparatively little attention was devoted to 
these problems in the last major symposium on 
the topic "Sorghum in Seventies" (Rao and House 
1971). We have found more than 200 references 

Division of Tropical Crops and Pastures, CSIRO, 
Cc-ningham Laboratory. St. Lucia, Queensland 4067, 
Australia; and Department of Agriculture. University of 
Queensland, St. Lucia, Queenslard 4067, Australia, 
respectively. 

published in the last 10 years on effects of 
macronutrients on sorghum. Many of these are of 
1l.cal rather than general significance. In preparing 
h review we have included only those papers 

w:iich help to illustrate the important principles. 

7>,l-.tors Affecting 
,:,,rghum Nutrition 

Ti':ee main factors markedly affecting the mineral 
., i:ion of any crop are the demand for nutrients 
to sustain growth, the nutrient status of the soil, 
and the efficiency with which mineral nutrients 
are absorbed, distributed and utilized during the 
growing season. Positive respcaises to fertilizers 
are likely only when the crop demand for one or 
more nutrient elements exceeds thility of the 
soil to supply the element or elemeits in ques
tion. Each of these main factors is influenced by 
many other factors, some of which are discussed 
below, 

Crop Demand for Nutrients 

Crop demand can be regarded as the pr, uct of 
two components, i.e., total dry matter production 
for the whole growing season or any portion of it, 
and averqge nutrient concentrations needed in the 
plant ti,,,.-.jes to achieve this dry matter produc
tion. Observations on seasonal pattems of nut
rient uptake do not always give a reliable indica
tion of mitrient demand, because uptake is often 
limited o nutrient availability, particularly in the 
latter part of the growing season. 

Tissue Concentration 

Relatively little attention has been given to the 
study of macronutfient concentrati'Jns in field 

International Crops Research Institute for the SemkAi-d Tropics. 1982. Sorghum in the Eighties: Proceedings of the Interritionai 
Symposium on Sorghum. 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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Tale 1. Major grain sorghum produdcng countries of the word od predominant soil types usel. 

% of world's sorghum" Predominant soils used
Geographical region
and country Production 

Asia 
India 17.4 

China 15.9 
Yemen A. R. 0.8 

;zsrth & Centr_4 America
 
USA 27.5 


Mexico 6.1 

South America 
Argentina 10.6 

ca
 
Nigeria 5.5 
Sudan 3.5 

Upper Volta 0.9 
Nigor 0.5 
Ethiopia' 0.9 

Oceania 
Australia 1.0 

Total 90.6 

a. From FAO Production Yearbook 1978 (FAO 1979).
b. FAO-UNESCO Soil Map of the World. 
c. Information not available to authors. 
d. Additional information from Westphal (1975). 

grown grain sorghum, or of thf, minimum whole-
plant concentrations for maximum growth. Lock-
man (1972a) published whole-plant concentra-
tions for younp grain sorghum plants (20 to 36 
days from planting) for N, P. K, Ca, and Mg, and 
proposed a set of nutrient sufficie.-. y values 
(Lockman 1972h). which could be used to esti-
mate nutrient demand for young plants. Several 
workers have observed marked seasonal de-
creases in the average concentrations of macro-
nutrient elements in sorghum tops including N 

Area 

30.8 

16.4 
1.8 

10.6 

2.7 

4.5 

11.6 
5.3 

2.1 
1.5 
1.4 

0.8 

89.5 

FAO-UNESCOO U.S. Soil Taxonomy 

Vertisols, Vertisols, 
Luvisols Alfisols

-C -C 
Yermosols Alflisols 

Kastanozems, Mollisols 
Phaeozems 
Vertisols, Vertisols. 
Luvisols, Alfisols, 
Kastanozems Mollisols 

Phaeozems Mollisols 

Luvisols Alfisols 
Vertisols Vertisols 
Luvisols Alfisols 
Arenosols Entisols 
Luvisols Alfisols 
Arenosols Entisols, 
Regosols, Entisols, 
Cambisols, Inceptisols, 
Nitosols, Alfisols, 
Vertisols Vertisols 

Vertisols Vertisols 

(Raheja and Krantz 1958), P(Srivastava 1971), and 
Ca and Mg (Jacques et al. 1975). 

Since sorghum roots remain awive and capable
of nutrient absorption until very late in the growing 
season (see below), the seasonal changes in 
nutrient concentratiofi are probably due in part to 
increasing dilution of the nutrient with woody 
material as plant age increases, and in part to 
decreases in the amounts of plant-available nut
rients remaining in the soil as the season progres
ses, Uncertainty about concentrations needed in 
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the plant tissues for healthy growth hampers the 
assessment of nutrient demand in grain sorghum, 
especially in t,9 latter two-thirds of the growing 
season. 

Dry Matter Production 

Grain sorghum exhibits a typical sigmoid growth 
curve with substantial growth after an.hesis. 
When water and mineral nutrients are adequate a 
substantial part of the nutrient uptake may occur 
following anthesis, indicating continuing root 
activity. Thus, with dryland sorghum, Smith and 
Myers (1978) found that 46% of the total N 
accumulated into the tops and 37% of the P 
occurred during grain filling despite a major 
moisture deficit during this period. In other stu-
dies Roy and Wright (1974) found that approxi-
mately 60% of the N and P were taken up after 
anthesis while Srivastava (1971) found that 83.9% 
of the total P was taken up after day 47. 

Any factor which reduces dry matter production 
is likely to reduce the crop - nand for nutrients 
and therefore the likelihoua of a response to 
fertilizer application. Growth reduction due to 
pests and diseases can reduce growth and hence 
nutrient demand. Similarly, growth reductions due 
to a deficiency or toxic excess of one mineral 
element can lead to a reduction in the demand for 
other mineral elements. Also the correction of a 
deficiency or excess of one element increases the 
demand for other essential elements and hence 
increases the probability that one of these could 
become deficient. 

Some factors with marked effects on dry 
matter production are discussed briefly below, 

PLANTING DENSITY AND DURATION OF GROWTH 
PERIOD. Planting oonsity can markedly affect dry 
matter production and hence the demand for 
nutrients. With cv RS610 grown under high 
fertility conditions and with adequate water, 
Fischer and Wilson (1975) found that the total dry 
weight of tops at maturity varied from 8 t/ha at a 
low plant density of about 14 000 plants/ha to 
almost 28 t/ha at a very high density of about 
646 000 plants/ha. Though there appears to be 
little genetic variation in relative growth rate, total 
dry matter production varies greatly between 
cultivars with different growth duration. Thus 
Goldsworthy and Taylor (1970) showed that the 
weight of stems plus grain produced by a long 
season Nigerian variety (171 days to maturity) was 

double that of a short season (100 days) American 
hybrid at equal plant densities. 

SALINITY. Pate! et al. (1975) concluded that while 
it was important to maintain soil fertility when 
growing sorghum under saline conditions, fertiliz
er requirements were red,.ied because of re
duced growth. Salinity may affect growth in a 
number of quite distinct ways (cf reviews by 
Greenway 1973; Maas and Nieman 1378): 
(i) water stress due to low osmotic potentials in 
the soil solution; (ii) toxicity of particular elements 
accumulating to high concentrations in the plant 
tissues; and (iii) deficiencies of particular ele
ments resulting from competition among ions for 
uptake in a saline environment. The last men
tioned of these may be pa:,. -ulady important for 
sorghum. Thus Monadjemi (1976) found in glass
house trials that raising the exchangeable sodium 
percentage of a soil with NaCI or NaHCO 3lowered 
the Ca content of the plants and at the higher 
levels caused severe Ca deficiency. Again, Path
manabhan and Rao (1976) found that increasing 
salinity reduced K uptake, there being an inverse 
relationship between the K concentration in 30
day-old seedlings and the susceptibility of sor
ghum cultivars to salinity. 

The bulk of evidence seems to indicate that 
grain sorghum is only moderately tolerant of 
salinity, being less tolerant than wheat, cotton or 
barley (Eaton 1942; Hart 1974). An elbctrical 
conductivity (EC) value (saturation extract) of 12 
mS/cm was required for 50% yield reduction 
(Hart 1974). Maliwal (1967) suggested the exist
ence of differences among sorghum cultivars in 
tolerance to salinity. In solution culture experi
ments, Taylor et al. (1975) compared the salt 
tolerance of 48 sorghum cvs and found that at 
5000 mg/I of salt (approx. 10 mS/cm) yield 
reductions ranged from about 71% for cv Midland 
to only 22% for cv Desert Maize. They pointed out 
that if such differences are heritable, it should be 
possible to develop salt resistant cultivars by plant 
breeding. Indeed Epstein et al. (1978) made a 
strong plea for greater emphasis on plant breed
ing as a means of overcoming salinity problems. 
They list two recent projects concerned with 
breeding of salt tolerance of sorghum iin the USA., 
and one project each in India, Egypt, and USSR. 

ALKALINITY. Nutritional problems encountered by 
plants in alkaline soils have been reviewed by 
Mortvedt (1976) and Brown (1978). Frequently 
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these soils are high in Na and high in tot3l soluble 
salts, so much of what has been said about 
salinity applies to them also. In addition, high pH 
lowers the solubility of the micronutrients Fe, Mn, 
Zn, and Cu and may cause deficiencies (cf Clark 
1982). In calcareous alkaline soils phosphate may 
be precipitated and the problem may be 
worsened by the depressive effects of high pH on 
phosphate absorption by roots (Hagen and Hop-
Kins 1955). 	Some alkaline soils are high in bicar-
bonate ions which are much more toxic when 
present in 	excess than chloride ions. 

Very little information is available on effects of 
alkalinity on grain sorghum. Maliwal (1967) used 
the sodium adsorption ratio (S.A.R.) as an index of 
alkalinity in germination tests with grain sorghum. 
All sorghum cultivars were sensitive to alkalinity 
but there are problems of interpretation with this 
study. Chapco (1977), on the other hand, is 
reported to have found that sorghum, along with 
sudan grass and sugar beet has a high tolerance 
to sodium 	carbonate concentrations in the soil. 

A need exists for well controlled experiments 
on effects of salinity and alkalinity on grain 
sorghum to resclve the apparent conflicts among 
a number 	of the studies referred to above. 

CLIMATIC FACTORS The paper of Wilson and Eas
tin (1982) deals with climatic and other environ-
mental factors. As a crop of the semi-arid tropics, 
sorghum is often subject to growth limitations 
due to water stress. This is discussed by Jordan 
and Sullivan (1982) and only those aspects speci-
fically associated with crop nutrition will be
considered 	here. 

In !,)w rainfall country, it is common to grow 
rainfed sorghum at low plant densities and wide 
row spacing to increase the probability of there 
being sufficient moisture available for grain filling. 
These practices reduce total dry matter produc-
tion and hence the demand for nutrients even if 
the anticipated dry seasonal crjnditions do not 
eventuate. Thus such dyland crops are less likely 
to respond to fertilizer than a densely-planted 
narrow-row irrigated crop. 

For crops grown predominantly on stored wa
ter0progressive drying of the soil from the surface 

downwards as the season progresses may render 
unavailable the mineral nutrienis in the upper part 
of the profile. A dry topsoil also means that side 
dressings of fertilizer will remain ineffective un-
less rain falls or the crop can be irrigated. 

Seasonal differences in water available to the 

crop can have large effects on responsiveness to 
fertilizer nutrients. On a relatively infertile soil at 
Katherine. Australia. Myers (1978a) found that 
maximum grain yield (5.4 t/ha) and total above 
ground dry matter production (15.5 t/ha) occurred 
in a season of above average rainfall (989 mm 
from October to April) with 150 kg N/ha (Fig. 1). In 
a season of average rainfall (855 mm) there was 
again a strong response to N, maximum yields of 
grain and dry matter (3.3 and 7.7 t/ha) occurring at 
both 150 and 200 kg N/ha. However in a season 
of below average rainfall (677 + 60 mm irrigation) 
vegetative growth was stimulated by N up to 90 
kg N/ha during the first 56 days of growth but 
maximum grain yields occurred (2 0 t/ha) at 
approx. 22 kg N/ha, with higher rates of N 
significantly depressing the yield. Shortage of 
water during the grain fillirg stage following 
excessive earlier vegetative .growth at the higher 
N level appeared to be the major factor causing 
the yield depression. 
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Figure 1. 	 Grain sorghum response to nitrogen 
in 3 years at Katherine in the Northern 
Territory, Australia. (Data from Myers 
1978.) 
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Nutrient Status of the Soil 

Soil Solution Composition 

The mineral nutrients essential for crop growth 
exist in the soil in a variety of physical and 
chemical forms. Usually, only a small portion of 
the total supply of an element will be present in 
the soil solution, but the soil solution has impor-
tant effects on crop nutrition because nutrients 
present in other components of the soil system 
must first pass into the soil solution before they 
can be absorbed by the roots (Fig. 2). At any time, 
the availability of a mineral element to the crop 
will depend on the concentration (or strictly 
speaking the activity) of that element in the soil 
solution. If the concentration is too low, uptake 
rates by the roots may be insufficient to meet 
crop demand, or if too high, uptake may be 
excessive and growth of the crop restricted by 
toxicity. 

Unfortunately, few reliable data are available 
concerning optimum soil soluton concentrations 
of mineral elements for grain sorghum growth. 
Limited information is available, however, from 
recent experiments conducted in continuously 
flowing nutrient solutions inwhich solution com-
position, pH. and temperature were closely con-
trolled. Forno 1977) showed that young sorghum 
plants made unrestricted growth when nitrate 
concentrations in the root environment were in 
the range of 500-5000 pM (7-70 pg N1ml) but 
that significant growth depression occurred at 

I 
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Organic matter 
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Run-off water 

concentrations <50 pM. With ammonium, max
imum growth occurred in the region of 500 pM (7 
pg N/ml), the highest concentration studied. 
Sorghum growth declined sharply at ammonium 
concentrations below 30 pM. 

These results may be contrasted with those of 
Cox and Reisenauer (1973) who found that in 
wheat maximum growth occurred with only 40 to 
50 pM ammonium, higher concentrations leading 
to growth depression. Islam (1981) studied the 
response to sorghum and anumber of other crops 
to Ca in flowing solution culture using calcium 
sulphate as the Ca source. Sorghu- required a 
high Ca concentration (!-3000 pM) for maximum 
growth. Further research on relationships be
tween external concentrations of nutrients and 
the growth of sorghum is needed to provide a 
basic understanding of the nutritional physiology 
of the crop. Such studies are relevant also to the 
use of thermodynamic approaches te ,.-assess
ment of soil nutrient availability whic,. e discus
sed later. 

Role of Solid-phase Nutrients 

The main reservoir of nutrients in practically all 
soils is the solid phase which replenishes the soil 
solution in a variety of ways as nutrients are 
removed by the growing crop. Conceptually, the 
solid phase can be regarded as consisting of 
primary and secondary minerals, the exchange 
complex, and organic matter (Fig. 2). However, in 
practice these subdivisions overlap, e.g, the 

Fertilizers 

Soil. Solution 0 Crop 

S-,.S-uoio 

Return of crop residues 

U 

Drainage water 

Figure 2. Nutrient sources and nutrient flows in the soil plant system. 
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exchange complex ex.sts because of surface 
characteristics of some secondary minerals and 
the organic matter. In most soils the solubility of 
the primary minerals is very low and their contri-
bution to maintenance of soil solution concentra-
tions is small in the short term. In some soils of 
the semi-arid tropics, calcium carbonate or gyp-
sum may be important secondary minerals in-
fluencing 	soil solution composition. 

The exchange complex is of particular import-
ance as 	 a source of plant available nutrients 
becau,.e of rapid equilibration with the soil solu-
tion. Sometimes the amount of an element held 
on the exchange complex is used as an estimate 
of nutrient availability. The organic matter fraction 
;s important as a source of mineral nutrients 
released 	on mineralization (especially N and S), 
and because of its role in the maintenance of soil 
structure. Maintenance of adequate levels of soil 
organic matter is difficult when soils (particularly 
those in the tropics) are repeatedly cropped, 
especially if crop residues are not returned, 
Erosion can cause serious reductions in soil 
fertility because the surface soil, which is most at 
risk, usually contains the highest concentrations 
of plant-available nutrients and most of the soil 
organic matter, and because within the surface 
the material moved by erosion is highest in 
nutrients 	and organic matter. 

Assessment of Nutrient Status 
The nutrient status of soils is commonly assessed 
by chemical or microbiological tests, glasshouse 
pot tests, or a combination of these. A good 
example of the use of both chemical tests and pot 
experiments to provide a detailed assessment of 
nutrient status is provided by the work of Crack 
and Isbell (1970) and Jones and Crack (1970). For 
both chemical tests and pot tests, decisions are 
required concerning the portion or portions of the 
soil profile to be sampled. 

CHOICE OF SAMPLING DEPTH. The sampling proce-
dures adopted need to take into account the 
characteristics of the sorghum root system. Sor-
ghum roots are capable of penetrating the soil at 
approximately 2 to 5 cm/day (Nakayama and Vbn 
Bavel 1963) and reaching considerable depths 
quite early in the growing season. For example, 
Kaigama et al. (1977) found that the roots of cv
Pioneer 846 had reached their maximum depth
(140 to 150 cmi by 42 days after emergence, and 
Myers (1980) reported that roots of both cv 

Pioneer 846 and cv RS610 had leached 135 cm by
floral initiation, approximately 22 days after 
emergence. In both studies a high proportion of 
the total root mass was within 15 to 20 cm of the 
soil surface. Inthe study of Kaigama et al. (1977) 
more than 90% of the total root weight was in the 
top 15 cm of the profile throughout the crop
growth cycle. Under these conditions, the usual 
practice of restricting soil sampling to the top 10, 
15 or 20 cm of soil profiles seems justified. Lnder 
drier conditions, the proportion is less. Thus 
Myers (1980) found only 76-79% of the root 
mass in 	the 0-20 cm layer. In a recent study 
Myers et al. (unpubl.) found that as water supply 
changed 	 from near-optimal to severely water 
stressed, the proportion of the root system in the 
surface 20 cm declined, and under very dry 
conditions, the zone of maximum root accumula
tion was 	not in the surface soil (Table 2). 

Accumulations of nutrients sometimes occur at 
depth, and the nutrient-rich surface soil is some
times too dry for significant nutrient uptake to 
occur. Lavy and Eastin (1969) found that subbtn
tial absorption of 3 P occurred at depths of 30 and 
60 cm. Similarly Smith and Myers (1378) attri
buted much of the P and N uptake of water 
stressed dryland sorghum during grain filling to 
uptake from the subsoil. Hence there may be 
circumstances where assessment of the nutrient 
status of the subsoil is important for a correct 
interpretation of the results of a field experiment. 

Table 2. 	 Depth distributionof grain sorghum roots 
(mean of four cultivars) as affected by 
water regime (R.J. K.Myers, M. A. Foale 
and A. A. Done, unpublished data). 

Irrigation interval 

Soil epth 7-day 28-day Once only
(Im) at planting 

Root lengths (cm/g) 
0-10 8.8 2.4 1.2 

10-20 3.4 2.7 1.7 
20-40 1.3 0.9 0.6 
40-60 0.6 0.7 0.6 
60-80 0.6 0.7 0.7 
80-100 0.2 0.8 0.7 

100-140 0.1 0.7 0.7140-180 0.1 0.2 0. 
Percentage 

;n 0-20 cm 67% 52% 24% 
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CHEMICAL TESTS Soil chemical tests can be broad-
ly grouped into three kinds: soil extraction proce-
dures; soil incubation-extraction procedures; and 
procedures based on thermodynamic approaches 
to nutrient availability, 

i. 	Soil extraction procedures. The most common 
method of estimating potentially available mir'-
eral nutrients is to measure the amounts of 
nutrient elements extractable with various 
reagents under defined laboratory conditions. 
This empirical approach usually takes little 
account of the mineralogy of the soil being 
tested, or the dynamic interactions which 
occur between the soil solution and the solid 
phase of the soil (cf Fig. 2). For soil testing 
purposes, it is possible to calibrate such soil 
tests for a particular combination of crop, 
nutrient, soil, climate, and production system 
so that soil analysis can give an estimate of the 
fertilizer required for a specified yield level. 

However in sorghum agronomy we are 
usually dealing with soil test procedures cali-
brated on other crop species, on other soils, 
and in different climatic and management 
environments. Hence substantial extrapolation 
is involved and a reliable indication of quantita-
tive fertilizer requirement is unlikely. The best 
that can be hoped for is a tentative indication 
of the adequacy or otherwise of a particular 
nutrient, 

ii. Soil incubation-extraction procedures. In the 
case of N it is possible to measure the amount 
of N that is currently present in the soil profile, 
and following incubation under standard condi-
tions, the amount potentially available. A sim-
pIe procedure for using these estimates to 
predict N fertilizer required by sugar beet has 
been reported (Stanford et al. 1977) and 
similar procedures could be used for sorghum. 
Such procedures are well within ihe capabili-
ties of research laboratories, and soil testing 
laboratories should be able to use short-cut 
methods for mineralizable N (e.g., Stanford 
and Smith 1976). 

iii. 	Thermodynamic approaches to nutrient availa-
bility. For P and the nutrient cations, in which 
relatively rapid adsorption/desorption reac-
tions with solid phase constituents buffer the 
composition of the soil solution, it is possible 
to assess the nutrient status of a soil from 
sorption isotherms. A valuable feature of this 
approach is that changes in soil solution 

concentration resulting from a given addition 
of an element as fertilizer or a given withdraw
al of an element through crop uptake can be 
predicted. For example, Myers (1978b) re
ported that in a soil used for field experiments 
with sorghum, a change of approximately 11 
pg/g in P sorbed on to the solid phase of the 
soil corresponded with a change of 0.1 pg/mI 
(approx. 3 pm) in the equilibrium concentration 
of P in solution. If the lowest soil solution 
concentration for healthy growth is known, 
and an estimate of crop demand is available, it 
is possible to predict the amount of fertilizer 
required to ensure adequate nutrition of the 
crop. The amount of work involved in estab
lishing sorption isotherms has so far prevented 
this approach from being used by routine soil 
testing services, but is commonly used at our 
laboratories, particularly in relation to P (e.g., 
Carvalho et al. 1980). 

POT EXPERIMENTS. Pot experiments provide a valu
able means of confirming tentative conclusions 
based on soil analysis and can, in addition, provide 
information about the availability of elements for 
which reliable and generally accepted chemical 
tests are not yet available (e.g., sulphur and some 
micronutrients). The costs are usually much smal
ler than those of major field trials and the 
information gained can often prevent costly mis
takes in the design of such trials in terms of 
presence of hitherto unsuspected nutritional prob
lems, or in the case of fertilizer experiments, the 
selection of inappropriate treatment rates and 
combinations. 

Pot experiments are usually of one of two 
kinds: (i) those aimed at identifying nutritional 
factors that are likely to limit plant growth on a 
particular soil; and (ii) those aimed at establishing 
approximate optimum rates of application of 
nutrient elements to overcome such limitations 
(nutrient rate experiments). In the first, subtrac
tive ("missing element") designs have often been 
used to good effect in tropical and subtropical 
regions (cf Andrew and Henzell 1964, Sanche7 
1976). Inthese experiments,, relatively pure labor
atory chemicals should be used and they should 
supply only one essential element per chemical to 
remove any risk of incorrect interpretation. The 
need for nutrient-rate pot experiments may be 
reduced or eliminated where thermodynamic 
methods have been used to assess nutrient 
availability. Once the deficient elements have 
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been identified and the approximate degree of 
deficiency established, field trials can be con-
ducted using commercial fertilizer materials which 
supply the deficient elements in the most cost-
effective form. 

Plant Acquisition, Distribution, and 
Utilization of Mineral Nutrients 

Information on these topics is limited and frag-
mentary, and there is a clear need for more 
research on the basic mineral nutrition of the crop. 
Uptake Mechanisms 

Root function in sorghum has been little studied. 
Although uptake mechanisms probably will be 
qualitatively similar to those in other species, 
there may be important quantitative differences 
likely to affect field performance. 

Warncke and Barber (1974) found that sorghum 
and maize plants were capable of absorbing
nitrate down to similar very low concentrations. 
Thus sorghum roots reduced the N concentration 
to 2.7 pM before uptake ceased whereas the 
range for three maize cultivars was 2 to 4 pM. 
However Forno (1977) found that sorghum re-
quired highev nitrate concentrations in the root 
environment 1cr maximum growth. When N was 
supplied as ammonium, the external concentra-
tion required by sorghum was again higher than 
for maize. 

Kawasaki and Moritsugu (1979) found that Ca 
uptake rates by excised sorghum roots were 
similar to or slightly greater than those of excised 
maize roots. However, in longer term experi-
ments with intact plants, Islam (1981) found large 
differences between these two species in ability 
to absorb adequate calcium for healthy growth. 
Whereas maize plants required only low external 
Ca concentrations (approx. 10 pM) for healthy 
growth, sorghum yields increased up to 3000 pM 
Ca, the highest concentration studied. More 
research is needed to resolve the ,pparent 
conflict between the studies with excised roots 
and those with in!act plants. 

Recent research suggests that substantial dif-
ferences exist among sorghum cultivars in ability 
to absorb particular macronutrients and micronut-
rients. Thus Brown and Jones (1975) found that 
the ability of sorghum cultivars to absorb P from 
an acid soil of high Al status decreased in the 
order B-line > Wheatland > Pioneer 846 >KS5. 
Such differences open up exciting possibilities for 

breeding genotypes adapted to specific sets of 
soil conditions. However much careful work is 
needed before this becomes a practical reality. 
For example Brown et al. (1977) found that 
efficiency of P uptake tended to be associated 
with susceptibility to deficiencies of Fe and Cu. 

Role of Root-microorganism Interactions 

NITROGEN. In recent years there has been much 
interest in associative N fixation in cereal and 
grass root systems. The successful manipulation 
of such N fixation systems has the potential of 
providing a low-cost yield improvement to N 
fertilizer, but practical applications seem a long 
way off. 

Barber et al. (1976) inoculated maize and sor
ghum with N-fixing Azospinllum strains but esti
mated the resuitant N fixation in the field to be <4 
g/ha per day. In a similar experiment Tjepkema 
and van Berkum (1977) estimated the average N 
fixation for naturally infected maize and sorghum 
root systems at 2.8 g/ha per day compared with 
1700 g/ha per day for nodulated soybeans. 
Pedersen et al. (1978) found sorghum ruots ic' be 
infected with N-fixing Enterobactaria but the 
maximum rate of nitrogen fixatior, was estimated 
at only 2.5 g N/ha per day. While these rates of 
fixation are low, recent work by Dart and Wani 
(1982) suggests that associative N fixation in 
sorghum merits further evaluation. 

Sanoria and Rao (1975) found that inoculation of 
sorghum seed with Azotobacter produced vari
able results with some significant increases in 
forage yields in pots but not in the field. Subse
quently Reddy et al. (1977) obtained significant 
grain yield responses of 15% and 19% to inocula
tion with Azotobacter at a N deficient field site in 
two consecutive seasons. Although such re
sponses have not been clearly shown to be 
associated with N fixation, and are often quite 
variable, further research seems justified. 

PHOSPHORUS. Moawad (1979) found that inocula
tion of sorghum plants with the vesicular
arbuscular endophyte Glomus macrocarpus sub
stantially increased dry matter production and 
uptake of P from a soil fertilized with the insoluble 
phosphate Ca,(PO,)3OH. 

Nutrient Distribution 

In recent years there have been several studies of 
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macronutrient distribution in grain sorghum. 
Cowie (1973) conducted a detailed study of 
effects of N supply and the timing of N stress on 
Ndistribution incv RS610 in solution culture. Roy 
and Wright (1974) followed seasonal patterns of 
N. P, and K accumulation in the leaf, stem. and 
panicle in cv CSH 1 grown in the field with 
supplemental irrigation, and with various levels of 
Nand P fertilizer. Smith and Myers (1978) made a 
similar study of N and P distribution in cv 
Goldfinger grown under dryland conditions with 
water stress for much of the growing season. 
Jacques et al. (1975) followed in detail the 
distribution of Ca and Mg in two sorghum cv over 
two consecutive seasons. 

The transfer of N and other mineral elements to 
the grain is important both in terms of the 
physiology of grain filling and of the nutritive value 
of the grain. The developing grains have two 
sources of mineral nutrients: (i) those entering 
the roots during grain filling and carried upwards 
to the panicle by the transpirational flow through 
the xylem; oi'd !ii) those previously accumulated 
in leaves and stem, and transferred to the grain, 
along with products of photosynthesis, through 
the phloem transport system. The possibility 
exists that mineral nutrients temporarily stored in 
stem tissues bordering the xylem pathway may 
supplement the supply of mineral nutrients com-
ing in through the roots during grain filling but 
experimental evidence on this point is lacking for 
sorghum. 

The relative importance of xylem and phloem 
transport to the grain appears to be strongly 
influenced by the availability of water and mineral 
nutrients in the root environment during grain 
filling. Thus Roy and Wright (1974) showed that 
with unfertilized grain sorghum (N, P. treatment) 
grain filling was associated with large reductions 
in the total N and Pcontents of leaves and stems 
(Fig. 3a), whereas with well fertilized plants (N,o.  
P, treatment) the proportion of grain N and P 
coming from leaves and stems was much smaller 
(Fig. 3b). The data of Smith and Myers (1978) for 
dryland sorghum, in which the top 10 cm of soil 
was dry during grain filling, show that redistribu-
tion of N and P from leaves and stems played an 
important part in supplying these two elements to 
the grain under water stress conditions (Fig. 3c). 
Since Ca has very low mobility in the phloem of 
higher plants, the main supply of C. to me 
developing grains is presumably via the xylem. 
The widely differing patterns of distribution of Ca 

and Mg reported by Jacques et al. (1975) confirm 
that Ca, unlike Mg, does not move out of leaves 
and stems during grain filling. 

Grain N concentration is an important quality 
factor in sorghum. In precisely controlled solution 
culture experiments with cv RS 610, N supply had 
major effects on grain number (and hence yield) 
and on grain N concentration (Cowie 1973; Asher 
and Cowie 1974). Plants subjected to Ndeficiency 
between planting and floral initiation produced 
only a small panicle with fewer primary branches, 
secondary branches, and visible florets at head 
emergence than control plants supplied with 
adequate N. Nitrogen stress between floral initia
tion and anthesis caused between 16 and 30% of 
the initiated florets to abort. Nitrogen stress 
following anthesis had little effect on grain yield 
but greatly reduced grain N concewi.ration corn
pared with plants receiving adequate N (Table 3). 
With continuous N stress, the reductions in grain 
number due to reduced floral initiation and subse
quent abortions brought the grain number into 
sufficient balance with the N supply to produce 
grain of acceptable N content (Table 3). 

Inthe field, under favorable growing conditions 
very little mineral N remained within the rooting 
zone by anthesis with fertilizer rates up to 112 kg 
N/ha (Cowie 1973). Only in the highest N treat
ment (336 kg N/ha) was there sufficient mineral N 
left in the profile during grain filling for grain N 
levels to exceed 1.47% (Table 4). Side dressing of 
urea was highly effective in raising grain N 
concentrations. The greatest effect on grain corn
position occurred if the sidedressing was made at 
anthesis. However, an earlier side dressing at the 
boot stage increased both the yield of the lower N 
treatments (presumably by reducing floral abor
tion) and the grain N concentration (Table 4). 

Herron et al. (1963) and Cowie (1973) observed 
significant net losses of N from N stressed 
sorghum after flowering. Gaseous N iosses from 
a range of crops including sorghum have now 
been documented (Stutte and Wieland 1978; 
Wetselaar and Farquhar 1980). with the greatest 
1zb.ses apparently from senescing leaves of N 
stressed plants. So far the practical significance of 
such losses has not been aso;essed. 

Efficiency of Utilization 

Inrecent years there has been growing interest in 
the efficiency of utilization of mineral nutrients 
and various concepts of efficiency have been 
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(b) Irrioited, 120 kg N/ha and 28 kg P/ha applied (redrawn from Roy and Wright 1974);
(ci Dry~&d, N and P adequate (redrawn from Smith and Myers 1978). 
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of NWO,., suppl o grn irw cPTW@3ieIL 11 e roan- pedoin u-lsfkn @glee-hous eeludon aubre eipuie wfmeie aw AMm 

Nitrogen supply regime Grain prodction 

mIe1s in ow .IS 
sod Cowie 13741. 

Grain nitrogen 
concentration 

Planting- Initiation- Anthesis- Number/ Weight N Crude 
imtiation anthesis maturity plant g/pant) %) protein %) 

High High High 2485 62.3 2.78 17.4 
High Low High 2061 50.3 2.82 17.6 
Low High High 1550 37.1 2.92 18.4 
LoW Low High 1021 26.2 2.94 18.5 
High High Low 2220 56.2 1.30 8.1 
High Low Low 1738 44.4 1.21 7.6 
LOW High Low 1260 31.1 1.38 8.5 
Low LOw LOw 896 22.5 1.48 9.3 

T"hle 4. efft of a edorsdng of 24 kg N/ho atth boot stog n the Vykd an grin n trogen 
concenMtio of v R86110 grown at Gaton, Aurdla (from Asw en Cowle 1374). 

Without sidedressing With sidedressing 
N applied at 

planting Yield 
(kg/ha) It/ha) 

0 0.8 
34 1.1 

11? 4.2 
338 9.2 

defined (Wright 1976; Jung 1979). However, 
there appears to be no general agreement con-
cerning either terminology or experimental 
methods for assessing the efficiency of particular 
genotpes. 

Clearly if genolypes A and B have a similar yield 
potential under favorable growing conditions but 
A requires a lower average concentration of a 
particular mineral nutrient in its tissues for max-
imum growth than B, then A is the more efficient 
because it requires less of the mineral nutrient to 
achieve its yield potential. If the root systems of 
both have equal capacity to extract the mineral 
nutrient in question from a particular soil, then 
genotype A should outyield genotype Bwhen the 
nutrient supply is limiting and should require a 
smaller input of fertilizer for maximum yield. 

One approach is the utilization quotient (Steenb-
jerg and Jakobsen 1963; Loneragan and Asher 
1967) or the efficiency ratio (Gedoff 1976) defined 

N Yield N
 
%) Itlha) %)
 

1.24 2.2 2.35 
1.06 2.0 2.02 
1.41 6.1 2.03 
1.80 9.1 2..68 

as the reciprocal of the average tissue concentra
tion (expressed as quantity of dry matter/unit 
quantity of mineral element). Unfortunately utiliza
tion quotients are not a constant property of a 
genotype, but undergo large changes, as much as 
tenfold, with changes in nutrient supply (Loner
agan and Asher 1967). They also tend to increase 
with time as the proportion of structural material 
in the tissue increases. This will be greatly 
accelerated when plants are given a fixed initial 
supply of P and ,l'owed to deplete this supply 
over time (Clark et al. 1978). In such experiments 
faster growing genotypes will deplete the supply 
more rapidly and at final harvest will have lower 
tissue concentrations and appear more efficient. 
These genotypes are aiso the most likely to 
develop nutrient deficiency symptoms (Clark et al. 
1978) because of their rapid exhaustion of the 
culture medium. Efficiency of vegetative dry 
matter production may not always be a good 
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predictor of efficiency of grain production, and the 
recent attempt to use grain production per unit of 
N uptake as an index of N efficiency (Maranville at 
al. 1980) appears to be a step in the right direction. 

Research on efficiency of nutrient acquisition 
from the root environment and subsequent utiliza-
tion seem likely to be of growing importance if the 
trend of steeply rising fertilizer prices continues, 
Practical benefits from such research appear 
some distance off, and may have to await 
improved understanding of the processes in-
volved in efficiency differences among genoty-
pes. Better methodology may prove to be the key 
to this improved understanding. 

Diagnosis and Correction 
of Nutritional Problems 
in Sorghum 

Visible Symptoms 

Most nutritional disorders of crop plants produce 
visible symptoms which are useful for diagnostic 
purposes. Krantz and Melsted (1964) described 
symptoms of macronutrient and micronutrient 
deficiencies in maize, sorghum, ard small grains, 
However, for the macronutrient elements most of 
the emphasis in the paper and all the photographs 
dealt with maize. They remarked that Mg deficien-
cy of sorghum had not yet been reported. 
Subsequently Gallaher et al. (1975) observed Mg 
deficiency in grain sorghum and briefly described 
the symptoms. Kawasaki and Moritsugu 1979) 
reported Ca deficiency in maize and sorghum, and 
included photographs of the sorghum symptoms. 

We believe that all researchers involved in field 
or glasshouse experiments with a major crop such 
as grain sorghum should have access to adequate 
descriptions of the symptoms of nutritional dis-
orders likely to be encountered. There is a need 
for a color-illustrated bulletin dealing specifically 
with the nutritional disorders of sorghum including 
symptoms of toxicity and salt injury as well as 
deficiencies of the macronutrient and micronut-
rient elements. 

Soil and Plant Analysis 

Considerable yield reduction occurs before visible 
symptoms occur. Soil analysis data can be of 
considerable predictive value, indicating likely 

nutritional problems on a particular soil. As nut
rient accumulations sometimes occur in the sub
soil, the va!ue of soil analysis can be enhanced if 
some measurements are made also on subsoil 
samples. 

As with soil an'alysis, plant analysis tests require 
calibration before. they can be interpreted with 
confidence. Bennett (1971) concluded that differ
ences in chemical composition between sorghum 
and maize growing in adjacent fields on the same 
soil type were sufficientlylarge and consistent to 
render inadvisable the use of maize critical con
centration values for the interpretation of sor
ghum analyses. 

Lockman (1972b) has published nutrient suffi
ciency ranges for N, P, K. Ca, and Mg plus some 
micronutrients, in field-grown grain sorghum at 
various stages of growth. This comprehensive 
statement falls short of providing precise critical 
concentration values. For S, no data were in
cluded for field grown plants although suggested 
ranges were given for young plants grown in sand 
culture. For Mg, the normal range of 0.2 to 0.5% 
in the third leaf from the top of the plant at bloom 
agrees with Gallaher et al. (1975) that grain 
sorghum responds to Mg fertilizer when Mg in the 
fourth leaf from the top falls below 0.2% at late 
pollination. With N, Lockman (1972b) considered 
3.3 to 4.0% in the third leaf at bloom to be normal. 
At the same stage of growth Hipp and Gerard 
(1971) found that an average of about 2.3% N 
across all leaves was associated with maximum 
grain yield. At lower yield levels associated with 
poorer moisture supply. Brawand and Hossner 
(1976) reported linear releationships between 
grain yield and Nand P in the second leaf from the 
top. Over the range 1.7 to approx. 3.5% N,grain 
yield increased 1.6 t/ha for each 1% increase in 
leaf N,and over the range 0.2 to 0.5% P,1.14 t/ha 
for each 0.1% increase in leaf P.Further research 
on relationships between grain yield and leaf 
composition particularly in the presence of varying 
seasonal conditions is needed to place diagnosis 
based on leaf analysis on a firm basis. The 
suggested handbook of visible symptoms would 
be even more valuable if it included critical 
nutrient concentrations. 

Fertilizer Experiments 

Soil analysis and glasshouse pot experiments 
while providing much valuable information cannot 
adequately take into account many of the factors 
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which strongly influence fertilizer responses in the We believe that monitoring of weather condi
field, e.g., seasonal conditions, crop spacing and tions, soil characterization, and the frequency and 
density, weed and pest control. Jertilizer place- detail of observation during the course of a field 
ment. single or split applications of fertilizer, and experiment, should be such as to allow an 
site drainage and water management. Hence field understanding of the fertilizer responses 
experiments are essential before soundly based obtained. Only in this way can the results be 
recommendations can be made. extrapolated to other field situations with a 

Low soil moisture 	 12- Z Medium soil moisture 
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Figure 4. Grain sorghum yield response to applied nitrogen in Kansas as affected by soil moisture and 
nitrate at sowing time. (From C.A. Thompson 1974.) 
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differing mix of site factors. The initial sail 
characterization is particularly important. An ex-
ample is seen in the report by Thompson (1974) 
where interpretation of the results of 58 field 
experiments has been made possible through 
relating the response to dded N to the amounts 
of soil water in the profile at planting and the soil 
nitrate in the surface 30 cm of soil at planting (Fig. 
4). At low soil moisture, the response was 
positive with rr udium or low soil nitrate, but 
negative at high sod nitrate. As soil moisture 
increased, the magnitude of positive response 
increased, th, negative response at high nitrate 
changed to aicresedpositive response andofthe fertilizerrequremnt Thedat ippand
requirement increased. The data of Hipp and 
13erard (197 1) may be taken as another example. 
Marked differences in crop response between 
fallowed and cropped land were due to differ
ences in plant availabl- N and the quantitative 
response of grain sorghum to N fertilizer could be 
predicted with reasonable certainty if the nitrate 
nitrogen in the top 120 cm of the profile was 
known prior to planting. Unfortunately the vast 
majority of reported field experiments cannot be 
so easily explained. Frequently, the relevant clima-
tic or soil data or both are insufficient to allow 

interpretation of the response, let alone extrapo-
late to other situations. In general, we believe that 
available resources for research on fertilizer re-
quirements of sorghum would be used more 
effectively if fewer experiments were carried out 
than at present, but each experiment was more 
fully and appropriately documented. While it is 
tempting to prescribe a minimum data set for all 
experiments, the data required will vary with the~ 

objectives of the experiment. Careful considera-
tion of the principles of the nutritional physiology 
of the crop, as outlined in the first section of this 
paper, should allow the researcher to leduce 
what measurements are necessary for the ;nter-
pretation of his experiment and allow a better 
understanding of the macronutrient nutrition of 
sorghum in the eighties. 
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Mineral Nutritional Factors Reducing
 
Sorghum Yields:
 

Micronutrients and Acidity
 

R. B. Clark*
 

Sorghum, like all plants, requires mineral ele-
ments to grow and complete its life cycle. 
Without proper supply, availability, and balance of 
mineral elements, plant productivity will be less 
than optimum. Therefore, it is important that 
these elements be maintained at adequate levels 
for plant use, that plants have a greater ability to 
use the elemeits present in the soil, or that plants 
have greater tolerance to deficient and toxic levels 
of mineral elements. 

Deficiencies and toxicities of mineral elements 
in sorghum will vary among soils and geographic 
areas of the world where the crop is grown. 
Nitrogen is universally lacking in most soils and 
additions are needed for sorghum to grow proper-
ly. Supplemental amounts of the other elements 
may be needed, dependent on soil and previous 
cropping practices. Other than N, nearly one-
fourth of the soils of the world (estimated at 2960 
million hectares) have some kind of inherent 
mineral deficiency or toxicity problem (Dudal 
1976). 

Mineral element deficiency and toxicity prob-
lems in soils can often be related to the kind of 
Oarent material making up a particular soil. Be-
cause of this, many element deficiencies and 
toxicities may be predicted from the substratum 
of the soil and from the type of soil-forming 
processes characteristic of the soil (Dudal 1976). 
In other scils, mineral problems may not be 
consistent with soil classes because of variability 

* U.S. Department of Agriculture, Science and Educa-
tion Administration, Agriculture Research, Department 
of Agronomy, University of Nebraska, Lincoln, Nebras-
ka 68583, USA. 

within soils. The distribution of mineral element 
deficiencies and toxicities depends on the distri
bution of soil groups and has often been associ
ated with the pH of soils. 

Even though distinct separations between acid 
and alkaline soils are difficult to make, the amount 
cf precipitation compared to the evapotranspira
tion, has often been used to separate them. If 
precipitation exceeds evapotranspiration, the soils 
are usually acid. If precipitation does not exceed 
evapotranspiration, the soils are usually neutral or 
alkaline. A general boundary between acid and 
alkaline soils is the natural boundary between 
areas where forests and prairies predominate 
(Flach 1976). 

Alkaline soils usually contain fairly high amounts 
of salts in the profile. If groundwater is high or 
irrigation mismanaged, these soluble salts may 
accumulate at the soil surface and soils may 
become saline. Except for special conditions, 
alkaline soils are usually adequately supplied with 
Ca, Mg, and K.Sulfur deficiencies and B toxicities 
may occur on alkaline soils, and Mo is often high. 
Most alkaline soils contain sufficient Fe to supply 
plants indefinitely, but the Fe may not be readily 
available for plant use. Many soils that are neutral 
or alkaline are often calcareous. 

Acid soils are usually low in exchangeable 
bases, highly leached, and may be high in Al, Fe, 
and Si oxides. Nearly all elements have to be 
added to maintain fertility in acid soils, and P 
availability is of special concern. The availability of 
Al, Mn, and Fe increases with acidity and these 
elements at sufficiently high levels are toxic. 
Nearly half of the nonirrigated arable lands and 
about one-third of the total land mass of the world 
are acid (Fig. 1). 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the Intenational 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P.. India. Patancheru. A.P. India: ICRISAT. 
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Figure 1. Distribution of acid soils in climates 
Wambeke). 

Micronutrients 

Micronutrient deficiencies occur on both alkaline 
and acid soils, but micronutrient toxicities occur 
mostly on acid soils, except for Bbunless unique 
conditions exist. By far. the most serious micro-
nutrient problem in sorghum in the USA is Fe
deficiency; sorghum is very susceptible to Fe 

deficiency. Iron deficiency occurs almost exclu-
sively on neutral or ccurn both alkalcareous 
soils. Iron toxicities may occur on acid soils, but 
hese are relatively minor compared with other 

aionblems. To a much lesser extent, Zn deficiency 

Malso a serious micronutrient deficiency problem 
for sorghum, and this occurs on both alkaline and 
acid soils. Few Zn toxicity problems arise unless
plants are grown under high Zn conditions, such 
as on exposed mine and industrial waste sites. 
Manganese deficiency could be a problem for 
sorghum grown on alkaline soils, but few cases 
are reported; sorghum is fairly tolerant to low Mn. 
On acid soils, Mn toxicity may be a problem and is 

usually more of a problem than Mn deficiency is 

on alkaline soils. Cases of Cu, B, and Mo 

deficiency in sorghum are relatively few, and if 

they occur, Cu and Mo deficiency are most likely 

warmer than cryic throughout the world (from Van 

to appear on acid or high organic soils. Toxicities 
of Cu and Mo could occur if plants are grown on 

high Cu and Mo soils. Boron toxicity could occur 
when plants are grown on alkaline soils under high 
B conditions or with irrigation water high in B. 

Soils and environmental conditions most likely 
to enhance micronutrient deficiencies are listed in 
Table 1. Micronutrient reactions in soils, relative 
susceptibilities or sensitivities of various crop 

plants and genotypes to low levels of micronut
hents, visual deficiency symptoms of micronut
rients, and means for alleviating micronutrient 
deficiencies are discussed extensively elsewhere 
(Brown et al. 1972; Lucas and Knezek 1972; 
Mengel and Kirkby 1979; Mortvedt and Cunning
ham 1971 ; Murphy and Walsh 1972), and will not 
be discussed in detail. A recent article describes 
micronutrient deficiency (and toxicity) symptoms 
and their effects on other mineral elements in 
sorghum (Clark et al., in press). In addition, two 
symposia on Cu ("Copper in soils and plants", in 
Australia) and Fe ("Iron nutrition and interactions 
in plants", in USA) have been held within recent 

months. The proceedings from these conferences 
should give interested readers information and 
research findings about these elements in plant
soil systems. 
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Table 1. 	 Soils and snvironmont, conditions that favor micronutrient deficiencies (Lucas and Knezek 1972, 
Mengel and Kirkby 1979, Mortvedt and Cunningham 1971, Murphy and Walsh 1972). 

Element 	 Soils and r'-I::,)ns 

Iron 	 Low soil Fe (alkaline and acid); Neutral, alkaline, and espy..,i calcareous soils; High CaCO. 
HCO- . P, Cu, heavy metals, and pH; Cool weather; wet or flG Jed conditions; Poor aeration; 
Low organic matter; Root damage; Susceptible genolyse. 

Zinc 	 Low soil Zn (Haplaquepts, Haplaquolls, Fluvents, Udipsamments. Histosols); Acid sandy, 
neutral, alkaline, and calcareous soils; Low organic motter in mirnral soils; High rainfall areas; 
Cool weather; High P.N, Ca (CaCO3 ). Mg. Fe. Cu. heavy metals, and pH; Restricted root zones 
(compacted soils or container-grown plants); Wet and flooded conditions; Subsoils exposed 
from land levelling or disturbances. 

Manganese 	 Low soil Mn, poorly drained soils [Histosols, Aquods (ortstein), Udents, Udipsamments, 
Haplaquepts, Limmic Medisaprists (marly)l; Slightly acid, sandy neutral, alkaline, and especially 
calcareous, peat, and muck soils; High CaCO3 . Fe. Cu, Zn. and pH; Dry weather; Low light 
intensity, Low soil temperatures. 

Copper 	 Sandy, muck, and peat soils; mineral soils with <5-6 jsg/g Cu. and organic soils with <30/ug/g 
Cu; High P, N. and Zn. 

Boron 	 Low soil B (Fluvents. Spodosols. Histosols. Udipsamments, and Haplaquepts); Soils formed 
from acid igneous rocks or fresh-water sedimentary rocks; Leached acid, sandy, acid peat, or 
muck, some neutral, alkaline, and calcareous soils; Low organic matter in some soils; Moderate 
to heavy rainfall; Dry weather; Quantity (high) and quality of light. 

Molybdenum 	 Low soil Mo lUdipsamments, Spodosols, Histosols, Aquods (orstein)l; Acid. sandy, highly 
podzolized, high in Fe and Al oxides, neutral and calcareous soils; High pH and Fe (soluble). 

Iron Deficiency 

Iron deficiency has been reported for many 
countries, and is a universal problem wherever 
alkaline or calcareous soils prevail. Sorghum is 
very susceptible to Fe deficiency. Because sor-
ghum is relatively tole, nt to drought and low 
water conditions, its production is found exten-
sively in areas that receive limited amounts of 
precipitation, or where alkaline soils prevail, 

In the USA, 75% of the area and total produc-
tion of sorghum in 1979 was in Kansas, Texas, 
and Nebraska (USDA 1980, p.52). If the bordering 
states of Colorado, Iowa, Missouri. New Mexico, 
Oklahoma and South Dakota are included, the 
overall grain sorghum hectarage and production in 
these States then becomes 93% of the total in 
the USA. As such, a Lge amount of the sorghum 
produced in the USA is on neutral or alkaline soils. 

Once the Fe from the seed has been exhausted 
by developing seedlings, plants must rely on the 
roots (or leaves in foliar applications) to supply 
sufficient Fe for continued growth. Since Fe 
availability in neutral and alkaline soils is low, 
young plant roots have not usually extended very 
far in the soil to make contact with sufficient Fe, 

or environmental conditions are conducive (usual
ly cool and wet) to inactivate Fe and young 
sorghum plants many times tum yellow or chloro
tic (Fe deficiency). Iron-deficient sorghum is a 
common sight in many fields of the Great Plains, 
USA, (Fig. 2). The chlorotic condition of the plants 
is not usually uniform, and plants in some areas of 
the field are green while adjacent plants are 
chlorotic. With time, most sorghum plants be
come green, and eventually produce a harvestable 
product with no readily apparent deficiency prob
lems. Yields may have been reduced, but the 
extent of the losses are not generally known. The 
severity of Fe deficiencies varies from season to 
season, even on the same soils and on sites 
within fields. 

Alleviation of Fe deficiencies in sorghum has 
usually been by soil or foliar applications of Fe and 
non-Fe compounds. If foliar applications of Fe are 
given, they normally have to be administered two 
or three times during the growing season or on 
the same crop. This is because Fe within the plant 
is relatively immobile, and as new growth appears 
it becomes chlorotic unless additional Fe is 
available. Soil applications of F- nay be more 
long-lasting than foliar applications during a grow
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cannot because of the seriousness of Fe deficien-
cy problems. 

Zinc Deficlency 

Zinc deficiencies are relatively common through-
out the world. Zinc deficiencies are found in 
relatively small soil areas as well as entire fields. 
Conditions that seemingly enhance Zn deficien-
cies are listed in Table 1. Like many of the cereals 
and grasses, sorghum is relatively tolerant to low 
levels of Zn. When Zn deficiencies have been 
noted in sorghum, many reports have been from 
India where extensive Zn deficiency problems 
occur (Randhawa et al. 1974). 

Zinc deficiencies are readily corrected and 
alleviated by additions of Zn to soils. Zinc applica
tions to soils last for several years, so Zn 
applications may not be needed often. 

Differences among cultivars for ability to grow 
well at low Zn have been noted for a number of 
plant species, including sorghum (Rao et al. 1979; 
Shukla 1975; Shukla et al. 1973). As Mortvedt and 
Cunningham (1971) pointed out, "selection and 
development of hybrids which have a capacity for 
absorption and translocation of Zn may prove to 
be the best method for controlling Zn deficiencies 
in some crops". Advantage should be taken of 
these genotype differences to improve sorghum 
performance under Zn deficient conditions. The 
mode or source(s) of inheritance have not been 
identified for these plants. No doubt, improved 
sorghum genotypes could and should be de-
veloped for areas in Australia and India, where Zn 
deficiency is a major problem. 

Manganese Deficiency 

Manganese deficiency has been reported on 
many soils throughout the world. Many plant 
species, including the cereal crops, are quite 
susceptible to Mn deficiency. Although sorghum 
has been reported to be highly susceptible to Mn 
deficiency relative to some other crops, Mn 
deficiencies have seldom been observed in field-
grown sorghum. 

Manganese deficiencies are readily corrected 
with foliar or soil applications of Mn. The residual 
effects of added Mn vary, but the rates of Mn 
usually applied in the field are seldom sufficient to 
give any effective carryover for succeeding crops. 

Genotype differences to Mn deficiency have 

been noted for several plant species, but only 
limited information on the heritability of tolerance 
to Mn deficiency exists. Screening sorghum 
genotypes for differences in tolerance to low (and 
high) Mn has recently begun in our laboratory. 
Preliminary results indicate that sorghum genoty
pes show considerable differences when grown 
at low levels of Mn in nutrient solutions. Improve
ment of sorghum for this trait appears feasible, 
but the amount of variability among sorghum 
genotypes and the mode of inheritance have not 
been investigated. Definitive answers on the 
progress that could be made for improving sor
ghum to withstand Mn deficiency conditions are 
unknown. 

Copper Deficiency 

Copper deficiencies are found primarily on humus 
rich and highly weathered sandy soils. However, 
Cu deficiencies may be found under various other 
soil conditions where Cu is low (Table 1). Prob
lems of Cu deficiency have been reported exten
sively from Australia and New Zealand. Sorghum 
is not very susceptible to Cu deficiency, but Cu 
deficiency was noted on a sorghum genotype 
grown in an acid soil known to induce Cu 
deficiencies in many other plants (Brown et al. 
1977), and Cu deficiencywas induced in sorghum 
when plants were grown with high amounts of 
organic matter (half or more of the soil mixture 
volume) (Brown 1956). Except for artificially in
duced Cu deficiency conditions, reports of Cu 
deficiency in sorghum are not common. Copper 
deficiencies are often mistaken for Ca deficien
cies, since Cu deficiencies closely resemble Ca 
deficiencies (Brown et al. 1977). 

Copper deficiencies are readily corrected by 
foliar or soil applications of Cu. Soil applications 
are used more frequently than foliar applications 
for field crops. Residual effects of Cu are long
lasting, and the magnitude of the effect depends 
on the rates of application and the soil type. 

Cultivar differences for Cu deficiency have been 
reported for sorghum (Brown et al. 1977) and 
other plants. Even though genotypic differences 
have been noted within plant species, information 
on inheritance of these traits has not been 
reported. Recently, a unique, but important 
method for the incorporation of improved ability to 
withstand Cu deficiency was reported in wheat 
(Graham 1978).The trait for the ability of rye to 
grow well at low levels of Cu was located on one 
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arm of a single chromosome and was transferred 
to triticale (Triticalex), and in turn, the relevant rye 
chromatin was transferred (by translocation) to 
wheat. 

Booln Deficiency 
Boron dA3ficiencies may occur frequently on plants 
grown on soils in humid regions, especia!ly on 
acid, sandy soils (Table 1). Monor tyledons usual
ly require less B than dicotyledoris. Dicotyledons 
with latex systems require even more B. Sor
ghum, amonocotyledon and member of the grass 
family, requires very little B,and as such, tolerates 
low B conditions. Report. of 8 deficiency in 
sorghum are nil, and attornpts to induce B 
deficiency in sorghum growr; in nutrientsolutions 
or in various soils have been unsuccessful. 

Boron deficiencies are readily corrected for 
most other crops with soil or foliar applications of 
B; soil applications are mre frequently used than 
foliar applications. Residual effects are relatively 
good (up to 3 years) from soil applications, 
dependent on soil type and moisture. 

Molybdenum Deficlenca 

Molybdenum deficiencies have been reported in 
North America, Australia, and New Zealand. Few 
Mo deficiencies have been found in plants that 
have low requirements for Mo, especially for the 
nonlegurninous plants. The Mo requirements for 
sorghum are low. Attempts to induce Mo defi-
ciency in sorghum have been unsuccessful, 
although Mo deficiencies in maize have been 
noted by a number ol investigators (Clark 1976). 

Although genotyp'c differences to Mo deficien-
cy have been noted for many plants, the econo-
mic advisability of breeding for this trait is ques-
tionable. Unless specialized conditions exist, the 
need to develop plants, especially sorghum, for 
the ability to withstand low Mo conditions does 
not appear warranted. 

Acidity 

For plants grown on acid soils, mineral element 
problems that occur most frequently are Al, Mn, 
and Fe toxicities and P, Zn, Ca, Mg, and Mo 
deficiencies. Any one of these mineral element 
problems carn be severe and limit crop productiv-
ity. The most commonly reported mineral nutri-

tional problems on acid soils are Al toxicity and P 
deficiency. Reactions and chemistry of these 
elements in acid soils, the physiology and chemis
try of toxicities, means for alleviating these 
problems, and inheritance of these traits in plants 
are discussed in other articles (Adams 1981; 
Duvick etal. 1981; Foy 1973; Foy et al. 1978; Foy 
and Fleming 1978; Kamprath and Foy 1971; 
Lafever 1981; Sanchez and Uehara 1980). 

Aluminum Toxicity 

Aluminum toxicity is an important growth limiting 
factor for many crop plints grown on soils near pH 
5.0 or below. It is c3pecially serious for acid 
subsoils that are difficult to lime and is intensified 
by leaching and applications of some N fertilizers. 
Aluminum toxicity decreases the rooting depth 
and ability of plants to absorb water and nutrient 
elements. 

Acid soils occur over much of the world, thus Al 
toxicity is a fairly common problem. South Amer
ica has extensive Al toxicity problems since so 
much of the land is acidic (Fig. 1). Alleviation of Al 
toxicity problems is usually achieved through 

liming. Liming also improves the availability of 
many other mineral elements by increasing the 
pH. Adding lime may not be the only solution to 
alleviate Al toxicity problems in some soils be
cause the applied lime may not reach the oubsoil. 
In addition, liming may be more of a detriment 
than abenefit for some plants. Residual effects of 
lime amendments vary and depend on such 
factors as soil type, the rate of Ca and Mg 
replacement on soil exchange sites, the rate and 
kind of lime applied,rainfall, and the crop to be 
grown. Lime effects have been reported to last 
three to five years in some tropical soils, but 
generally longer in soils of the temperate regions. 
Some plants require less lime than others; 
legumes usually benefit more than grasses and 
cereals from higher additions. Phosphorus may 
also help alleviate Al toxicity problems, but the 
amount of Pneeded to inactivate Al is more costly 
than that for lime amendments. 

Foliar symptoms of sorghum grown with high 
levels of Al usually resemble P deficiency, but 
reports of Al-toxic plants showing other element 
deficiencies have been recorded (Furlani, P.R. 
1981; Furlani and Clark 1981). Root injury is the 
most prominent and clearly discemibie symptom 
of Al toxicity; root elongation stops, tips and 
lateral roots become thick and turn dark, roots lack 

184 



fine branching, and roots become stubby, corra-
Ioid, and brittle (Fig. 3). 

' 
7, 

A promising method for overcoming Al toxicity 
has been to identify and develop plants with 
improved traits to withstand Al toxicity or acid soil 
conditions. Many plant species have genotypes 
that tolerate higher levels of Al than others. 
Sources of "tolerance" for the various plant 
species vary extensively and may not necessarily 
come from geographical areas where they might 
be expected to be located. Genetic control of 
"Al-tolerance" has been found for many plant 
species. 

From studies on the inheritance of plants 
subjected to high levels of Al, the trait appears to 
be controlled by one or more major dominant 
genes, with modifier genes and different alleles 
being involved. Thus, inheritance of "Al

. . .....tolerance" in plants, including sorghum, is com

1 2 35 

Figure 3. 	 Aluminum toxicitv symptoms and dif-
ferences in sorghum genotypes for 
the ability to grow with AL. Upper: 
closeup of sorghum root of plant 
grown with Al; Middle: five plants 
from a field plot showing root differ-
ences for plants grown in acid soil 
conditions (Sute Lagoas, Brazi!); Low-
er: (left to right): differences in sor-
ghum genotype roots (NB3494), 
TX415, Martin, KS57, Wheatland, 
N89040, and SC369-3-IJB) grown 
with Al in nutrient solution. 

plex (Duvick et al. 1981; Furlani, P.R. 1981; Furlani 
et al. 1980; Lafever 1981). Preliminary studies 
with sorghum indicate that maternal (cytoplasmic) 
factors do not affect "Al-tolerance" (Furlani 1981). 
Even though nearly all studies with differential 
"Al-tolerance" in plants have found that inheri
tance is not simple, progress is being made in the 
improvement of genotypes since the trait has 
dominance. Duvick et al. (1981) suggested that 
where "Al-tolerance" .s heritable, both pedigree 
and recurrent selection methods should improve 
plants for these traits. Results from screening 
genotypes in soils or nutrient solutions under 
controlled environments have agreed well with 
field responses in many cases, but few studies 
have confirmed screening results with field (grain 
yield) results. 

The ability of sorghum to grow well inacid and 
high Al soils appears to be controlled by single 
genes. Grain yields for hybrids have been as high 
as for parents. Sorghum hybrids from selected 
male parents crossed to two Combine-Kafir-60 
female parents containing different male-sterile 
cytoplasms showed no differences in "Al
tolerance". However, the male parents greatly 
influenced the "Al-tolerance" noted in the hyb
rids. 

Sorghum generally has been considered to 
have a lower ablity to tolerate Al than many other 
crop plants. Even so, extensive differences in 
"Al-tolerance" have been reported for sorghum 
genotypes (Fig. 3, Duncan 1981a, bc; Furlani 
1979; Furlani, P.R. 1981; Furlani et al. 1980; 
Furlani and Clark 1981; Pitta et al. 1976, 1979ab; 
Schaffert et al. 1975). Much of the early research 
on sorghum was conducted in Brazil. In the 
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Brazilian studies, genotypes found to grow well in 
acid soils and with relatively high Al were TX2536, 
IS10926. BRO06R, SCl12-4. SC418, SC048, 
SC283, and SC175-14 (Schaffert et al. 1978). In 
field experiments, only five out of several hundred 
genotypes tested were considered to be "Al-
tolerant". Even though this number may be low 
for the number of genotypes tested, these few 
genotypes may be the germplasm needed to help 
make good progress in improving sorghum for 
adaptation to the high levels of Al that exist in 
some acid soils. 

Studies in the USA confirm that superior "Al-
tolerance" traits can be identified in sorghum 
genotypes by either nutrient solution or field 
screening. "Aluminum-tolerance" has also been 
identified in individual plants from random mating 
populations. Nutrient solution screening results 
have agreed relatively well with field responses. 

Manganese and Iron Toxicities 

Manganese and Fe toxicities are problems gener-
ally associated with acid soil conditions, although 
incidents of these toxicities under other than acid 
soils have been reported. Manganese toxicity 
usually occurs in plants grown on soils formed 
from parent materials high in Mn or on soils 
exposed and associated with high Mn containing 
materials such as mine spoils, and on flooded or 
compacted soils. Manganese toxicities have been 

reported for a number of plants grown inArkansas 
soils in the USA. Iron toxicity has been reported 
for plants grown under flooded or waterlogged 
conditions and on acid sulfate soils and Latosols. 

Manganese and Fe toxicities have been re
ported for many plant species. Some plants 
tolerate excess Mn and Fe better than others. 
Among several Lropical grasses, Sorghum x alum 
Parodi hid intermediate ability to grow well with 
high Mn compared with the other grasses tested 
(Smith 1979). 

Differences in genotypic abilities to withstand 
excess Mn have been noted. These differences 
have been investigated to some extent to deter
mine feasibilities of improving plants for their 
ability to grow with excess Mn. Because Mn and 
Fe toxicities occur so sporadically insorghum, the 
amount of effort that should be spent in this area 
is questionable. 

Phosphorus Deficiency in Acid Soils 

Phosphorus deficiencies in plants are common 
and serious in acid soils and have been closely 
associated with high Al. Some of the worst P 
deficiencies this author has witnessed were seen 
on acid, Al toxic soils of Brazil (Fig. 4). Alleviation 
of Pdeficiencies can be accomplished by adding P 
fertilizers. Readers interested in P nutrition of 
plants in general and in tropical and acid soils are 
referred to articles contained in Khasawneh et al 

In 4 

Figure 4. 	 Sorghum plot (left)and field (right) showing the effects of added phosphorus on acid soils 
(Planaltina, Brazil). Note that plants show very little growth outside the area where 
phosphorus was added. 
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(1980), Olson et al. (1971). and Sanchez (1976). 
The ability of plants to survive, grow, and 

produce under low Pconditions depends on plant 
abilities to absorb and utilize P relative to their 
requirements for growth and development. Plants 
that can grow under low levels of P have different 
mechanisms whereby they can survive these 
conditions. The behavior of plants and of P under 
these conditions has been recently discussed 
(Loneragan 1978). 

The variability of plant species and genotypes 
within species to absorb and utilize P has been 
reported for many years, but attempts to under-
stand the genetics involved and to advantageous-
!y utilize these traits for breeding purposes have 
been relatively recent. Inheritance of plant ability 
to grow with low P shows various patterns: 
overdominance, multigenetic, and maternal pat-
tems. 

Insorghum, the ability to grow at low P appears 
to be heritable (Furlani, A.M.C. 1981). Higher 
general combining ability variances were noted for 
male parents that did not withstand low P.Greater 
"tolerance" to low P was associated with larger 
roots and tops and higher dry matter production 
per unit P. Differences in female parents for 
producing larger roots were also noted. 

Acid soils may have Ca and Mg deficiencies 
because of low cation exchange capacity and 
leaching. Calcium and Mg deficiencies associated 
with plants grown in acid soils may be more 
prevalent because of the effects of high Al than 
from low Ca and Mg per se. Where acid soils are 
limed to alleviate Al toxicity or acid problems, Ca 
(and often Mg) is added because Ca and Mg are 
components of lime. Thus, Ca and Mg deficien-
cies are usually alleviated by additions of lime. 

Intraspecific genotypes differ in their ability to 
absorb and accumulate Ca and Mg and wide 
differences among genotypes exist. Sorghum 
genotypic differences for Ca and Mg have re-
ceived little or no attention, but if an effort were 
made, differences would likely be found. 

Conclusions 

Mineral element deficiencies and toxicities can 

reduce sorghum yields extensively if the crop is 
,own under mineral stress conditions. With few 

exceptions, most of the mineral stress conditions 
can be alleviated by foliar or soil applications of the 
appropriate element or by the addition of lime. 
This may not be feasible nor practical in many 
cases because of such factors as high costs and 
unavailability of the appropriate materials and 
means of application, timeliness of application, 
and unexpected or sporadic development of 
specific problems. For many of the plant species 
that have been studied, considerable differences 
in the ability of plants to grow well under mineral 
stresses have been noted within genotypes. 
Differences among sorghum genotypes should be 
used advantageously to improve plants with the 
ability to withstand low or high levels of mineral 
elements. Some differences in sorghum to with
stand mineral stresses have been reported, but 
the extent and variability of these differences in 
the sorghum germplasm pools have not been 
identified. Mineral stress performances have 
been improved in several plants through breeding 
efforts, and the traits appear to be heritable; in 
many cases the trait is dominant. The develop
ment and improvement of sorghum with a greater 
capability to adapt and perform on mineral stres
sed soils appears feasible and practical. Identifica
tion of the appropriate genotypes and their use in 
breeding programs could enhance the adaptability 
of sorghum for mineral stress conditions. Sor
ghum developed for these stress conditions could 
help assure greater stability of yields, lead to more 
dependable crop production, and help reduce 
costs and inputs needed for production. Plants 
should be developed to fit soil conditions as they 
exist rather than continually change the soil to fit 
the needs of plants. This approach would be 
particularly important for helping overcome some 
of the severe Fe, Zn, and P deficiency and Al and 
Mn toxicity problems commonly encountered on 
soils used for the production of sorghum. 
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Session 3 Fictors Reducing Sorghum Yields
 

Environmental Stress
 

N. C. Tumer* Discusunt-1
 

Stress is any factor that disturbs the normal 
functioning of an organism: in the present con-
text, this definition can be reduced to those 
perturbations that reduce yield. Moreover, my 
task is to discuss only those yield reducing 
environmental stresses reviewed in the last four 
papers: namely, !:.trient stress, temperature 
stress, and water c- drought stress. My primary 
focus will be c-'' the last of these. I do not 
apologize for this. Drought is the major factor 
limiting yields in most of the sorghirm-growing 
areas of the world (Seetharama et al. in press). It 
must therefore be a subject of primary concerto for 
sorghum production workers in the next decade. 
It is incidentally my principal research interest and 
hence the environmental stress with which I am 
most familiar. 

My perspective is that of a crop physiologist. 
Stress physiology aims to bring enlightenment to 
both breeding and managemeit on the physiolo-
gical and metabolic basis of yield reduction by 
stress. Ten yeas ago, Maunder (1972) said "the 
concern of the physiologists that plant breeding is 
too empirical may provide th. stimulus to move 
off the present yield plateau". One of my aims in 
this paper is therefore to review progress in stress 
physiology over the past decade and to propose 
improvements for the future. 

Perspectives 

The symposium "Sorghum in Seventies" (Rao 
and House 1972) did not have a section on the 
role of environmental stress in yield reduction, 

* CSIRO Division of Plant Industry. Canberra City. ACT 
2601, Australia. 

although the role of heat and drought stress was 
discussed in the section on 'Physiological Aspects 
of Sorghum Production' and major and minor 
nutrients were discussed in the section on 'Pro
duction Technology'. The past decade had witnes
sed the move of stress physiology from the 
laboratory to the field, thereby gaining greater 
relevance for crop production and greater respect 
from the field practitioners, i.?., the breeders and 
agroncrists. It has also seen the incorporatir;1 of 
crop physiologists as full-fledged members of the 
production team in s.everal crop improvement 
programs. It is thorefora not surprising that the 
role of environmental stresses on yield reduction 
takes its place as one of the major themes in this 
symposium. 

As suggested by the organizers of the sympo
sium the authors of the four papers in this section 
have concentrated on the individual effects of 
water, temperature arid nutrient stress on sor
ghum production. The sorghum crop is, however, 
a managed ecosystem in which the environmen
tal stresses interact and these, in turn, interact 
with diseases and predators considered in later 
chapters. Environmental physiologists must be 
aware of these interactions in order to avoid 
incorrect interpre*ations. The interaction and in
tegration of environmental stresses on yield is 
therefore my first point of discussion. 

When challenged by stress, heritable and non
heritable modifications can develop in plants that 
alleviate or reduce the harmful effects of the 
stress. Although the phenomenon of stress har
dening has been known for many years, the 
acclimation anr' adaptation to stress is a subject 
that has received increasing attention by environ
mental physiologists over the past decade (Turner 
and Kramer 1980). As the ability of plants to 
harden is important when considering methodolo
gies of water stress, I shall discuss this further. 

Internationl Crlps Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81. Patancheru. A.P.. India. Patancheru. A.P. India: ICRISAT. 
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With resources limited, it is important to iden-
'y important research priorities for the future. As 

some of my own work gives some pointers for 
the future, I shall finally report on this. 

Interaction of Environmental Stresses 

The common association of water and high 
temperature stresses in drought prone areas is 
acknowledged in the eadier papers by Peacock 
(1982) and Jordan and Sullivan (1982). But as 
Jordan and Sullivan (1982) and Sullivan and Ross 
(1979) show for sorghum, and as Blum and 
Ebercon (1981) show for wheat, heat and desicca-
tion tolerance are not necessarily correlated. 
Although heat stress may be an important factor 
in drought-prone areas, in for example seedling 
establishment, it is inappropriate to use heat 
stress to select for both heat and drought toier-
ance as suggested by Peacock (1982). Desicca-
tion tolerance, which bears the cOosest resembl-
ance to heat tolerance, is only one facet of the 
complex known as drought resistance and 
appears to be important only for survival of 
extreme stress (Turner 1979). Although survival 
mechanisms are clearly important for production 
in marginal areas in which drought can become 
severe, subtle effects of drought, such as a 
reduction in leaf area, may have a much greater 
effect on overall sorghum yields (Turner 1979). 
Emphasis to reduce the catastrophic effect of 
heat and drought stress of a few farmers should 
not take precedence over a program to alleviate 
the subtler, but nevertheless detrimental, effects 
of drought for the major watet-limited environ-
ments in which sorghum isgrown. Furthermore, it 
has been argued that because heat tolerance has 
beern positively correlated with yield (Sullivan and 
Ross 1979), the heat tolerance test is "one of the 
few examples v,%iere results from a basic labora-
tory test have been extended to field situations 
with positive results" (Jordan and Sullivan 1982). 
However, I submit that the positive results cited 
by Sullivan and Ross (1979) should not go 
unch:.;ienged. The published results were 
obtained with a range of M35-1 conversion 
hybrids: since the yields of control plants not 
subjected to heat stress are not given, it is 
possible that the yields obtained were the poten-
tial yield of the hybrids in the absence of stress 
and that the correlation with heat tolerance is 
fortuitous. 

A second interaction between heat and drought 
stress is also of consequence. The role of stomata 
in controlling water loss has received considerable 
attention over the past two decades. The early 
hope that stomatal-closing antitranspirants would 
improve water-use efficiency and reduce the 
detrimental effects of drought has not been borne 
out in practice because the beneficial cooling of 
transpiration was not taken into account. The 
improvements reported in water-use efficiency 
from the use of antitranspirants were obtained 
with gas exchange methods in which leaf temper
ature was held constant (Shimshi 1963; Slatyer 
and Bierhuizen 1964). In nature a reduction in 
transpiration leads to an increase in leaf tempera
ture, especially in broad-leaved plants, and there
tore to an increase in the leaf-to-air vapor pressure 
deficit, thereby largely annulling any improvement 
in water-use efficiency (Cowan and Tr, jghton 
1971). Gas exchange studies have iikewise 
shown that leaf wilting improves the water-use 
efficiency of crops (Rawson 1979), but whether 
such benefits occur in the field remain to be 
shown. This suggests that mechanisms of 
drought tolerance that maintain high water poten
tials by reducing transpiration (Turner 1979) may 
achieve little saving in water loss and may make 
plants vulnerable to high temperature stress: 
certainly stomatal closure did not prevent a 
continued decrease in leaf water potential in 
maize (Tumer 1975). A corollary to the above is 
that heat tolerance may be greater in those 
species and lines that close their stomata at high 
leaf water potentials. 

Water and nutrients also interact in several 
ways. Myers and Asher (198-4 have pointed out 
that sorghum yields in northern Australia in
creased with nitrogen fertilization up to 150 to 200 
kg/ha in a year with average rainfall, but were 
lower overall and decreased at fertilization rates 
above 22 kg/ha in a dry year (Fig. 1). Although 
Myers (1978) in the original report did not investi
gate the reasons for the decline in yield in dry 
years, two reasons can be suggested. First, in the 
dry year the majority of the nutrients may have 
remained in the dry upper soil profile in which 
water and nutrient uptake was limited. Garwood 
and Williams (1967) have shown that in a dry year, 
injection of nutrients particularly nitroge i,into the 
subsoil substantially increased dry mat;.er produc
tion of grass swards over that in which the 
fertilizer was applied to the surface. A similar 
phenomenon in sorghum could account for the 
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overall reduction in yield in the dry year. Second, 
the reduction in yield at higher levels of fertiliza-
tion may have arisen from stimulation of early leaf 
growth and early depletion of soil water to the 
detriment of grain filiing. 

Aluminum toxicity, as pointed out by Clark 
(1982). reduces root growth. By reducing the 
soil-root volume, this can have detrimental effects 
on plant water relations in dry ev:vironments. This 
was shown recently for barley by Spurway (1979). 
When grown in an acid soil, barley roots failed to 
penetrate unlimed portions of the soil, whereas 
the roots of an aluminum-tolerant wheat grew 
happily. Figure 2 shows the predawn leaf w_*.or 
potential of the wheat and barley in monoculture 
and in a 1 : 1 mixture of the two species when 
grown in the unlimed soil overlain by limed soil 
and surface droughted for 20 days. The leaf water 
potential decreased markedly in the barley, parti-

o 	 Barley alone
 
Barley mixture
 

0 Wheat alone
 

E Wheat mixture
-20-

Figure 2. The change with time after water was 
withheld in predawn leaf water poten
tial of barley (o, o) and wheat (P, 6) 
plants growing alone (0, o) orin a 1 : 1 
mixture (e, 6) in an acid soil in which 
the surface was limed but the subsoil 
was left unlimed. The badley but not 
the wheat roots were restricted to the 

-limed surface soil. Bars denote + or 

one standard error of the mean: errors 
1 bar omitted for clarity.less than 


(Data from Spurway 1979.)
 

cularly in the mixture, as the surface soil water 
was depleted, but continued high throughout in 
the deep-rooted wheat. Similar studies have not 
been undertaken in sorghum, but they omphasize 
the importance of aluminum toxic'ty in increasing 
the susceptibility to drought in water limited 
environments, particularly if sorghum is intercrop
ped with an aluminum tolerant spc-ies. 

Because of the many interactions between the 
environment and crop growth, researchers fre
quently resort to developing computer simulation 
models in order to understand the responses of 
plants to environmental factors and to predict the 
plant responses in a range of environments. It is 
ultimately hoped that this approach will reduce 
the need for extensive yield testing in a ranpe of 
environments and years. However, becau. d of 
the need to determine the influence of a drought 
resistance mechanism on a plant's phenology, 
physiology and morphology and because of the 
ability of plants to acclimate to stress, as discus
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sed below, the use of computer simulation range of mechanisms of adaptation or acclimation 
models has limited utility in crop breeding prog- have been suggested by Turner (1979). and 
rams at the present time. Nevertheless, they are identified in sorghum by Jordan and Monk (1980).
useful in defining the available soil water in a One mechanism of acclimation that has received 
range of environments and years from soil and considerable attention over the past decade is 
weather characteristics, and therefore in defining that of osmotic adjustment (Turner and Jones 
the type of drought resistance characteristics that 1980). Turner et al. (1978), Jones and Turner 
may be required in a particular location. (1978), and Stout and Simpson (1978) have all 

shown that sorghum lowers its osmotic potential 
Acclimation and Adaptation to in response to water deficits due to an accumula-
Environmental Stresses tion of a range of solutes (Turner et al. 1978; Stout 

and Simpson 1978; Jones et al. 1980). Figure 3 
The acclimation of plants to both low and high shows the change in osmotic potential with 
temperatures has long been recognized. Recently decrease in leaf water petential in the sorghum
Bjorkman et al. (1980) showed variation among cultivai RS 610 at predawn and in the early
species in the ability to acclimate to temperature afternoon. This form of presentation shows that, 
and showed that low temperature acclimation contrary to the situation in sunflower (Turner 
was correlated with the capacity of specific 1982), sorghum does not fully maintain turgor as 
rate-limiting enzymes whereas high temperature leaf water potential decreases, but nevertheless 
acclimation involved changes in the stability of the the accumulation of solutes lowers the predawn
thylakoid membranes. leaf water potential at which zero turgor is 

Acclimation to water deficits also occurs in a reached from about" -11 bars to about -17 bars. 
wide range of species, including sorghum. A The difference between the predawn and early 
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Figure 3. Relationship between the leaf water potential and leaf osmotic potential at (a) predawn and 
(b) midday in sorghum (cv RS 610) grown in the glasshouse. The solid line gives the 1: 1 
relationship, the dashed line the fitted linear regression, and the dotted line the expected 
Boyle-van't Hoff relationship for the osmotic values measured at predawn. The Boyle-van't
Hoff relationship was calculated using the moisture release curve obtained by Turner and 
Long (1980) for sorghum in the same glasshouse. (Data from Jones 1979.) 
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afternoon values suggest that there is consider-
able accumulation of solutes diurnally, thereby 
lowering the leaf water potential at which zero 
turgor is reached during the day. Turner et al. 
(1978) showed that osmotic adjustment lowered 
the leaf water potential at which stomata closed 
and Jones and Rawson (1979) showed that it also 
lowered the leaf water potentials at which low 
rates of photosynthesis were obtained. Jones and 
Rawson (1979) used slow rates of stress to 
induce osmotic adjustment and prevented its 
inducement by imposing rapid rates of stress. The 
results are shown in Figure 4. When osmotic 
adjustment occurred, the leaf water potential at 
which net photosynthesis reached 50 ng CO2 / 

cm 2/s or leaf conductance reached 0.1 to 0.2 cm/ 
s was about 6 bars lower than in rapidly stressed 
plants in which osmotic adjustment did not occur. 

Jordan and Miller (1980) have pointed out that 
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osmotic adjustment to the degree observed in 
sorghum will only delay the onset of the !ow 
physiological activity accompanying stress by a 
few days at reasonable rates of transpiration. 
However, there is evidence that osmotic adjust
ment also allows the continued growth of roots, 
thereby enabling the plants to explore a larger soil 
volume. However, Jordan and Miller's analysis 
does suggest that other ways of adapting to water 
deficits will be required if the stress is prolonged 
and particularly if deep soil water is unavailable. 

Water Deficit and Crop Productivity 

The vield of a grain crop such as sorghum is a 
function of the solar energy captured and utilized 
to convert carbon dioxide and water to carbohy
drates that are ultimately stored in the grain. Crop 
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Figure 4. 	 Relationship between (a) net photosynthesis and leaf water potential, and (b) leaf 
conductance and leaf water potential in sorghum (cv RS 610) at heading to anthesis. The 
plants were either slowly stressed over 21 days by growing them in 45 kg of soil and 
withholding watering (e), or rapidly stressed over 3 days by growing them in 7 kg of soiland 
withholding watering (0). (Redrawn from Jones and Rawson 1979.) 
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productivity is therefore a function of the leaf area 
development, the rate of photosynthesis per unit 
leaf area and the distribution of the assimilates 
between grain and stover (Turner and Begg 1981).
Several analyses recently have suggested that 
water deficits have a greater effect on leaf area 
than on photosynthetic rates per unit leaf area 
(Turner and Begg 1978; Legg et al. 1979; Turner 
1982). Our own studies suggest that this is true 
for sorghum also. Figure 5a shows that over an 
18-hr period leaf extension in sorghum was 
reduced by 60% in unirrigated compared with 
irrigated plants when the difference in leaf water 
potential during the day was less than 2 bars. 
Under similar conditions "CO, photosynthesis 
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was unaffected. The cumulative effect of this mild 
stress was to reduce the leaf area index from 2.1 
to 1.5 by reducing the area of the upper leaves, as 
shown in Figure 5b. 

At more severe levels of stress, photosynthesis 
per unit area is also reduced. This is shown in 
Figure 6 in which the profiles of quantum flux 
density, leaf conductance and "CO, photosynth
esis are presented for irrigated and nonirrigated 
sorghum. In the irrigated sorghum the leaf water 
potential did not drop below -15 bars, but in the 
nonirrigatea sorghum the leaf water potential 
decreased to -21 bars at midday and maximum 
rates of photosynthesis were observed at 0800 h 
and decreased thereafter. However, my conclu
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Figure 5. (a)The diurnal change in leaf water potential and increase in leaf le. 'h in the late vegetative
phase and (b) the leaf area profile at anthesis in irrigated (e) and ;,irriqated(0) crops of 
sorghum (cv RS 610) at the Ginninderra Experiment Station, near Canbef a,Australian Capjital
Territory. Bars denote ± one standard error of the mean, the arrows in (a)denote the times of 
sunrise and sunset, and A.E.S. T is Australian Eastern Standard Time. Errors less than 0.1cm,

20.5 bars, and 10 cm omitted for clarity. 
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Figure 6. 	 Vertical profiles ofquantum flux density, leafconductance, and 04CO, photosynthesis at three 
times ofday in (a) irrigated and (b)unirrigated crops ofrorghum(cv RS 610) at the Lockwood 
Farm, Hamden, Connecticut (USA). The numbers denote the intervals in hours from noon, 
American Standard Time. For experimental details see Turner and Incoll (1971). 

sion after 10 years of working with sorghum is Prospects 
that the primary effect of water stress is in 
reducing the leaf area and hence intercepted PfioftIs for the Future 

radiation. Since water use in sorghum decreases The primacy of drought in limiting sorghum yields 
proportionally as the leaf area index decreases in Africa and Asia leads me to suggest that it 
below three when the soil surface is dry (Ritchie receive top priority in the next decade. Since the 
1974), the reduction in leaf area is a powerful total dry matter production is largely a function of 
mechanism for conserving soil water and as a the water that passes through the plant in 
consequence, reductions in photosynthesis per transpiration (Fischer and Turner 1978), quick 
unit area occur only rarely and then only at severe gains may be made in the first instance from 
stress levels. improvements in agronomic practice that enable 
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the plants to use more of the water available in 
the soil in transpiration rather than being lost as 
soil 	evaporation or that add to the total water 
available in any one season or location. Turner and 
Begg (1981) have suggested a range of such 
management practices (Table 1). Although sug-
gested as possible management practices for 
regions with a Mediterranean climate, they are 
also appropriate to the semi-arid tropics: details 
are given in Turner and Begg (1981) and are not 
repeated 	here. 

Concurrent with improvements in agronomic 
practice a program aimed at improving the 
drought resistance of sorghum should be main-
tained. Elsewhere I have outlined the basic 
features of such a program (Turner 1979; Turner 
1981; Turner, in press). The first requirement is 
the 	characterization of the droughts experienced
and expected in the sorghum growing areas of the 
world. This must be followed by the identification 
of characters that will confer benefits urder each 
expected drought regime. Jordan and Monk 
(1980) have suggested 14 and Seetharama et al. 
(in press) have suggested 22 phenological, mor-
phological and physiological attributes that may 
confer drought resistance in sorghum. Clearly not 
all are equally important in each drought environ-
ment and in fact characters that confer an 
advantage in one environment may be disadvan-
tageous in another. Thus identification of the 
important attributes in e'jch environment is a 
necessary second step: Tumor (1981a; 1982) has 
attempted to do this for three different soil water 
availability patterns, 

Table 1. 	 Management practices for Improving
ylds In drought-prone areas. 

1. By maximizing the proportion of precipitation that 
passes through the crop: 

Weed control 
Tillage practices to increase infiltration and de-
crease soil evaporation 

Mulching 
Rapid crop establishment by appropriate seeding 
and fertilizer techniques 

2. 	By increasing the water available to the crop: 
Runoff farming 

Supplemental irrigation 
Antitranspirants. 

Such aprogram is clearly long range. However, 
one lesson learned in the past decade is that there 
are no shortcuts to yield improvement under 
drought. Keys such as proline accumulation and 
heat or desiccation tolerance that promised to 
unlock the vaiability in drought resistance with a 
simple biochemical or physiological test, I believe 
have all floundered in the laboratory because of 
the 	complex rather tan simple nature of field 
drought resistance. Nevertheless, experience 
over the past decade has also pointed to several 
areas of high priority for the next decade. 

Begg (1980) has argued on evolutionary 
grounds that greater improvement is likely from 
selection for morphological mechanisms of adap
tation to drought than from selection for physiolo
gical mechanisms. Likewise I have tried to point 
out above that our own research and that of 
others has highlighted the adaptive importance of 
leaf area development and senescence, rather 
than stomata] behavior or photosynthetic rate per 
unit area, in drought resistance. I suggest that an 
understanding of the role of leaf expansion and 
leaf senescence in relation to water deficits and 
water use, and their variability across the germ
plasm, is of utmost importance and should have 
high priority in any crop improvement program. 

A second priority area and one that has received 
little attention in the past decade is the influence 
of water deficits on the distribution of assimilates. 
Water deficits generally increase the proportion of 
assimilates in the roots and crowns relative to that 
in the shoot (Wardlaw 1968) and decrease the 
proportion of dry matter in the grain relative to that 
of 	 the total crop (Donald and Hamblin 1976).
Radioisotope techniques for studying the detailed 

distribution of assimilates are tedious and difficult 
to apply in the field and therefore it is not 
surprising that they have not made the leap from 

the laboratory to the field. However, measure
ment of the proportion of total dry matter in the 
grain, i.e., the harvest index, is straightforward 
and its lack of use probably reflects its lack of 
enchantment by breeders and physiologists. 
Moreover, most yield increases under favorable 
conditions have been achieved by increases in 
harvest index. Since there is a good correlation 

between the harvest index of spaced plants usedin early generation selection and the harvest index 
of the crop grown in the field (Donald and Hamblin 

1976) and since yield and harvest index appear to 
be independently inherited, studies of this charac
ter under drought are urgently required. 
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Earlier it was pointed out that the credibility of 
the physiologist rose sharply in the eyes of the 
breeder and agronomist when the physiologist 
moved from the laboratory to the field. This step 
was made possible by the development during 
the late 1960s of portable techniques such as the 
pressure chamber, diffusion porometer and "CO2 
methods for the measurement of leaf water 
status, stomatal conductance and photosynth-
esis, respectively, in the field and the develop-
ment of simple laboratory tests such as heat and 
desiccation tolerance that can be applied to field 
samples. Elsewhere I have evaluated the ease of 
screening drought resistance characters (Turner 
1982). Continued progress with the incorporation 
of drought resistant characters into sorghum will 
depend on the development of simple techniques 
for the field evaluation of other characters such as 
leaf expansion, leaf senescence, assimilate distri-
bution and osmotic adjustment. Earlier I express-
ed criticism of the heat or desiccation tolerance 
test as ascreen for drought resistance. However, 
challenge stresses such as the heat and desicca-
tion tests could provide a measure of the acclima-
tion to heat and drought. Sullivan (1972) showed 
that samples taken from the field during a month 
of high average temperature had higher heat 
tolerances than samples taken from the field 
during a month of low average temperature. 
Similar tests on the desiccation tolerance of 
sorghum allowed to adjust to water deficits may 
also distinguish cultivars that acclimate tj 
drought. Since the degree of osmotic adjustment 
is difficult to ascertain in a wicJa range of germ-
plasm, if itcorrelates well with the desiccation 
test, the latter could provide a simple means of 
assessing its importance and heritability in sor-
ghum. 

Even the portable techniques used for screen-
ing for drought resistance are generally not suited 
to large field breeding programs. A summary by 
Turner (1981b) showed that the number of obser-
vations per hour for physiological processes asso-
ciated with plant water status was in the region of 
10 to 100 per person. Subsequent experience has 
shown that use of an automatic porometer and a 
pressure chamber that can take three samples per 
occasion can increase the number of observations 
for these instruments to 100 per team of two 
people per hour (Turner, in press). With the 
possibility of measurement for only a few hours 
per day, the number of observations is clearly only 
sufficient to screen advanccod oreeding lines, 

There is therefore a need to develop suitable 
visual techniques such as leaf rolling, wilting or tip 
bum for screening large populations. The role of 
the stress physiologist will be to relate these 
visual techniques to parameters of plant water 
status. Jones,H. G.(1979) provides an example of 
this. He demonstrated that the visual score for 
drought resistance based on leif rolling was 
linearly related to the leaf water status of rice, but 
that the relationship differed depending on 
whether the material being scored was of upland 
or lowland origin. His work points to the utility of 
visual techniques within the rice races, but shows 
that it would have little benefit in screening 
crosses between upland and lowland rice for 
drought resistance. 

Finally, there is a necessity for the development 
of suitable methodologies for screening for 
drought rsistance. Where a crop is naturally 
grown on stored soil moisture in the absence of 
precipitation it may be relatively easy to reproduce 
the drought conditions from year to year. Howev
er, where drought is unpredictable in terms of 
timing or severity, a suitable screening regime is 
difficult to define and even more difficult to 
implement. In order to ensure some measure of 
stability in the incidence of drought from year to 
year, some investigators use out-of-season plant
ings to screen for drought resistance. Such 
methodologies need to be employed with care to 
ensure that characteristics of benefit in the dry 
season, such as low humidity response of stoma
ta, but which may not be beneficial in rainy-season 
droughts, do not become incorporated into the 
selected germplasm. To overcome some of the 
difficulties of imposing drought conditions in an 
unpredictable climate, rainout shelters have been 
developed that automatically shelter the crop 
from rain (Arkin et al. 1978). The smaltne;s of the 
area that can be covered, however, limits their 
use in breeding programs in which many lines 
need to be screened. 

A technique that has gained considerable im
portance in recent rars as a screening tool for 
drought resistance is the line source sprinkler 
(Hanks et al. 1976) The technique is currently 
being used to screen sorghum (Seetharama et al., 
in press), rice (Puckridge and O'Toole 1981), range 
grasses (Johnson 1980) and cowpeas (Turk et al. 
1980). Its use is restricted to regions in which 
there is a definite dry season or for generating 
different degrees of water stress during dry 
periods. Apart from the hazards of unanticipated 
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rain (Puckridge and O'Toole 1981) and wind during 
operation, I question whether the type of stress 
imposed by the line source sprinkler is appropriate 
in many cases. Apart from the disadvantages of 
out-of-season use mentioned above, the line 
source sprinkler, as usually used, applies different 
quantities of water but at the same frequency. In 
practice, irrigation is often applied weekly or even 
more frequently. Thus plants near the edge of the 
plots are supplied with frequent but small 
amounts of water whereas those at the center are 
supplied with frequent and abundant water. This 
is very different from drought sequences in nature 
in which crops have to grow on initially different 
amounts of stored soil moisture or with infrequent 
but relatively abundant rainfall. The frequent but 
small amounts of irrigation applied at the edge of 
the plots is likely to lead to high losses of water by 
soil evaporation compared with that occurring 
with less frequent rainfall events. Where water-
use efficiency is determined as the ratio of dry 
matter production or grain yield per unit of 
evapotranspiration, this could lead to low wter-
use efficiencies compared with crops grown with 
normal rainfall events. Thus differences in water-
use efficiency obtained with line source sprink-
lers, as described by Sullivan et al. (1980) and 
represented by Ganity et al. (in press) and Jordan 
and Sullivan (1982) must be accepted with cau-
tion. 

The Role of the Physiologist 

With average yields in Africa and Asia being less 
than 900 kg/ha (Seetharama et al., in press) and 
as low as 200 kg/ha in parts of the Sahel (Bein 
1980), largely as a result of drought, considerable 
scope for improvement in sorghum production 
still remairs. In this paper Ihave tried to point out 
the phenological, physiological and morphological 
characteristics that are likely to be useful in a 
drought improvement program. There is clearly a 
role for the stress physiologist in such aprogram. 

As Passioura (1981) has pointed out, physiology 
is judged primarily on how enlightening it is and 
whether this enlightenment provides leads or 
tools for breeders and agronomists. Thus the 
stress physiologist concemed with improving 
crop productivity must interact closely with both 
breeders and agronomists. The physiologist must 
therefore be part of the crop improvement team 
of agronomists, soil scientists, meteorologists, 
entomologists, pathologists, and plant breeders. 

Moreover he must be an integral part of the team, 
involving 3 two way interaction, for two rea-ons. 
Firstly, disciplinary powers tend to pull the phy
siologist into studying processes in more and 
more fine detail so that ultimately he is of little use 
to the breeder or agronomist. Secondly, he needs 
access to the tools and products of the breeder 
and agronomist. Too frequently the breeder de
mands to know whether a characteristic of, say, 
drought resistance is beneficial and then requests 
a simple screening technique without himself 
providing the tools to test whether the character
istic is indeed beneficial. Frequently, to determine 
unequivocally whether the character is beneficial 
or not, the physiologist will require of the breeder 
isogenic lines with and without the character of 
concern. This need is urgent and requires the 
collaboration of physiologist and breeder in estab
lishing isogenic lines and suitable screening 
methodologies: this will necessitate the release 
of a breeder from the production of varieties. 

Role of the Intemational Institutes 

It is clear that a sorghum improvement program 
such as the one being undertaken at ICRISAT can 
and must draw on the expertise developed by 
sorghum physiologists and agronomists from 
developed countries such as those represented 
by the authors of the papers in this section. 
Indeed, with the constraints on research funds 
both within the developed countries and the 
International Institutos. greater rationalization and 
cooperation will be necessary in the future. Much 
can be achieved by conferences, symposia and 
exchange of staff. 

But the different resources in the two spheres 
should be used to the mutual benefit of both. The 
Intemational Institutes such as ICRISAT have 
relatively abundant land and labor, and a broad 
germplasm -resources that are difficult or irn
possible to obtain or maintain in dcveloped 
countries. On the other hand, research workers in 
developed countries have access to sophisticated 
equipment and expertise In a broad range of 
disciplines-resources that are hard to achieve 
and/or maintain in a developing country. Thus 
cooperative or contract research between the two 
types of organization should be more widely 
developed over the next decade. Hopefully, the 
establishment of the Centre for Agricultural Re
search for Developing Countries by the Australian 
Government, will make such cooperation be
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tween researchers in ICRISAT and Australia 
easier. 

Although cooperation between the Intematiora! 
Institutes and research workers in the developed 
countries of the world should be encouraged, the 
primary clients of the International Institutes must 
continue to be the national programs. Since not all 
of the national programs in the developing coun-
tries can or ought to hive a stress physiologist as 
part of the team, stress physiologists at the 
International Institutes must act as resource 
people for agronomists and breeders in the 
national programs. Conferences such as the 
recent one at the International Rice Research 
Institute on "Principles and Methods of Crop 
Improvement for Drought Resistance: With 

(IRRI, in press) that broughtEmphasis on Rice" 
together breeders and agronomists concerned 
with drought resistance in rice from both de-
veloped and developing nations and a sprinkling of 
stress physiologists working with rice and other 
crops, are one method of increasing and maintain
ing scientific exchange at this level, and are to be 
recommended. 
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Semlon 3 Factors Reducing Sorghum Yields
 
Environmental Stress
 

A. Blum" Dh unimint-2
 

Looking at the world map of crop distribution it 
becomes evident that as plant growth environ-
ments deteriorate, the relative frequency of sor-
ghum acreage increases. Sorghum is established 
as a superior cropping alternative in most stress 
environments, especially under conditions of 
drought and heat stress. The problem of environ-
mental stress is therefore inherent to sorghum 
growing and it is the major limiting factor to yield 
in most sorghum growing regions. 

Although the various types of environmental 
plant stresses were discussed in one session, a 
unified approach to plant stress is not deemed 
possible, even though a proportionally reduced 
yield is the common result of all types of stress. In 
the final analysis, each type of plant stress causes 
specific lesions which may develop at various 
organizational levels in the plant's physiological or 
metabolic system. Common to all types of plant 
stress is our ignorance of the quantified effects of 
given stress induced lesions on the plant's inte-
grated productive system. We shall return to this 
question later. 

Although a unified approach to piant stress 
cannot be developed, there are some points 
where causes and effects of various stresses may 
cross. For example, salinity-induced osmotic ad-
justment may confer better resistance to water 
stress. Or, low temperature stress may cause an 
increase in cellu,.o solute concentration and thus 
improve drought tolerance. 

The relationships between heat and drought, in 
terms of injury and resistance, were extensively 
presented by Peacock in this symposium. Leaf 
"firing" in the field appears to be a practical 
integrated measure of heat and drought injury, 

Division of Field Crops, Agrcukural Research Organi-
zation. The Volceni Center, POB 8, Bet Dagan, Israel. 

However, the disassociation si the effects of the 
two stresses requires controlled test conditions. 
This may be important because limited evidence 
seems to indicate, for example, that dehydration 
avoidance could be negatively associated with 
heat tolerance, across varying genetic materials. 

(he role of mineral nutrition in affecting plant 
response to water stress is an intriguing qu:,-tion. 
Among the varinus plant processes, transkli 
is among the most tolerant to water stress. This 
tolerance may probably be utilized in developing a 
strategy foe plant nutrition under conditions of 
predictable water stress profiles. Toleranori of L.e 
translocation of plant reserves to post-anthesit. 
drought stress is already being utilized in our 
wheat breeding program. On the other hand, the 
effect of a given dosage of nutrio,'ts, such as 
nitrogen, on excessive leaf area development and 
water use, is a matter of record. It can therefore 
be suen that plant nutrition sboukl be explored as 
part of the integrated system involving both injury 
from and tolerance to water stress. 

Better knowledge of he interactions among the 
varic-is environmental stresses may very well 
lead to a new insight with respect to crop 
management practices in given ecologic.l re
gions. It is my own conviction that while ciop 
management practices are probably the most 
thoroughly investigated topic in agronomy, they 
have rarely received the appropriate end careful 
evaluation in the light of our updated knowledge 
of stress eco-physiology. Most crop management 
systems are gered to the realization of the full 
yield potential in favoraile sea sons, while accept
ing an inevitably large loss if sLess develops. I am 
not aware of ample evidence that this approach is 
justified in the long run for all types, levels, 
frequencies and interactions of environmental 
stresses. Our m,,)st recent experience with wheat 
management und3r arid conditions in Isr3el lends 

IntrwtioW CroMs Renrch Intfitute for the Seri-Add Tropics. 1982. Sorghum in tho Eightis: Procsngs of the Internatiom 
Sy voskxn on Sorghwm, 2-7 Nov 81. Ptercheru. A.P. Incw. Patanchsu, A.P. Indg: IC.1ISAT. 
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support to recognition of a desirable trading off 
between reduced expectation for potential yield in 
retum for improved buffering of the system if 
stress occurs. Work by Foale and associates, as 
cited by Wilson and Eastin at this symposium, is a 
good example of research that clearly sets the 
environmental limits, in relation to the long range 
probabilities, for a given sorghum management 
system, in the Australian scene. 

Tuming to the genetic improvement of resist-
ance to stress, it becomes apparent that plant 
productivity under stress is the breeder's target. 
However,while yield is the target, selection for 
yield under any type of stress is inefficient (Blum 
1978; Blum 1981). Selection for physiological 
stress resistance attributes alone is also ineffi-
cient, because (a) yield potential of a genotype 
has its net effect on productivity under stress, and 
(b) knowledge of the effect of the selected 
attribute within the plant's productive system is 
lacking. It therefore remains for an effective 
breeding program for given stress environments 
to recombine high yield potential with physiologic
al resistance mechanisms that will buffer the 
productivity system. A schematic example has 
been published (Blum 1981) demonstrating the 
flow of genetic materials across stress and 
nn-stress environments during subsequent 
generations, with the appropriate multiple selec-
tion criteria. Selection criteria depend largely on 
available screening routines. A working screening 
routine for stress response must be an en masse 
technique that will effectively separate genotypes 
for a given resistance attribute, either directly or 
indirectly, in a reproducible manner. For example, 
seed germination in osmoticum is an indirect en 
masse technique for drought resistance with very 
poor reproducibility (Blum et al. 1980), which of 
course makes it useless. 

A review of the papers presented at this 
session demonstrates some useful techniques for 
suboptimal or supra-optimal temperature toler-
ance, by measurements on germinating seed, 
growing seedlings and a test for cellular mem-
brane thermostability. Tolerance to salinity is 
being screened effectively by monitoring plant 
growth or survival in saline hydroponic cultures. 
We can screen for drought (dehydration) tolerance 
by monitoring plant growth and survival incontrol-
led osmotic media, or by estimating injury to 
cellular membranes by dehydration in vitro. 

Dehydration avoidance (maintenance of "tissue 
hydration" under drought stress) was considered 

in this session only via some of its components, 
i.e., amount of epfcuticular wax as a barrier to 
cuticular transpiration and rooting depth and 
density as a factof improving water uptake. 
Indirect screening for complete dehV.:'- avoi
dance in the field is possible by several methods. 
Visual scoring of leaf rolling is taken in rice (Q' 
Toole and Cruz 1979) to be a simple and reliable 
,istimate associated with turgor loss. It should be 
evaluated critically also in sorghum. Remote 
sensing methods, that can be used in very large 
nurseries, wre adapted to screening work for 
dehydration avoidance, using the shnrt infrared 
photographic imaging in sorgphum (Blum et al. 
1978) and the long infrar'il thermal sensing in 
small grains (Blum et al. ',981). The latter method 
is in routine use in our wheat breeding program, 
and warrants a thoro)ugh evaluation also for 
sorghum. The line source gradient method, as 
described here, appears to be a useful integrated 
method, limited only by physical and economical 
constraints. 

The Role of Crop and Stress
 
Physiology In Increasing 
and Stabilizing Crop Production 

Looking at the 1970s 

While the contribution of agronomy and plant 
breeding to the advancement of crop production 
is eminent, the contribution of crop and crop 
stress physiology has not been highlighted, to say 
the least. The last decade definitely brought it into 
a clearer focus, in this respect. 

Research in crop and stress physiology ex
panded our understanding of crop responses to 
the environment. This is not just a lip service, but 
it consists of a real economic contribution. This 
understanding-put to use intelligently-has re
duced the amount of ompirical agronomic re
search, over space and time. It has increased the 
efficiency of some agronomic esearch by elimi
nating the unproductive repetition of experiments, 
as required in empirical work. This is easily 
translated into improved returrts per unit invest
ment in agronomic research. 

The more direct contributions of crop and stress 
physiology to agriculture is a matter of record. 
Following are some examples: 
1. Irrigation water-use efficiency was improved 

by employing simple physiological models of 
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the system, as well as physiological criteria for 
irrigation scheduling. New irrigation technolo-
gies (such as drip-irrigation) could not have 
evolved without a recognition of the plant 
water stress dynamics in the field. This recog-
nition also improved the utilization of saline and 
brackish water in agricultoire. 

2. 	Expanded knowledge of the plant water reg-
ime and water stress processes in given 
agricultural ecosystems was responsible for 
the development of stress-adapted manage-
ment systems, such as new planting configor-
ations in sorghum and wheat. 

3. 	Research into the physiology of mineral nutri-
tion, together with soil chemistry, was respor-
sible for improving the efficiency of fertilizer 
utilization in many crops. 

4. 	Physiological knowledge has contributed to 
the development of a plant ideo-type concept 
and thus affected the efficiency of breeding 
programs (including the drought response 
complex). The efficiency was improved in 
terms of the time saved and the reduced 
carryover of useless genetic materials during 
subsequent generations. 

5. 	Relevant sceening procedures for heat and 
drought stress- reasonably tested in breeding 
programs-are available. Their utilization is 
only a question of the breeder's initiative, 
interest and available resources. 

6. 	The new discipline of "genetic engineering" 
could not have evolved without the physiolo-
gical basis for this technology, 

In addition to these examples, more can be 
pointed out by almost any agronomist and plant 
breeder, as based on his own experience. 

Looking at the 1980s 

There is no doubt in my mind that crop and stress 
physiology will have an even greater impact on 
agricultural research and production, in the next 
decade.
 

It is my impression that a greater proportion of 
leaders in the agricultural sciences accept crop 

tions with the environment- instead of empirical 
repetition of work over locations and years. 

Finally, may I be so bold as to suggest a list of 
some of the important topics of research in crop 
and stress physiology in the 1980s. 
1. Research intc the physiology and metabolism 

of hybrid vigor, as a convenient private case of 
the genetic physiology of high yield. 

2. 	 Re-evaluation of most of the commonly 
accepted management systems (especially in 
stress environments) with the appropriate 
physiolonical validization. 

3. 	 Improve and develop physiological and man
agement-oriented models, primarily as atool in 
resoarch, and hopefully as a tool in farming in 
the 1990s. 

4. 	 Intensify research on the various aspects of 
plant nutrition, with regard.to the variation in 
the plant's water regime, and 'irelation to the 
genotic improvement of yield. 

5. 	 Develop the technical abilities to use cell and 
tissue cultures as a substrate for selection for 
stress tolerance. 

6. 	Research into the application of remote senu
ing technology as a tool in agronomy, plant 
breeding and crop physiology, as well as a tool 
for decision-making in farming. 

7. 	Establish research in sorghum (as already 
being developed in barley, cowpeas and soy
beans) to determine the interactions between 
given drought resistance mecnanisms and 
crop productivity under stress and potential 
environments. 

8. 	Explore additional possible rr*chanisms of 
environmental stress tolerance, followed by 
the development of proper rapid screening 
technology. 

9. 	Invest in "pilot projects" that will perform 
breeding for stress tolerance, with strict and 
committed physiological guidance, in order to 
learn from success or failure. 

physiology as an important independent or in- References 
teractive discipline. 

Empirical agronomic research will be reduced to 
the margins and be replaced by in-depth intensive 
research. Crop physiology will then be used as an 
interactive part of the agronomic research. It will 
be emplcyed as a tool for validization and explana-
tion of ,isearch results and will predict interac-

BLUM,A.1978. Genetic improvement of drought resist-

A. 1978 Gntic imrorm odgestanceance incrop plants: acase for sorghum. Pages 430-445 
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BLUM, A. 1981. (In press). Breeding proprrms for 
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Session 3 Factors Reducing Sorghum Yields
 
Environmental Stress
 

Discussion
 

Asher 
The question has been raised as to 6hether or 
not we should be attempting to produce genoty-
pes more suited to existing soil condition3 as an 
alternative to the traditional agronomic methods 
of modifying unfavorable soil environments with 
fertilizers and soil amendments to suit existing 
genotypes. As a previous speaker has pointed 
out, the maximum number of characters for 
which the selection is practised at any one time 
is very small, perhaps three. Hence if we choose 
to select for nutritional characters, progress i; 
this direction will necessarily be at the expense 
of progress that might have been made in .- me 
other direction. Consequently we need to be 
reasonably sure that this is worthwhile. 

My own vi3w is that the steep rso in the 
costs of manufacturing and distributing f3rtilizers 
wliich occurred luring the 1970s have already 
piced them beyond the reach of the poorer 
farmers in the poorer countries and the situation 
seems likely to become worse ratlher than better 
in the years ahea:o.,. Indeed it is questionable t 
what externt poor nations without their own 
means of fertilizer manufacture will be able to 
spare valuable foreign exchange for the importa- 
tion of expensive fertilizer matcials Conse-
quently I believe th:2t the time has arived f(r a 
careful investigation of gains that inight be made 
through breeding for selected and carefully 
defined nutritional characteristics. 

I believe that this research will show that 
differences in ability to absorb nutrients present 
in relatively insoluble mineral forms are likely to 
be more important in the majority of cases than 
differences in the efficiency of distribution or 
utilization within the plant. 11is for this reason 
that Ibelieve that prosl.-. for finding "nitrogen 
efficient" genotypes -;7 less ivorat than 
those fo.- finding genotypes and adapted to soils 
deficient in other eloments. However differ-
ences in the total volume of soil exploited or 
differences in ability to form associations with 

free living nitrogen fixing microorganisms could 
be important. 

Quito apart from the question of possible 
genv¥pic differences as associated with nit. 
rogen fixation. I believe that we have to Cook 
towards biological nitrogen fixation to lestn lz.br 
ne-d for costly nitrogen fer.ilizers in ikha .
g Ium production systems of the poorer nations. 

H. 	G. Jones 
I agree with Pb'ofessor Asher in that we need to 
put more emphasis on the genotype alterations 
capable of withstanding nutrient deficiencies. 
This may come out further during discussion. 

Nicou 
The speeches of this morning dealt solely with 
breeding to solve the problems of drought 
resistance, temperaiure, mineral deficits and 
toxicities. The breedets will be asked to develop 
plants resistant to every harrmful factor including 
diseases and pests. I feel that we should not 
demand too much from the breeders. Certain 
agronomic methods exist w, ,ich can control 
drought. A few of them are used in Au tralia, 
others have been developed in West Africa or In 
India. Simil-4y, there are some agronrmic tech
niques to control mineral deficits and toxicities. 
For example, some regions exist in Upper Volta 
where acidification is so high that sorghum does 
not grow. I do not suppose it is possible to 
develop resistant varieties to such high acid 
conditions. I regret th it different speakers have 
not described means other than that of breeding 
to sove the problems of mineral deficits and 
toxicie;as. I think that we should not depend only 
on one possibility but have at our disposal, all 
possible and useful means to control the factors 
responsible for loss of sorghum yields. 

Clark 
This is a response to the comment by Dr. Nicou 
about adding more demands on the already 
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heavy-burdened plant breeders for inclusion of 
water (temperature and drought) and mineral 
stress traits into their breeding programs. We all 
recognize that scientists are busy and have 
important programs. My experience has been 
that plant breaders, unless the job description 
states that his/her emphasis will be on environ-
mental stress, have been far more reluctant to 
hep a physiologist than the physiologist to help a 
breeder. Iatended a recent international sympo-
sim in which many physiologists working on 
mineral stresses would love to reach out to help 
plant breeders, but breeders were not availabl, 
or hesitant to reach out to include the physiolog-
ist. I wonder if this may be because of the 
conservative nature of plant breeders and their 
reluctance to move away from traditional plant 
breeding methodology. I find myself learning 
more genetic tec^hniques to help relieve some of 
the load on our sorghum breeder, and he is 
willing to help me. Because of this, I think we are 
making progress, we are making a close working 
relatonship, and a greater excitement is being 
noted from both of us. I think we need to rethink 
our attitudes, inhibitions, or reluctancies and 
bring t!ie physiologist and breeder closer 
together in plant improvement programs. 

Another item that has not been used and 
improved, but could help breeders is inform3tion 
banks. If genotype response differences to 
drought. emperature and mineral stresses for 
many genotypes are put into information sys-
tems, these can be used to help plant breeders 
better evaluate the germplasm he/she is using 
or ought to consider using. Information banks 
should and ought to be set up, kept current, and 
used. 

Bapat 
Are there any character associations obseied 
for heat tolerance-for example the glossy leaf 
trait which imparts tolerance to shoot fly? 

Jordan 
We have not looked at the glossy trait per se. but 
we have evaluated wax loads on many lines. It is 
interesting to note that M35-1, a glossy line, 
has high wax in nearly all environments. We 
have not investigated either the chemi!ry or 
structure of epicuticular waxes. M35-I is also 
heat tolerant ano drought tolerant, but a cause-
effect relation of glossy to these traits has not 
been investigated, 

Bapat 
High temperature conditions reduce grain num
ber; is this due to nonfilling of grains or reduced 
number of spikelets? 

Peacock 
How temperature stress influences grain num
ber will depend dh thelseverity and timing of the 
stress in relation to the stage of grrvth of the 
sorghum plant. It is well documented that high 
temperatures at floret differentiation will lead to 
a severe reduction in final grain number. 

Parameswarappa 
Dr. Peacock, you mentioned genetic differences 
in plumule length at germination, but we 
observed that the plumule longth varied in the 
same variety depending on the age of the seeds 
used in the test. For example, freshly harvested 
seeds produced longer plumules. 

Soman 
The rate of growth vnd length of plumule do not 
depend on only one factor. Age of the seed is 
thought to be related to the motabolic state of 
the tissue. Therefore. it is possible for such d 
relation. However. in our studies we used seeds 
harvested in the same season and stered more 
or less under the same conditions. besides the 
genutype, the other important factor is tempera
ture. Biochemicai;/, the rate of growth depends 
on the rate of respiration (turnover of soluble 
components) which changes as a function of 
time. 

K. N. Rao 
What is the level 6 acidity under which the 
scoring for acid tol-.ance in sorghum is done to 
identify genotypes suitable for acid soils? 

Clark 
In nutrient solutions, sorghum will grow very 
well at pH near 4. Thus, pH per se may not be 
the limiting factor. In soils, Al, Mo, and Fe 
toxicities and other acidity faclors may become 
limiting to plant growth at higher pH values 
(usually at about 5.5 or below). Thus, the pH at 
which sorghum may grow in acid soils will 
dapend on many factors. 

Muchena 
Dr. Jordan mentioned that there is no difference 
between tall and short cultivars of sorghum in 
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root size. This is contrary to our osrvalicna 4% inw vary high yiOd xcential with high levels of 
pead millet. We found thast whiio ,;c; isonneiU d~ouht resistance e good. 
!,nes showed no diffironce b:*vfn W9 -3.lri) 
dwarf counterparts ticro w rs; ,on;i. which Soman 
showed derences, thi cvivi' binnq ;E-nrico. I Dr. Clark, yor technique with ,mluti;nculture to 

, for A toxicity is intoresting. I wonderwonder if there is not i ' sixtmio in 	 screen 
about the respo.e of these materials whensorghum. Did y(iu exrtin.u atwtido, ,nuih rang 

of lines in thz work you quoted? planicd in the soi!, Did you try to aansplant the 
material (say toltient ones) to a i medium or 
the field and observe its perfofmance?Jordan 

We e,,nmined only isogincs of kafir and milo 
sorghum in our studies. Even though height Clark 

We ar ' reow in the pocass of doing this. For thedifferences between isolines were about 1 m, 
we observed no root differences that could not mc-? prt, nutrieny sclution responses ,.'a close 

be axpis-ned from small differences in leaf aea. to fisk. gcp ises. Some c'fferences ive occur-

The reaults were consistent for both growth in red. Ont iten that has become app 'ant in field 

large soil boxb's and in solution cuiture. trils versus nutrient solution trials is that we 
mry have to screen in solution at Al concent'
ticiss that more closely fit soil conditions. 5"orParameiwarappa 

wr. hed one genow.f that wa: veiryDr. Clark mentioned about the toxicity of alumi-	 e,,iple, 
tol-2rant at our usual Al level 'o,- screening. WVhennum on cytoplasm. May I know the different 
wa incrzro- Al two-fedJ, this genotype retypes of cytoplasms tested? Or was it one and 

the same cytoplasm i. all the male-sterile lines sporyJlod rl poorly to Al while others that did 
not do to wz-'1 in the initial Al level looke.' asyou tested? 
good or bet" thn c ur socai: toleratlr one. 
Under the "ik, conditions that uur Al tolerantClark 

The cytoplasm materials we used were of genotype was grown, it i rot grow well. I 
realize that any nutrient scning method mustdifferent sources prepared by Dr. W. M. Ross. 

They are described by W. M. Ross and K. D. relate to field responses; w are now trying to 

Kofoid. Crop Science 19: 267-270. Those used do that. If they do not, we are trying to find out 

in our study were KS34, KS35, KS36, KS37. why and adapt the methods so that they will. Soil 

KS38 and KS39. 	 conditions may have other problems beides Al, 
thus the nutrient solution screenin is for Aj 

Sinha toxicity, not Mn. Fe, etc., toxicity which may also 

Given a particular environment and the uncer- be a problem, in the soil. 
tainties of available water, what should be the 
level of yield under drought conditions as com
pared with irrigated conditions that would be Maiti 
sati3factor/? Is it likely that in some situations Drought occurs at different stages cf growth. 
we already have such types which have satisfac- There may be a necessity to screen genotypes 
tory yield potential? Is it possible to define the for drought resistance at different stages. Dr. 
yield potential in relation to the amount of Jordan, do you think that drought resistance at 
available water? the seedling stage is in any way related to 

drought resistance at the adult growth stages? If 
Blum so, could seedling resistance predict the per-
I am fortunate to work within an agricultural formance at the adult stage? Our work at 
system that will accept varieties earmarked as ICRISAT gave an indication to this effect. 
adapted for growing under defined environ
ments. We can therefore release varieties de
signed for growing in stress environments. Jordan 
These varieties may lack in their potential yield There may be a possibilityof seedling resistance 
but will perform better than others under stress. related to resistance to adult stage but we have 

I do not feel that the probabilities for recombin-	 not made any study in this direction. 
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Asher 
Dr. Myers drew attention to the need for an 
illustrated handbook of nutritional disorders of 
sorghum, preferably containing information ab
out cntical tisst! concentrations for nutrient 
deficiencies and tox;cities. ICRISAT has substan-
Val, expertise in the publication and dissemina-
tion of technicrl material in the SAT, and would, 
in my opinion render a great service to sorghum
researchers if it were to undertake the produc-
tion of such a handbook. Some of the informa-
tion needed is aviilbe already. I would suggest
that the task oi obtaining the additional data 
might be handled most effectively through col-
laboration with other institutions which already
have the necessary specialized facilities and 
expertise. 

Bunting 
We have not, I suggest, sufficievetly disentangled
heat stress effects from those due to water 
shortage. They have been confounded in the 
methods of measurements. 

Sorghum is grown in two quite different water 
regimes which are the mirror images of each 
other. Intemperate regions, the grc wing season 
starts with the profile full of water which is 
drawn upon during the season because, the rate 
of evaporation is greater than the rate of precipi
tation. Water stress is rare in the seedling stage;
it is often important during the later part of the 
summer. In the semi-arid tropics, the growing 
season starts with the profile empty, and it tends 
to fill from the top as the rate of precipitation 
increasingly exceeds the rate of evaporation. In 
some soils with restricted percolation (Vertisols, 
pans and compact layers) a temporary water 
table may lie near to the surface, to fall later as 
the precipitation falls below the rate of evapora
tion. The period of wet conditions may damaga 
roots and oblige the crop to rejuvenate new 
roots in order to exploit the water in the p!ofile.
Drought risks are most severe at the stan and 
end of the season. These contrasted water 
r1gimes are so different that we cannot safely
transfer ideas about drought resistance, toler
ance or evasion or plant materials alleged to 
possess these attributes from one to the other. 

In the tropical regime, moreover, nitrogen is 
mobilized in the surface soils when they are 
wetted by early showers, and is free to be 
leached by the more substantial rains which 
follow as the wetting front moves down the 

profile. On the other hand, leaching is unusual 
dLring the growing season in the temperate 
water regime. 

H. 	G. Jones 
Before closing this session, I want to make a 
quick comment to emphasize what the speakers
have said earlier. They have clearly brought out 
the role of physiologists in sorghum improve
ment programs and how important cooperation 
is going to be in the future. 

We would admit that so far physiology has 
made quite an outstanding advance in know
ledge but its application has been relatively
limited to date. The reasons for this have been 
outlined by Drs. Tumer and Dium. 

Further, it was also clear that we need a team 
approach including the breeders, physiologists
and agronomists. For rapid progress, we must 
go beyond the pure empirical approach and Iam 
optimistic that this is a technique for the 80s. 

212 



Insect Pests
 

Chairman: A. N. Pitre Rapporteumrs: H. C. Sharma
 
Ce-Chairman: F. Gilstrap S. L Tanoeja
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Developing Countries - The Realities and the Myths
 

J. C. Davl*s
 

There have been significant advances in sorghum 
research and considerable increases in world 
sorghum grain production and yield in the past 
decade. However, the sobering fact is that, with 
the notable exception of India, there has been 
only a minimal improvement in overall production 
from the countries where sorghum is used 
primarily in human food (Kanwar and Ryan 1976) 
and indications are that production trends will be 
negative before long in many countries (Ryi'n, 
personal communication). This is a situation that 
can be ignored only at our peril. It is a situation for 
which something can be done, but only if we take 
an objective look at our ideas- many of which are 
preconceived. We must realize that the solutions 
proposed and results obtained in the sorghum 
research field in developed countries, must be 
examined very critically before being adopted or 
utilized as blueprints for attacking the serious and 
urgent problems of increasing sorghum produc-
tion, particularly in Africa. I make no apology, 
therefore, for 'slanting' my remarks today on 
entomology, towards th3 developing world situa-
tion. Even a brief scan of the sorghum literature 
shows that the developed world is exceptionally 
well catered for, both by the amount and auality of 
information being produced on sorghum in all 
scientific disciplines, including entomology, 
However, I suspect that in the 10 years since the 
last sorghum symposium, the number of research 
and development workers, who are able to devote 
their full time to the sorghum cTop in Africa and 
the developing world has not increased to any-
where near the extent needed, to cope with the 
well documented problems of feeding their rapid-
ly expanding populations. Indeed the number of 
sorghum research workers in the developing 
world may well have decreasedl 

*Director for International Cooperation. ICRISAT. 

I also make no apology for taking a rather 
simplistic ipproach and for not delving into the 
more fascinating scientific aspects of pest prob
lems on the crop in the developing countries and 
the mure esoteric proposals for tackling them. 

Sorghum as an Insect Food 

Sorghum must rate as one of the most favored 
piantb, cultivated by man through the ages, as a 
host for pest insects. Numerous lists have been 
p~oduced cataloging well over 150 sp9cies as 
pests or potential pests of sorghum (Jot,:'ianiet al. 
1980; Senhu Reddy and Davies 1979). Fortunate
y, it remains a truth, that the actual number of 
species which can be considered of majorimport
anc ' ire no greater now than they were when the 
iast distinguished scientific gatheing assembled 
for the Sorghum in Seventies Symposium. As at 
that time, the most ubiquitous and serious in 
worldwide terms probably remains the sorghum 
midge, Contaninia sorghicola (Harris and Harris 
1968; Harris 1976)-a pest which we should 
discuss a little later in the context of the realities 
and difficulties facing us as entomologists. Many 
pasts are of regional importance including the 
various armyworms, e.g., Spodoptera exempta 
(Brown and Dewhurst 1975) and the locusts, 
Schistocerca gregaria, Locusta migratoia and 
Nomodacnis septemfasciata, particularly in the 
African context. These days, we tend to relegate 
locusts to the status of pests of the past-but I 
suspect that in the context of political upheaval 
and consequUnt problens of control strategy and 
the logistics of both aerial and ground survey and 
control, we would do wall to keep a very 
jaundiced eye on their activities. The spectacular 
losses and damage, which can be caused luickly 
by both armyworms and locusts, could possibly 

Internationa Crops Research Institute for the SemikArid Tropcs. 1982. Sorghum 'n the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81. Patancheru, AP.. India. A.P. India: ICPISAT.Patanchetu. 
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be more important for the peoples of Africa even 
now than the more insidious enemies, which 
annually take their toll-the shoot fly, Atherigona 
soccata, the lepidopterous stem borers, Chilo 
partellus, Bussacla fusca, the Sesamia spp and 
Eldana sacchanna. The latter appears to be 
relatively more important in Africa now than it was 
in the early 1970s (Girling 1978). 

The omnivorous termite species take a steady, 
if unspectacular toll, but the true effect on yields is 
not assessed. Since the last conference we have 
made, as entomologists, little or no progress in 
determining the identity or extent of damage 
caused by the many hemipterous species found in 
the heads, although Bowden in 1965 drew atten-
tion to their possible importance. Ceftainly, there 
is no doubt that the last decade in India has seen 
Calocoris angustatus appear as a more than 
occasional pest locally, but we appear to know 
very little of the reason.s for sudden population 
increases. While the importance of aphid species 
has been seriously viewed in the cooler temper-
ate countries (Schuster and Starks 1973), in the 
developing countries the exact status of the 
various species has been little researched. Cer-
tainly, here at ICRISAT, late season attacks with 
high aphid counts in the head and :3sociated 
honey dew a,,d onsequcnt mold growth, make 
them an object of speculation, if not of research. 

With the introduction of the tighter panicle, the 
importance of the many lepidopterous head 
worms both in India and Africa has changed-but 
this change has not been quantified in terms of 
damage. As early as the late 1950s, Doggett 
(1954) among others, was commenting on the 
numbers of Heliothis arimigera larvae in tight and 
protected panicles, possibly due to discourage-
ment of predation by birds, but possibly also to 
the increased protection afforded against insect 
and arachnid predation or improved habitat for 
survival. While increased Heliothis numbers may 
not in themselv s have much effect on sorghum 
yields, we should be looking at the overall effects 
of such observations or the pest spectrum and 
yields of a range of crops, in view of the mixed 
cropping situation which the small farmers of the 
SAT use to spread their risk. The situation is one 
which is completely different from that in a 
developed agricultural economy, where even 
height and jio panicle conformation are impor-
tant, nd harvesting and drying machinery are 
readily available to handle such cultivars in mono-
culture. 

As entomologists, we can look back on the last 
decade as one where the sorghum crop has not 
suffered the entomological equivalent of the 
Southern leaf blight disaster of the 1970s on 
maize in the USA or the downy mildew "epide
mic" on pead millet of the mid 1970s in India. I 
hope that we are all convinced that this was cold 
calculation and not luck-I do believe that screen
ing techniques are surer in the developed world 
and contribute to safety margins in released 
cultivars, but there is room for considerable 
improvement. I view with wariness the tendency 
to believe that quick solutions to production 
problems for human food sorghum are possible 
by the transfer of established lines-commercial 
or otherwise-to developing countries. We are 
only at the very early stages of the incorporation 
of insect resistances into better agronomic and 
higher yielding types fully adapted to the SAT. Our 
screening capability in these situations is inadequ
ate at the national level. The finance to improve 
this vacuum is lacking. A great deal remains to be 
discovered about the biology of the pest species 
range on sorghum in the developing world. A 
glance at the impressive lists will convince even 
the i-,csZ skeptical that there is a potential, or 
actual, pest for every stage of the sorghum plant 
from seedling till after storage in almost all 
situations-climatic, edaphic and cultural. Addi
tionally, we have been singularly fortunate in that 
the p tentials of several insect species for dis
ease transfer appear to have been relatively 
unutilized in sorghum. 

PMt Attack and 
the True Loss Factor 

The references to significant pest losses in crops, 
and these probably included the progenitors of 
modem sorghum, are ancient and impeccable, 
and are mentioned in the Bible in Exodus 10 and 
Joel 1.Whle the potential losses in the high plains 
of Texas t midge are well quantified (Bottrel 
1971). there are however, far less readily available 
sound data on losses from developing countries, 
where sorghum is a significant food crop. Inthese 
countries, particularly those of the semi-arid tro
pics with a rainfall of 600-1000 mm per annum, 
where sorghum is an important human food, the 
yields generally quoted are pitifully low-500 
-700 kg/ha. A major reason given for this is pest 
attack. Certainly these yields compare very un
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favorably with yields from the same cultivars on 
research stations within the SAT, which are 
frequently three or four times as high. These 
statistics are meaningful to governments and 
planners who must consider thu total production 
in feeding strategies for their populations-but 
how meaningful are they as statistics on which to 
base entomological research proposals? Most of 
us who have toured extensively in these areas 
"know" that yields on well-grown, timely-sown 
sorghum on farmers' fields are more, by a factor 
of 3 or 4, than the average and "know" the level 
of inaccuracy inherent in ths,average estimats s in 
official statistics-even the ones widely quoted 
yesterday. Clean,, a great deal could be done by 
the introduction of improved agronomic practices 
even with existing cultivars and known research 
information and techniques. 

Possibly one of the few pests on which some 
firm evidence on losses for developing countries 
exists is the sorghum midge. As early as 1960, 
Nye (1960) commented that in Eastern Africa, it 
was a severe pest only on research stations and 
this is certainly so, at present, in some areas of 
West Africa. I do not think that the situation in 
East Africa has been looked at objectively since 
the 196.s 

The situation in Nigeria appeared to be very 
different (Harris 1961). Extensive surveys there in 
the late 1950s indicated a 4% loss on some 
250 COO acres (equivalent at that time to almost 2 
million pounds sterling). Even within West Africa, 
the situation is far from uniform, however Bow-
den (1965) noted that in Ghana infestations (as 
opposed to losses) are seldom above 10-15% 
and that quoted losses to midge are compounded 
by losses due to the head infesting hemiptera. 
The observation was reported to be possibly due 
to the cultivar being grown which had a relatively 
compact head, but also possibly to the higher 
rainfall. In India, midge is often !;erious at research 
centers and undoubtedly important in "endemic 
areas" (Vnugopal et al. 1975; Jotwani 1978) 
particulad where plantings are staggered, but 
from my own observations, it appears that in 
some endemic areas, the head infesting hemip-
tera may also be important contributory factors to 
the losses quoted. 

Actual aata on losses due to shoot flies and 
stem borers are hard to ascertain. Fields badly 
damaged by shoot fly are spectacular when 
observed, but what do they mean in terms of yield 
loss to a whole area, or country, in a particular 

season? Tis cannot be said to have been 
accurately assessed. Clearly, early sown crops are 
but lightly damaged, in all but a few seasons. 
Attempts to gauge the economic threshold 'tbvels 
for shoot fly, using insecticides, in limited and 
'blanket' applications, terd to show that incre
ments of yield in sorghum croduced are often not 
significant nor economic on ;'esearch stations with 
the higher yield levels relevant to these (Ingram 
1959; Davies and Jowett 1970). Assessments of 
losses from the various insidious stem borer 
species in sorghum are even more difficult to 
quantify. Ingram (1958) commented that in Ugan
da, Jespite heavy attacks by Busseola fusca and 
Chilo partellus, sorghum yielded well. A similar 
suspicion was echoed by Harris (1962) for West 
Africa, and subsequently supported by his further 
work (Harris 1964), where the use of insecticides 
for control gave conflicting results with regard to 
yield increments. Increases in yield per stand 
were obtained from bored stands. This was 
presumably a function of either extra tiller produc
tion or selecton of potentially higher yielding 
stems for attack by borers. Evidence has been 
produced quoting correlations between length of 
tunnelling and yield loss. However, there are 
several reports of disconcerting positive correla
tions between stem tunnelling, or number of 
borers per stem, and yield. This feature, which 
presumably is a reflection of the sampling 
methods or cultivar used, does not appear to have 
been seriously researched. It might be postulated 
that with the dynamic biological systems with 
which we are dealing, compensatory reactions 
from plants and discriminatory mechanisms on 
the part of insects are operating. 

So where does this put the pest problem in 
relation to the scheme of yield loss and in relation 
to other yield reducers such as poor plant estab
lishment and final plant population, drought, dis
ease, parasitic weed and possibly most important 
of all, birds? It is important to know this at times of 
fund constraint and scarce resource allocation. 
The evidence of loss, except for the recorded 
catastrophic "invasion" years when massive or a 
localized very severe pest attack is recorded, is 
pitifully poor. There is little reliable clearcut infor
mation on "normal" pest attack on "normal" 
crops. In relation to insect attack, it is suprising 
how often late-sowing is commented on as a 
factor in increased pest attack, but then late 
sowing or serial sowing is becoming more and 
more recognized as a small farmer technique (and 

917 



an apparently realistic one at that), for the avoi-
dance of risk-be it from hail, extended rain or 
pointed massive pest attacking migratory pests. 
Do we have to balance losses in late sown crops 
against the insurance factor for those important 
years when these late sown crops are the ones 
which, even though poor, give the only suste-
nance in disaster years to 'on farm' families? The 
small farmer systems are clearly, and rightly, far 
more sophisticated than those of large-scale 
farmers, where modem technology has provided 
risk evading mechanization to assist in times of 
crisis, be it supplementai irrigation, spray planes, 
harvesters or crop driers or, in the developing 
country situation, cash reserves from other 
sources which are available to buy in food in years 
of scarcity. 

My conclusion from a stuty of the currently 
available loss data is, that if tht~se were presented 
in a court of law, while the circumstantial evi-
dence for pest loss is very strong, there is 
insufficient evidence to convict. Clearly, we can-
not extrapolate the situation, as we know it with 
regard to pest loss, from the high farming 
situations of the developed world to developing 
country and particularly small farmer agriculture. 
We are, to quote a gentleman who must be justly 
famous, "in a different ballgame". In my view, as 
a basis for our forward strategy in sorghum for the 
80s we have a responsibility as entomologists to 
evaluate, rather more carefully than we have, the 
losses actually suffered in local cultivars in the 
existing farmer situation, given current methods 
of production and agronomy. We also have to 
assist in projecting, realistically, what can be 
achieved in increasing production by introduction 
of new cultivars and their impact on both pest loss 
and pest status of the many insect species 
recorded from the crop. Shifts of pest status on 
cereals are not numerous, but some have been 
observed in the developed world; they are not 
well documented in the developing world on 
sorghum, but have been seen even in the last 
decade on millet in West Africa (Vercambre 1978). 
There is evidence from Latin America, Africa and 
India, of some species increasing in relative 
irnportrice in the last decade. 

Summing up on pest loss, I would ask, do we 
really know the economically damaging pest 
species in the developing world other than in very 
localized or short term circumstances? We should 
not overlook the fact that even an insect such as 
sorghum midge was repeatedly missed by trained 

biologists in the past and the damage it caused 
had been variously reported as ranging from hail 
damage to blight. Do we really know the effects 
of the various pest or potential pest species on 
crop establishment, for instance, in smail farmer 
situations? Could the losses in plant population 
caused by shoot fly be more important than those 
of borer in the stem, for instance? Do we have 
real estimates of the loss in the developing 
country situation as opposed to fancied extrapo
lated losses from developed country data? There 
is a school of thought that believes such research 
is not required-do we sut-cribe to this? I 
believe schemes already exist tMbat could take on 
this task immediately and let us have reliable 
information speedily. A part of this excercise must 
be to arrive at more reliable production and 
average yield per hectare figures. 

An important point already comme'aed on in 
this workshop, in this context, is the fact that 
currently in developing countries, little of the 
sorghum produced enters established trade chan
nels-it is mainly consumed on the farm-so 
how accurate are the means for loss on which we 
justify our projects? Let me hasten to say that, I 
believe, the losses are real and the situation 
particularly with regard to 'invasive' pests very 
delicately balanced. Perhaps in any case, the 
disaster year information more than justifies all 
entomological input-which is so slight in de
veloping countries. 

Control Strategies 

for the Developing World 

The utilization of resistance as acontrol strategy in 
the developing world is one which has enormous 
practical relevance and additional emotional 
appeal. Like many others in this room, I have 
worked with insecticides on both cash and food 
crops and with the latter, at the end of the day, the 
sheer 1;ragnitude of ihe problem of infrastructure 
and delivery of crop protection products to the 
small farmer and the crop, aside from questions of 
economic or socioeconomic practicality, force one 
to the view that the only thing that can be 
guaranteed is that the small farmer will plant a 
seed at the earliest posible time for his particular 
situation, in a particular season. Thereafter, he is 
at the mercy of forces often completely out of his 
control. 
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However, we are all a little euphoric about the 
very real problem of incorporating and utilizing the 
identified re3istances from germplasm sources in 
the seed which will eventually go to the farmer. 
The goal of pest resistant sorghum can only be 
achieved by a very concerted and dedicated 
effort, to integrate the workings of the many 
scientific disciplines involved in the effort to 
achieve final success. It is regrettably not a 
perfect world, and a true multidisciplinary 
approach does not come easily-all of us in our 
individual disciplines "know" and thA fact of 
'knowing' and thf' Fery real pressures of the 
systems in which work is carried out, with its 
emphasis on results and quick solutions, miti-
gates against true fully integrated effort. There 
are, in developed countries, increasingly strong 
economic and commercial forces driving and 
fueling true multidisciplinary effort. However, in 
most developing countries, the restricted availabil-
ity of trained staff places almost impossible 
strains on true multidisciplinary effort. Often the 
men are not available to place in a team to tackle 
just the needs of sorghum: the breeder is often 
concerned with a range of food crops and the 
entomologist or pathologist has to give second or 
third priority to the crop. As a general rule, 
physiologists are not available and agronomists 
cover an impossibly large range of crops and the 
glamor field is farming systems, not sorghum 
agronomy. In the circumstances, it is noz surpris-
ing that the necessary close contacts and time for 
integration of knowledge, ideas and work plans 
are not satisfactory. 

It is also significant that knowledge obtained in 
one discipline or one country is often not available 
to another for avariety of reasons. As an example 
of what I mean, currently not far from here, 
another look is being taken at the desirable 
sorghum head type for the semi-arid tropics, and 
in particular, the advisability of more lax headed 
types than those generally preferred in recent 
years. Yet from the 1950s, there was consider-
able evidence, at least in Africa, that lax headed 
types were less susceptible to hemipterous head 
bugs and afforded more easy access to birds for 
predation of lepidopterous head worms. There 
was also evidence that grain molds were less of a 
prublem in wet years, in situations where end-of-
season rains were frequent, because of the 
relative speed of drying after rainstorms. It must 
be conceded that lax heads do not conform to 
current ideas of a desirable head types-which 

are largely conditioned by concepts derived 
from high input mechanized agriculture-but our 
target clientele are the small farmers, whose ob
jective is to produce more grain, more reliably, 
with reduced risk, to feed their increasing 
families. 

As ever more gloomy forecasts are made about 
the shortfalls in cereals in developing countries in 
Africa over the next two decades, we must be 
concerned. I wonder if Dr. Blu'm, who is in 'ur 
audience today, feels that the situation in 1981 is 
significantly better than it was when he attended 
the last conference, with the sorghum for the 
decade theme, and said "Plant breeders in gener
al appear to lack an understanding of insects with 
regard to their hosts and tend to regard the insect 
population as a fixed environment parameter, with 
all the consequent implications" (Blum 1972). I 
believe we are moving educationally in the correct 
direction, but I also believe that there is a current 
danger of too much emphasis on the heritable 
resistance characteristics at the expense of the 
investigation of the overall entomological implica
tions of the very complex characteristics of crop 
production in relation to agroclimatic and ecologic
al factors and dynamic insect biology. I would 
perhaps extend the sentiment of Blum's state
ment to incorporate workers in the interdisciplin
ary areas of relevance to the successful breeding 
of the so0rghum crop to withstand insect attack, 
and not to confine the staterient merely to plant 
breeders. 

Inthe context of cross discipline understanding, 
fuilher thought needs to be given to the use of 
modern insecticides in resistance breeding prog
rams. Their use appears to be a valid tool ealy in 
breeding programs to ensure transfer of desirable 
characteristics for yield and for good agronomic 
traits. However, excessive or prolonged use of 
insecticides into late generation breeding material 
is potentially dangerous, if we are endeavoring to 
produce suitably robust material with insect re
sistance for use on farmers' fields. It is sobering 
to reflect on Pradhan's (1971) forebodings about 
utilization of insecticidal "umbrellas" in breeding 
and the fact that release of 'superior', blit other
wise insect susceptible varieties, in the tropics 
will not really achieve anything. This is a very real 
possibility and must be guarded against. The 
products of breeding programs must be viable for 
existing farmers' conditions, while having the 
potential for increased yields in improved or 
moderate to high input situations. 
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The concept of chemical control of sorghum 
pests i.,sDrelativaly rucent introduction in North 
Americe (Jotwaniand Young 1972). The concept 
was based on a rapid expansion of sc! ]hum 
acreage and the development of high yielding 
hybrids in moderately high input conditions of 
fertilizer usage and mechanij,-al plowing, using 
harvesting and drying techniques of high sophisti-
cation. I believe some of these concepts have a 
place in the developing world- particularly in 
Africa, f a serious fod shortage is to be avoided. 
There are areas where, c4:,e- a minimal amount of 
adaptive work, cxist;1j sotqhum cultivars co3uld 
be grown in river-in iirigatcd areas on desp olack 
soil rainfed plains with assured rainfall, to produce 
large amounts of food. Rapid adaptation of ex-
isting pasl control strategies to suit SAT situations 
may L: possible to protect such mass and exotic 
mr.erial-but little work -.-efficient application 
techniques has been done to date. 

The situation ,NiIh reference to chemical cc. al 
in developing co.ntries o,!u'hed by J.c:w(ani and 
Young at th'-- ! t,iallyiast confcrence has 
changed. G~enerally, the f.orable rc:.L obtained 
in the work done on "ie sorghurn aEuas of the 
developed countries have beon ftjlowed by it
ing of the successful inse.ticides in the devdc%-
ing countri.;s (a;,ry 1972; Sepswadi e! al. 1971; 
Jotwani, '978; Vedamoorthy et al. 1 ;35). Many of 
the results have been good under research station 
and supervised conditions and spectacular in-
creases in yields have been claimed. I am a little 
concerned that, to an extent, the use of insecti-
cides has cauied an upsurge of work which 
detracted from effort on the entomology of the 
crop. Tht;:was certainly so in the early 1970s. In 
general, there is little convincing evidence of the 
economic soundness of some of the recommen-
dations made lor insecticide use on sorghum, in 
developing countries, except in special high input; 
or at least high fertility, and possibly assured 
water situations. Many i,. is in the develcping 
country situation, particularly midge, and po'3sibly 
stem borers, are not easily controlled economical-
ly with existing techniqu. s. Certainly in the SAT 
areas, Nhere watar is such a problem, some of 
the spray volumes recom.,mended for use are 
beyond the ability of the socioeconomic frame-
work to supply. Answers must be found which 
utilize simpler application techniques involving 
either no water usage or at the least, minimal 
quantities. Dusts and granules have thair own 
particular problems with regard to transport, 

storage and application techniques in the tropics. 
The words of caution stated by Jotwani and 

Young (1972) at the last conference, with rrer
bnnce to the numerous instances of fh31u.e to 
contro p~sts and the importance of developing 
long rz;.go strategies, which do no: rely entrely 
on !n.ccticides, !ut integrate all the v%_irikous 
m ..h -- cultural, mechanical, biol and 
reri.,,ancq---are as true today as they were then. 
Prejress has been made in India in education on 
he value of cultural methods and early sowing of 

Gorghum, and plans have been ;lde for detailed 
studies in the West African aren.s the: could lead 
to integrated pest rr:;, 'ient . ''e is cle;.rly 
however, in mu& c, -he J.:veloping - a 
dearth of infermatict on which to basa thesc 
strategies and f'zrth alack of any real conceotion 
of whether thes ire possibia to :,pply, or indeed 
are acceptahk' ittfie srnali farmer levrl, given the 
scarcity o :sources and numi.:), of qualified 
extension staff. 

Novel Methods of Control 
of Pests
 

Much has been written and speculated about the 
use of more novel methods of control worldwide, 
but despite the rapidly incn'ea;ing level 'funder
standing and the detii!ed2 r;Jintcic e wfk)on 
insect produced chsnicds--pieomon 
nile hormones and chemicelly prodluce..:" rLnts 
-the promise remains lariely u't, . far as 
the less monetarily vwlu,ble crops such as sor
ghum aie corcerned. Several of the important 
pherom- ,>,- of stem borers-Chilo Partellus 
(Nesbitt et al. 1979) and Busseola f '..a(Hall et al. 
1981)-have been identified and field tested with 
success. They appear, at this stage, to i:a-itCsl 
useful research tools and at the wfst po isible 
eye catching glamor areas for research which 
could divert funds and scarce scientific talent from 
the difficult problems of pest control on the 
sorghum crop in developing countries. This, to a 
greater or lesser extent, also applies to the use of 
hormones and steriiants. in the area of insect 
physiology and feeding :ehavior, chemical con
tent of sorghum cultivars and related chemical 
constitution of sorghum, very significant strides 
have been made over the past decade. Clearly, 
this work has direct relevance to the problems of 
breeding for insect resistance and the potential 
payoff is great, if simple field screening for 
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identified chemicals can be developed (Fisk 1981; 
Woodhead et al. 1980). 

The research area of insect physiology with 
possibly greatest significance to lepidclpterous 
pest carryover between seasons, is aestivation 
and diapause behavior. Some pioneenrng work on 
this has been done in Kenya by Scheltes (1978), 
but much remains to be done. The complexites of 
the interrelated chemical and water balance fac-
tors are areas for fruitful research effort. At 
ICRISAT, some preliminary studies were done 
and tihis work must be expanded. Here is a fruitlul 
area for collaboration with developed country 
institutions with their sophisticated equipment 
and techniques. 

Related to some of these chemical and phy-
siological studies are the cultural methods of 
control. These are, by and large, worked out for 
many pest species in the developing world (Harris 
1964; Nye 1960; Ingram 1958). Refinements 
have been proposed in the last few years (Ade-
siyun 1980). The extent to which many of these 
are acceptable to. small farmers will be a task for 
the workers in the field of integrated pest man-
agement to determine. 

In closing, may I say that I have been deliberate
lv provocative in plzsces because I feel that the 
'oieleft to show real impact on the sorghum food 
uit
tion in developing countries is running out. 

The progenitors of the sorghums which will help 
us to overcome the problems should already be in 
"the systrem" or at least be there within the next 5 
ye r_.-yv, the 1G-_12 year lead time needed to 
,'ytspron line widely used by farmers. There 

h-.en an alarming increase in food imports into 
most West African countries in the last few years. 
, 

rhe World Ba;w estimates suggest that while 

populntio-, has grown 2% a year throughout the 
aree, ?fod crop production has stagnated and in 
several countries, C'creased. We nced to ex-
amine, very seriously, some of our straight-
forward interpretations of developed country re-
sults on monocrop shorter-term sorghums and 
their applicability to the erratic rainfall, poor soil, 
intercrop situt.rins so prevalent in the sorghum 
weas of developing countries. In situations such 
as in India with a reasonable infrastructure, high 
land usage and high human populations, there 
have been striking advances in the 1970s rerult-
ing in grain surplu-s using transformation strate
gies. However, even these conditions do not hold 
good for much of the area which ICRISAT was 
built to seve. I would particularly draw attention in 

this context to the relative neglect of red sor
ghums in our breeding programs. when they are 
so readily utilized in large areas of Africa where a 
good brew is a food and where populations have 
leamt to use them satisfactorily. These sorghums 
have several useful characteristics: entomologic
al, pathological, and birdwise, when compared 
with some of the white grained types, which are 
favored in current breeding programs. 

We should come away from this conference 
with a realistic assessment of what is needed, 
what the real constraints to progress on the 
grourd in these countrios are and how we can 
contribute to overcoming them. The number of 
scientists working in the field on sorghum in 
developing countries is inadequate and the num
ber of entomologists even fewer. It is useless to 
encumber these few with work on materials or 
ideas, which are of marginal importance to sor
ghum pest controi and ultimately to sorghum 
production. What is needed are plans developed 
on a multidisciplinary basis, to tackle the priority 
problems. These should be reassessed at this 
time with realism and urgency. 
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volume of sorghum entomology literature and 
reflected the increase in research needed to allow 
progress in the d&vealopment of sound IPM 
programs for sorghum (Young and Te~t s 1977; 
Teetes et al. 1979; Teetes 1979; Jotwani and 
Davies 1979; Teetes 1980). A common element 
among these reviesis3 is the increased emphasis 
on developing ircz,' ict-ant sorghums isan 
integrated pe,' rv r'.4ment (IPM) control corn-
ponent. 

Since a number of rec- r,orghum er.tomology 
reviews exist, it will not be the intent here to 
review specific research accomplishments of the 
past decade, but rather to ptovide an overview of 
the state of the art of sorghum insect pest 
management as we enter the decade of the 80s. 
A look to the iuture (the next decade) would 
appear to have more value. 

Current Level of Sorghum PM 

Focal conside, .':'on of sorghum insect pest man-
agement >i.Texas is made here as the state is a 
leader in tie production of sorghum, and growers 
must contend with a complex of serious insect/ 
mite pest species. Methods to deal with this 
insect/mite complex, which annually cost USA 
sorghum j3rowers $80 million in yield loss alone, 
not couring the cost of control measures, will 
provide a d-scription of the current level of 
sorghum z:t:.grated pest management. 

Sojhurn insect/mite pests are currently man-
aged in Texas L';y:he integration of multiple dlr:L 
control tactic; used in combination to forwvmuato 
an optimum production strategy. The system is 
supported by essential ancillary informaticn on 
pest biologies, population dynamics and econo-
mic injury levels. 

The strategy revolves around the key pests of 
sorghum. The greenbug is a key pest in most of 
the Great Plains ,3hum growi;.; area. The 
sorghu'in t 'd igea key pest in the southern, 
humid pan1; of the USA and in."outh and Central 
America. The fall armyworm( is a key pest of 
sorghum in the southeastern USA and in Central 
and South Americ'i. Spider mites, especially the 
Banks grass mntr., and perhaps the corn earworm, 
are consider,-o secondary pests. The many other 
pests which sometimes injure sorghum are in the 
pest status category of occasional pests. 

Methods used to control sorgh,'m insect pests 
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and the level of use of the various IPM control 
components are shown in Table 2. 

Key Pest,
 

The greenbug first bacame an economic pest of 
sorghum in 1 C Research rapidly provicd&d 
control tactics (o :i with the p. t, but mnZ:&!v, 
high dosage rates of persistent, broad n 
insecticides vwsf usedl. C"rrenth, w;,:ic 
thretcln -"' h'vtrid , . ,inimummo;istant 
effeiv,/, r-t.id3 dos arid conserva
tic-n of p o'/,corr& rc.dators/parasites are 
t ; .c,i !qy producers to minimize 

, by F.-bug. Greenwl,' rosistant sorghkM'i:/V 

lines ira:;'r.J .o.devk;.%AV public irvig.i.. 
tions wc.w rul.. to =,i, -crcial concuerfi- t 

mn-. esstant rytmj_- ;nrailab!43 to prodAj; ; in 
)Jt76. T:I p'jlantedco o~ver 

. inohr areas
r%of 

planted c ove'r83% i,, . f l1 , '. The 
occ. .I ' ... , 
is o', 'e.:;: .;.Jiti 
sv. u, i ,,value -fh'bids 
ir s.:)rm bL sources of o ir.e to 
bioty . F haveiben identified and %,,1 soon be 
available to f--r ,nrs. These new sources are 
re3istant tc, ,4.v'qpes C and E. 

The u!-,) c! green bug reai .nt sorghum hy
brids, in c-rtjunction with ni>:al biological con
trol, has reduced the dependkc.zre on inc.icides 
an has proven to be a -viable mrrin.-!ernent 
sy, Econorwi,- threshold levels ex;st for 
gre,,mbug swiceptible arl t sistant hybrids. When 
gieenbug density or di age reaches the ocorto
mic threshold level, ecological selectivity of corn
monly used organphosphates is achieved by 
extrernmo-!y low dosage rates to preserve natural 
ener;ic,,s and prevent greenbug resurgence. 

A native parasite, Lysiphlebus testiciptss (Cres
son) along with omher entomophagous species 
such as coccineH;.d:s, contribute to a general 
lowering of greenbug density. This is n impor
tant, but gonerally unrecognized, benefit of the 
natural enemy complex. Parasite abundance gen
erally lags behind greenbug abundance such that 
they do not reliably provide economic control of 
greenbugs in all situations. The use of selective, 
low rates of insecticides is used to shift the 
prey/parasite ratio in favor of the parasite. Green
bug resistant hybrids also act to shift the prey/ 



TW* 2. Control faclica n"w i*mpt:,"d &- ~ A 'ra In Ttxw. 

Biologic-b C :: u:l Chemical Samplinj 

Pest 

Plant 
resis-
tance 

C.", oi. 
vaan 

Micro-
bial 

Sani-
tatian 

Elimi-
nating 
hosts 

Crop 
rota-
tion 

PlrV.- Water 
manage-

mrnent 

Soil Seed Foliar Moni
toting 

'Aa gyub 
i+unns 

Rootworms 

1 
1 
1 

1 
1 
1 

1 
1 
1 

2 
2 
2 

2 
2 
2 

2 
3 
3 

2 
2 
2 

1 
1 
I 

3 
2 
3 

1 
3 
3 

1 
1 
1 

2 
1 
1 

Aphids 
Greenibg 
Yellow 
sugarcane 

Com leaf 

3 

1 
1 

2 

1 
2 

1 

1 
1 

1 

1 
1 

1 

1 
1 

1 

1 
1 

2 

1 

1 

1 
1 

1 

1 
1 

1 

1 
1 

3 

3 
2 

3 

2 
2 

Arm po.++ ' 

Fall Frr',,y,,orm 1 
Bft amyworm1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

3 
1 

1 
1 

1 
1 

1 
1 

2 
2 

I 
1 

Stem borers 
Southwestern 
com borer 1 

Sugarcane borer 1 
S , rcane root
.;tock weevil 1 

1 
1 

1 

1 
1 

1 

3 
3 

2 

1 
1 

1 

2 
2 

2 

2 
3 

1 

1 
1 

1 

1 
1 

2 

1 
1 

1 

1 
1 

1 

1 
1 

1 

Chinch bug 2 1 1 1 2 1 2 1 1 1 2 2 

Banks grass 
mite 1 1 1 1 1 1 2 3 1 1 3 3 

Panicle pests 
Sorghum midge 
Sorghum 
webworm 

Cornearworm 
False chinch 

bug 
Stink bugs 
Leaffooted 
bug 

1 

1 
1 

1 
1 
1 

1 

1 
2 

1 
1 
1 

1 

1 
1 

1 
1 
1 

1 

1 
1 

1 
1 
1 

1 

1 
1 

2 
1 
1 

1 

1 
1 

1 
1 
1 

3 

3 
3 

1 
2 
1 

1 

1 
1 

1 
1 
1 

1 

1 
1 

1 
1 
1 

1 

1 
1 

1 
1 
1 

3 

3 
2 

2 
2 
1 

3 

2 
2 

2 
1 
1 

Stored grain 
pests 1 1 1 2 1 1 2 1 1 2 1 2 

a. Control methods: I itole or no use; 2 = some use; 3 = major use. 
b. Retlects estimated value of naturp!&y occurring parasites, predators, and microbial agents in suppressing respective pest 

populations. Inundative or supplemental releases of parasites are not presently used to effectively controi damaging pest 
populations 
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eolere;nce rasiswco, cwInsm. chemical control approach isof :6"'o the midge. te 

er lfremIge ,/:dw:o nng ndis2>L6 .aumb 	 r exam~sive r ieqamu0ep alica ns 
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Ser m m i nfestations mI control of midge isto base treatment need 

y a on th econochcreshold level ofon itdvd~op.Th tratikes advantage. of te 
<';:. se. p thep The 9- b(nicalyanalabunda 0fleof est. sect' idei Adult densityts'ldet1973); 
iic:f crtavdasue and spring eme.n 	 using ic*bgorinspecting panicles or b st, 

g,bin'h! temperat isexceed and i" lpd-mouth jar capi re egglaying aduhsbegrni r ,tre 160C, wis io 
greal si% temaperotiures " inh n ,tsinaeldare':areresm2Oto3tC g when 25-3 

q
drs6ii-i a ail" 	 foiwreg I-Reeate -.i appicatons are uired 
a'ati lnsdievelop inohnso-grass before srgum Tkiwigraist gue mite e sity o 

P 'flow&$a. At eiast"w generationS 6ccur inOn- adult ornmore"per panicm6e. A,mralor prob.em'with 
songrass.4 huecl ntrte is nong what interval. f 

insecticide ppiication to'n. taly flowering sorghumBy about the fourth u use. Simply, this 'de
% generalo , atging pnds 'midge density; more .mige density is at dam levels. on but commonly

Therefore the basis of theculturalcontroltactic is applications are made at3-5 day intervals, which 
to'havei td hum flower before midge density are largely based on economics, not effectiveue 

reaches dam ng proportions. Unfortunately, this ness ,m 

.... .tesw It seems i 'of,thartcethat there is forUaces,/o 	 obvious aescapetactic is not alnays passible, and inevit-	 need -

ably some midge damage occurs regardless. If it addtional control tactics that formulate a more 
were possible to adequately control Tohnsongrass, and integrated controldependable effective 
itIis.oncuVable that the practice woud reduce scheme, for sorghum midge. One such tool soon 
midge density. However, in most areas where the to be available for use is sorghum midge resistant 

-midge, is'a,very severe pest, johnsongrass is so hybrids. Sources for midge resistance were identi
abundant that eliminating the ddoes not fed in 1972 (Johnson et al. 1973), agronomicaly < 
apipear to be13a feasible approach.at this time. improved, and released to private industry. Midge 

- The only control'apjproach available to 'growers resistant' sorghum hybrids are to be available
 
k~ whn cultural control tactics are inadequate is commercially in1982. The role that these hybrids


insectcidal control. However, this approa1ch also will play insorghum insect pest rnanagemsnt is 
has 	somie s discussed later in this article.inadequacies which are a result of the 

biologial habits of ft midge and sorghum'
 
dlevelopmental processes.
 

~Chemical control applications are directed at secondary Pests
 
adults, a noninjunious stage, which oviposit in
 

~: sorghum spikelets when they are flowering. The The Banks grass mite prevents sorghum produc
larva, which is the damaging stag, develops lion inthe western regions of Texas and threatens
 

S crypically!with the spikelet and isprotected from economical production of. sorghum throughout'

nscicide applications. Also, because of the lack teGetPan.Etmpa~z pce rvd
 

S 	 of discrete generations, the short life duration of some natural control but biological control, either 
adults, and continuously emerging new adults, in the form of importation, ,augmentation or 
there is continuous reinfestation. These, control conservation isnot, being eMployed against this 
difficulties that arise fromn midge briolIogical habits pest at present. Tactics used in attempts to 



-' 'are further complicateb the flowering habits of manage spider mites'in sorghum have been a
 
sorghum. An indiv Ia sorghu aicd ma c'bnion of cultural and chemic~kl control.
 
require 6-9 days to flower.while'a field of sorghum Manipulating planting time and irrigation are gen
may require 2 weeks or More 'Lto flower. The orally the only available cultural control tactics.
 
principle of chemical control is to protect flower- The efficiency of miticides used against spider

ing sorghum by killing'adult midges and prevent- mites on sorghum has been erratic because of
 
ig them -from laying. eggs during the time pesticide resistance and inadequate coverage of 

sorghum issusceptible, that is,during flowering, the Wagsted plant parts with conventional applica-
Because of, the short residual properties of 'che- tion techniques. 
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Manr,eiwn tachI:A%! for,thi~ pests of 
sorghum, iciu.tin3 ti;. fell ermvvm which is 
likely n Irrey post in sorne trcpo, thean'xz~ed 
com eZVworm W ich acts as 0 ,;.coridary pest in 
some areas, have been cultuz;. p ctic.-s (espe-
cially early planting) and insewicii>"uFe. ::onec 
threshold levels are avc33able for mors occaskcl 
pests and afe the basis for insccticidal control. 
Sorghums with loose-type panicles are usually 
less infested by panicle caterpillars than compact-
type panicles and enhance insecticidal and biolo-
gical control. 

In summary, the present control sirmcgies for 
sorghum insect/mite pests include inc-Mtion of 
insecticide use. cultural methods, resistint sor-
ghums. and natural biological control, reinforced 
by a knowledge of supportive tactics of post 
biologies, population dynamics and economic 
injury levels. The progress made during the 70s in 
developing control tactics "or use in IPM systermis 
is encourairg. However, by a review of the data 
presented in Table 2, the -e is certainly room for 
improvement. A cursory e. amination of the level 
of use of many of thD con rol tactics shows that 
pi esently m,'t tactics have little or no use against 
most sofghum insect pests. 

Future Stratezjs 

Control strategies in the 1980s for sorghum insect 
pests will most li;oly be a corrbination of the 
r3finement of existing control components arid 
the implementation of control tectics presently 
being developed. The greatest opportunity 
appears to be in the de-velopment of resistant 
varieties and ciassical biological control. More 
precise economic threshold levels for both insect 
resistant and susceptible sorghums must be 
developed 'o ensure judicious use of insecticides, 

Indications are that future control straiegies will 
lessen the dependence on insecticides. Obvious-
ly, insecticidns will remain a management compo-
nent, but their use will have to be directed in a 
manner that optimizes benefit-risk and cost-profit 
ratios. This can be accomplished by their use in a 
selective manner and based on refined economic 
threshold levels. Groenbug resistant sorghum 
hybrids are presently available and will progres-
sively increase in use as a management compo-
nent. The incorporation of greenbug resistance 
into region adopted lines with resistance to 
several diseases will greatly increase the geog-

raphic range of this vital cnirol component within 
the ricxt few years. :. of sorghum midge 
~2:':~~have bioacr 1;i'd and improved 

'Mmically. The co mt. rcial availability of 
,:; resistant hybrids %.will add a new and 

significant control component. 
Although natural and conservation biological 

control of sorghum pests has proved to be an 
importar IPM control component, there is an 
even greater opportunity in classical biological 
control. Importation of exotic predators and para
sites of sorghum pests holds tremendous possibi
lities in sorghum insect post control, as most 
posts are introdc-d species. This control tactic is 
in its infancy and its implementation may require 
10-15 years. 

Cultural contro! ta.xi~s are eype:ed to change 
as additional tactics and conserwtion tillago are 
added to crop production strategy. Rotation of 
sorghumn wll continue to be an imtifcrtant weed 
and disesas control practice, but must also be 
used '.o lesson sand loss czmused by wiro,,rr.,ms, 
sinc; th offctive chlorinated hydrocarbon insec
ticides used for seed treatment are being banned 
from u3n. Pl.nting time for sorghum will remain 
an imporient control component. Early planting 
will remain criticel in the humid areas to avoid a 
multitude of lato-soson pests. However, delayed 
planting of sorghum in the drier areas is likely, as 
the tactic often reduces spider mite severity. 
Inthe future, the integration ol the above

rnenticned control tactics will be aided by sys
tems modeling. As additional knowledge is 
,3ined, such an approach will be required to take 
full advantzge of the viable inpproeches. 

A sorghurn plant model will povide an impor
tant focal point for pest models in the future. 
Development of models for the sorghum midge 
will be difficult duo to the biological sampling and 
data collection problems. A sorghum midge mod
el will have major use in testing cornol strategics 
mathematically. A greenbug model will un
doubtedly be developed as re:;earch data and 
funding are available. This insect is so important 
on sorghum and small grains, that a good popui3
thn model will be very likely. Cruciai factors in a 
greenbhg model will be the plant and greenbug 
interaction effects and the role of biological 
control agents. These must be approached with 
large, intense rese:.%rch efforts before advanced 
model use can be made in pest management. 

Modeling of minor economic pests and benefi
cials will also be needed to complete a more 
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C4F.o:.- -C.ystem model. Migration datal 
C 	 :i1'1t?5 .'. M.or beneficials sc;kJ be 

sinc, miii'rion from johnsoajrass, 
wia ,., ins ad cotton have major effects on 

these L'stems. 

Cont-cr and Support Tactics 

Rob, .. llng and 
Eco~iot' '. 

The computer will play n isnportsi role in future 
pest population monitoring and dcion.king in 
&aihum production. Computer -vdels will be 
ble to pedict pest outbreaks and efficacy of 

natu r ,.' . However, field sampling will be 
nzodd to upd.,:' the model, at specific time 
i-tr.nws durig ,heyear. Light traps, pheromone 
trap-, visual p'-,nt examniJion, mechanical sam-
piing a . ;'mole seri. will likely be used to 
provid, d:v for developing and updating compu-
ter models. 

In areawide pest m irm1i inent programs, some 
declaims;,,.: eincemir. the need to take manage-
ment : may be rne by computer. Howev-
er. until computer predictions reach high levels or 
accuracy. field by field pest management sam-
pling wil be es se:nV1. Constant sized samples will 
boor_:,,,, obsoilee apsJ wiil be replaced by techni-
que3 hiving a variable sample size, sequential 
sarnp';i. Techniques which do not rapidly assess 
the statistical risk of an incorrect decision will be 
replaced by techniques able to assess this risk. 
Thus, rapid, reliable and reproducible decisions 
will be made with a known level of risk. 

A very important future ds-.,*pment will be the 
establishment of economic thresholds by compu-
ter. These threshcJd tiodels will contain sub-
routines for crop economics, crop development, 
pest dynamics ed dynamics of pest enemies. 
Economic thresholds generated by these models 
wi.l optimize decision making in order to insure 
optimum profits, yields, prevent enironmental 
contamination and conserve energy. Sampling 
based on erroneous economic thresholds results 
in erroneous decisions regardless of reliability of 
the samp imy technique. Thus, improved econo-
mic thresho!ds and samoling techniques are both 
essential. 

Computer simulation and modeling should be 
considered as a new and important tool. The main 
advantages are that it can be used to evaluate 
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individual 	and integrated aspe s of crmtplex 
problems 	and , one to av,'-.'i'.,a r& 
search togolher . concisr, k :.:: w. 

Computer si-m;f-dion wiN be? . 
rw control straieOes. Le;.uoc-A in 
conjunction with field , to make custo
mized conto- di sions. Ke z of models ilI 
be deve",o a rr*&osl s : more reliable 
and experienoo with themn is g.; nod. 

More comnp~aqi insect rnoCZI, end additional 
c' modals will be developed. Thos -i be 

irccporated into cosysv¢m rnch-*v'ht.h will be 
used for a more thlr,-.3h undan-o1ndinC of the 
whole ecosystem. 

R of I 

Recognii: the bo,t ,cn theory and practice 
of chemical in? .;, h.i, um must remain an 
importart tactic in futura post c'ol strategies 
and Imgive'n special conside -tio;. It is ironic that 
chemical control has fallen into ptuhic ill repute 
4 v ;'h we are still eepend nt upon it. The 
r::tabilityof chemical contro; rn:st be rees
tebihed in the public mind, and, second, tho 
pesticide industry needs to b4, convinced th.-,t 
imestments in (sticide development ,m jut
fied. The first, p ,i-,a:7z,,ztanco, *., i3po m isite 
for lih- second. It has b : me .3rt iontl p stime 
to -:Ie chemical curntiol. Companies are reluc
tant to combat adw-frj public opinion and to 
hurdle the registration obstacle course, in addition 
to all other calculated risks Thnvolved in the 
multi-million dollar investment anid development 
of a single pesticide. The combination of adverse 
factors has left the pesticide industry in ademoral
ized state. Many laboratories are operating on a 
standby basis and it will ba some years before the 
impact of this disruption is fully felt. Also, the 
chemical industry must pursue the development 
of selective chemicals. 

Role of 	Biological Control 

If a policy is implemented which adequately 
supports foraign exploration, laboratory propaga
tion, release and evaluation, partial to complete 
biological control of the greenbug could be ex
pected. Also there is good likelihood for biological 
control of stalk borers, panicle caterpillars and 
other sorghum pests. Pst history shows that 
some degree of success has been obtained in 
50% of the attempts. One out of five attempts 
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has resulted in complete biological con,,'A of the 
target pest. One-fourth of these succ, sses has 
occurred in annual, row crcps where cszical 
biological control has been given a low probability 
of success. 

With the pa-siUle exception of cultural control, 
biological contio (primarily the importation 
approach) has piovan to be the mvost successful 
single tactic for nonchemical crop prot'ction. A 
study by the Naticri! Academy of Science (1975) 
shows that the cost effectiveness of biological 
control is $15 return for every $1 invested. This 
compares to an $8 and $2-$4 return on research 
in plant resistance and chemical insecticides, 
respectively, 

Role of Plant Resitance 
The addition of greenbug resistant sorghum hy-
brids as a management component in sorghum 
durinj the 70s illustrated the utility of plant 
resistance. This tactic holds great promise in 
future integrated pest management strategies. 
However, thc;re are at least three key issues that 
must be addressed. 

Firstly, although plant resistance has some 
theoretical base, its development has proceeded 
up to now largely on an empirical base without 
much understanding of the basis or causes of 
resistance, particu:arly the biochemical aspects. 
Combined genetic material of unknown details 
infernng resistance has commonly been sought 
and incorporated into crop varieties through ex-
tensive challenges imposed at high pest densi-
ties. By trial screenings, resistaot types are 
preserved and backcrossed into agronomically 
adapted types. The problem has been to find 
resistance, preserve it, and make it available, 
"Success" has been achieved by this archaic 
approach, but the rate of success has no compari-
son with a more scientific approach. This is a 
challenge for the future. 

Secondly, although many agree that insect 
resistant crops are important in IPM. there is often 
expressed reluctance by farmers in the developed 
world at the deployment phase. This has resulted 
because of the misconception that resistance 
implies a total lack of insect infestation or dam-
age, and because of the insecticide crutch. For 
resistant crop varieties to be fully accepted and 
exploited by growers, the;e must be a change in 
understanding and attitude about the use of 
resistant varieties. Consequently, it appears man-

dsto, that less emphasis be placed on definitions 
to explain resistanre of plants, and plant to insect 
and insect to plant responses. Altemnawivly, it will 
be necessary to encouiage the establishment at 
economic thre'hold levels for insect resistant 
cultivars as ameans of unification of the principles 
behind 'h usa of plant resistance in integrated 
pest rnnagement. 

Thirdly, there must be efforts at developing 
multiple-past resistant cultlvars. 

There is a multitude of ways that plant resist
ance reates to integrated pest management as a 
contro! tactic. IPM in application is the use of a 
variety of pest suppression measures that favor 
crop production and adversely affect pest density 
and dambge. Attention is given to taking advan
tage of "weak links" in the pest insect's life or 
seasonal cycle, or removing favorable environ.. 
mental conditions. Since the crop is a basic unit in 
he agroecocystem under consideration in IPM, it 

should draw much attention. If the crop is the 
foundation on which the IPM system is built, then 
an insect resistant cultivar operates as a control 
tactic at an intrinsic level, Ideally, resistant plants 
would provide complete and permanent control. 
However, such high levels of resistance rarely 
exist and often speed the development of irsect 
biotypes able to injure previously resistant 
varieties. Also, a cu:t'Vr may be resistant to one 
pest species, but susceptible to others. Inspite of 
its intrinsic nature, plant resistance must be 
considered "an adjunct" to other control mea
sures. 

In relation to the economic threshold level (ETL) 
concept (pest density at which control measures 
are applied to prevent an increasing pest density 
from reaching the level that causes economic 
damage), an insect resistant cultivar results in a 
lowering of pest density or raising of the econo
mic injury level (low-" pest density that causes 
economic damage). he economic threshold con
cept is graphically illustrated in Figure 1. The 
effect of a resistant cultivar on pest density or the 
economic injury level is dependent upon the 
mechanism or type of resistance. Antibiosis and 
nonpreference result in a lowering of pest density. 
Tolerance type resistance acts to raise the econo
mic injury level and thus the economic threshold 
level. In most cases, however, resistant cultivars 
possess at least two and usually all three resist
ance mechanisms. 

Antibiosis is a type of resistance that adversely 
affects the biology of an insect. Consequently, a 
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cultivar whose resistance is expressed as an time (Fig. 2) depending on the level of resistance. 
antibiosis mechanism would tend to reduce pest For some insect species this would mean that the 
density by inducing a constant level of suppres- economic threshold level would not change. 
sion on each pest generation. It reduces tMe rate Whether the economic thrshokl Ievel changes or 
of pest population increase and retards population not depends upon what the ecorrnic threshold 
density growth. The economic injury level is level is based. If the ETL is based upon the life 
therefore unattained or reached at a later point in stage of the pest that causes damage, the ETL 

would likely remain the same. However, if th ETL 
is based u oninjurous stage (adult or egg) 
the ETL rriny n a:cvise. Also, if the ETL is basted 
uipn plant dzarnate ether than pest numbers, it 

Economic Inurv level wou-t not change. 

Economic threshol If all the crop area is p!,io to a resistant 
variety, the reduction in pes. numbers will be 

ucumulative over time, and numbers within the 
G e b oarea should beco -,e smaller each succeeding
G al equi posi year. The impact of 'vci a moderately resistant 

V variety on the population dynamics of a pest mayo 

\J be demonstrated concoptually by using simple 

Uinsect models of the type devised by Knipling 
(1964) as shown in Table 3. 

The effects of sorghums resistant to greenbug 
Time - and those resistant to sorghum midge on econo

mic threshold levels provide real examples of the 
Figure 1. 	 Schematic illustration of the fluctua

tions of theoretical insect population 
densities in relation to their general 
equilibrium position, economic Table 3. Th-oretkcal rate o Increase by a hy-othe
thresholds, and economic injury tical isect population on asusceptible and 
levels, aresistant variety that reduces populatr'n

size by 50% In each generatka'. 1sume 
fivefold rate of Incueaso par nration 
(Adapted from Knipling 1864). 

62500-	 Number of insects/hectare 

t 12500 Susceptible Susceptible Resistant
 
2 - Geealevariety variety
Resistant1 

2600- ------------ - Resistant-. First year
10 Parent 100 100 

0 F, 500 250
5W0 Rs 2 F2 2500 625 

F, 	 12500 1563
00 	 F, 62500 3906 

100 -	 ---- yea 

z 	 Second year, 

0 ___ Parent 1625 105 

May June July Aug Sept Oct Nov F, 8125 263 
F2 40625 656 

Figure 2. Theoretical population trends of a F1 203 125 1641 
hypothetical insect population on sus- F, 1015 625 4 102 
cepub!e variety, resistant variety 1, 
and resistant variety 2 (Adkisson and a Assume 10% of F,are diapausing individuals 

Dyck 1980). 	 of whuch only 5% survie the winter. 
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concept. Greenbug resistance is a tolerance type 
and the economic threshold is based on number 
of leaves killed by the aphid. Midge resistance is 
primarily an antibiosis type and the economic 
threshold level is based on the noninjurious adult 
stage (one ovipositing adult/susceptible, flower-
ing sorghum panicle). 

Data presented graphically in Figure 3 illustrates 
the difference in numbers of leaves killed by 
various greenbug densities on susceptible and 
resistunt sorghum hybrids. Fewer leaves are killed 
on a resistant hybrid than on a susceptible hybrid 
by an equal aphid density. This would increase the 
ETL were it based on aphid numbers. Data 
presented in Figure 4 illustrates the disparity in 
yield loss caused by equal aphid densities on a 
susceptible and a resistant hybrid. However, leaf 
injury (the basis for the economic threshold) 
compared with yiel.t loss is the same for resistant 
and or susceptiblo soighums (Fig. 5). Consequent-
ly, the economic injury level of greenbug-resistant 
sorghum hybrids is the same as for greenbug 
susceptible hybrids. 

The hypothetical influence of genetic resistance 
to sorghum midge in sorghum hybrids on the 
economic threshold is graphically illustrated in 
Figure 6. Addition of the resistance character not 

8 - Sus/ 
-.. Suseptible / 

6-/ 

r3 	 / 
/ 

-4u
 

2 .,/, / 
0. 	 

0' 
1000 2000 3000 4000 5000 6000 

Figure 3. 	 Relationship between numbers of 
leaves per plant killed by greenbugs 
on resistant andsusceptible sorghum 

only increases the economic injury level (assumed 
tenfold) it also delays the time when that level is 
reached. 

These brief examples are presented as a means 
of illustrating the utility of using economic 
threshold levels as an integral part of insect 
resistant cultivar deployment and subsequent 
acceptance by growers, as a viable adjunct with 

- Resistant 
6000 Susceptible 

5000 

4000 
." 

" 
3000 _ 

. 
2000, 

1000 

0 1, 	 2000 30004000 500 8000 
Greenbugs/plant 

Figure 4. 	 Relationship between yield loss and 
greenbugs per plant on resistant and 
susceptible sorghum. 

Resistant 

6000 --.- Susceptible 

ooo

>-4000
3000 

1000

0 1 2 3 4 5 6 7 8 

Leaves killed by greenbugs 
Figure 5. 	 Relationship between yield loss and 

number of leaves per plant killed by 
greebugs on resistant and susceptible 
sorghum. 
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The most effective methods of delivering the 
principles and technr!gy of integrated pest man-
agement to growers will likely remain comparable 
to what they are today, i.e., pest management 
result demonstrations, workshops, short courses, 
mass media releases, newsletters mostb,,ld,
impantlyediareease, nicaletios with most 

viduals and groups of agricultural producers. 
Personal communication has proved to be the 
most effective method of teaching the philosophy 
and practice of IPM. In-the-field experience by 
extension specialists, working directly with the 
farmer in making crco production decisions utiliz-
ing data collected by .Jnd through a field mnnnitor-
ing system, is still the best approach. In th,- past, 
producers have relied on others to some extent to 
make their decisions for them. It is time they 
either begin to make decisions themselves or hire 
competent private personnel that can make these 
critically importan, decisions. 
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Post Maragemeat SorpJnm---II 

K. V. Seshu Reddy* 

Wheat, rice, maize, sorghum, and millet consti-
tu the major cereals for food and feed in the 
world. Tha '-s! thrie named cero'!s a. callr the 
,cc,,se grain.- ,rdare consider. If) the main 

f;i-r th w posd'i p~ore3cplzs. Sorghum 
(6cihum icir ;rloench) is grown on nearly 42 
million hectrns cif !--rid in different parts of the 
world with alone cultivating over 17 mi iton 
hectares (FAO 1980). Generally, so rghum grain 
yie!" .n, peasant farms are low, &,.ingfrom 500 
1r &;Y k-i; and one of the m!,:jr factors that 
afccts these yields is insct pzsis. In general, 
control of sorghu-.,, i.P2st exclusively by insecti
cides,by sm*A . ers uneconomical and 
not practi ;t.' ;t;. r cit.rnin circumstances, somei 
insecticides f.ii to -f,:, ;, control, and increase 
the pest i-;cidence instead. Therefore, manage-
ment of pests by other methods, Imiting the use 
of insecticides, deserves particular attention, 

in Africa, Aqia, Australia, Europe, 
S&udh America, and United States is subject to 
attack by a large number of insect pests (Young 
and Teetes 1977). In India alone, more than 120 
pests s . c.;; have ban recorded, most of them 
being of m : or or ls :oi importance (Seshu Reddy 
and Davies 1979). The major pests of sorghum on 
a global basis are the shoot fly, several species of 
stem borers, green bug, Banks grass mite, midge, 
and head bugs. The present paper attempts to 
review the current situation regarding thowman-
agement of shoot fly, stem borers, and l'e:d bugs 
of sorghum in the world. 

1. Shoot Fly:Atheriqona soccata 
Rondani (Muscila, Diptera) 

Sorq-ium s" ool fly is a widespread pest in Asia, 

Senior R~jsach Scientist, International Centre for 
Insetlabornse a3077 . iorhoi Kenya. 

Afr';a, and Mediterranean Furope. but is absent 
from the America and Australia. Damage is mainly 
confined to young sorghum seedlings. The larva 
of the pest causes a dead heart and in some 
instances seedlings are killed. Damaqp i3 espe
cially severe if sowing is delayed, or ii msowing is 
necessary owing to unfavorable weather condi
tions. The following are the management mea
sures that have received research emphasis: 

(1) Cultural Methods 

Cultural practices can greatly affect the level of 
attack by shoot fly. In particular, it is known that 
sowing date exerts a very great influence on the 
damage by the pest. Investigations en seasonal 
incidenca of shoot fly ceried out in different parts 
of India, Southeast Asia and Africa showed that fly 
incidence is lower in areas where a single crop of 
sorghum is grown annually and when sowing is 
timely at the break of the rainy season. Wheatley 
(1961) from Kenya reported that losses in yield 
were negligible in timely sown sorghum, while 
the late sown sorghum suffered moderate losses. 
Sowing imn.ediately after the break of rains, 
possibly within a period of two weeks in any area, 
is therefore recommended. This cultural rnethod 
is effectively used in Israel and other count ries 
(Young 1981). 

A commonly recommended age-old cultural 
practice is sowing sorghum with a high seed rate 
(10-15 kg/ha) and later thinning out the infested 
plants. Infested seedlings should be well buried 
after they are removed. This method has been 
successfully demonstrated in India (Ponnaiya 
1951a; Vedamoorthy et al. 1965) and has been 
recommended for Africa by Breniere (1972). The 
thinning method may be recommended only 
when the infestation levels are not high and the 

for hinning is cheap. However, expemental results from Mowafi (1967) and Davies and 
Seshu Reddy (inpress) show that a higher plant 

International Crops Resebrch Institute for. the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nc 81. Patancheru. A.P. India. Patancheru. AP. India: ICRISAT. 
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density increases numbers of shoot flies, eggs 
laid and plants attacked. The density of plants has 
a significant effect on oviposition by the fly. 

Removal of Alternative Hosts 

Sorghum shoot fly has been reared from 17 wild 
and 5 cultivated host plantf :Rvies z.nd Seshu 
Reddy 1981). But very fev,, , thoies appeared 
significant as host plants for ciryover or for 
multiplication of the fly in India. In Kenya, Sor-

ghum arundinaceum was found to be preferred 
for oviposition to a highly susceptible sorghum 
hybrid, CSH-1 (Delobel and Unnithan, in press). 

However, in China, Shie et al. (In press) reported 
that the Jamage by the shoot fly on the two wild 

hosts, Digitaria sanguinalis and Sorghum propin
quum ranged from 10 to 20%. Removal of wild 
sorghums may therefore be an useful strategy in 
some circumstances. 

During the dry seasons, volunteer or irrigated 

fodder sorghum appears to be the principal source 
of carryover. Davies and Seshu Reddy (In press) 
suggested that attempts should be made to 

discourage growing summer sorghums. 

(2) Control by Trapping 

Attractant traps hive been mostly used in sur-
veying or for monitoring population density. The 

use of fich meal and detergent water in such traps 

has been shown to be a simple and reliable means 

of effecting this (Seshu Reddy et al. 1981). Fish 

meal traps should, however, be considered as a 
tool for the fly management and have been 
recommended inrThailand (Meksongsee et al. 
1981). Purification of the attractant from fish meal 
derivations at the Max Planck Institute, Munich, is 
under way and may improve the efficiency at this 
method. (J. C. Davies, ICRISAT, personal com-
munication). 

(3) Biological Control 

Many parasites and predators have been recorded 
at different life stages of the shoot fly. However, 
they have not been utilized for biological control. 
Egg, larvae and pupae parasites of the sorghum 
shoot fly in Asia. Africa and Europe have been 
listed by Jotwani (1978) and Seshu Reddy and 
Davies (In press). Jotwani observed a maximum 
of 15% parasitism by Aprostocetus sp in Septem-
ber 1975, and 35.3% parasitization by several 

species of parasites in August 1977. In Nigeria, 
the numbers of parasites and predators of the 
shoot flies recorded were insignificant when 
compared with the extent of damage and the 
numbers of shoot flies bred (Adesiyun 1981). 

In Kenya, shoot fly ,ggs are parasitized by a 

chalcid, Trichogramma kalkae (the rate of parasit
ism may reach 55-60% during the cool season), 
and they are actively fed upon by adult3 of the 

coccinellid beetle, Scymnus tepidulus. Second 
and early third instar larvae are parasitized by 

Tetrastichus nyemitawus, but the rate of parasit
ism always remains lower than 10% (A. G. L. 
Delcbe, ICIPE. personal communication). There is 

need for more work on the possible biological 
control of the sorghum shoot fly. 

(4) Chemical Control 

In general, insecticide application to the foliage 
has not given effective control of the shoot fly, but 

the use of certain systemic insecticides on the 

seed or in the soil is more effective. Pasalu and 

Narayana (975) found that sevidol and lindane 
were as good as phorate in controlling the shoot 
fly and increasing the yields. Several trials with 

systemic insecticides, e.g., furadan applied as a 
seed dressing or as a soil treatment, were 

successful and its use has been recommended in 

India and elsewhere (Jotwani and Young 1972; 
Young 1981). Soil application of fensulfothion and 

isofenphos at 1-1.5 kg, a.i./ha also provided 
satisfactory control even at higher levels of shoot 

fly infestation (Srivastava and Jotwani 1981). 
Counter R, a soil systemic insecticide has been 
found to be effective in controlling the fly in 
Thailand (Meksongsee et al. in press). Shie et al. 
(1981) in China, reported success with rogor to kill 
the adult shoot fly. The use of insecticides is nt 

economically justified with peasant farmers in 
most instances owing to low yields and health 
hazards. However, in a number of countries, 

furadan is being used commercially on high 
yielding cultivars and seed production plots with 
success. 

(5) Host Plant Resistance 

Screening Techniques and Sources 

of Resistance 
In 1970, Starks found in Uganda that the applica
tion of fish meal increased the sorghum shoot fly 
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infestation in experimental plots. Using this find-
ing, the All India Coordinated Sorghum Improve
ment Project (AICSIP) and ICRISAT developed a 
cheap arid re!iable field screening technique by 
utilizii'g a combination of sowing dates, spreader 
rows and fish meal on the material under test. 
Subsequently the source of resistance was identi-
fied by the two above mentioned institutions and 
by Soto and Lxminarayana (1971) and SG*,o 
1972). The identified rcsistant lines have been 

included in the breeding programs to incorporate 
resistance in agronornically acceptable high yield.. 
ing sorghum cultivars. 

Mechanism of Resistance 

The primary mechianism of resistance to shoot fly 
has been observed to be mainly nonpreference 
for oviposition and a low level of antibiosis to the 
larva (Soto 1974). There appears to be a dfinite 
link between nonpreference for oviposition and 
the presence of trichornes (minute hairs) on the 
leaf lamina (Maiti et al. 1980). These trichomed 
cultivars have distinctive characteristics, which 
are evidert only in the first three weeks. The 
leaves tend to be more erect and narrower, with a 
yellowish green glossy appearance which is refer-
red to as "glossy trait". Ponnaiya (1951b) 
observed that the shoot fly resistant and suscepti-
ble cultivars differed in the occurrence of irregular-
ly shaped silica bodies in the 4th to 7th leaf 
sheaths. Blum (1968) found that resistant cultivars 
were characterized by a distinct lignilication and 
thickness of the walls of cells enclosing the 
vascular bundle sheaths within the central whorl 
of young leaves at the three leaf stage. Also the 
resistant varieties possessed a much greater 
density of silica bodies in the abaxial epidermis at 
the base of the first, second and third leaf 
sheaths. It was observed by Raina et al. (Inpress) 
that some cultivars possessed strong antibiosis 
for the shoot fly inwhich mortality among the first 
instar larvae was very high while growth of the 
surviving larvae was significantly lower and the 
longevity of the female was significantly reduced. 
Thirumurthi and Subramanian (1976) reported that 
there was no relationship between HCN content 
in the plant and shoot fly resistance. 

The other resistance mechanism first observed 
by Doggett and Majisu (1966) is termed recovery 
resistance, in which the killing of the early main 
shoot results in rapid tillering of the plant and 
subsequent survival of heads produced by the 

tillers so that yield is not significantlN affected. 

Genetic Basis of Resistance 

Rana et al. (In press) repciied that the shoot fly 
resistance was poiygenic in nature and was 
governed by additive genes. They suggested that 
the resistarce showed partial dominance under 
low to moxlpree shoot fly infestation and this 
roitionship couid shift under heavy infestation 
levels. 

Breeding for Shoot Fly Resistance
 

It has been convincingly established that shoot fly 
resistance can be transferred from 'me donor 
parents and maintained in the successive segre
gating generations. Rao et al. (1978) have stated 
that due to superiority of the hybrids over the 
parents and the additive nature of the inheritance 
oi the! shoot fly resistance, it can be advan
tageously utilized in hybrid breeding as well as in 
line development. They have also concluded that 
the resistance is due to a gradual accumulation of 
desirable alleles rather than due.to the presence 
of one or two major genes. 

It is evident that reliable screening techniques 
and a number of sources of resistance have been 
developed. Therefore, the call for speedy develop
merit of the shoot fly resistant, yet high yielding, 
cultivars for the farmer's use is of immediate 
concern to the researchers in the field. 

2. Stem Borers 

It is generally accepted that a range of moth 
borers constitute the most widespread and se
rious group of insect pests of sorghum in the 
sorghum growing areas of the world. These 
include Acigona sp, Busseola spp, Chilo spp, 
Diatraea spp, Eldana sp, Ostrinia sp, Sesamia spp. 
The borers cause damage by feeding on the 
leaves and in the leaf whorls of plants, and on 
tunnelling inside the stem they cause deadhearts. 

(1) Control by Cultural Practices 

(a)Seedbed Preparation
 

In several of the sorghum growing areas of the 
world for at least part of the year, severe climatic 
conditions involving a hot dry season or a winter 
of three or more months are experienced. Under 
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these conditions, borers, such as Chilo, Busseola, 
Eldana and Qiatraea undergo diapause in the 
stubbles. A goJi early plowing of lanrd to be used 
for sowing sorghum is useful in exposing or 
burying larvae or pupae present in stubbles and 
residues. Rough plowing of the field at the end of 
crop season enables very early plowing just after 
the break of the rains to b carried out, thus 
ensuring timely sowing which reduces attck 
(Nye 1960; Harris 1962; Anonymous 1979; Seshu 
Reddy and Davies 1980). 

(b) Destruction of Crop Residues 

Sorghum stalks and stubbles left standing ip the 
fields are an imporant source of initial populations 
of several stern borer specas. Therefore, destruc
tion of stubtles and disposal of stems before 
sowing the new crop should be recommended.To 
control B. fusca in Nigeria, it is recommended to 
oum the stalks completely after the grain has 
been harvested to kill larvae or to spread them 
thinly in the field to expose the larvae to the full 
effects of adverse weather conditions (Harris 
1962; Ajayi 1978). However. Adesiyun and Ajayi 
(1980) reported that the farmers are not adopting 
the above practices in Nigeria, as the stalks are 
used for building, fencing, and as fuel. They 
suggested partial burning of stalks (to cure them 
for use as firewood) immediately after grain 
harvest. This produces a 95% destruction of the 
larvae without damaging the stalks. 

In East Africa. both Ingram (1958) and Nye 
(1960) stressed the importance of good crop 
hygiene. The use of untreated crop residues to 
mulch the next crcp should be avoided. 

(c) Early Sowing 

Timely sowing is usually an important factor in 
reducing pest attack in many crops, as it is the 
case with sorghum stem borers. 

(d) Crop Rotation 

Rotation to nonhost crops also forms an important 
control practice for the stem borers. This practice 
has been recommended in Texas for Diatraea 
complex (Anonymous 1979). 

(e) Removal of Deadhearts 

In small areas removal of the affected plants 

showing the deadhearts with the larvae at a time 
when they are about 25-40 cm height may also 
help reduce the incidence in the growing plants. 

f) Removal of Volunteer
 
and Alternative Host Plants
 

Several of the stein borers harbor in gami
naccous wild h~sts (Ingram 1958; Nye 9h601. 
Wherever possible, volunteer cereal hosts, wild 
sorghums and other gramin,,vous wild hosts 
should be removed together with their stubbles 
and be burnt as they will form an imponarit source 
of carryover. 

(2) Biological Control 

There is no doubt that several parasites and 
predators exert an important regulatory influence 
on stem borers particularly in noncrop season 
car.-yover populations. A number of natural ene
mies of the stem borers have been reporVd (FAO 
1280; Rensburg and Hamburg 1975; Appert and 
Ranaivosoa 1970; Mohyuddin and Greathead 
1970). Considerable progress could be made by 
the full utilization of these natural enemies 
through their mass multiplication and release in 
the areas where the stem borers are more 
prevalent. 

(3) Use of Ught Traps 

In areas where regular occurrence of the stem 
borer months is noticed, light traps could be used 
for both attraction ana destruction of the moths. 

(4) Role of Pheromones 
Pheromones or sex attractants have a high 
biological activity, so they could provide a relative
ly inexpensive method of insect control. As 
control agents, they have a low mammalian 
toxicity and are less likely to lead to the develop
ment of resistant strains than insecticides. 

With the isolation of a pheromone of C. 
partellus and its subsequent synthesis by the 
Tropical Products Institute, London, successful 
field trials were carried out in India (Nesbitt et al. 
1979). Some work has also been carried out on 
the sex pheromones of Diatraea saccharalis (Long 
and Hensley 1972). 

The use of pheromones on a large scale for the 
reduction of the pest population is stiil at the 
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research and development stage. Work should be 
pursued .,tively for the development of synthetic 
pheromones of the stem borer species and their 
utilization in reducing the population. 

(5) Chemical Control 

Based on insecticidal trials in India for the control 
of C.partellus, endosulfan 4% or lindane 1% or 
malathion 10% gra. ::'as have beon recom-
mended for high yie!6i.ng hybrids and varieties, 
Granules in general, gave better control against 
borers than sprays and resulted in higher yields 
(Jotwani and Young 1972). They further recom-
mended that two applications of carbofuran or 
cytolana could be applied; one at the time of 
sowing, and the other side-dressed 25-30 days 
after germination for effective control against 
shoot fly and stem borer, with the possibility of 
controlling other leaf-eating insects simultaneous-
ly. Little work has been done on the insecticidal 
control of C. partellus infesting sorghum in East 
Africa (Coaker 1956; Nye 1960; Greathead 1971, 
Girling 1972; Kayumbo 1976). Work carried out in 
South Africa has shown chemical control of 
C. parte/lus to be ineffective (Rensburg and 
Hamburg 1975). 

Similarly not much work on insecticidal control 
has been done in many countries against other 
borers. There is a need to evaluate more recently 
developed insecticides against these important 
stem borers. When cultural and other methods of 
control have not proved effective, the use of 
insecticides could be recommended only on highplots,
yielding cultivars or seed production pwere 

Host Plant Resistance 

It is very well recognized that pest resistant 
cultivars of sorghum offer the most effective wayof overcoming t ofeyield losses caused by pests. 

This attempt is very important particularly with the 
stem borers since they attack all the stages of the 
growth of the plant and have more than one 
generation in each cropping season. 

(a) Sources of Resistance 

Intensive screening work in India and East Africa 
has yielded several highly promising resistant 
lines of sorghum to C. partellus (Pant et al. 1961; 
Swarup and Chaugale 1962; Singh et al. 1968; 
Starks and Doggett 1970; Pradhan 1971; Jotwani 

1978; Se:Jhu Reddy and Davies, unpublished). 
Initially ttd scre-.,rning work was carried out under 
high levels of nawral infestation. Later the promis
ing lines were evaluated by artificially infesting the 
plants with egg masses. Some work has been 
done on the artificial rearing of C. partellus in 
India (Da.w et al. 1970; Laxminarayana and Soto 
1971; Siddiqui and Chatterji 1972). An improved 
artificial diet for Chilo and a modified dispenser 
for infesting thzn newly hatched larvae into the test 
material have bLen developed. This method has 
been found to be very rapid and accurate (Seshu 
Reddy and Davies 1978b). Studies are also being 
carried out in CIMMYT, Mexico on the artificial 
diets and dispensing methods for irf' sting Di
atraea. 

(b) Mechanism of Resistance 
Jotwani et al. (1978) confirmed that antibiosis is 
the major mechanism of resistance to Chilo in 
some of the sorghum varieties by showing that 
larval mortality was significantly higher in the eart 
stages and larval development slower in the 
resistant varieties. Swarup and Chaugale (1962) 
showed that HCN content had no relationship 
with the resistance of sorghum of C. partellur' 
Woodhead et al. (1980) found that first instar 
larvae of C. partellus were deterred by HCN. 

(c) Genetic Basis of Resistance 

Rana and Murthy (1971) have investigated the 
genetic analysis of Chio resistance and found thatit is polygenetic in inheritance. The F. hybrids 

intermediate for primary damage (leaf feed
ing) but better than midparental values for secon
dary damage (stem tunnelling). They further con

cluded that resistance to primary damage was 
governed by additive and additive x additive gene
action, while additive and nonadditive types of 
gene action were important for secondary dam
age. They felt that the inheritance patterns of 
primary and secondary damage were different. 
(d) Breeding for Rsistance 

Jotwani et al. (1974) bred two Chilo resistant 
varieties, i.e., E 302 and E 303, by successfully 
incorporating the resistance from a local cultivar 
(BP 53) into two agronomica~y desirable high 
yielding lines. Several of the derivatives in the 
breeding nursery also exhibited high levels of 
resistance to Chilo (Jotwani 1978). 
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In Uganda, S'arks and Doggett (1970) made 
significant advances with both breeding metho-
dology and incorporation of resistance characteris
tics to Child. 

The stem borer resistance breeding work other 
than Child, has been limited and therefore 
attempts should be made to identify the resist-
ance sources for other stem borers of sorghum 
and to incorporate resistance into adapted, agro-
nomically good high yielding lines. In East Africa 
there are instances in which all the four stem 
borer species, i.e., C. partellus, B. fusca, 
E. saccharina, and S. calamstis attack the same 
host plant; under these circumstances, programs 
shou!d be initiated to develop sorghum cultivars 
with multiple resistance to the stem borer com-
plex. 

3. Earhead Bugs 

Several heteropterao species are known to infest 
developing sorghum grain in different parts of the 
world, but their significance in economic terms is 
unknown. 

The earhead bug, Calocoris angustatus Leth 
has long been considered to be a major pest of 
sorghum in Southern India. The problem seems to 
be increasing with the introduction of high yielding 
cultivars. Considerable damage caused by several 
species of head bugs has been observed inAfrica 
(L.R.House and N. G. P.Rao, personal communi-
cation). Yet, little is known of the biology, ecology, 
popu!ation dynamics, carryover or even loss levels 
caused by the head bug complex. 

At th,j time of heading a large number of adults 
and ny nphs suck the contents from the develop-
ing grains and as a result most of the grains or the 
whole .earhead may become "chaffy". Some-
times the grains become shrivelled and discol-
ored. The seed weight is reduced and the rate of 
germination may be depressed. 

(1) Cultural Practices 

(a) Early Sowing 

Early uniform sowing of only one cultivar of grain 
sorghum over a large area should be encouraged 
so that the flowering period is shortened and 
thereby the head bug injury is greatly reduced. 
Thimmaiah et al. 11972) concluded that C. 
angustatus damage increased with the late 
sowing. 

(b) Removal of Alternative and
 
Volunteer Hosts
 

Calocoris was found feeding on six wild species of 
sorghum (Seshu Reddy and Davies unpublished) 
and therelore wherever feasible, the removal of 
wild, volunteer sorghum and pearl millet host 
plants should be carried out, before head emerg
ence. This will help in minimizing initial infestation. 

2. Biological Control 

There appears to be very little work done on the 
natural enemies of head bugs. Recently an egg 
parasite of Calocoris has been observed at 
ICRISAT. 

(3) Insecticidal Control 
Jotwani and Young (1972) have suggested the 
use of 10% carbaryl + sulphur dust (9: 1)or 1.3% 
Lindane dust at 20 kg/ha for the control of 
C angustatus. Paul (1976) found that two applica
tions of chlorpyriphos, leptophos, diazinon, and 
carbaryl as sprays and carbaryl, malathion, quinal
phos i id BHC as dusts gave significantly lower 
numbers of C. angustatus. 

(4) Host Plant Resistance 

Attempts are being made to develop screening 
techniques and identify the sources of resistance 
to C angustatus at ICRISAT, India. Sowing culti
vars of mixed maturities, immediately after the 
break of the rains, as spreader rows and sowing 
the test material protected against shoot fly two 
weeks later has shown promise (Reed et al. 
1981). All the cultivars should have a similar 
maturity for screening purposes or els, adjust the 
sowing to g'.t the test cultivars to come to 
maturity at tLe same time. In general, the com
pact-headed types are more susceptible than 
open-headed types. 

There is an immediate need for developing field 
screening techniques and resistance sources for 
the head bug complex. Additional research to 
develop cultivars with resistance is needed. 

Conclusions 

A considerable amount of data egist on the 
management of pests of soighum in many coun
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4ries. But, this information is not being properly 
disseminated io the sorghum growers. It is 
important, the.'efore, that farmers be given proper 
education through demonstrations and mass 
media communication t.btut the use and advan-
tages of such methods of control. 

Host plant resistance off-,rs excellern" opportu-
nities for the control of sorghum pests provided 
the problems are well understood and tackled in a 
multipronged approach. The ultimate research 
goal in the 1980s should be more pest resistant 
sorghum cultivars to be made available to the 
farmers. The following areas should also receive 
greater attention during the 1980s. 

SHOOT F!Y. Although sufficient progress has 
been made cn the identification of sources of 
resistanca, we are still far from providing shoot fly 
resistant materials for farmers to use. Therefore, 
conce-'ed efforts should be made to utilize the 
available germplasm. 

HEAD BUGS. The following lincs of research need 
to be given priority for the head bug complex: 
biology and ecology, refinement and standardiza
tion of screening techniques, continued sear, ' for 
the natural sources of resistance, trar :f 
resistance to agronomically suitable lines, and the 
subsequent screening of the generated material 
from the breeding programs. 

STEM BORERS, Detailed investigatior.5 on the biol-
ogy and ecology of the stem borer complex 
should be carried out to the extent necessary to 
develop reliable and effective screening techni-
ques and identify sources af resistance. Later, 
breeding programs incorp3rating agronomically 
elite materials should be carried out, particularly in 
the African continent. However, immediate 
efforts should be made in the utilization of already 
identified resistance sources in the breeding 
programs. 

MULTIPLE PEST RESISTANCE. Extensive research is 
needed to identify the multiple sources of resist-
ante to shoot fly and stem borers, as well as to 
the sorghum midge and earhead bugs and later to 
incorporate them in the improved materials, 

MECHANISMS OF RESISTANCE. Adequate informa
tion should be obtained on the mechanisms of 
resistance including physical and chemical factors 
to all !he major pests of sorghum. 

PES7 RESISTANCE NURSERIES. Although pest resist
ance nurseries are in existence for the shoot fly. 
stem borer (Chilo partellus) and midge, intema
tional nurseries should be established for the 
major pests of sorghum for the mserial emanat
ing from the breeding programs. They should be 
:ested across a range of environmental and pest 
situations. 

BIOLOGICAL CONTROL. First of all, efforts should be 
marle to locate the gaps between countries by 
properly listing and checking the natural enemies. 
Then, attempts to reduce the populations of pest 
species infesting sorghum with natural enemies 
should be made. This should mostly involve 
introduction and establishment of exotic parasite 
species or mass rearing and release of the 
effective native parasites. 

CHEMICAL CONTROL. Because sorghum is a crop 
primarily for subsistence farmers, emphasis 
should be on finding safer and cheaper insecti
cides which are effective against the major pests 
at low dosages. 

PHEROMONES. There is scope for investigations 
on the pheromones of other species of stem 
borers and their practical usage in reducing the 
moth numbers after their emergence from dia
pause. 

TRAINING. Training is an integral part of any 
research program. Therefore, to achieve more 
effective pest control programs, it is very essen
tial that the personnel involved with the programs 
should be given training on the identification of 
insects, parasites/predators, biology, ecology, 
screening techniques, and control areas. 
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Session 3 Factors Reducing Sorghum Yields
 
Insect Pests
 

W. R. Young* Discus nt-1
 

From the papers presented in this session, and 
the review acticles cited by today's speakers, it is 
clear that much has been leamed and &cu-
mented regarding sorghum insect and mite pests 
during the past 10 to 15 years. When the first 
sorghum bibliography was published by George 
Washing~tn University (1967), covering the 33-
year period 1930-1963, there were 177 refer-
ences listed under the heading Insect Pests, and 
much of thi3 literature was linked to other crops 
that shared the same pests. The supplement to 
this bibliography (Rockefeller Foundation 1973) 
covering 5 years, 1964-1969, contained 201 
references on the same subject. Comparable 
figures are not available, to my knowledge, for the 
last decade but we are all well aware of the fact 
that both the interest in sorghum and the research 
effort on the crop have expanded tremendously in 
recent years. We now have much more informa-
tion on sorghum and its interactions with the 
physical and biological environment, including the 
insect pest species that attack it. 

The speakers today have reviewed current 
knowledgo on a number of key sorghum pests, 
including the state of the art in managing these 
pests, both in the old and new world, As reported 
by Drs. Teetes and Seshu Reddy we are most 
knowledgeable about a few major pests, the 
shoot fly. sorghum midge, greenbug, head bugs, 
and stem borers. For some of these pests 
principally the greenbug and sorghum midge in 
Texas, the elements of integrated pest manage-
ment systems are in place and operating. InAfrica 
and India, management of shoot fly and midge is 
occurring in a less directly organized way through 

*Rockefeller Foundation. GPO Box 2453, Bangkok, 
Thailand. 

adjustment of planting dates. The same is true in 
Israel. 

Today, rather than comment on approaches to 
controlling individual pests, I would rather draw 
your attention to more general concerns and 
developments in the evolution of our capability to 
effectively manage sorghum pests below the 
economic injury level. Our future progress in 
sorghum insect pest control will depend in part on 
how well we make use of the new tools and 
processes for pest management that have de
veloped in the last decade. Finally, I would offer a 
lew suggestions as to how the agencies repre
sented here, and the scientists wotking in them, 
may effectively organize to add to our basic data 
bank of sorghum pest information, and also 
effectively use this information to further advance 
our mqnagement of sorghum pests. While speci 
fic effective management procedures for a pest 
complex in each agro-ecological region are Ioca
tion specific, ppproaches to developing effective 
management include general features that appy 
to all locations. 

The contrast between general features of sor
ghum production, as related to pest control, is 
apparent between the situations described by Dr. 
Seshu Reddy, representing Africa and Asia, and 
Dr. Teetes representing the Americas (North, 
Central and South America-specifically Texas). 

The table below lists these features. 

Africa, Asia 

(a) Sorghum grown in mixed culture with other 
crops 

(b) Medium to low productivity per unit area 
(c) Research input on pest control generally low 
(d) Little insecticide use (more natural biological 

control operating) 

Intenational Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the Internationl 
Symposium on Sorghum, 2-7 Nov 81, Pataicheru, A.P., India. PataWeru. A p. India: ICRISAT. 
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(e) Integrated Pest Management not formally 
org anized, but in some cases operating 

The Americas 

(a) Sorghum mainly grown as a monoculture 
(b) 	High productivity per unit area 
(c) 	Research input on pest control higher 
(d) 	More insecticide use (less biological control) 
(e) 	Organized Integrated Pest Management 

adv'ancing rapidly for a few pests 

As Dr. Teetes clearly states in his paper, 
progress has been made during the 70s in 
developing control tactics for use in Integrated 
Pest Management s'ystems for sorghum insect/ 
mite pests. TIese strategies "include integration 
of insecticide use, cu;tural methods, pest resis-
tant sorghums, and natural biological control, 
reinforced by a knowledge of supportive tactics of 
pest biologies, population dynamics, and econo-
mic injury levels" and "in the future, the integra-
tion of these control tactics will be aided by 
systims modeling" aided with mntu pcwadul 
modem computer simulation technology, 

The question Iwould raise is how can we best 
organize to move ahead in the 80s with a further 
advancement of sorghum Integrated Pest Man-
agement from the present conceptual and pre-
liminary stage to more effective action programs; 
to programs 'hat will make use of our expanding 
data base in a modern systems approach to 
sorghum insect/mite pest control? 

What is needed? First, we need more field 
collected data; data that can be summarized and 
effectively processed for systems modeling, data 
on crop, pest, physical-bioecological-socio-
economic-interactions with specific emphasis on 
economic thresholds. Modem tools and techni-
ques are of little use without an effective data 
base. 

Second, we need more efficient collection, 
collation, processing, and application of these data 
in ,est management programs specifically tai-
ored and organized to fit local situations, and 
increasing levels of production. 

Who is available to participate in this continuing 
effort to advance and refine sorghum pest man-
agement? 

1. Scientist teams in local, regional, and nation-
al sorghum improvement programs. 

2. Scientists in international centers with man-
dates to advance sorghum improvement 

such as IC,,i3AT, in India, and The Intema
tional Centre for Insect Physiology and 
Ecology, in Kenya, that is contracting basic 
research on sorghum pests.

3. 	Scientists in the agricultural universities in 
both the "developing" and "developed" 
countries that can be called upon to provide 
their expertise and experience to the overall 
effort. 

How should we proceed? A specific example 
may help to elucidate one possible approach. The 
group at Texas A&M University and its collabor
ators in the state have considerable experience 
and expertise in developing and operating an 
Integrated Pest Management Program for green
bug. They have devised and refined data co!- c
tion systoms for monitoring greenbug numben? 
and its parasite and predator populations on 
ereenbug resistant and susceptible cultivars. They 
are effectively using this information, coupled 
with economic injury threshold data, to reduce 
economic injury of greenbug on sorghum in 
Tex3. The net effect also has been a more 
balanced approach to insecticide use. They also 
are moving on to a systems modeling approach 
for greenbug and other key pests. Would it be 
possible with coordination from ICRISAT, id 
specific training programs organized at ICRISAT, 
or at Texas A&M, to transfer the experience that 
has developed in Texas to scientists working in 
other country national programs in order to 
improve the efficiency of data collection and use 
on other sorghum insect problems in other 
regions of the world? Could training programs and 
a library of data collection and systems modeling 
procedures be developed at ICRISAT? 

Stated in a few words, research on sorghum 
pest control is expanding. More and moro infor
mation is being collected at many locations with 
the aim to improve pest management. We have 
increasingly better techniques to collate and use 
the information being collected. Since the world is 
getting smaller, communicationwise, let us put 
our heads together to explore ways to share 
information and expertise, and to improve the 
transfer of technology within our worldwide sor
ghum improvement network. 

It is of course also imperative that we explore 
sources of support for these types of activity. It 
would seem to me that rather modest inputs for 
training, and an accompanying data processing 
and modeling library would pay large dividends in 
making much more effective both the resources 
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and expended effort that are now fragmented 
omic mtwoy national programs. 

!hz.i.: inoc ci;ssior:. ' ,: n..y eplore ways
nnd ,,eans to bMt+tr organize our e.forts aimed 
toward betw. management of sorghum pests. 

GWIE WASHINGTON UNIVERSITY. 1967. Sorghum-A bib
liography of thekl looriterature covering tho years
1930-1963. t:vuch;i, New Jersey, USA: Scarcec
row Press. 

ROCKEFELLER FOUNDATION. 1973. Sorghum-A bibliogra
phy of the world literature 1964-1969. Metuchen, 
New Jersey, USA: Scarcecrow Press. 
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Sesron 3 Fctors P.-Sorghum Yields
 

M. G. J Discussant-2 

The subject of man;egement of sorghum pests 
has been dealt with quile exhPUs .ively in the two 
papers presented by Dr. Teetes and Dr. Seshu 
Reddy. As has ben rightly pointed -out hy Dr. 
Lukas Bradi itt d,- forcword of the ttcont FA-O 
public;tion entitic3, " iernnts of ntegrmne6 Con-
trot of Sorghum Posts (79Y). the i;tormation on 
practica; e<amples, whdich cn givc a solid basis 
for the ,rs! mrnagemert erogram cn sorghu.., is 
ralher lirited. There is a necessity to have mo!-. 
data on some of tire in,portant componerits oi 
pest marrernent. 

The key pasts in differer sorghum £iowing 
regions have beer identified,and briefly described 
in some of the revievws in sorghum pes, (FAO 
1979; Young .,d Teeleas '977). However, there 
are alarming reports of ihoavy losses caused by 
some of the minor pests after the large-scale 
cultivation of the high yielding varieties. This has 
been especially noticed in India in the case of 
sorghu!m shoot aiy (Atherigona soccata), midge 
(Conwarinia sorghicohi) aird several species of 
ep-head caterpllars. Thc icrease in activity of 
zhes, pasts is minly attributed to specific charac-
ter6 of the new .r4ant types and -,',a changes in 
agronomic piecti-.3! necessary for growing the 
high yieldingj cullivas. Different components of 
pest minagement for the three major insect 
pests, i.e., the shoot fly, stem borers and earhead 
bue have been reviewed in one of the papers. 

Shoot Fly 

Use of cultural methods is considered to be of 
utmost importance in the pest management 
program. For shoot fly control, date of sowing has 

Division of Entomology. Indian Agricultural Research 
Institute, New Delhi. India. 

been found to be of great significance and data 
collected from different areas have convincintt 
shown that b'i !imyadjusting the sowing datm, 
shoot fly damage can be considera',iy' reduced. 

The age-,Id recommendation of u!irJ a higher 
seed rate and removing and destroying infested 
seedlings was not found to be effective when 
carried out in small areas under heavy shoot fl ; 
infestation conditions (Sukhani and Jotvwni 19E9. 
It is felt that this method can succeed only whe': 
carried out as a campaign in large areas. Simik,,. 
trials conducted for 3 years at a numhbr of 
locations showed that plant density, row and plant 
distances had no effect on the extent of shoot fly 
damrtqe under heavy population pressure of the 
fly. 

Some work has been done by Davies and 
Reddy (1980) on alternate host plants of the 
sorghum shoot fly. GO,,aados (1972) found that 
the shoot fly could (',,,rplete development on 
Digitaria asandens and Brachiara reptans. Both 
papers mention that altemate hosts in Gramineae 
were of minor importance in carry over. Off
season irdiated fodder sorghum seems to be a 
more important carry-over source (Davies and 
Reddy 1980). 

There is need to carry out more work on 
alternate hosts and on off.season survival carry 
over, migration and population dynamics. 

Findings on fishmeal acting as a strong attrac
tant for shoot fly adults has a great potential for 
utilization in control operations. Collaboratiye work 
by ICRISAT and the Max Planck !;.stitute, Munich 
is in progress. 

Preliminary work carried out at Navsari (Gujarat, 
India) has shown that poisoned fishmeal bait 
applied in leaf whorls of young plants can attract 
and kill large. number of fly adults. Possibly this 
method can be tried for suppression of the shoot 
fly population. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81. Pata,-cheru, A.P., India. Patancheru, A.P. iii: ICRISAT. 
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There is yet another important finding that 
female flies are attracted to lay more eggs on dark 
green colored seedlings. Advantage of this be-
havior can also he taken for trapping the flies, 

Several hymenopterous insects have been re-
corded as egg. larval and pupal parasites of the 
shoot Ily. A few observations taken on these 
natural enemies show that generally the level of 
parasitization under natural conditions is very low. 
Aprostocetus sp has been found to be the 
dominant species in India. There is an urgent need 
to identify h.e r-,'rasites and predators which can 
be utilized in the biological control and to develop 
methodology for their mass multiplic; ,z.on, release 
and conservation. Imports of exotic parasites from 
some other sorghum growing countries of Asia 
and Africa can also be attempted. 

Chemical control of shoot fly by conventional 
methf'zs of foliar application has generally failed 
to give satisfactory control of the shoot fly even 
with the most potent insecticides. The cause of 
the failure of this method has not been properly 
investigated. Various systemic insecticides ap-
plied in the soil at the time of sowing, though 
effective, are too expensive to be recommended 

'his risk prone crop. Carbofuran seed treatment 
;i,,s been found to be effective and is being used 
in India in the shoot fly endemic areas. It has bnc'n 
found that the cost of application of carbofuran 
can be further reduced by using a 6: 4 mixture of 
treated and untreated seed. The plant stand can 
be maintained by using the seed mixture at the 
rate of 9-12 kg/ha. A number of new insecticides 
are being tested and isofenphos has been found 
to be promising. 

Developing high yielding shoot fly resistant 
varieties is undoubtedly a highly desirable method 
of checking shoot fly damage. Some progress has 
been made in this direction and the change can be 
seen from the susceptibility level of the first 
released hybrid CSH-1 as compared with CSH-5. 
CSH-7R, and CSH-8R. Efforts are being made to 
increase the level of resistance. 

Investigations have been carried out on the 
physical and biochemical basis of resistance to 
shoot fly. Studies on the morphological characters 
showed that thickness of the leaf sheaths was not 
associated with shoot fly resistance. In the chemi-
cal analysis. HCN content of leaves and growing 
points of susceptible varieties were found to be 
significantly higher than the resistant varieties. 
The same trend was observed in the case of 
chlorophyll and carotenoid contents. It was further 

found that lysine, an essential amino acid, was 
present in the leaf sheaths of the susceptible 
hybrid CSH-1, but was absent in the resistant 
varieties. The survival and development of the 
shoot fly was adversely affected when reared on 
these resistant varieties (Singh and Jotwani 1980a 
and b). 

Stem Borers 

Several species of stem borers have been re
corded as pests from different sorghum growing 
regions (Young and Teetes 1977). 

It has been mentioned in the second paper that 
'tunnelling' inside the stem causes deadhearts. 
However, it has been found that in sorghum, 
feeding by the borer larvae on the central shoot 
inside the leaf whorls results in the deadheart 
formation. Very often no deadheart formation 
takes place in spite of severe leaf injury and stem 
tunnelling. 

The cultural method of destroying the main 
sources of carry over can be very effective if 
practiced by a large number of cultivators. Howev
er, as it has been already pointed out, the 
harvested stems are not only used as fodder but 
also for several other purposes like fencing, 
building and fuel. Thus it becomes difficult to 
effectively check the carry over population. The 
hibernating larvae inside the stems kept for fodder 
purposes can be easily killed by chopping and 
storing the stems as small pieces. 

Early sowing has been recommended for 
checking the stem borer damage; however, the 
data available from the north Indian states show 
that the borer causes more damage in the early 
sown crop as compared with the late sown crop. 
This can be explained by the fact that in most of 
these areas, a summer crop of fodder sorghum is 
grown during March to June. The borer larvae 
emerging from hibernation in the month of March 
get a suitable host plant for rapid multiplication 
and thus a heavy population builds up by the time 
the kharif crop is sown in early July. 

The mechanical method of removal and des
truction of deadhearts can prove to be successful 
on;.- if it is carried out by a large number of 
cL,.. ators. It may, however, be more effective to 
remove and destroy central shoots showing early 
"pin hole" damage symptoms in which there are 
invariably a large number of young larvae which 
disperse to adjoining plants at a later stage. 
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The use of light traps for the control of stem 
borer, Child partellus (Swinhoe) was found to be 
ineffective in the trials conducted in the early 
sixties. We may have to collect some more data 
on the type of traps and light intensity before 
recommending this method to sorghum growers. 

Considerable information is available on the 
natural enemies of stem borers (FAO 1979).
However, a systematic program on the biological 
contrcl of these pests has not been undertaken. 
Only recently a project has been started on the 
control of Chilo partellus by releasing Berbados, 
Columbia and Philippines strains of Trichogramma 
in different ecological pockets in India. T. exi-
guum has now been etablished against Chilo 
partellus at Delhi and Nagpur. Various steps are 
being undertaken for augmentation and conserva-
tion of this parasite to increase its efficiency. 

The use of pheromones has shown promise 
against stem borer when used in limited areas; 
however, large-scale trials on farmers' fields will 
have to be undertaken to assess the effective-
ness of this method. It may be mentioned here 
that gossyplur, claimed to be a very effective 
pheromone for pink bollworm, did not give satis-
factory results when applied for nink borer control 
in large cotton growing areas of Haryana (India). 
However, it has shown some promise for moni-
toring pink bollworm population. 

A number of insecticides have proved to be 
effective for the control of sorghum stem borer, 
C. partellus. In the earlier trials, it was found that 
granules applied in leaf whorls were more effec-
tive than dust and spray formulatiors applied on 
the foliage. In the trials conducted recently it has 
been found that insecticides like endosulfan, 
carbaryl, lindane, and phenthoate dusts applied at 
the reduced dosages of 8-10 kg/ha in leaf whorls 
can control the borer effectively, 

Satisfactory progress has been made in de-
veloping varieties showing borer resistance as 
well as desirable agronomic characters of high 
yield, early maturity and medium height. Some of 
these, i.e., E-501, E-502, E-503, E-504, 
E-601, E-602, E-603, and E-604 are in the 
advance stage of testing. However, efforts to 
increase the level of resistance should continue, 

In the studies on plant characters associated 
with stem borer resistance, it was found that 
thickness of stem as well as the HCN content of 
leaves and growing points in 40-day-old plants 
were positively correlated with the susceptibility 
to the borer. 

Work on other borer species needs to be 
intensified. Initially we should establish the econo
mic status of different species by determining the 
incidence and losses caused in different areas. 

Earhead Pests 

The earhead pests infesting sorghum can be 
categorized in three distinct groups, i.e., insects 
infesting at the flowering, soft dough and matur
ing grain stages. The midge Contarinia sorghicola, 
is the most serious pest infesting at the flowering 
stage. Management components available for this 
pest have been mentioned in the first paper. It is 
felt that the information regarding alternate host 
plants is not fully available. Extensive surveys 
were undertaken in Maharashtra State after the 
midge epidemic in 1970/71; however, these 
surveys failed to give sufficient data to establish 
whether there was any activity of the midge in the 
off-season on wild sorghums. Possibly the most 
important source of midge carry over and infesta
tion is the crop residue of the previous season in 
which the diapausing larvae are carried over. 

An economic injury level of one midge per 
earhead has been suggested for undertaking the 
control operations. Some more information may 
have to be given on the timo at which the 
observations are to be recorded. It has been found 
that the incidence of midge varie, considerably, 
not only on different days but also at different 
times on the same day. Peak activity is observed 2 
to 3 hours after sunrise. The midge activity on 
cloudy days is very low. Also very heavy popula
tions may be oserved on a day of peak emer
gence, while the observation recorded on the 
previous day may have shown practically no 
activity (Rao 1975). 

Chemical control oi midge is r,%ported by 
various workers to be only partiali' effective. 
Midge adults can be observed on thL earheads 
within a few hours after insecticide ap plication. 
Emergence of midge adults from the treated 
earheads has been recorded in the laboratory thus 
indicating that a large number of maggots were 
not affected by insecticides during their develop
mental period. However, there is some consola
tion from the observation that there is also 
sufficient emergence of parasites from treated 
heads. 

For the effective control of earhead midge, the 
cultural-cum-variatal approach of sowing uniform
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ly flowering varieties within a short span of time 
has been found to be satisfactory (Rao and 
Jotwani 1974). 

The most serious pest attacking the soft dough 
stage is the earhead bug, Calocoris angustatus. At 
present this pest is restricted to certain areas of 
Andhra Pradesh, Kamataka and Tamil Nadu. Basic 
information on the biology and behavior of this 
pest is available. However, much needs to be done 
one different aspects to combat this insect effec-
tively and to prevent its spread to other sorghum 
growing areas. 

A complex consisting of a number of lepidopter-
ous larvae infests the earheads at the maturing 
stage of the grains. There has been a steady 
increase in the incidence of this complex after the 
release of high yielding varieties and hybrids. This 
is attributed to the compactness of the earheads 
of these cultivars which provide a congenial 
micro-climate for the caterpillars to multiply. Of 
the different species recorded, Heliothisarmigera 
can prove to be the most serious and needs to be 
watched carefully, 

Multiple Resistance and Biotypes 

In crops like sorghum where more than one 
serious pest causes damage at different stages, it 
may not be practicable to develop varieties 
resistant to each pest. There is, therefore, a need 
to identify sources of resistance to as many major 
pests as possible. Some progress in this direction 
has been made in India and a number of varieties 
have been identified which have moderate levels 
of resistance to two major pests, i.e., shoot fly 
and stem borer. 

One of the lines, i.e., IS-1151 has shown 
resistance to shoot fly, stem borer and midge. 
More attention has to be paid to this aspect. The 
problem of biotypes cannot be overlooked at this 
stage. Biotypes have already been identified in 
green bug and with the pests like shoot fly, stem 
borer and midge occumng in varied agroclimatic 
areas, it may not be surprising if we discover that 
there already exist biotypes of these pests. 

Economics of Post Control 

Stress has been laid in the first paper on sampling, 
modeling and c:onomic thresholds for different 

pests. The importance of these factors in pest 
management cannot be disputed. However, it 
may take a considerable time to develop this 
methodology especially for the developing coun
tries. 

The research workers should determine the 
economic threshold levels for different pests, so 
that extension workers may be trained to recog
nize the appropriate stage at which they should 
recommend control operations. Some work has 
already been conducted in India on the economic 
injury level for shoot fly (Rai et al. 1978). 

Inthe FAO publication on integrated control for 
sorghum pests, a clear distinction has been made 
for the implementation of programs for 'high 
input' and 'low input' sorghums which actually 
amounts to the growing of sorghum in developed 
and developing countries. For immediate in
plementation in the countries of Asia and Africa, 
what we need is to convince the farmers about 
the advantages of pest control in high yielding 
varieties. This can be done by operational re
search projects on farmers' fields where all the 
feasible methods can be integrated and their 
effectiveness demonstrated in their own fields. 
Such operational research projects will require a 
very efficient program of training of extension 
workers and methods of assessment of different 
operations. Information already available on the 
control of different pests, though not complete, is 
sufficient to initiate these projects. Simultaneous
ly the work can go on sampling, modeling and 
determining economic thresholds. More emph
asis may have to be laid on cultural methods of 
control to be carried out as campaigns in groups of 
villages or blocks. 

International Cooperation 

The account on insect pests presented in the two 
papers show a similarity of the problems faced in 
different sorghum growing areas. The solutions 
for these problems have. thorefore, to be similar 
with slight variations depending on the local 
conditions. There is thus a need for close intema
tional cooperation in solving the problems of 
sorghum growers. With this cooperation, the 
solution of these problems may be more expedi
tiously obtained and implemented, and also the 
mistakes committed by the earlier workers can be 
avoided. 
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Session 3 Factors Reducing Soghum Yields
 
Insect Pests
 

Discussion
 

Paivaikar 
In Bijapur and surrounding areas, rabi sorghums 
sown during Septem;er have more shoot fly 
than those sown during October. This is a 
limitation in recommending early sowings for the 
rabi 3eason. So. what is the remedy? 

Jotwani 
It is true that the oariy own rabi c,'op generally 
sulfers more damage from shoot fly in the 
traditional sorghum growing areas. In my opin-
ion, if early sowing is to be encouraged, 
protection against shoot fly should be provided 
by carbofuran seed treatment. 

Niangado 
According to Prof. Jotwani's presentation the 
problem of shoot fly is very important in India. 
However, in Africa and mainly in Mali, sorghum 
is sown in only one season. Generally sowing is 
done in June in the south and in July in the north. 
Therefore, the shoot fly is a problem on experi-
ment stations where the breeders sow the late 
varieties first, and then the early ones later. 

J. 	C. Davies 
I agree that in many areas in Africa, it is an 
important problem on research stations only. But 
in some areas of Eastern Africa it is important on 
farmers' fields. Even in Western Africa, e.g., 
Upper Volta, there are areas where shoot fly is 
important on farmers' fields. The situation in 
Senegal is somewhat similar to that in Mali. 

Nwanze 
Iagree with Dr. Davies that shoot fly could be a 
problem in the higher rainfall region of the south 
of Upper Volta. We have recorded 91.2% dam
age. Farmers' fields showed on an average 9.5% 
deadhearts. I also agree with Mr. Niangado that 
shoot fly is more of a problem on research 
stations where staggered planting and mixed 

Mital 
Does early sowing of sorghum reduce the 
damage by stem borer as mentioned? In my 
opinion, late sowing reduces the stem borer and 
early sowing shoot fly damage. 

K. V. Seshu Reddy 
In many areas early sowing of sorghum reduces 
the incidence of stem borer. 

Vidyabhushanam 
It is quite obvious that the future for sorghum 
pest control lies in identifying resistant sources 
and properly utilizing them. This is exactly what 
is being done in India during the present decade 
with reference to shoot fly and stem borer. Dr. 
Teetes mentioned in his presentation that a 
midge resistant hybrid is going to the cultivators 
next year. Iwould like to know the material and 
the resistance of this line. 

Teetes 
The parent lines for the hybrids I mentioned are 
from a random mating population and from 
TAM2566. Both, nonpreference for oviposition 
and antibiosis (larval death) are the types of 
resistance. Of the two types, antibiosis is the 
more important. 

Maiti 
Have you identified any morphological trait re
lated to midge resistance? It has been stateo 
that green bug resistance is reWated to bloom and 
bloomless sorghum. Similarly, glossy and 
trichome traits are related to shoot fly resistance. 
Thereforc, some morphological and biochemical 
characters need to be identified. 

Teetes 
No specific morphological traits have been re
lated to midge resistance. However, all currently 
identified midge resistant sorghums are short 

maturity duration varieties are planted. glumed. A13o, we have evidence to indicate a 
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faster grain growth for midge resistant than 
midge susceptible sorghum. I agree that a 
morphological and biochemijl basis for insect 
resistance needs to be identified. 

Mital 
Which species of green bug is a serious problem 
in USA? What is the threshold level you recom
mend for the control of this pest? Are parasites 
and predators not able to reduce populations of 
aohids below threshold levels? 

Teetes 
The green bug, Schizaphis graminum (Rondani) 
is a serious aphid pest of sorghum in the USA. 
Green bug economic thresholds are as follows: 
Emergence to 6 inches-small aphid colonies, 
plant yellowing before seedling death; 6 inches 
to boot-aphid colonies, before any leaves are 
killed; boot to flower-aphid colonies sufficient 
to kill one leaf; flower to maturity-green bug 
density sufficient to kill two ieaves. 

Maiti 
You have mentioned in your talk that you are 
looking for multiple pest resistance. You have 
also indicated that ICRISAT materials selected 
for stem borer resistance are showing good 
performance in Kenya. Have you by chance 
noted the glossy trait in any line? Dr. Jotwani has 
mentioned that IS2312 is resistant to both shoot 
fly and stem borer and it has the glossy 
character. 

K. V. Seshu Reddy 
Some lines with glossy trait have shown resist-
ance to shoot fly and stem borer in Kenya also. 

Chandurwar 
Will you suggest the techniques for working out 
economic thresholds for shoot fly and midge, 
and the feasibility of biological control for these 
in India? 

Teetes 
There are many techniques to determine econo-
mic thresholds, but specific techniques are 
required for specific pests which depends on 
whether the economic threshold is based on 
pest density or damage. Basically a technique is 
used that results ina comparison of pest density 
or damage to yield. This requires the technique 
to control pest density and it is this aspect that 

determines the technique. Most often cages are 
used to maintain constant pest density. Some
times tieated and untreated plots are used and 
as feasible post density is recorded. There is 
tremendous feasibility of biological control of 
shoot fly and midge, especially cOassical bio
logical control. 

V. 	Jaya Mohan Rao 
The need to carry seed from one season to the 
next is b-coming a more important problem 
because of storage pests. Further, the chalky
endosperm varieties or hybrids are liable to 
heavy losses in storage. Inthe 80s considerable 
attention should be paid to storage pests. 

Jotwani 
The problem of stored jrain pests is important 
and has not received adequate attention so far. 
We may perhaps start investigations on some of 
the aspects after collecting basic data on storage 
of sorghum grains, storage conditions, and the 
insect pests involved as well as the economic 
status of different pests. 

Harvey 
I wonder if we may have overlooked the import
ance of what we do with the grain after we get it. 
Would Dr. Davies be willing to comment on the 
importance of stored grain insects on sorghum? 

J. 	C. Davies 
Several schemes have checked the problem in 
Africa including IDRC in Senegal and FAO at IITA. 
It is important for us to ensure that new cultivars 
have good storage ability. There is no doubt that 
losses in store are high, but the species covered 
vary with country, cultivar, and storage method. 

Thobbi 
What is the scope for using the male sterile 
technique in the 80s for controlling sorghum 
pests? 

K. V. Seshu Reddy 
The present status of our knowledge as well as 
facilities available are not adequate to start any
control program using the male sterile tech
nique. 

Nwanze 
What are the prospects of the use of insecticides 
as a component in the insect pest management 
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program for sorghum in West Africa? We know 
that insecticides in that region have been used 
primarily on cash crops. 

Teetes 
Availability and cost of insecticides will limit the 
insecticide use in West Africa. However, person-
ally, my concern is the toxicity to humans of 
most insecticides especially when hand applied 
by uninformed farmers. Insecticides are rarely 
used as an insect pest management component 
b cause economic threshold levels are un-
known. 

Mital 
It is true that water for spraying is a problem in 
water shortage arear. However, dusts and gra-
nules are quite useful in these situations. 

J. C. Davies 
Yes, I agree that dusts and granules are useful, 
but even these have to be transported. Dusts 
can only be used in many areas of Africa early in 
the moming. Granules are generally expensive. 

Thobbi 
What is the scope for the use of synthetic 
pyrethroids in sorghum pest control in the 80s? 

K. V. Seshu Reddy 
Some of these pesticides are being tested in the 
Indian program. 

Salifou Mohaman 
Do you know about the Coleoptera which 
attacks the sorghum grains during their milky 
stage, especially in the surroundings of Lake 
Chad? 

Nwanze 
A pest scarabacid attacks sorghum grains in the 
milk stage and causes a lot of damage; it is 
particularly severe in the Lake Chad region. 

Teetes, Seshu Reddy, Jotwani and Sharma 
In light of the increased severity in recent years 
of sorghum panicle feeding bugs, caterpillars, 
shootbugs and armyworms, an increased re-
search effort mu' be directed towards these 
pests. Research is ,eeded on pest biology and 
host pi.-nt relationships that result in an under-
standing of the factors that intensify pest sever-
ity. An assessment of losses caused bV tht.se 

pests is urgently needed. Also, determination of 
pest sampling procedures and economic 
thresholds are needed. Biotic (natural enemies) 
and abiotic influences on pest incidence and 
density should be studied. 

Gilstrap 
I wish to comment on the discussion on crop 
protectinn tactics to be researchad and im
plemented on sorghum production in the 1980s. 
As evidenced by the contents of the published 
program and by discussions during the sympo
sium, tremendous amphasis has been placed on 
breeding sorghums resistant to various prehar
vest losses. This tactic is ideally suited to 
improving sorghum production as it can be 
accomplished in the context of othir important 
agronomic needs, is generally stable and de
pendable once developed, requires no special
ized equipment or sophisticated understanding 
to use at the farm level, and is relatively 
inexpensive to use. However, it is also clear from 
this symposium that breeding sorghums resis
tant to insects has distinct limitations, both in 
terms of species of insects for which resistance 
is a satisfactory unilateral solution and in terms 
of sorghum lines in which resistance sources 
have been identified for each given pest. 

I submit that protection from sorghum losses in 
developing countries is absolutely incomplete 
without knowledgeable use of natural enemies 
of crop pests, i.e., biological control. To date, 
significant research efforts have not been initi
ated to control pests in developing countries by 
importation, conservation, or augmentation of 
pests' efficacious natural enemies (parasites, 
predators, and pathogens). Biological control 
placed in proper perspective is not a panacea for 
past control in developing countries any more 
than is host plant resistance. However, biological 
controi has a long history of successes and is 
ideally suited for use in developing countries for 
the same reasons as named above for host plant 
resistance Furthermore, successful biological 
control of arthropod pests is totally compatible 
with host plant resistance and in fact, can create 
an environment permitting effective use of 
lesser levals of resistant traits. 

As one of only a handful of educators and 
scientists trained in depth in the principles and 
concepts necessary to research and implement 
biological controls, I am compelled to make 
these observations and the following plea. Biolo
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gical control in sorghum has real and tremen-
dously important potential for significantly reduc-
ing preharvest losses in sorghum. We are 
verifying this in Texas. though slowly because of 
the paucity of researchers trained for such 
studies even in the USA. In my view. it is 
absolutely essential to immediately place signifi-
cant emphasis on in-depth biological control 
training for students from developing countries 
in the 1980s. Only then can significant progress 
be made in developing truly integrated pest
management tactics for developing countries. 
Such students can begin almost immediately 
making contributions to that progress if such 
training programs insist that students' degree
research be conducted in their home country. 
Thus, only course work would be obtained in the 
developed country and an adviser from the 
developed country would supervise the research 
in the student's home. Without an approach to 
biological control in developing countries as 
described, progress towards genuine integrated 
pest management and efficient crop protection
from preharvest losses in sorghum is going to 
continue to be incomplete and partially success
ful. In short, host plant resistance must be 
integrated with biological controls especially in 
developing countries where resources aru so 
limited and the needs for dependable food 
production so awesome. 

Sidibe 
Is it possible to call on different disciplines to 
reduce the cost of grasshopper control and to 
adapt the means of control at the farmer's level? 

J. 	C. Daves 
The control of grasshoppers at the peasant farm 
level is difficult. In the case of locusts, there 
must be effinient migrational surveillance and 
control. The problens are regional and locusts 
are no respecters of political boundaries. I 
believe the Insect Pest Management scheme 
should enable us to gain a great deal of informa
tion on grasshoppers and damage levels on 
peasant faTms. It r,._.,then be possible to devise 
useful centrol measures. One of the problems
with grasshoppers is their seasonality- they 
may be damaging for a few years and then 
unimpoitant for the next few. More detailed 
biological information is required to develop 
control strategies. 

Sharma 
One of the major constraints in breeding for pesL
resistance hes been the nature of cooperation in 
interdisciplinary teams. It is heartening to note 
that interdisciplinary teams are working at many 
centers to achieve the intended objective.
However, the lack of appreciation among the 
cooperators of each other's role has impeded
much of the progress which would have been 
made in this area. It may be noted that a 
tremendous amount of effort is required in 
resistnnce breeding programs by entomologists 
and pathologists. It would be very helpful if the 
roles of different disciplines are defined, and 
guidelines for sharing the credit are put forth. I 
remember a strong plea made in this regard by
Dr. S. D. Beck in the seventies. However, 
nothing has changed since then, though, much 
of the cooperation depends on personal under
standing, willingness and flexibility on the part of 
the cooperators in the larger interest of the 
program. 
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Disease Problems in Sorghum
 

R. A. Fredertksen*
 

We have reached the point in sorghum pathology 
where the major diseases are reco0:nized; conse-
quently, the problems that we need to address 
are those which will yield the best possible 
information for controlling the more destructive 
sorghum diseases. Three major treatises on 
sorghum diseases (Tarr 1962; Saccas 1954; 
Williams et al. 1980) provide us with an excellent 
background to the nature of the diseases, the 
pathogens that cause them, and an insight into 
ongoing problems. A conference on sorghum 
diseases for the Americas was held April 1981 in 
Mexico City. We also recognize that essentially all 
sorghum improvement programs must include 
breeding for resistance, disease screening, and 
evaluation of pathogens as they exist within their 
particular environment (Fredenksen and Rosenow 
1980). These programs should first identify the 
problems that are likely to occur, determine which 
of these diseases are most likely to cause the 
greatest losses, or are likely to increase in 
intensity under the crop management system that 
will develop as a result of deploying new or 
improved varieties and cultivation practices. 

Recently with the help of S. B. King and N. V. 
Sundaram (Fredeniksen 1979), we attempted .to 
classify most of the word sorghum diseases on 
the basis of prevalence and severity in temperate 
and trop jiI regions (Table 1). The combination of 
prevale i,:e and severity as well as distribution 
relates in part to i-n".rtance and loss. Diseases 
resull.ng in greater losses or higher potential 
los:,es are arbitrarily classified as major. Losses 
represent both reduction in quantity as well as 
quality of product whether it be the grain, forage, 
or other product of the plant. For some of us, the 
business of ranking diseases on the basis of 
economic loss, prevalence, occurrence, appeai-

* Department of Plant Sciences, Texas A&M University, 
College Station. Texas. USA. 

ance, or any other trait is at bast an awkward 
assignment. Year in and year out in Texas, USA, 
head smut probably causes as much loss as does 
any other disease. Yet in agiven year, charcoal rot 
may be our most economically important disease. 
On the other hand, during the past decade, maize 
dwarf mosaic has become our most prevalent 
disease. Before the introduction of resistant 
varieties for downy mildew control, sorghum 
downy mildew was the most conspicuous dis
ease in areas where it is endemic. Certainly 
anthracnose has brought about dramatic changes 
in cultivation of particular host genotypes more 
than any other diseate except maize dwarf 
mosaic. Grain mold combined with deterioration 
of grain in the field both on tlie Great Plains and in 
the Gulf Coast regions of Texas has been ex
tremely important in some years. We have wit
nessed so-called "minor diseases" cause major 
problems because of environmental interactions. 
This occurred with Pythium reot rot and small 
seed on tho Texas High Plains and with some of 
the foliar diseases, particularly grey leaf spot and 
zonate leaf spot, along the Texas Gulf Coast. The 
point is that within a given environment one may 
see a disease move to the top of the list of 
importance in one year, whereas it may have been 
near the lower end of the scale in a previous year. 

Nevertheless, certain diseases are more trou
blesome and have a greater geographical range of 
importance more consistently than others. For 
the purposes of this paper I have "somewhat 
arbitrarily" divided t~ie text into major and minor 
diseases. Diseases are considered to be major 
because of distribution, economic loss, loss 
potential, public concern, or their effect on crop 
improvement programs. The minor disease prob
lems discussed are those which may have damag
ing effects in endemic or regional areas but could 
also have major implications in the future particu
lary as major problems are solved. 

Internationsi Crops Research Institute for the Semi-And Tropics. 1982. Sorghum in the Eighties: Proceedings of the Intarnationi 
Symposium on Sorghum, 2-7 Nov 81, Patancheru AP. India Pawncheru, A.P. India: ICRISAT. 
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Table 1. The relative prevalence" and Importanosm of sorghum diseases of the world. 

Disease 

I Foliar diseases 
Leaf blight (Helminthosporium turcicum) 
Target leaf spot (H. sorghicola) 
Anthracnose (Colletotrichum gramincola) 
Grey leaf spot (Cercospora sorghi) 
Zonate leaf spot (Gloeocercospora sorght) 
Sooty stripe (Ramulispora sorghA) 
Rough spot (Ascochyta sorghina) 
Leaf spot (Ramulispora sorghicola) 
Leaf spot (Phoma insidiosa) 
Bacterial leaf stripe (Pseudomonas andropogon) 
Bacterial leaf streak (Xanthomonas holcicola) 
Bacterial leaf spot (Pseudomonas syringae) 

I 	Smuts and rusts 
Head smut (Sphacelotheca reiliana) 
Loose smut (Sphacelotheca cru6nta) 
Covered smut (Sphacelotheca sorghi) 
Long smut (Tolyposporium ehrenbergih) 
Rust (Puccinia purpurea) 

III 	 Downy mildews
 
Sorghum (Peronoscierospora sorghi) 

Crazy top (Sc/erophthora macrospora) 


IV Virus and mycoplasm
 
Maize dwarf mosaic 

Sugarcane mosaic (s) 

Yellow sorghum stunt 

Brome grass mosaic 

Cucumber mosaic 


V Stalk rots and root rots
 
Acremonium wilt (Acremonium stricturn) 

Fusarium stalk rot 

Charcoal rot 

Anthracnose 

Rhizoctonia stalk rot 

Milo disease 

Pokkah-boeng 

Pink root 

Pythium root rot 


VI 	 Head and seed diseases 
Grain mold 

Head blight 

Weak neck 

Sugary disease (Sphacelia sorght) 
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Tropical Tropical Lowland 
Tem- Sub- highland winter summer 

perate tropical 1000 (+) m 1000 (-) m 1000 (-) m 

(outside (within
 
340 lat.) 340 lat.) (within 23.15 lat.)
 

++2 ++1 ++2 +++3 ++1 
-0 +1 +1 +1 
+1 ++2 ++2 
+1 ++2 ++2 +++3 +++2 
-0 + + +2 +1 + + +2 

++2 ++2 -0 ++3 
-0 +++2 -0 +++2 
-0 +1 -0 ++1 
+1 +1 -0 ++1 

++2 +++2 ++1 +1 +1 
+1 +1 +2 +0 +0 
+1 +1 ++2 +0 +0 

++2 +++3 ++2 +1 ++2 
+1 +2 +1 +0 
+1 +1 ++3 ++3 ++3 
-0 -0 +1 

++1 ++2 ++2 +++3 +1 

++2 +++3 +1 ++2 +++3 
+ +2 + +2 + 1 

++3 +++3 	 -0 
+1 ++2 +1 +2 
+1 +1 -0 
+1 +1 -0 
+1 +1 -0 

+1 1 +1 
++2 .++3 ++2 
++2 ++3 ++2 
++2 ++3 +1 +1 ++2 

+1 +1 +1 
+1 +1 -0 
+1 ++2 +1 ++3 +1 
+1 +1 -0 

4+2 ++3 	 +1 ? 

++2 +++3 ++2 ++3 ++2 
++2 +1 +2 +,. 

+1 +1 
-0 -0 	 ++2 



Table 	1. Condnued. 

Tropical Tropical Lowland 
Tem- Sub- highland winter summer 
perate tropical 1000 (+) m 1000 (-) m 1000 (-) m 

(outside (within 
Disease 340 lat.) 340 lat.) (within23.15°lat.) 

VII Ssedling blight 
(Species of Pythium, Fusanrum, Rhizoctonia 

and Helminthospvium) +2 ++2 +1 +1 ++1 

VIII Nematodes 
Pratyfonchus spp +1 ++2 	 ? 
Meodiogyne spp +1 +1 	 ? 

IX Parasitic plants
 
Witchweed (Striga astatica) +1 +1 +2 ++3
 

(S. hermonthica) 	 +4.3 ++3 

a. Prevalence: -Not reported present b. Importance: 0 Causing no loss 
+Occasionagy present 1 Minor importance 

++Commonly present 2 Moderate importance 
+++Generally 	 found on most 3 Representing it major deterrent, 

plants in most fields at times to crop production. 

Major Diseases 	 probably has little effect on initial colonization. 
Castor's work substantiated the fact that a meso-

The five major problems in order of importance carp provides an ideal environment for early 
are: grain mold, charcoal rot, downy mildew, colonization and a jumping-off point for fungi to 
anthracnose, and sorghum virus diseases, particu- continue the deterioration of the grain after 
larly those caused by the sugarcane mosaic infection has taken place. 
group. Spikelet tissues, including the sterile lemma, 

lemma, palea, lodicules, anthers, and filaments 

are sites of infection at anthesis with CurvulariaGrain Mold 
lunata and Fusarium moniliforme. The ovary, 

The grain mold disease group ranks number one, which develops into the kernel, is not colonized 
primarily because we are concerned with the until it expands between five and te:i iav3 after 
quality of grain sorghum as a food crGp. This anthesis. This would suggest that re..,,stance to 
disease has received major attention during the grain mold and fungi would involve spikelet as 
past decade, particularly as we attempt to im- well as kernel tissue. Castor also defines the 
prove food sorghums and introduce less photo- difference between grain weathering and grain 
sensitive sorghums in the tropical savannas (1i- molding. Grain moids are prematurity diseases 
liams and Rao 1980). Castor's (1981) comprehen- resulting fror.i infection of spikelets or developing 
sive study on the histopathology of grain mold has kernels as early as anthesis by parasitic field fungi. 
provided us with additional evidence that infection Grain weathering is a postmaturity deterioration 
takes place by relatively few species of fungi resulting from interaction,. among environmental 
during anthesis. Also a number of different and biological iactors. The most common fungi 
tissues appear to be involved in resistance to associated with grain weathering are Fusarium 
colonization. Since infection takes place at such semitectum and Altemaria app. Other species of 
an early stage the presence or absence of a testa Fusarium and a number of species r Altemaia 
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and other species of Clado;ponium frequently are 
involved in wcnhoring. Tlhere ers of course a 
number of opportunities for grain mold and grain 
weathering fungi to cvo dap. 

Grain mold fungi ray c 'use the formation of a 
false or premature Ulck layer which forms 10-16 
days before maturity, and results in the develop-
ment of small seed. Significant losses caused by 
weathering ec;.u. when periods of prolonged 
moisture ex;' following physiological matonty of 
the grain. It is unl! ,hat we will find surghum 
zee frpe from fungi, These organisms can be 
dvpositw-'d within 'he spikelet from anthesis until 
.rair, maturity. The question is whether or not the 
presence of these fungi causes substantial de-
t,.; ration of the grain or interfere in the develop-

n of the grain. Obviously, some fungi are more 
detrimental than others. Grain mold is also impor- 
tant because it will continue to be a problem 
regardless of the type of sorghum culture. In 
traditio'"1 sorghum culture such as in the Nuba 
moun ain region of Sudan, early flowerhig or late 
rains may occur which promote grain mckls in the 
photoperiod sensitive types. It is more probable 
that there will be an increased cultivation of 
photoperiod insensitive sorghums which have a 
greater vulnerability to the grain molds. 

Stalk Rots 

The second major disease group of sorghum is 
charcoal rot; however, for the sake of discussion, 
Fusarium stalk rot, seedling blight complexes and 
any number of microfauna as well as microflora 
which affect root growth and developm ;,u are 
included in this category. Charcoal rot ranks high 
on our list of sorghum diseases because it and the 
related problems are all influenced by the environ-
mental stresses that are prevalent in areas where 
sorghum is the preferred ccreal. It is a mixed 
h!ossing that suighum has the capacity to with-
stand a number of environmental stresses be-
cause resistance to these stresses, including 
drough' and high temperature, is closely associ-
ated v-ith resistance to stalk rot (Rosenow 1980; 
D,,cd 1980). In spite of the optimism expressed 
by some of our plant breeding colleagues, I 3m 
convinced that resistance to tne stresses "Ari 
resistance to colonization by stress-related 
pathogens, particularly Macrophomina phaseolina 
and Fusarium spp, wiil have to be at some 
sacrifice to potential yield. Consequentiv, there 
w;ll always be attempts to produce highor yield-

ing, less reliable cultivars in those area3 where 
stress has lower probability of occurring regularly 
as opposed to those areas where there is a much 
higher probability that stress will occur. Manage
ment decisions can and will greatly influence the 
severity of disease potential as influenced by 
environment. Root and stalk rots in sorghum are 
controlled in part through the process of avoid
ance, and through selection of somewhat -nore 
resisvmr plants (Frederiks,.,n 1979). Continually 
avoiding stress is characterivij of traditional 
farminp in many parts of the world as well as in 
developed countries where plant populations of 
hybrids are reduced to allow the pl-nts to corn
pete more successfully for w 'te. Low yielding 
sorghums represent an inefficient method of 
avoiding the disease. It cannot be considered as a 
reasonable alternative. 

Downy Mildew
 

Another major disease which must be considered 
in most of the sorghum growing regions of the 
world is sorghum downy mildew (Peronoscleros
pora sorghi). Sorghum downy mildew is econo
mically damaging. In addition, it is a politically 
explosive disease (El National 1975). Furthermore, 
it has a host range beyond the sorghum species, 
particularly that of maize, and in environments and 
areas of the world where both crops are grown, 
Sorghum spp constitute the primary inoculum 
source for infection in maize (Frederiksen and 
Renfro 1977). Even though the pathogen alre;dy 
hz.a, a wide distribution, there is always the 
probability that it will spread to new areas. 
Virtually every mzjor sorghum improvement pro
gram includes plans for developing suitable levels 
of host resistance. Fortunately, sorghum downy 
mild-w is a disease that lends itself to integrated 
approaches. Host resistance (Frederiksen 1980)
coupled with cultural (Tuleen et al. 1980) and 
chcrnical (Anahosur and Patil 1980) control have 
already been devised and can be readily utilized in 
most sorghum growing regions. 

Anthracnoso 

Anthracnose may well be more important than 
most people recognize. It certainly is the most 
damaging disease of sorghum in the tropical 
Americas. It occurs in the more humid, tropical 
sorghum growing regions of Africa and in many 
other sorghum growing regions in Asia. As we 
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increase plant densities and if we ignore control-
ling anthrcnose in .ome of the more widely 
deployed cultivars, we may encourage serious 
economic losses. Anthracnose damage may 
range from grain deterioration (Corrales and 
Frederiksen 1980) to peduncle breakage to stalk 
rot, and/or foliar damage. The other reason why it 
should be considered as a major disease is the 
rapid rate at which the pathogen can destroy 
sorghum plants as tiey approach maturity. Nearly 
complete losses have been recorded from fields 
only two weeks following a relatively lok. ;nci-
dence of the initial disease. 

Sorghum Viruses 
Finally, the fifth of our major diseases contains the 
sorghum viruses. We believe that the sugarcane 
rnc;aic group is the most important of these. 
W!,.:ie most of the sorghum literature has been on 
maize dwarf mosaic strains A and B, present 
evidence indicates that these strains are closely
related to strains of sugarcane mosaic virus and 
appear to be widespread throughout the world 
(Toler 1980). Recently we have learned of serious 
damages by sugarcane mosaic virus in South 
America (Frezzi and Teyssandier 1980; Riccelli 
1980). These and other virus or virus-like diseases 
are present in Africa as well as in Asia (unpub-
lished observations, R.A. Frederiksen). Diagnosis, 
understanding, and misunderstanding of the virus 
diseases combined with a lack of resistant adapt-
able germplasm, are among the reasons why they 
must be considered as important problems of 
sorghum. 

Minor Diseases 

Minor diseases are those that are limited in 
distribution either because of environment, distri-
bution of the pathogen, culture of the crop, or host 
genotype. Many of the foliar diseases may be 
considered as minor. Nevertheless, a number of 
these so-called minor diseases may rearh pro-
foundly significant prop.;rtions in c(riain i.rions 
of the world. In the Bajio of Mexico, leaf blight 
(Exerohilum turcicum), rust (Puccinia purpurea), 
and grey leaf spot (Cercospora sorghi) appear to 
have contributed substantially to reducing yields 
during the past two or three years (Betancourt 

1980). ,oliar anthracnose and gray leaf spot are 
very important throughout Centai, America and 
Brazil as well as other Latin American regions. In 
the Philippines, tar spot (Phyllachora -,orghh), rust, 
and grey leaf spot all appear tn cause eco, omic 
losses in sorghum (Dalmacio 1980). Similarly 
workers in India have reported several occur
rences of grey leaf spot and the wide distribution 
of leaf blight (Ravindranath 1980). Throughout 
East and West Africa oval leaf spot, sooty stripe, 
and occasionally anthracnose are reported as 
prevalent (Beck 1980; Doggett 1980; Hulluka et 
al. 1980; Sidibe 1980; Tyagi 1980). In the higher 
regions of East Africa leaf blight and rust appear in 
damaging proportions (Hulluka et al. 1980). Bacte
rial stripe is present throughout the sorghum 
growing regions of the world. Stripe appears tc, )e 
very prevalent in Argentina (Frezzi and Teysz.an
dier 1980). A major factor contributing to losses 
caused by bacterial stripe appears to be the 
deployment of unusually susceptible cultivars. 
Bacterial streak on the other hand is known in the 
cooler sorghum growing areas, and although 
losses associated with the disease are unknown, 
its prevalence can reach traumatic levels. Many 
foliar diseases develop rapidly on maturing sor
ghum. Some diseases on the other hand prefer 
only the young tissues, which is a most interest
ing problem for future research (Tuleen et al. 
1980). 

Other grain diseases include ergot and the grain 
smuts. At this point, ergot threatens seed produc
tion, particularly with the male-sterile approach to 
hybrid seed production. Grain smuts have virtually 
been eliminated from areas where seed dressing 
fungicides are deployed, but in many traditional 
sorghum growing regions, moderately high levels 
of kernel smut prevail Head smut, a major
constraint to sorghum production inTexas, can be 
classified as only a minor problem worldwide 
(Frederiksen and Rosenrw 1980). Head smut 
appears to be increasing in some areas of the 
world and could become a major threat with 
changing sorghum production. Head smut, for 
example, has increased dramatically in the Peo
pIe's Republic of China (personal communication, 
L. R.House). Other minor diseases with potential 
to affect crop production irclude such exotic 
diseases as: Acremonium wilt (Frederiksen et al. 
in press) (Fig. 1), yellow sorghum stunt 
(Zummo 1975) (a leafhopper-transmitted myco
plasmal-like organism); and other virus diseases 
(Toler 1980). 
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Figure 1. Symptoms of Acremonium wilt: nec-
ro.is of leaves with darkened veins 
(A), and vascular discoloration (B). 

Major Disease Research Questions 

For the major five diseases, one of the challenging 
problems will be to resolve and define the 
potential level of resistance necessary. Using 
grain mold as an example, extremely high levels 
of resistance or immunity to mold is highly 
u-ilike!y. Consequently, the best resistance avail-
able will only provide partial control. The opport'-

nity to combine avoidance to grain mold with 
resistance also constitutes one of the more 
challenging opportunities in crop improvement for 
many of the sorghum growing regions of the 
world. Castor's work suggests that screening for 
resistance to grain mold should be done at stages 
prior to filling (Castor 1981). It also suggests that 
the developmunt ol resistance might be more 
efficient in these environments in which infection 
is likely to occur at anthesis. Evidence exists that 
suggests there may be some form of biological 
control through induced immunity to early grain 
mold infection. Only a few reports of mycotoxins 
in grain sorghum exist. An interesting question 
might be why? 

Another major disease group under investiga
tion includes the downy mildews, particularly 
sorghum downy mildew (SDM) in sorghum. This 
disease along with several other downy mildews 
was evaluated at an international confrvrence on 
graminaceous downy mildew disease, , (Durbin et 
al. 1980). Clearly, the consensus of articipants 
was that much information is already available on 
the control of SDM, but there were a number of 
problem areas which needed specific solutions for 
effective control of these diseases. Some of 
these included the simple need for clarification of 
the taxonomy of the pathogens causing downy 
mildew. Progress has been made on the identifi
cation of sources of primary inoculum, determina

of physical and environmental factors control
ling spore germination and production and deter
mination of the influence of inoculum type, 
quantity and placement on disease reaction. 
Continuing research should be done to further the 
knowledge of specific genetic basis for downy 
mildew resistance, improve methods in selecting 
for resistance in breeding programs, determine 
factors that contribute to the stabilization and 
development of durable resistance, determine the 
mechanism of susceptibility, tolerance, and resist
ance, develop hazard indexes for specific geo
graphical areas, and formulate integrated control 
programs. 

It will be achallenge opathologists, breeders, 
and agronomists to identify the interactions be
tween disease stress and lodging resistance in 
sorghum. A major problem will be to determine 
the extent to which height genes contribute to 
lodging and if reasonable compromises in height 
can be made, particularly when fiber represents a 
major value of the crop (Tinker 1980). Essentially 
all stalk rot screening techniques employ the stalk 
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inoculation procedures, yet many stalk rot 
pathogens invade through the roots. How impor-
tant is it to determine the reaction of roots to 
these pathogens? When does infection take 
place? Wh-t are the factors affecting root coloni-
zation? Root colonization by parasitic fungi would 
reduce both the moisture efficiency, heat toler-
ance, and to a certain extent mineral utilization 
efficiency of plants. 

A tremendous opportunity exists in utilizing 
beneficial root microflora and mycorrhizae in 
general. The relationships of these fungi to 
sorghum have not been investigated and may 
constitute a major source of nutrient use efficien-
cy and might protect the plant from colonization 
by root-infecting fungi. 

The importance of anthracnose as adisease has 
not received the recognition it needs (Corrales and 
Frederiksen 1980). Frequently, an occasional plant 
with downy mildew will attract more attention 
than hundreds of hectares of plants killed by 
Colletotrichum graminicola. This is no longer 
acceptable. Factors contributing to the spread of 
C.graminicola in a sorghum population are prob-
ably similar to those of other pathogens, only the 
rate of disease development is unbelievably fast. 
Plants that show only a few lesions can within a 
2-4 week period be completely killed by the 
disease. This can happen to entire fields of a 
susceptible variey if the environment is right. 
Considerably more emphasis must be p!aced on 
the factors influencing and reducing the rate of 
epidemic development in a population of sorghum 
plants. 

Finally, the occurrence of the virus diseases, 
particularly the mosaic group, has been wide-
spread and damaging in sorghum germplasm. 
These diseases have appeared in areas in which 
sorghum viruLos had not been considered to be 
major problems prior to the deployment of 
selected sorghum genotypes. This represents 
one example of what will be encountered as new 
varieties of sorghum are deployed. In the case of 
viruses, we will be concerned not only with the 
host and host effects and the virus, but also the 
vector, its reservoir, and its relation to alternate 
hosts. 

When one looks at the disease problems 
collectively, and examines the current organized 
efforts to combat these problems, one finds that 
there is a very limited number of trained plant 
pathologists working on sorghum diseases, parti-
cularty on regional problems. Grain smut can be 

controlled by seed dressings, but who gets the 
seed dressings to the sorghum producers in the 
traditional sorghum growing regions? Who 
teaches the safe use of these seed dressings? 
Many of the foliar disease problems become 
more important en ratooned sorghum or on 
sorghum grown during the rainy season (personal 
observation and communications with R.R.Borg
quist). Crop rotations may reduce some of these 
problems. The fact that replanting would be 
superior to ratooning in terms of disease control, 
but inferior in terms of management, has become 
a pressing issue with some of the more important 
foliar diseases. 

Concluding Corments 

King (1972) concluding for "Sorghum in Seven
ties", listed seven needs for sorghum pathology. 
These are: (1) more training, (2) more disease 
nurseries, (3) the development of disease plots, 
(4) multiple disease resistance, (5) resistance to 
Striga, (6) a disease reaction data bank, and (7)an 
illustrated sorghum disease handbook. 

Since King's conclusions, we have witnessed a 
minor revolution in sorghum pathology. Major 
conferences on sorghum diseases have been 
held; in part to meet his educational require
ments. Sorghum disease nurseries have become 
widely used, often the primary tesing site for 
much sorghum germplasm as has been the 
selection of multiple disease resistant sorghum. 
Several centers have made progress in both the 
selection of Striga resistant sorghums as well as 
screening techniques. Finally, an illustrated hand
book on sorghum diseases was published in 
Spanish, French, and English. 

More Training 

Today, as a decade earlier, training in sorghum 
pathology is still needed at all levels, in most 
regions of the world. Sorghum pathologists need 
to recommend and develop integrated controls for 
reducing disease losses and are needed to work 
with other sorghum scientists to avoid potential 
losses. 

New Controls 

Potential utilization of beneficial microorganisms 
as well as deployment of environmentally soft 
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protectants will require much more research and 
caraful study. Progress during the next decade 
should markedly reduce our dependency on and 
help 'to conserve good host resistance genes. 

Data Ba 
We have only begun the complicated data banking 

of sorghum reactions to diseape. Data banks are 
only as valuable as the data entering them. Much 
more thought must be given to the type of data 
summranzed and what it means and when it 
should be summarized. 

Nature of Resistance 

Exciting new ideas regarding disease resistance, 
gene relations, and escape suggest that higher 
levels of host resistance through genetic manipu-
lation are highly probable and need to be ex
panded. 
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Strategies for Sorghum Disease Control 

L. K. Mughogho* 

Most sorghum diseases are amenable to some 
degree of control through the appiration of one or 
more appropriate control measures. These mea-
sures fall under the general disease control 
methods of host resistance, chemical control, 
cultural control and integrated control. The deci
sion as to which method to apply in any disease 
situatioio would depend upon whether the method 
met the criteria of agronomic effectiveness, en-
vironmental effectiveness, economic feasibility, 
social acceptability, and implementabiity (Bailey 
and Waddel 1980). The5e criteria are necessary in 
order to tailor control measures to the worldwide 
requirements of diverse environments, agricultu-
ral systems and socioeconomic conditions under 
which sorghum is grown. 

Inthe 70s, research activity in sorghum disease 
control was small. A survey of the Review of 
Applied Mycology and the Review of Plant Pathol-
ogy from 1970 to 1980 revealed that in the 1970s, 
only 67 papers out of a total of 487 papers on 
sorghum diseases were on disease control. Of 
these 67 papers, the majority were on host 
resistance (31 papers) followed by chemical con-
trol (29 papers) and only 7 papers were on cultural 
control. Most of the papers on disease control 
were from India and the USA and there was none 
from Africa. The lack of papers from Africa where 
sorghum is an important crop is a reflection of the 
skilled manpower bottleneck that is at the root of 
the present low level of sorghum improvement 
research in that continent. It also shows that 
nothing has changed since the call by King (1972) 
at the Sorghum in Seventies Symposium $or 
indigenous trained pathologists to work on sor
ghum diseases. 

This paper reviews progress in sorghum dis-
ease control in the 197Cs and presents control 
strategies for the 1980s. A discussion of the 

_-
*Principal Plant Pathologist, Sorghum PRogram, 

ICRISAT. 

control of individual diseases will not be under
taken as this was adequately covered at the 1978 
Intemational Workshop on Sorghum Dise3ses 
(Williams et al. 1980). 

Host FKsistance 

Cultivation of disease resistant varieties is the 
most valuable and practical solution to disease 
problems. Host resistance is cheap (to the far
mer), simple and effective, and also meets the 
requirements of broad applicability over a wide 
range of environmental and socioeconomic condi
tions. The four essential requiremer!s for deve
lopment of stable, disease-resistant varieties e;-o: 
1. Availability of a large, variable germplsm 

which can be intensively screened for resist
ance sources. Diverse germplasm increases 
the chances of selecting material with resist
ance to many pathogens and their variants. 

2. 	 Development of sound and effective resist
ance screening techniques. 

3. 	Multilocational testing for stability of resist
ance under different environments and races 
of pathogens. 

4. 	Methods for combining resistance(s) with 
other desirable plant traits. 

Rosenow (these Proceedings) provides a more 
comprehensive review of breeding for disease 
resistance. This discussion will therefore be lim
ited to the first three requirements. 

Geirmplasm 

A very large, variable sorghum germplasm has 
been assembled and is being maintained at 
ICRISAT Center (Mengesha and Rao, these Pro
ceedings). Additions are made to it every year. 
This germplasm is available on request to any 
scientist wishing to screen or evaluate it for 
particular traits including disease resistance. Un-

International Crop- Research Institute for the Semi-Arid Tropics. 198?. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Piotancheru, A P.,India. Patanchert, A P.India: ICRISAT. 
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fortunately adaptation problems preclude the eva-
luation of most of the germplasm at any one 
location. At ICRISAT Center, for example, more 
than half the collection does not flower or set 
seed in the rainy season and cannot therefore be 
screened for resistance to grain molds, smuts and 
ergot. 

Resistance Screening Techniques 

The key to the identification of sources of stable 
resistance is the development of reliable, efficient 
and epidemiologically sound screening techni-
ques which allow discrimination between resis-
tant and susceptible genotypes (Williams 1976). 
The material to be screened should be exposed to 
optimum levels of pathogen inoculum under 
conditions conducive for infection and disease 
development in order to avoid disease escape. 
Also important is the exposure of the material to 
graded levels of disease pressure to allow for the 
expression by the plants of different degrees of 
resistance which may be important in the stability 
of resistance. 

The biological basis for the development of 
effective screening techniques is a clear under-
standing of the basic biology of the pathogens and 
the epidemiology of the diseases they cause. 

In the 1970s substantial progress was made in 
the development of effective field screening 
techniques for grain molds, sorghum downy
mildew and some leaf diseases (Frederiksen and 
Rosenow 1979; Williams et al. 1980). The use of 
these techniques has led to the identification of 
sources of resistance for use in breeding prog-
rams. There are, however, still a number of 
diseases for which no effective resistance screen-
ing techniques are available. These include some 
economically important diseases such as charcoal 
rot (Macrophomina phaseo/ina [Tassi] Goid), sooty
stripe (Ramulispora sorghi [Ellis and Everhart]
Olive and Lefebvre), and grey leaf spot (Cercos-
pora sorghi Ellis and Everhart). 

The continual refinement of existing screening
techniques and the development of new ones is a 
major challenge for the 1980s if host resistance is 
to continue to play a major part in the control of 
sorghum diseases. 

Multilocational Testing 

The final phase in the identification of stable 
resistance is the exposure of the material, identi-

fied as resistant at one location, to many popula
tions of the pathogen under a wide range of 
environmental conditions. The necessary require
ments for a multilocational testing program are 
twofold: the availability of locations where dis
ease occurs regularly under consistently high 
pressure, and the presence of interested and 
capable scientists who can effectively cooperate 
with the screening.

In the 1970s a significant development in 
multilocationel testing was the establishment of 
international sorghum disease nurseries by ICRI-
SAT and Texas A&M University in the USA. These 
nurseries serve three purposes: (a)they identify 
genotypes with stable resistance for use as 
parents in breeding programs, (b)they detect the 
occurrence of races of the pathogens, and also 
signal changes in pathogen virulence over time, 
(c) they promote intemational communication and 
cooperation on sorghum disease research. 

There are currently six international sorghum 
disease nurseries. Texas A&M University coordin
ates the International Disease and Insect Nursery 
(IDIN) and the Anthracnose Virulence Nursery
(AVN), while ICRISAT coordinates four nurseries: 
the International Sorghum Grain Mold Nursery
(ISGMN), the International Sorghum Downy Mil
dew Nursery (ISDMN), the International Sorghum 
Leaf Disease Nursery (ISLDN) and the Peronosc
lerospora sorghi Host Differential Nursery
(PSHDN). The cooperation of national program
scientists in growing these nurseries is crucial for 
the success of this program. 

The results of the international disease nurser
ies have so far been very encouraging. Texas 
disease-resistant material is used in many breed
ing programs. In the ICRISAT ISGMN, the line 
E-35-1, a zera zera from Ethiopia, has been 
found resistant to several diseases in the semi
arid tropics and in demonstration trials in West 
Africa where it is being used as a direct introduc
tion. Also from the ISGMN the line IS-9521 from 
South 'Africa was selected in Ethiopia and re
leased as a varie,y in a high rainfall zone of 
Ethiopia. In the ISDMN the Australian variety 
OL-3 bred for resistance to sugarcane mosaic 
virus, has shown absolute resistance to downy 
mildew (Peronosclerospora sorghi)at several loca
tions in India, Africa and Latin America over 5 
years of testing. This variety has stable resistance 
to sorghum downy mildew and is now used in
breeding programs where the disease is impor
tant. 
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In the operation of the international nurseries, 
national program scientists are encouraged to 
submit their local resistant material for inclusion in 
the nurseries. One advantage of this is that 
diseases not occurring in one location or country 
are screened against in another location/country 
so that such diseases can be prevented from 
becoming important even if introduced. To this 
end, national sorghum programs should develop 
close links with cooperators elsewhere in the 
international nurseries so that their material can 
be screened for "exotic" diseases. 

Potential Genetic Vulnerobility 

Genetic vulnerability to new diseases or new 
races of pathogens due to extensive use of 
certain resistance genes is difficult to predict. 
However, measures designed to increase genetic 
variability in the varieties grown help reduce the 
risk of epidemics. The multiline strategy (Brown-
ing and Frey 1981) is advocated as one method of 
preventing epidemics. This strategy of growing a 
mixture of genotypes is not new to traditional 
sorghum farmers. InAfrica and in India genetically 
pure stands of sorghum are rare; plantings are in 
patches or small fields, and a mosaic of local 
varieties (landraces) are grown. Diseases are 
always present but such crop production condi-
tions do not readily favor epidemics. 

Inefforts to transform traditional agriculture the 
tendency is to introduce and recommend the 
cultivation of a limited number of varieties (often a 
single. "best" variety). The risk of epidemics 
under such conditions is real, and serious epide- 
mics would be particularly damaging to poor 
farmers and poor societies. 

The 1970s were the years of major concern of 
genetic vulnerability in crops. It was triggered by 
the maize leaf blight (Helminthosporiurnmaydis 
race T) epidemic in the USA (Tatum 1971). This 
helped stimulate research for the genetic diversifi- 
cation of crop varieties. In sorghum most of this 
work was done in the USA where the converted 
sorghums have provided useful and diverse resist- 
ance sources to essentially all economically im-
portant diseases in that country (Frederiksen and 
Rosenow 1979). 

The potential problem of genetic vulnerability in 
sorghum is likely to receive greater attention in 
the 1980s as the area covered by improved 
sorghum cultivars expands and as the crop is 

introduced into new areas. Three areas which are 
cause for immediate concern are outlined below: 

1. Varietal Diversity on the Farm 

As already stated, varietal uniformity over targe 
production areas is an invitation to disease epide
mics. Even where differen varieties are grown 
these varieties may have been developed using 
identical parents. 

The old adage not to put one's eggs in one 
basket is particularly apt when choosing varieties. 
Farmers should be encouraged to grow a selec
tion of genetically diverse cL:ltivars with different 
sources of resistance to the prevalent diseases in 
the area. Such varietal diversity within and be
tween farms should substantially reduce the risk 
of epidemics (Priestley 1981). The adoption of 
such astrategy would depend on the availabilityof 
a number of equally high yield potential varieties 
and a seed production program capable of rapidly 
spreading the varieties. This strategy may perhaps 
not bear fruit in the 1980s but a start should be 
made in this direction. 

2. Cytoplasmic Male Steril;.y 

Wide-scale sorghum hybrid seed production is not 
feasible without cytoplasmic male sterility, and 
there is only one satisfactory type of cytoplasm 
(milo) that is used worldwide. Although cytoplas
mic susceptibility to disease appears to bo rare 
(Hooker 1974), the USA experience with the 
maize leaf blight epidemic of 1970 (Tatum 197 1)is 
a warning of the danger of reliance on a single 
source of cytoplasmic male sterility in sorghum. 
Current research in the USA, in the All India 
Coordinated Sorghum Improvement Project and 
at ICRISAT to diversify cytoplasmic male sterility 
should be encouraged and supported. 

3. International Distribution and 
Exchange of Material 

In his presidential address to the British Mycolo
gical Society, Macer (1975), while extolling the 
benefits of international exchange of breeding 
material, also warned of the danger of spreading 
material of limited genetic diversity in the follow
ing words: 

"National breeding programs rely increasingy 
on international aggregations of source material 
for parents. Breeders and their pathological 
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colleagues tend to draw heavily on this material 
and to select similar, if not identical sources of 
resistance. Indeed, the practice of submitting 
resistant parents and selections to international 
nurseries tends to encourage breeders to use 
these and to concentrate efforts within even 
limited ranges of resistance. This restricts 
further the genetic base and makes many 
breeding programs, often encompassing a wide 
geographical area, vulnerable to a single change 
of virulence of the pathogen. The free exchage 
of resistant material has advantages in en-
couraging international cooperation and allow-
ing the widespread testing of the "resistant 
material" but these advantages may be more 
than offset if too great a use is made of a 
restricted range of material." 
The solution to the problem raised by Macer !ies 

in the continual search, testing, exchange and 
utilization of genetically diverse sources of resist-
ance in breeding pro.grams. The germplasm col-
lectiorv at ICRISAT is so large and diverse that it is 
quite crmceivable. that genetically diverse sources 
of resitance to one or more diseases can be 
located, 

The history of breeding for disease resistant 
sorghums, especially in the trcpics, is a very short 
one, and in the developing countries only an 
insignificant proportion of the sorghum area is 
covered by improved varieties. It is tierefore too 
early to discover all the pitfalls that may have been 
built into the new varieties, but the extreme 
susceptibili,; uf the hybrid CSH-6 to charcoal rot 
(Macrophomina phaseolina [Tassi) Goid) in i.dia 
provides a timely signal of the problem. Constant 
vigilance is therefore necessary to monitor weak-
nesses in these varieties as their adoption and 
areas of cultivation expand. 

Chemical Control 

Two aspects of chemical control will be discus-
sed: protective chemical application to an estab-
lished crop, and chemical treatment of seed 
before sowing. 

Chemical Protection of an 
Established Crop 

Chemical application to control u seases in an 
ristablished crop is not a common practice in 
sorghum production. In the 1970s results of 

research, particularly in India, showed that some 
important diseases could be effectively controlled 
by applications of a broad range of fungicides 
(Gangadharan et al. 1976; Singh and Pavgi 1977; 
Pawar and Patil 1978). H,.wever. at the farm level. 
chemical disease control in an established crop is 
uneconomic because sorghum yields a low cash 
return per hectare. Even in the highly productive 
systems of the USA or Argentina, the low profit 
margin in sorghum production is a barrier to the 
use of chemicals against diseases in a standing 
crop. This situation is likely to prevail throughout 
the 1980s as costs of chemicals continue to rise 
faster than the market price of sorghum. 

Chemical Seed Treatment 

The economic argument- despite the well
known phoblems of phytotoxic side effects, 
human and environmental hazards, iatrogenic 
diseases (Griffiths 1981) and development of 
resistance to chzmicals-does not apply to the 
use of the relatively inexpensive seed treatment 
chemicals to destroy or control seed-borne 
pathogens and soil-borne pathogens adjacent to 
the seed at sowing. Seed treatments, applied as 
dusts or slurries, are inexpensive because, unlike 
chemicals applied to a standing crop, they are 
applied only once and in very small quantities per 
hectare, no expensive equipment is required and 
labor and water costs are minimal. Their uniform 
distribution below the soil surface, and the time 
interval from sowing to harvest also suggest that 
chemical seed treatment is not as hazardous to 
human food and the environment as other 
methods of chemical disease control. 

Another advantage of seed treatment is that 
where seed for planting is commercially pro
duced, chemical treatment can be done at the 
source at very little extra cost. 

During the most critical growth period from 
germination to the establishment of the yo'-ng 
seedling, the young succulent tissues of sorghum 
are susceptible to a variety of unspecialized, 
soil-inhabiting fungi. These are chiefly species of 
Fusarium and Pythium which cause seed rots, 
damping off and seedling blights, and are an 
important factor in poor crop establishment (Tarr1962). Control of these diseases by host resist

ance has proved difficult because the pathogens 
are relatively nonspecific in the;r host require
ments. Chemical seed treatments have proved to 
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be most effective means of controlling these 
diseases. 

An essential requirement of seed for planting is 
freedom from seed-borne pathogens which often 
adversely affect germination, crop establishment 
and further plant growth. Infected seed is also an 
important means of pathogen dissemination over 
long distances, and the introduction of diseases 
into new areas. Chemical seed treatment has 
essentially eliminated covered grain smut. caused 
by Sphacelotheca sorghi (Link) Clinton and loose 
smut caused by S. cruenta (Kuhn) Potter in the 
USA (Edmunds 1975). In Africa sorghum grain 
losses due to these smuts could be similarly 
prevented through the use of chemically treated 
seed. The problem appears to be the unavailability 
of the chemicals, or of chemically-treated seed, 
the lack of education of the farmer and the lack of 
extension advisors on diseases and their control. 

In the 1970s a variety of chemicals including 
Vitavax, Thiram, Benlate, Dithane M-45, Dithane 
Z-78 and Ceresan were reported as effective 
seed treatments against seed rots, seedling 
blights and seed-borne diseases of sorghum 
(Hansing 1970; Mishra and Siradhana 1978; 
Agrawal and Khare 1978; and Bidari et al. 1978). 
Perhaps the most significant event was the 
development of the CIBA-GEIGY systemic fungi-
cide metalaxyl IN-(2, 6-dimethyl phenyl)-N-
(methoxyacetyl)-alanine methyl ester, CGA 
48988, Ciba-Geigy Corporation] which, as a seed 
dressing, significantly reduced the incidence of 
sorghum downy mildew caused by Peronoscler-
ospora sorghi (Weston and Uppal) Shaw (Venu-
gopal and Safeeulla 1978) at rates as low as 0.1 g 
a.i./kg of seed (Frederiksen and Odvody 1979). 
This new development means that the resistance 
levels of some sorghum varieties and hybrids can 
be enhanced by chemical seed treatment. The 
effective control of oosporic and conidial inoculum 
by metalaxyl seed treatment (Frederiksen and 
Odvoidy 1979) would minimize the introduction 
and spread of the disease through seed. The use 
of metalaxyl needs careful monitoring for possible 
phytotoxic effects and the capacity of the sor-
ghum downy mildew pathogen to develop strains 
resistant to it as has already occurred in the 
downy mildew of cucurbits caused by Pseudoper
onospora cubensis (Berk. & Curt.) Rostow 
(Reuven et al. 1980). 

The experience of the 70s of the soaring cost of 
energy-based chemicals precludes any possibility 
of the use of chemicals for disease control in an 

established crop. Research in this area would also 
be a waste of resources, both human and 
financial. There is. however, tremendous scope 
for chemical seed trbatment to control seed-borne 
diseases. This would facilitate seed movement 
and exchange, so important for sorghum improve
ment, by greatly reducing the risk of introducing 
pathogens. It is the fear of introducing diseases 
through seed that restricted the exchange and 
distribution of sorghum germplasm and breeding 
materials in certain countries in the 1970s. 

In the developing countries, the development of 
seed companies which would routinely treat all 
seed at source would promote seed treatment as 
an effective measure of disease control. Chemical 
companies should be enceuraged to continue to 
develop cheaper systemic compounds that act 
specifically against seed-borne pathogens. 

Cultural Control 

Cultural control may be defined as the tactical use 
of regular farm operations or crop husbandry 
practices to delay or reduce disease incidence and 
spread. It includes all practices which modify the 
environment to favor crop growth and minimize or 
avoid conditions which favor disease develop
ment. 

Two problems need consideration in the use of 
cultural practices for disease control. First, most 
cultural practices effective indisease control tend 
to be location-specific, i.e., they are effective in 
particular soils, locations and climates where they 
have been developed. Consequently they are of 
limited application over diverse environments. 
Second, the development of cultural control 
methods requires adequate knowledge of the 
basic biology and epidemiology of the disease. For 
most sorghum diseases, this information is not 
available and would require a considerable re
search effort to obtain it. The question for the 
1980s is whether this area should receive priority 
attention. 

Some cultural practices which have been impli
cated in sorghum disease control are discussed 
below. 

Tillago 

Generally tillage promotes biological control of 
diseases through reduction in inoculum density 
and replacement of pathogens by saprophytes in 
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crop residues (Baker and Cook 1974). Tillage also 
accelerates soil drying which helps reduce popula-
tions of certain soil-bome fungal pathogens and 
nematodes. 

Deep burial of infected crop residue is known to 
have beneficial effects by reducing the seasonal 
carry-over of inoculum. Tuleen et al. (1980) re-
ported that deep plowing to bury oospores re-
duced the incidence of sorghum downy mildew 
and increased yield in a susceptible sorghum 
cultivar wh-n compared with conventional plow-
ing. Conservation tillage or no-tillage systems 
where crop residues on the soil surface are 
subjected to minimum or no tillage may affect 
plant diseases by providing a habitat for 
pathogens and thereby serving as foci of inoculum 
(Summer et al. 1981). Disease incidence can be 
expected to be high for trash-bome diseaes, e.g., 
anthracnose, Ieaf blight, sorghum downy mildew 
and bacterial diseases. 

In the tropics most small farmers practice 
minimum tillage since they do not have the 
implements and power for deep plowing. Under 
such conditions the risk of seasonal carry-over of 
inoculum on plant debris is high. However, in 
some regions, such as in India, the removal of the 
stalk for fr dder at grin harvest minimizes this 
danger. 

An ;,direct beneficial influence of crop residues 
was the reduction in the incidence of stalk rot of 
sorghum in a reduced tillage system (ecofallow) in 
Nebraska (Dov-)nick and Boosalis 1975). This was 
because ecofallow increased soil moisture stor-
age and thereby made plants less predisposed to 
infection, 

Time of Sowing 

Adjustments to time of sowing often make it 
possible for crops to escape from disease by 
ensuring that the crop is not in the most disease-
susceptible stage when pathogen inoculum is 
abundant and the weather favorable for infection 
and disease spread. This strategy has, however, 
received little attention in sorghum disease con-
trol. The advantage of early planting to avoid 
significant grain losses caused by sorghum downy 
mildew at Dharwar, India was reported by Bala-
subramanian (1974). On the other hand Tuleen et 
al. (1980) reported that delayed planting reduced 
the incidence of the sme disease in Texas. These 
two contrasting reports emphasize the location 
specificity of cultural control measures. 

In areas of variable and unpredictable rainfall, 
such as the semi-arid tropics where most of the 
sorghum is grown, the physiological and ecologic
al advantages are nearly always with the early 
planted and established crop. In such areas 
delayed or late sowing is not desirable since yields 
of late sown crops are low even if free from a 
particular disease. 

Avoidance of disease through adjustments in 
time of sowing should simultaneously avoid the 
period of activity of insect pests. It would be futile 
to protect acrop from diseases when pests would 
damage it. 

Mineral Nutrition 

Mineral nutrition is an important factor which 
determines in large measure a plant's resistance 
or susceptibility to disease. Different types, 
levels, and balance of nutrients, or their unavaila
bility influence the reaction of a plant to pathogen 
challenge depending upon particular host
pathogen combinations. Even different forms of 
the same nutrient may affect host susceptibility or 
pathogen virulence (Huber 1980). 

Reports from India indicated that high levels of 
nitrogen increased the susceptibility of sorghum 
to ergot disease 1,Sphacelia sorghi McRao) (Chin
nadurai 1971), leaf disease (Naik et al. 1976) and 
stalk rot (Anahosur et al. 1977). Susceptibility of 
sorghum to downy mildew was unaffected by 
increases of nitrogen, but was increased by 
increases in phosphorus (Balasubramanian 1973). 

Nutrition appears to be an important factor in 
the predisposition of sorghum to stalk rots and 
lodging. Murphy (1975) reported that excessive 
nitrogen and deficiencies in potassium, when 
combined with moisture stress, favored stalk rots 
and lodging. Recently at ICRISAT Center, Seeth
arama (personal communication) observed that in 
the CSH-6 hybdd, charcoal rot was more severe 
when grown under high (120 kg N/ha) than under 
low (40 kg N/haj fertility conditions. Although 
other factors are involved, it is clear that nutrient 
imbalances play a role in the susceptibility of 
sorghum to charcoal rot. 

Cropping Systems 

Sorghum is produced under a variety of cropping 
systems (Willey, These Proceedings). Intercrop
ping is the most widespread system in the 
traditional sorghum areas of India and Africa, and 
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also in Central America. There is no published 
information on disease problems in the intercrop 
situation, and most research on sorghum disease 
control continues to be done on sole crops. 
Disease control methods devised under sole 
crops may not be satisfactory for intercrops. 

In intercropping, the modification of the crop 
micro-environment (humidity, light, free moisture, 
temperature, air movement, etc.) and differences 
in nutrient uptake by the intercrops are likely to 
influence plant infection, diseases development 
and spread. Research on disease problems and 
control in intsrcrops deserves attention in the 
1980s. 

Crop rotation is a classical cultural practice that 
helps to control soil-bome diseases caused by 
fungi, nematodes and other organisms. Diseases 
usually become a problem where the rotational 
cycle is reduced through intensive cultivation and 
monocropping. In sorghum, there is a dearth of 
information on crop rotation as a means of 
disease control. As with other cultural practices, 
knowledge of the basic biology and epidemiology 
of the pathogens is a prerequisite for nonempirical 
2pplication of crop rotation in disease control. In 
the intercrop systems of the tropics a sound 
rotational practice could be difficult to implement 
because of the diversity of crop components. 

Some sorghum cropping systems are not 
sound for disease control. One such system is 
ratoon cropping which has the advantages of 
providing more than one harvest from a single 
sowing, and ensuring the maximum use of a 
growing season that may be too short for two 
sown crops in succession (Plucknett et al. 1970). 
The disadvantage is that systemic diseases such 
as sorghum downy mildew, smuts, bacterial and 
viral diseases tend to increase in severity on 
ratoon crops. Unless resistant varieties are used, 
ratoon cropping cannot be recommended. 

Integrated Control 

We have discussed how different strategies of 
host resistance, chemical treatment and crop 
husbandry practices can be successfully used in 
sorghum disease control. In practice, a single 
control strategy often does not provide a perma-
nent solution to a disease problem. For example, 
host resistance may "break down" due to the 
development of new races of the pathogen, or the 
pathogen may develop new races resistant to a 

fungicide. Cultural practices too are subject to the 
variability of the weather, and sometimes are 
heavily dependent on the cooperation of neighbor
ing farmers. In view of this, the application of 
several control methods becomes necessary. In 
other words, thi 4iversification of disease control 
methods can help maintain disease levels below 
economic injury. 

Sorghum downy mildew is a disease which 
lends itself easily to control through the use of 
several methods in Texas, USA. Resistant 
varieties are available, several cultural practices 
have reduced the incidence of the disease, and 
seed dressing' with metalaxyl also has controlled 
the incidence of the disease (Frederiksen 1979). 
The paucity of research on various methods for 
the control of specific diseases does not make it 
possible to come up with recommendations for 
other diseases elsewhere. 

In future, multiple measures will be required for 
successful disease control. Again, the need is for 
more research. 

Problems and Challenges 
in the Eighties 

In looking ahead to the 1980s it is not unrealistic 
to foresee a decade of increasing importance of 
disease problems as improved varieties and crop 
management systems developed in the 197Us are 
adopted by farmers on an extensive scanle. Pre
viously insignificant or unknown diseases, or new 
races of known pathogens are likely to come to 
prominence and cause economic crop losses. The 
breeding suc:.esses of the last decade will pale 
into insignificance unless innovative approaches 
to disease control are undertaken. The problems 
and challenges of the eighties need to be attacked 
from several angles: 

1. Resistance Screening Techniques 
As host resistance is likely to be the favored 
method of disease control, particularly among the 
resource-poor farmers of the developing coun
tries, an expanded and intensive effort should be 
made to the refinement and/or development of 
methods for creating artificial epidemics at de
sired intensities for rapid screening of germplasm 
and breeding lines. In spite of the successes of 
the 1970 s there are still a number of diseases for 
which no sound screening techniques are avail
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able. We must learn how to manage the diseases 
in thu field. 

2. Genetic Diversity 

Genetic diversity must receive increased attention 
in breeding programs to reduce the risks of 
epidemics in genetically uniform material. Re-
search in nonnuclear inheritance needs to be 
expanded and accelerated. 

3. Intemntional Cooperation 


The value and fruits of international cooperation in 
plant disease research were omphasized 20 
years ago by Rodenhizer (1962). In the 70s 
international disease nurseries contributed to 
progress in the identification, exchange and utili-
zation of stable disease resistant material. Howev-
er, there is room for substantial expansion in this 
activity. There is need for (a)more cooperators in 
national programs, (b) improvemont in the man-
agement of the nurseries and the recording of data, 
and (c)the inclusion in the test entries of material 
submitted by national programs. 

Another area of international cooperation is the 
development of cooperative research projects. In 
many countries, limited resources, lack of trained 
manpower or lack of a screening opportunity due 
to environmental factors or quarantine regulations 
prevent the execution of a comprehensive re-
search program. Scientists in such countries 
should cooperate with scientists in other coun-
tries in order to find solutions to mutual problems. 

4. Interdisciplinary Team Effort 

Disease control is inseparable from the total 
production system of a crop. Many of the mea-
sures of disease control represent a relatively 
small proportion of the many factors involved in 
growing a crop. Disease control alone will not 
increase and stabilize yield; other yield limiting 
factors need to be considered simultaneously. 
Accordingly a sound research program on disease 

control should be a team effort of patholo ists, 
entomologists, breeders, geneticists, physiolog-
ists, soil scientists, and socioeconomists. A work-
ing relationship with farmers who are ultimately 
responsible for the implementation of disease 
con!rol measures is also essential. 

5. Training 

The skilled manpower bottleneck is a major 

constraint to the development and adoption of 
modem agricultural technology in the developing 
countries. This point was driven home in a more 
sensational way by Paddock (1967) when he said, 
"Do not expect an agricultural revolution in the 
hungry world-there is no one to lead the 
revolution." At the "Sorghum in Seventies" sym
posium King (1972) urged that more indigenous 
plant pathologists be trained to conduct research 
which was at that time neglected or done by 
expatriates on atemporary basis. At the beginning 
of the 1980s the situation is certainly not better 
and is perhaps worse than in 1971. With the 
exception of India and the USA, there is a critical 
shortage of sorghum pathologists. The increase in 
the number and activities of national sorghum 
improvement programs has meant that the few 
trained pathologists are not sufficient. In the 80s, 
training of national research and technical staff in 
sorghum pathology should receive top priority. 

Conclusion
 

Over 10 years ago, Paddock (1967) made a plea 
for "new, more imaginative disease control 
methods specifi.y for the needs of the develop
ing world" where the greatest need exists for 
increased and stable food production. This plea is 
still valid today. The 1980s will require a critical 
evaluation of disease problems and innovative 
strategies for their control. 
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Session 3 Factors Reducing Sorghum Yields
 
D)iseases
 

J. Craig* Discussant 

f redi,rie has presented a comprehensive 
u;,.. of ifrn',urc.sease problems, their rela-

tive importance, and the current state of sorghum 
disease research. His remarks on the difficulty 
experienced in deciding the relative importance of 
these disease r,;.:.ems illustrate a major weak-
ness in our disease programs. We are w t z'.le to 
translate our observations on the occurrence and 
severity of adisease into numerical statements of 
yield reduction. 

As Dr. Frederiksen re , the interest in a 
disease is often de : -rrinodc by the visibility ot the 
symptoms rather t0,n the magnitude of yield 
reduction. As a result, research funds and person-
nel are not used to best advantage. 

There is an urgent need for research on disease 
loss assessment in sorghum. Some research 
efforts have been con:L cted. but obviously thi. 
has not been a popular c:hoicoi of endeavor among 
sorghum r,,ahologiss (Bockltolt and Toler 1968; 
Tuleen et al. 1980). Various mrodels and methodol-
og, ,or assessing crop dise3se ios:,,a have been 
proposed (Burton and Wells 1981; Jamns 1974; 
Madden et al. 1981), but experimental deri are 
needed to test the appficability of these models to 
sorghum diseases. 

Standard approaches for determinin yield loss 
caused by disease are the use of chemical 
pesticides to secure healthy plants for yield 
comparisons, and the use of isogenic lines for 
yield comparisons be ween genotypes which 
differ only in reaction to disease. Both methods 
have defects. Chemical pesticides may affect 
plant yield in the absence of disease, and the 

LUSDA-ARS Plant Pathologist, Plant Sciences Depart-
ment, Texas A&M University, College Station, Texas, 
USA. 

production of isogenic lines is costly in terms of 
time and effort. 

Recently, Burton and Wells (1981) proposed a 
method of assessing disease losses in millet that 
should be applicable to sorghum. In this method, 
the F, generation of a cross of susceptible and 
resistant genotypes is expos,,d to the disease 
under study. Under disease attack, the F2 popula
tion exhibits a range of disease reactions which 
can be used to determine the effects of disease 
on yield. This seems ;o be a solution to this 
problem. 

The variations in virulence found in some 
sorghum pathogens are serious problems. The 
11-reat posed by new races of head smut is well 

,.'own (Frederiksen et al. 1969). Recently similar 
variabilities for pathogenicity have been noted in 
anthracnose and sorghum downy mildew (Cor
rales 1Sf 9; Craig and Frederiksen 1980). Informa
tion on the potential variability of virulence in 
sorghum pathogens wi.l be of value. 

Dr. Mughogho in his paper on disease control 
strategies has presenv.d a detailed survey of the 
current situation on disease contro! in sorghum 
and identified areas which should b given atten
tion in the future. As Dr. Mughogho stated, host 
resis ance is )'eonly practical means of control of 
many sorghum diseases. 

The long-term success or failure of a disease 
control prog.ram based on host resistance is 
determined by the 3bility of the pathogen to 
produce new, virulent biotypes. Sudden and 
complete loss of resistance to new biotypes of 
the pathogen is characteristic of monogenic or 
oligogenic types of resistance. These types of 
resistance are favored in sorghum breeding prog
rams, because they are easily recognized and 
easily utilized by breeders. However, greater 
preference must be given to polygenic types of 

Eighties: Proceedings of the InternationalIntemational Crops Research Institute for the Serm-Arid Tropics. Is82. Sorghum in the 
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resistance if we are to improve the stability of 
disease resistance in sorghum. 

Programs for the identification and utilization of 
resistant sorghum genotypes have been very
successful. However, these programs have done 
little to increase our knowledge of the genetic
fa, tors involved. 

If we are to advance beyond the current 
empirical approach to the use of disease resist-
ance, we must have more information on the 
number of. and relationships among, factors 
determining the inheritance of disease resistance. 

Dr. Mughogho has pointed out that the use of 
metalaxyl, an extremely effective control agent for 
the downy mildews, on cucurbits has resulted in 
the development of a strain of Pseudoperonos-
pora cubensis resistant to this fungicide. It is 
probable that the indiscriminate use of metalaxyl 
to control sorghum downy mildew will result in 
the development of resistant strains of Peronosc-
leirosporasorghi. Metalaxyl should be used only 
on sorghums resistant to downy mildew. This 
would serve to control virulent new biotypes of 
the pathogen, with little risk of developing a 
metalaxyl resistant strain, because the develop
ment of a pathogen biotype combining resistance 
to metalaxyl and virulence to the resiste,nt genoty
pe would require two simultaneous changes in 
the pathogen. 

The possibilities of biological control of sor
ghum diseases should be given serious considera
tion. Micr(,bial antagonists and parasites of many 
of the causal agents of sorghum diseases abound. 
If the present equilibrium in these relationships 
could be tilted against the sorghum pathogens, a 
valuable weapon would be added to our arsenal 
for control of sorghum diseases. 
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Session 3 Factors Reducing Sorghum Yields
 
Diseases
 

Discussion 

Srivastava 
Dr. Safeeulla, would you like to make any 
comments? 

Safeeulla 
In India more than 80% of the sorghum area 
cultivated is sown to traditional varieties. In 
these varieties, sorghum downy mildew is still 
the number one disease. However, grain mold is 
the most important disease in newly introduced 
cultivars. Most downy mildew resistant cultivars 
are becoming more susceptible. Cultivars which 
were once resritant like IS-148, CSH-5 etc., 
now show up to 30% disease incidence. It is 
therefore suggested that a monitoring service to 
forecast the performance of a cultivar be started. 
At Mysore in India. it was possible to give such 
information after testing a few hybrids and 
cultivars constantly ten to twelve times in a year 
whe,'e the disease incidence in the downy 
mildew sick plot is very high throughout the 
season. My suggestion, therefore, is to locate 
such sites and obtain information which would 
be helpful fo" bi,oaders and pathologists. 

I agree with Dr. Craig that the control of 
sorghum downy mildew using both resistant 
lines and chemical seed treatment should be 
used. Ridomil as a seed Jeatment is very 
effective in controlling sorghum downy mildew. 
However, the trend is towards the development 
of resistance to this chemical. Now Ciba-Geigy 
has recommended new formulations containing 
other effective fungicides in addition to Ridomil 
(active ingredient), 

Garud 
Efficient screening techniques are important for 
screening sorghum against diseases. Equally 
important, perhaps, is the grading system used 
which must be correlated with yield losses, 

K. N. Rao 
Looking back at sorghum pathology in the 

seventies, excellent progress has been m.de in 
grain molds, downy mildew, anthracnose and 
head smut, in terms ot developing reliable 
screening techniques, screening of large num
bers of germplasm and breeding material, and 
identification of a reasonably good level of 
resistancq in sorghum. Vv'ile breeders are busy 
in developing elite and resistant lines for these 
diseases, the sorghum pathologists should de
vote all out efforts during the eighties on 
charcoal rot, grey leaf spot and sooty stripe as 
we know very little of these now. These are 
potentially very important diseases limiting sor
ghum production all over the world. 

Scheuring
 
I would like to further dampen the optimism 
conceming the use of metalaxyl in the semi-arid 
tropics. Over tho past 3 years, we have seen the 
phytotoxic effect of rnetalaxyl in the presence of 
seedling drought. We have seen up to a 70% 
stand loss in fields ilanted with metalaxyl 
treated seed. In the laboratorywe have observed 
decreasing formation of root hairs with increas
ing dosage. The recommended Ciba-Geigy dos
age of 7.5 g product per kg seed results in over 
75% seedlings having inhibited root growth. 

Williams 
I would like to say a few words in support of the 
much maligned oligogenic or vertical resistance. 
Oligogenic resistance per se is not bad, the way 
it is used is bad. If a single resistance gene is 
isolated and used it is not likely to provide 
durable resistance to a variable pathogen.
However, there are strategies fo- the use of 
oligogenic resistance that are much more likely 
to provide stable resistance, e.g., multilines, 
pyramiding or sequential use. To do this, we 
need clear information on the genetics of resist
ance. So I suggest that an important activity of 
the next few years is the joint study, by breeders 
and pathologists, of the varieties identified as 
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resistant, in order to identify and isolate resistant 
genes so that they can be used in a planned 
strategy. 

Morris 
When it comes to the question of the use of 
insecticides or fungicides in farmers' fields there 
is a need for economic studies of the value of 
yield loss, losses from the sale of moldy grain so 
that we can provide an economic basis for 
research priorities, and also for what farmers 
could afford to pay for treatment (until host 
resistance is developed), 

Parameswarappa 
Ridomil is an excellent fungicide but unfortunate-
ly is not available in India. Therefore, identifica
tion of, and research on, this chemical has just 
remained a matter of academic interest. In the 
eighties more efforts are necessary to identify 
more-effective, less-expensive and easily-
available chemicals to control diseases. This also 
applies to insecticides like Carbofuran which is 
recommended by entomologists for control of 
shoot fly. However, its cost is so high that a 
common farmer cannot apply this chemical. 

Prasad 
1. A parent of QL-3 was originally developed at 

Coimbatore by Krishnaswamy and his group. 
2. 	 OL-3 shows some symptom of downy 

mildew. It is not 100% resistant but gives up 
to 6 to 8% infection, 

3. 	 OL-3 cannot be used directly as one of the 
parents as its combining ability is poor. 

Safeeulla 
GL-3 is a highly resistant cultivar-the best we 
have so far. Some centers have reported suscep
tible reaction in QL-3 against downy mildew. 
This may be due to segregation from the use of 
unselfed seed. Some of the sister lines are 
showing susceptibility, 

K. N. Rao 
QL-3 was developed in Australia as an MDMV 
resistant source material and it was included in 
Texas A&M University's International Disease 
and Insect Nursery to ICRISAT in 1974. I made 
single plant selections out of the total population 
which were resistant to sorghum downy mil-
dew. Progenies from these selections proved to 

be immune jo sorghum downy mildew in multi
locational testing. 

Gowda 
Two sources of downy mildew resistance (OL 
-3 and UchV- 1)were studied fcr comparison 
of combining ability for disease resistance as 
well as yield and its .compcnents; QL-3 is a 
better combiner for disease resistance whe-eas 
UchV- I is a good combiner for yield and its 
components. Though OL-3 showed a higher 
frequency of resistant segiegants as compared 
with UchV-. 1,all these segregants were poor for 
agronomic traits as well as grain color. As such, it 
is better to use UchV-1 instead of QL-3 in 
future breeding programs. 

Kambal 
Dr. Mughogho made a strong plea for training 
more African pathologists. My worry is how to 
keep those already trained. The loss of trained 
manpower in Africa is more alarming. With his 
consent, I would like to expand the recommen
dation to cover more training and encourage
merit of those trained to stay there. The efforts 
of IDRC in supporting national programs by 
providing facilities for research are commend
able. 

Galiba 
As mold resistance is dynamic, often the 
varieties which are said to be resistant are found 
moldy because they have not been harvested in 
time. They are ripe and are subjected to the last 
rains. If they are sown later they do not 
terminate their cycle, and if sown earlier they 
become moldy. This has been the case with 
E35-1 which is known to be mold resistant. 

Mughogho 
The solution is to develop mold resistant culti
vars. The ICRISAT Sorghum Pathology Program 
has identified good sources of resistance to grain 
molds among the red and brown seeded sor
ghums which breeders can utilize in developing 
mold resistant lines. 

Sangitrao 
Presently, the sorghum material supplied by 
Inte.national Centers for testing by collaborators 
in several countries is due to free seed ex
change. Is it not possible that due to this, 
pathogens of minor diseases are travelling and 
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multiplying in local conditions and may become 
important in the near future? 

Mughogho 
So far I am not aware of any disease that has 
been spread through international disease 
nurseries in which extreme care is taken to 
produce disease-free seeds. In addition, the 
seed of the nurseries pass through strict quaran
tine procedures before they are despatched to 
other countries. 
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Striga and Other Weeds in Sorghum
 

K. V. Ramalah and C. Parker* 

This paper considers the problem of the parasitic 
Striga spp (witchweeds) with particular reference 
to sorghum. Relatively litte work has been carried 
out on this parasite and several gaps exist in our 
knowledge of this problem. In this paper an 
attempt is made to critically examine the available 
information and to focus on the possible future 
course of Striga research. It also considers more 
briefly the status of control measures for other 
nonparasitic weeds. 

Striga-Species, Distribution, 
and Host Range 

Sriga asiatica (L) Kuntze 
(= S. lute, Lour., S. hirsute Bentb.) 

This is the most widespread of the important 
species, centered on the Indian subcontinent, 
where it most often has a white flower, but 
exiending into China and South East Asia where 
it more commonly has a yellow flower and where 
depauperate forms also occur with pink, mauve, 
or purple flowers. The white-flowered form ex-

USA, Africa, India and Indonesia suggests that 
they are all autogamous (self-pollinated) hence 
tend to preserve the distinct morphological forms 
(Musselman et al. 1981). 

$tdge hermonthics (Dal.) Benth
 
S . ermonthic (Del.) 
S" 
= Senegalensl Bqnth.) 

This is the major species of Africa stretching 
across a northern tropical belt from Senegal to 
Sudan extending eastwards into South West 
Arabia and south into Tanzania, Malawi, and 
Zimbabwe but it is generally less important than 

S. asiatica south of the equator, for reasons not 
fully understood. 

Although quite variable morphologically, espe
cially in the shape of the pink corolla there are no 
distinct morphological strains as occurring in S. 
asiatic:a, perhaps because of the need for outcros
sing in this species (Musselman et al. 1981). 

This species is usually more robust than S. 
asiatica, often up to 50 cm and occasionally 1 m 
high. The calyx has five ribs. 

The host range is almost as wide as that of S. 
asiatica and there is evidence of some host 

tends westwards as far as South West Arabia (L. specificity of physiological strains within the 
Kasasian, personal communication) while in Africa 
(mainly East and South) it is generally red. The 
species has a relatively wide range of wild grass 
hosts. The main distinguishing features from 
other major species include the slender, usually 
branched habit, up to 30 cm high, and the large 
number of ribs on the calyx at least 10 andsometimes more. Observation on strains from 

* ICRISAT/Upper Volt. Cooperative Program, B.P. 
1165, Ouagadougou, Upper Volta, and Weed Research 
Organization, Begbroke Hill, Yarnton, Oxford OX5 IPF, 
UK, respectively. 

species, (Parker and Reid 1979). 

Striga densira Banth. 

This species is almost restricted to the Indian 
subcontinent attacking sorghum but it does alsooccur inSouth East Aribia. It has a white flower 
but is rather moro robust, less branched and with 
a more dense inflorescence than S. asiatira. Calyx 
ribs are five only. 
[ '.ew less important species are S.angustifolia 

(Don) (= S. euphrasioides Benth), S. aspera 
(Willd.) Benth. and S. forbesii Benth. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the E&jhties; Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81, Patancheru. A.P. India. Patancrieru, AP.India: 'CRISAT. 
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Striga-Blology 

Germination 

With the exception of S. angustifolia which can 
possibly establish without the aid of a host, the 
Striga spp of agricultural importance are all obli-
gate parasites in that the seeds are only 0.2 to 
0.4 mm Iong and can only produce a radicle up to 
5 or 10 mm before seed resenes are exhausted. 
They must, therefore, becomt: attached to a host 
root within a few days of germination. To ensure 
that ahost root isavailable, they normally germin-
ate only inresponse to certain substances exuded 
by host roots. One natuwal stimulant, strigol, has 
been id3ntified (Cook et al.1972) but the work of 
Visser and Botha (1974) siggests that there is a 
wide range of stimulant compounds exuded by
different crop species and it is not yet certain to 
what extent the species and strains of Striga vary
in their response to all these compounds. Sor-
ghum probably exudes strigol itself but this has 
not been positively confirmed. 

Other requirements for gerrmiination include: (a)
after-ripening- many collections of seed are not 
readily germinated by whatever means for several 
months after harvest, yet at least one strain of S. 
hermonthica from Abij Naama, Sudan has given
high germination within 3months of collection; (b)
imbibition for at least aweek before exposure to 
Ctimulant-this isoften referred to as "pretreat-
ment", "conditioning" or "preconditioning". Reid 
and Parker (1979) found inthe laboratory that with 
arange of strains of S.asiatica and S.hermonthica 
the optimum period of imbibition varied from I to 
5 weeks and that S. asiatica responds better to 
conditioning at 37°C than at 23°C, while the 
converse is true for S.hermonthica. The bioche-
mical processes occurring during conditioning are 
not yet fully understood, but an important discov-
ery has been that conditioning inthe presence of 
germination stimulant reduces the subsequent
germination (Hsiao et al. 1979, Pavlista et al. 
1979). Valiance (1950) showed that prolonged
imbibition results in a steady decline in germina-
tion ("wet dormancy") of S. hermonthica. Reid 
and Parker (1979) confirmed this phenomenon
with several strains of S. hermonthica. The 
importance of this phenomenon in the pattern of 
development of Striga infestations in the field 
needs a great deal more study; (c)a suitable 
germination temperature, which is relatively high 
tor both species. Detailed work has not been done 

on many strains but Reid and Parker (1979) show 
asharp fall in germination percentage below 3(0C 
for both S.hermonthica and S.asiatica. 

Attachment to the Host Plrnt 
Once triggered by the stimulan,, germination 
occurs very rapidly, within 24 hours; and the 
radicle extends. In the absence of a host root,
however, no further development normally 
occurs. A very recent report by Reddy and Rao 
(1980) indicates some plumular and "colleter" 
development in vitro in S. asiatica, but it is now 
confirmed that the seeds were of S.angustifolia
and not S.asiatica. On contact with ahost root the 
tip of the radicle swells and produces root hairs. 
Nickrent et al. (1979) have shown that this 
response can be initiated in S. asiatica by an 
extract of gum tragacanth (asubsta3nce isolated 
from Astragalus spp). They report that S.asiatica 
in USA normally fails to form haustoria on the 
roots of anonhost such as Phaseolus vulgans, but 
if provided with such a haustorial factor there is 
normal haustorial development, attachment 9nd 
parasitization. Lynn et al. (1981) have now isolated 
an active substance "xenognosin" from gum
tragacanth. The extent to which iiphaustorial
factors are involved in host specificity is an area 
deserving much further study, though it does not 
so far appear to be involved in the resistance 
mechanisms of sorghum varieties. 

The penetration of the host root by the haustor
ium appears to occur by an enzymic process
although once the penetration has occurred, the 
cortex isconspicuously split by expansion of the 
haustorial "peg". Anatomical studies show direct 
linkage of the xylem systems of host and parasite
but no direct linking of phloem to phloem. When 
first attacbed, the Striga is totally parasitic and 
requires sugars from the host but whether it 
obtains all these from the xylem or through some 
bridging tissue from the phloem is not certain. 
Apart from sugars the parasite also depends on 
cytokinins from the host for normal dvelopment
of the plumule (Yoshikawa et al. 1978), but once 
that has been triggered, the work of Okonkwo 
(1966) suggests that it is only water, sugars and 
inorganic minerals that are required. The parasite 
once attached, very soon produces adventitious 
roots which ramify extensively. The ability of 
these roots to absorb water or minerals direct 
from the soil is doubtful as root hairs are only
formed at the points of contact with host roots, 
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prior to the development of secondary haustoria 
(closely resembling the primary attachment). 

Effect on the Host 

The effect of the para3ite on the host is out of all 
proportion to the amount of carbohydrate that is 
removed. Unpubished Weed Research Organiza
tion (WRO) work has shown that when the total 
dry weight of S. hermonthica "seedlings" on a 
sorghum root system is less than 1% of the total 
dry weight of the host, the host dry weight may 
be reduced by as much as 25%. This reduction in 
host weight is almost all in the shoot. the root 
development of the host often being significantly 
increased, at least initially, before reduced shoot 
growth eventually results in gross reduction of the 
whole plant system. 

It is common for the host to be significantly 
reduced in height and vigor even before any Striga 
has emerged from the soil. These effects, particu-
lary on stem elongation, are common to both S. 
asiatica and S.hermonthica, but other symptoms 
are quite different. S. asiatica causes a pro-
nounced wilting of its hosts, even under wet soil 
conditions, while ,;. hermonthica rarely causes 
wilting but instead produces chlorotic blotches on 
the foliale, 

Drennan and EI-Hiweiris (1979) looked to deter-
mine whether the ,tunting of sorghum shoot 
systems by S.hermonthica might be the result of 
a change in growth regulator balance in the 
infected plants. They confirmed a dramatic reduc-
tion in the cytokinins and gibberillins in xylem sap 
exuding from cut host stems and a significant 
increase in the inhibitors ABA and famesol. It 
appeared that most of the damaging effects 
would be due to this imbalance in the host's own 
growth substances and need not involve any 
transfer of toxin from parasite to host, other than 
perhaps a substance triggering the host's droujght 
response system. It was notable that subjection 
of the sorghum to drought stress elicited almost 
identical changes in the growth regulators. No 
corresponding work has been done with S. 
asiatica. 

These effects can result in severe reduction in 
sorghum yield, evei causing total crop loss where 
the infestation is heavy and occurs early. Con
versely light infestation may cause only minor 
loss. Although some damage is done before 
Striga emergence. Ogborn (1972a) has shown 
that removal of emerged Striga can be beneficial 

and lead to increased yields. It is also observed 
that sorghum varieties vary in their tolerance of 
Striga, apparently equal infestation causing much 
less damage to some varieties than to others. 
Variety 1499 is regarded as such a "tolerant" 
variety in Nigeria (Ogbom, personal communica
tion) and CE90 in Upper Volta. 

Factors Influencing Severity of Attack 

The distribution and severity of Stniga infestation 
in the field is influenced by a number of climatic, 
soil and cultural factors, notably: 

Soil Moisture 

Striga appears to thrive on intermittent dry condi
tions and is conversely suppressed by continuous 
soil moisture as occurs during the peak rainy 
season in Northern Nigeria (Ogbom 1972b). This 
is perhaps a result of "wet dormancy" but may be 
because of lower soil temperatures, dilution 
and/or leaching of root exudates, increased fun
gal attack or possibly because of reduced photo
synthesis and hence reduced vigor of root growth. 
As expected, irrigation generally reduces or pre
vents Stfiga infe. ation but in Sudan some strains 
of S. hermonthica do continue to cause some 
problem in spite of irrigation. 

Soil Fertility 

Low fertility also encourages Striga, particularly 
low nitrogen status. Conversely high N helps to 
suppress the weed. Again it is not known which 
of a complex of possible mechanisms is mainly 
responsible for this effect. The possibilities in
clude: a reduction in stimulant exudation (shown 
by Teferegan 1973); a change of host physiology 
resulting in reduced susceptibility to attachment; 
the reduced vigor of the Stiga radicle (A. H. 
Pieterse, personal communication); a reduced 
root/shoot ratio accompanied by reduced flow of 
photosynthates to the root; or increased leafiness 
of the crop resulting in qreater shade and lower 
soil temperature. 

Crop Rotation 

Inevitably a succession of susceptible sorghum 
crops under soil and climatic conditions favorable 
to Striga results in a buildup of infestation. Any 
rotation with resistant crops (provided there is 
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removal of wild hosts of Stiga) will interrupt this 
buidup and crops exuding stimulant may act as 
"trap crops" to accelerate the natural depletion of 
seed in the soil (see below). 

Striga-Available Control 
Measures 

Physical Control 

Hand-pulling at too early a stage may result only in 
breakage of the shoot below the soil and rapid 
regrowth. It may also reduce the competition 
between Striga plants on the host root system 
and result in greatly increased emergence 
(Ogbom 1972a). Dense infestations are not prac
tical to hand-pull but sparse infestations (particu-
larly newly discovered ones or residual popula
tions after use of other control measures such as 
herbicide or resistant cultivars) should be hand-
pulled shortly before flowering to protect yield and 
to prevent buildup of seed. Such hand-pulling 
should continue through to harvest and beyond so 
long as flowering is occurring. Stiga can continue 
to survive, matur :, and set seed for several weeks 
after the death of the host shoot. Once the crop is 
harvested, pullirig the crop stubble will help to 
prevent continued growth of the parasite. 

Cultural Contol 

Short-term "cultural" measuren which may result 
in immediate reduction of Striga infestation in-
clude, 

Irrigation 

Almost certain to be effective but rarely available, 

Nitrogen 

Even when available it may not be certain that 
nitrogen will give an economic response. Much 
will depend on rainfall and soil characteristics 
including the status of other nutrients. The exact 
timing and form of Nare not believed to be critical, 
the essential being simply that thb crop absorbs it 
and responds. The quantity required is difficult to 
define. Almost any N should result in some 
benefit but the increased vigor of the host may 
eventually result in increased Striga emergenc6. 
Only with dense planting and shading of the soil, 

or very high levels of N will emergence be 
prevented altogether. 

Time of Planting 

There is rarely much choice in the time of planting 
but in some armas infestation can be avoided or 
reduced by: (a)planting early to establish the crop 
before temperatures are high enough for Striga 
(e.g., in Southem Africa); (b) planting late when 
rains become more continuous, so avoiding the 
irtermittent drying cycles which favor Striga 
(Ethiopia, personal observation). 

Long-term cultural measures tending to reduce 
seed production and a buildup of Striga popula
tion3 include: 

Crop Rotation 

Any rotation into a nonhost crop (l pt free of wild 
grass hosts). will tend to reduce the Striga 
problem, but there are a number of crops known 
as "trap-crops" which are more positively ben(3fi
cial in stimulating Striga seeds to germinite 
without themselves being parasitized. Crops 
claimed to be effective include: linseed, -'tton, 
sunflower, cowpeas, groundnut, castor bean, 
millet, dolichos bean, velvet bean,.field peas, but it 
is not certain that both S. asiatica and S.hermon
thica will respond in the same way and results 
reported by Parker and Reid (1979) suggest that 
different strains of S. hemionthica may differ in 
their response to some of these trap-crops. 

Unfortunately once a severe infestation has 
developed it may take many years, even with 
trap-crops, to reduce the population to non
damaging levels. In USA, Robinson and Dowler 
(1966) found millet (Pennisetum arnericanum)the 
most effective for S. asiatica but only after 2 years 
were yields of a susceptible crop significantly 
improved. With soybeans, sorghum and field 
peas, 3 or 4 years were needed and Doggett 
(1965) fc ,nd that it took 5 years for infestations to 
be effectively reduced in Uganda, using sorghum 
itself and preventing new seed by hand-pulling. 

While not readily effective in controlling estab
lished infestation, rotation may well be useful in 
preventing the buildup in the first instance and to 
improve the soil fertility status (Upper Volta, 
personal observation). The relative unimportance 
of Striga in Senegal could perhaps be attributed to 
the regular alternation of sorghum with ground
nut, while Ogbom (personal communication) has 
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indicated the benefit of growing sorghum only 
every fifth year as a sole crop, rather than as a 
one-fifth component of a crop mixture every year. 

Sorghum itself can be grown before the main 
crop as a "catch crop", which is then destroyed 
after a few weeks together with any developing 
Striga but this technique is applicable only where 
the rainy season is long enough (or irrigation is 
available) 

Biological Control 

Greathead and Milner (1971) suggested that there 
were organisms worth considering for "classical" 
biological control-East African Smicronyx and 
Ophiomiya species which might be tried in India 
and conversely Eulocastra argentisparsa could be 
tried in Africa. Several attempts have been made 
to establish E.argentisparsain Ethiopia (T.Crowe, 
FAO, personal communication) but the results are 
not known. 

More recently we have observed severe dam-
age to S. hermonthica in West Africa, from a 
complex oi insects, predominantly the gall-
forming Smicronyx spp. It is doubtful whether 
these insects can be exploited within the region, 
but as they are causing significant reduction in 
seed production at present, any reduction in their 
abundance by insecticide use could be detrimen-
tal. Most recently the butterfly Precis orithya 
Swinhoe has received attention both in South 
East Asia (Boonnitee 1977; Mangoendihardjo and 
Soerjani 1978) and in USA (L. J. Musselman, 
personal communication). The larvae have a vora-
cious appetite for Striga foliage but their specific-
ity to Stnga species has yet to be confirmed. 

Chemical Control 

Fumigants 

Methyl bromide is used on a local basis in the USA 
at about 200 kg/ha but owing to its very high cost, 
it is appropriate only to the intensive eradication 
program in that country, cr to the establishment of 
clean plots for experimental purposes. 

Herbicides 

A very large number of herbicides have been 
tested in the USA and a number are used in 
vaiious ways in the Striga eradicatior progiam 
(Langston et al. 1979). The most important is 

2,4-D sprayed twice as a postemergence directed 
treatment in maize to kill emerged plants and 
prevent seed production. Oxyfluorfan as an early 
postemergence directed spray has been shown to 
be effective in preventing ,tfiga emergence but it 
does not necessarily prevent attachment to the 
roots below the herbicide layer and the crop may 
still suffer Striga damage. Paraquat and glypho
sate may be used as late directed treatments to 
kill late emerging plants. A number of other 
herbicides are used to kill Digitaria sanguinalis and 
other weed hosts in rotational crops. 

Elsewhere 2,4-D has proved moderately effec
tive in Sudan and in India (Yaduraju and Hosmani 
1979). Under idceal conditions an early post
emergence treatment may help to prevent Striga 
germination and attachment. Generally it is only 
effective in killing emerged parasites which have 
already had some damaging influence and so 
does not completely eliminate the effect of the 
parasite. It can, however, greatly alleviate the 
damage, and should probably be exploited much 
more widely than it is at present. 

Ogbom, working with mixed crops where 2,4-D 
is not safe, has found spot applications of amet
ryne, bromoxynil and linuron to be effective 
substitutes to 2,4-D (Ogbom 1972a). 

Attempts to find more perfectly selective che
micals, either soil applied or translocated through 
the host, have not so far been successful. 

Germination Stimulants 

There have long been hopes of achieving com
plete control cf Stnga by triggering its suicidal 
germination. The greatest success in this so far 
has been achieved with ethylene in USA. A single 
application of 1-2 kg/ha has resulted in over 80% 
reduction in viable seed in the soil (Eplee 1975). 
This treatment is now being used regularly on 
many thousand hectares each year to accelerate 
the eradication process and it can perhaps be 
regarded as the single most successful of all 
direct control measures. There have been no 
reports of direct comparison with catch-cropping, 
but it appears probable that ethylene treatment 
provides amore complete effect perhaps because 
the gas can penetrate the full soil profile and if 
timed correctly will reach and influence a very 
large proportion of seeds-only those in the soil 
surface tending to escape. It can either be used in 
a rotational break crop, or around the time of 
sowing the susceptiole crop, so removing the 
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need for rotation. Although Chancellor etal. (1971) 
have reported the effectiveness of ethephon on S. 
hermonthicathere are as yet no reports of the use 
of ethylene on this species in the field. Unless it 
proves to be significantly less active on this 
species, ethylene must be regarded as a very 
important control option. Although relatively 
sophisticated equipment is needed, the chemical 
cost is relatively low and treatment could be 
provided as a govemment service. Alternatively 
farmers could possibly treat their own land by 
hiring a "back pack" injector (Eplee and Langston 
1976). 

Strigo!, the natural stimulant which has now 
been synthesized on a small scale, is likely to be 
much too expensive to apply in the field. Johnson 
et al. (1976), however, reported on the synthesis 
of simpler analogues (especially GR7 and GR24) 
which have a greater chance of being economic. 
Work published so far, while shcewing significant 
stimulaion of Striga germination in the field and 
occasional benefits in terms of reduced infesta-
tion and/or increased yield, have not compared 
well with ethylene. There has been no commer-
cial development yet and with the increasing 
costs of toxicological and environmental testing, 
their future is uncertain. If they are to be used to 
best effect, the timing of application may be 
critical, depending on their residual life in the soil 
and the danger, noted above of Striga germination 
being reduced where the stimulant has been 
present during the conditioning period. 

Crop Seed Treatment 

"Hardening" of sorghum seeds in solutions of 
phenolic acids resulted in reduced stimulant 
exudation by the seedlings, and thus could confer 
increased resistance (Bharatalakshmi and 
Jayachandra 1980). The technique involves repe-
ated imbibition and drying of the seeds. Unfortun-
ately there is no further report on this work and 
attempts to repeat it (WRO, unpublished) have 
not been successful. 

Host Resistance 

Though some control methods as described 
above are available they have not become popular 
at the subsistence farmers' level either because 
they are not practicable or are very expensive, 
Resistant crop cultivars on the other hand require 
no costly inputs. As Sirigaincidence is influenced 

by soil type, fertility and rainfall-host resistance is 
not just the result of interaction between the host 
and Stniga, but also of their independent interac
tions with the climatic factors, This is furthei 
complicated by the presence of physiological 
strains within Stnga. A knowledge of physiological 
strains has a very important bearing in devaloping 
broad-spectrum stable resistant cultivars. 

Physiological Strains of Striga 

Tremendous variability exists within Str;ga as 
indicated by the variation in germination and 
pretreatment requirements and interactions wih 
nonhost factors. Our observations r.ver the last 
several years confirm that both Striga asiatica and 
S. hermonthica have strains which are specific to 
different crops (intercrop specific strains) and 
strains within different crops (intracrop specific 
strains). 

The intercrop specificity is mainly observed 
between sorghum and millet crops. Broadly 
speaking, a Striga strain (irrespective of whether it 
is S. hermonthica or asiatica) which attacks 
sorghum, does not attack pearl millets and vice 
versa. Pead millet strains of Striga asiatica in 
Rajasthan (northwestern India) do not attack 
sorghums whereas the sorghum strains of S. 
asiatica in South India do not genetally attack 
millets. Similar observations are made on Stkga 
hermonthica in Africa (Wilson Jones 1955; Zum
mo 1975; ICRISAT, unpublished). In the northern 
drier Sahelian zone of West Africa where pead 
millets are predominantly grown, millet strains of 
S. hermonthica have been selected out which do 
not attack sorghum whereas in the northem 
Sudanian zone the reverse is true. Exceptions to 
this general observation are found depending 
upon the soil types and the intensity of aparticular 
crop being grown in succession in a particular 
area. 

ICRISAT unpublished results do indicate the 
presence of strains which can attack both sor
ghum and pead milet in the transition zone of 
West Africa (around 13ON latitude) where the 
cultivation of sorghum and miliet overlaps. We 
have also observed the presence of two different 
strains, one specific to sorghum, and another 
specific to millet in the same ecological zone of 
high rainfall Sudanian zone between latitudes 110 
and 120N. The distribution of strins of Striga 
hermonthica in West Afica along the North-South 
transect is very interesting though valid explana
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tions are still awaited. A detailed examination of 
strains of Si-iga in relation to host crops and 
nonhost factors would be very valuable, 

There is also evidence for intracrop specific 
strains in both the Striga species. Stniga asiatica 
attacking sorghum in southern India has two 
different strains as indicated by the reaction of 
IS-5603 (ICRISAT, unpublished). It was highly 
resistant to a strain in Akola (Maharashtra State) 
but became susceptible to a Patancheru strain 
(ICRISAT Center). Similar observations were 
made by Bharatalakshmi and Jayachandra (1979) 
who reported significant differences between two 
samples of 5triga asiatica collected from two 
different sorghum fields in Kamataka State in 
southern India. 

In Uppeor Volta, intracrop specific strains were 
also ob.-uved within S. hermonthica but in view 
of tht cignificant interactions between Striga, 
host o';r':;il factors it is difficult to attribute al' tle 
variation in the behavior of a particular cultivar to 
variation within the Stiga species alone. Detailed 
investigations need to be carried out to separate 
Striga strain effects from other factors to esta-
blish precisely the differences in physiological 
strains. 

Resistance Mechr; isms 

As discussed in the section on Biology (above) 
there are several stages in the life cycle of Striga 
where the host can successfully interfere, 

There are certain chemical factors (stimulants) 
that are required for Striga seed to germinate, 
Therefore, host cultivars which do not produce or 
produce very low ci'ntity of the stimulant subst-
ance in their root exud;?te can avoid Striga attack. 
Sorghums which havo resistance based on a low 
stimulant mechanism have been reported by 
.m..,vw al vLorker: (Kumar 1940; Rao 1948; Williams 
:2j9; ICRISAC 1977/78, p. 41). 

After the germination of the Striga seed, the 
next major hurdle is its successful penetration of 
the host root tissue. The factors which interfere in 
this process are termed antihiustorial. These 
factors are higly sclerenchyrnai6sed endof.srmal 
cells, pericycle ,silica crystals in endodenml cells 
and may be not yet identified chemicals present in 
the root-tissue (ICRISAT 1978, p. 40). Host culti-
vars with this form of resistance were identified 
by .Saunders '933) working in South Africa, 
Dogett ( in East Africa and ICRISAT (1978, 
p. 40) in India. 

Even though certain host cultivars allow suc
cessful establishment of Striga they do not further 
permit its normal growth and development. 
Attempts to identify this resistance mechanism in 
sorghum cultivars are not yet successful. ICRISAT 
preliminary results in collaboration with COPR 
(Centre for Overseas Pest Research) indicated the 
possible involvement of phenolic acids in the 
roots of certain Striga resistant sorghum cultivars. 
The role of host defence chemicals in several 
other diseases has been well established (Day 
1974; Cowan 1978; Cartwright et al. 1977). 

Field Screening Techniques 

Field screening on naturally Stiga infested fields 
gives less consistent results because of nonuni
form distribution of Stiga seeds in an experimen. 
tal area. Deliberate artificial infestation of the 
experimotmtal plots should lead to uniform Striga 
infestation. Creation of a sick plot i3 thus an 
important ri'qoisite for reliable and consistent 
resultm. Arficial infestation of the fields could be 
done several ways: broadcasting the seeds in 
the beginning of the season and incorporating 
them by plowing or sowing the Striga seed with a 
seed drill (tractor driven c; hand n'uhed) in rows 
to be planted for the test rnatefili. Both these 
methods have given good results in India and in 
Upper Volta. 

There are no studies to indicate the optimum 
plot size, number of replications, number of 
locations and number of seasons for ieliable 
evaluation. Our experience shows that smaller 
plot size, fewer number of replications in each 
location and several such locations are desirabie 
to guard against the likely failure of Striga emerg
ence in some locations. 

The criteda for .-valuating the test material for 
Striga resistance a.e: number of emerged Striga
plants, and yii: eld/or agronomic expression in a 

sik: plot. The basis for se!!gcting against Striga 
thus could be no or a low number of eme-ged 
Striga plant:, plus a higher yield. 

Laboratory Screening Techniques 

Simple laboratory techniques are very valuable in 
view of the difficulties encountered in field 
screening. A technique has been developed by 
Parker and Reid (19771 'o identify low stimulant 
crop cultivars. The tu;chnique involves three 
steps: (a)pretreatment of Striga seeds at about 
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25°C for 10-14 days; (b)growing of host crop 
seedlings for one or two weeks in storilized sand 
pots; and (c) germinating the pretreated Striga 
seeds with host root exudate in an incubator at 
30-35°C for 24 hours. This is relatively simple, 
about 100 cultivars can be screened pet v'ieeL. At 
ICRISAT Center almost all the sorgh m world 
collection has been screened and 640 low stimu-
lant lies have been identified. Though they have 
Deen found to be low stimulant against a local 
strain of Striga asiatica (Patancheru, ICRISA' 
Center) they are being field tested in different 
African countries against S. henronthica. A few 
lines have been identified as resistant in Ethiopia, 
Sudan, Upper Volta, and Ghana. Unfortunately 
most of them are very late maturing and photo-
sensitive and have n*- immediate use. A breeding 
program thus has been initiated to correct certain 
undesirable traits. 

Considerable pr.pres? has been made at ICRI-
SAT Center to devop a laboratory technique for 
antihaustnrial factors (ICRISAT 1978, p.40. One 
cultivar, N-13, was .-;entified as oossessing this 
mechanism. The tecwi ique involves growing sor-
ghum seedlings on mois pned filter paper rolls, 
monitoring the primary fuot growth every day, 
inoculating the ready-to-germinate Striga seeds 
on root regions of different ages and establish-
ment on the host mot by a root clearing technique 
using aniline blue stain. With this technique it was 
shown that N-13 has developed resistance as its 
roots aged. A lot more refinement of this iechni-
que is required with temperature and humidity 
controls. 

Resistant Sorghum (.ultivars and Yield 

As with resistance to other diseases, Striga 
resistance is mainly associated with vory poor 
agronomic performance. This aszc~iation be-
tween resistance and low vield and poor grain 
quality makes it difficultto improve them further. 
N-13 is the best resistance source available as of 
today followed by SPV 103 and SRN 4841. A red 
seeded cultivar, SRN 4841 of Airican origin has 
exceeded the yield level of local susccptible 
check. Another cultivar CE 90, rlthough highly 
susceptible, yielded as much as a less susceptible 
cultivar like SRN 4PA1. This variety perhaps has 
tolerance which when combined with resistance 
is very valuable. Tolerance or, its own is less 
desirable and less likely to solve the Striga 
problem in the long run since it permits Striga to 

multiply. A breeding prrgram, therefore, is in 
progress to combine these two mechanisms, so 
that by virtue of resistance, Striga numbers are 
brought down and by tolerance, the danga to 
the host by relatively few Striga plants sur.o'ted 
by the host is minimized. 

Inheritance of Resistance 

in nf Striga resistLnce has 
not been fully understood. Sakindeis (1933) work
ing in South Africa reported tha,'field resistance to 
S. asiatica in two out of three crc sses studied was 
recessive and in a third was partially dominant. 
Chandrasekharan and Parthasaiathy (1953) re
ported in Inc-s the dominant nature of S. asiatica 
resistance, Lit Narasirmha Murthy and Sivarama 
krishrza;ah (1963) reported it to be recessive. It 
appears that the nature of gene action varies with 
the parents involved in crossing. Three out nf the 
five parents studied by us have shown sucp;;-zil
ity as being dominant over resistance, whereae in 
one parent (IS5603) the resistance was dominant 
and inanother (IS6942), it was partially dominpnt. 
The indication of the dominant nature of resist
ance in IS 5603 is very encouraging 9is it may e; 
possible to get some resistant mnale parerw, 
(restorers) which can transmit r'-sinance to hy
brids. This is v;.ry valuable particu.ai in India and 
.isewhere where Striga is posing a -.;rious threat 
to commercial hybrid production. n S.hermonthi
ca also, !he resistance was ieported to be 
recessive and controlled by,at le3!t two genes 
(Obilana 1980). A similar picture emerg.d even 
when individual componpnts of resistance wrire 
nudied. The low stimulant form of resistance 
appears to be controlled by a i.eessive gene 
(ICRIkSAT 1978, p 42). Future b;raeding efforts 
should include carefu charactrize ion of different 
resistance sources and determination of gene 
action. 
Breeding Approach 

The breeding ctrategy ;argely depends upon the 
naturo of gene actior of the trait concerned. The 
indicztiorn so far are that Striga resistance is 
controlled by a relative!y fewer number of genes. 
Therefore a classical backcrossing program using 
"adaptod" pecents as recurrent parents should be 
worthwhile. Several of the resistant cultivars 
identified so far are in a very poor agronomic 
background and when crossed with adapted 
parents combine very poorly. Thus, the cla.ssict! 
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Loeeding program is t-'dious and time consuming. 
Th.is is made more difficult with tho probloms 
encounterd in field te ,g of the segregating 
generations. Simple labors;ry techniojes, if avail
ale, would be very valuable to identify the 
resjst"'t plants/progenies in the ea., segregat
ing gan;:tion of a cross. 

Deve:.;.;nent of random-mating populations 
using male-s. genes has also been recom-
mended for sc'gil m improvement. This system 
eliminates the tedious and time-consuming har 
emasculations. For Stiga resistance, this scheme 
involves incorporating resistant genes and high-
yielding genes into a random-mating population 
and allowing them to random mate for about 
three gent. ,ations and then following an appropri-
ate recurrent selection scheme. Recurrent selec-
tion with full-sib system with testing of full-sibs 
under Szi*.a sick plot conditions may be worth 
attempting. 

Weeds other than Striga 

Major Weed Species 

There are few weeds, other than Striga, that are 
particularly closely associated with sorghum and 
the range of species varies widely in different 
sorghum growing regions. The annuals include 
many broad-leaved and grass species but it is the 
graoses which almost certainly cause the greatest 
losses, being less easily removed by weeding 
practices whether traditional or chemical. A wide 
range of annual grasses occur in the semi-arid 
tropics, including Eleusine, Dactyloctenum, Echi-
nochloa, Setaria, Brachiaria, Digitaria spp, etc. 
Where chemical methods are in use some others 
may achieve greater importance, especic!ly Rott-
boel/ia exaltata, Pennisetum spp, (e.g., P. pedicel-
latum, P. polystachion) and Sorgi um bicolor itself 
in the form of "shattercane", already an increas-
ingly serious problem in IUSA and Australia. These 
are not adequately sensitive to the standard 
herbicide atrazine and require additional special 
treatments. 

Perennials irlude grasses such as Cynodon 
dactylon and Sorghum halepense, sedges such as 
Cyperus rotundus and broad-leaved species such 
as Convolvulus arvensis, Solanum eleagnifolium 
and Launaea comuta. Although the last three are 
on., of local importance, all these perennials 
present serious difficulties of control. Further-

more S. h3lepense can be of importance as an 
alternate hos, of sorghum midge, e.g., in USA 
(Pitre and Gourley 1980). 

Mechanical and Cultural Control 

The normal traditional methor' iclude combina
tions of preplanting plowing, .,arrowing, hoeing, 
hand-weeding and interrow cultivation. Interrow 
cultivation is a technique perhaps less fully ex
ploited than others as the crop is still so often not 
planted in rows. 

For the rhizomatous perennial weeds (sedges 
and grasses) additional deep, dry-season cultiva
tions are likely to be the most effective and 
economic wherever farmers have access to suffi
cient power. Without tractors, however, there is 
much greateF difficulty. 

Chemical Control 

Standard herbicide treatments in the more de
veloped sorghum growing areas ire atrazine + 
propachlor. Atrazine is moderately tolerated 
by sorghum, but not as well as hy maize and 
recommendations generally preclude its use on 
sandy or very light soils. Propazine is available in 
some areas as a substitute on some of these soils 
but is still not regarded as completely safe. 
Mixtures of terbutryne and terbuthylazine have 
been recommended for lighter soil situations and 
also where there are fears of residual carryover of 
atrazine or propazine. Linuron is also recom
mended to some extent for similar reasons in 
both USA and Nigeria. 

Propachlor is relatively expensive and has to be 
used at moderately high doses (to provide the 
grass control which is often incomplete with 
atrazine alone). Alachlor and metolachlor are more 
active on weeds but although sometimes re
ported safe on sorghum (e.g., by Deuse and 
Hemandez 1978 in Senegal), they are liable to 
cause at least some damage under most cond
tions. Now, however, Ciba Geigy, through their 
associated seed companies are able to offer seed 
of certain varieties, treated with the herbicide 
safener cyometrinil (Ellis et al. 1980). This safener 
applied as a seed dressing at 0.15% by weight 
makes the crop more or less fully resistant to 
nornal field doses of alachlor and metolachlor. 
Monsanto now have a comparable compound 
MON 4606 under development for the same 
purpose (Roeth 1980). These safeners, however, 
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have not yet been shown to help in control of 
shattercane owing to the limited susceptibility of 
the weed to alachlor, etc. Broad-leaved weeds not 
controlled by preemergence treatments may be 
treated with postemergence applications of 2,4-D 
or dicamba or various mixtures based on these 
compounds. Recommendations are usually for 
0.25-1, and 0.12-0.25 kg/ha respectively as 
overall sprays 10-25 days after emergence or as 
later directed, interrow treatments. 

A great many newer herbicides are under test 
especially in USA, and bifenox looks promising as 
a preemergence treatment. 

Bilogical Control 


Biological control is not available for any of the 

major weeds of sorghum with the possible 
exception of S. elaegnifolium for which the 
host-specific nerpatode Nothanguina phyllobia is 
looking very promising in the USA (Esser and Orr 
1979). 

A more detailed discussion of weed control in 
sorghum is given by FAQ (1979). 

Outlook for the 1980s 

1. 	Development of reliable screening techniques 
for identifying Striga resistant cultivars both at 
laboratory and field level. 

2. 	Development of broad-spectrum stable resis-
tant cultivars with higher yields and good food 
quality. This should include indentification of 
different resistance sources (gene-
identification); strengthening of resistance(gene-pyramiding), and utilization in the breed-

ing program (gene-deployment). 
3. 	Determination of the relationship between 

Stniga resistance and drought resistance to 
explore the possibilities of developing sor-
ghums resistant to these two major yield 
reducing factors. 

4. 	Understanding of the reasons for "wet dor
mancy" and other factors influencing the 
seasonal emergence pattern of Striga. 

5. 	Determination of suitable trap crops to be used 

in crop rotations.6. crop raofntegates(Striga6. 	 Development of "integrated Striga . anage-

ment practices" with resistant cultivars as 
principal components. Other control measures 
to be explored in this package are: trap crops 
which reduce the Striga seed reservoir in the 

soil; clean cultivation which includes pulling 
out of Striga before it flowers; removal of crop 
stubbles after harvest to prevent Striga seed 
production; use of nitrogen fertilizers and 
2,4-D spraying (early postemergence) where
ver available. 

7. 	More basic research into understanding of the 
host resistance mechanisms; host-parasite 
specificity, etc. 
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Bird Pests and Crop Protection Strategies 
for Cereals of the Semi-Arid African Tropics 

R. L Bruggers and M. M. Jaeger* 

Sorghum (Sorghum bico/or) and millet (Pennise-
turn typhoides), the staple foods of Africa (Cum- 
mings 1976), particularly for the low-income 
subsistence farmers in Sahelian countries, gener-
ally are grown in marginal areas of high climatic 
risk and account for as much as 97% of the annual 
cereal production in some of the drought-prone 
sub-Saharan countries (Table I). Yields of subsist-
ence crops have stagnated or declined in many of 
these Sahelian countries (Lele 1981) at a time 
when increased production is needed. Vertebrate 
pests are responsible for serious prehaivest and 
postharvest loss-is to these cereals (Jackson and 
Jackson 1977). 

Historical Gvewvew: Cereal 

Production and Bird Damage 

Among the variety of vertebrate pests, small 
passerine birds present the greatest threat to 
increased cereal production in most of the Sahe-
han countries. The agricultural floodplains in the 
semi-arid Sahel are within the range of red-billed 
queiea (Quelea quelea), considered as perhaps 
the most numerous and most serious avian crop 
pect in the world (Magor 1974). Quelea congre-
gate in wet-season nesting colonies and dry-
season roosts in numbers of several hundred 
thousand to several million birds. Although it has 
been postulated that they prefer wild grass seeds 
(Ward 1965), enormous flocks often descend on 
maturing cereal grains. 

Because of their sheer numbers, quelea are 
particularly destructive pests to the small grains of 

'Wildlife Biologist. Denver Wildlife Research Center, 
U.S. Fish and Wildlife Service, Denver, USA, and 
Ornithologist, Control of Grain-eating Birds, UNDP/
FAO. Addis Ababa, Ethiopia. respectively, 

International Crops Research Institute for the Semi-A,.d Tror.cs 
Symposium on Sorghum, 2-7 Nov 81. Patancheru. A P. India 

sorghum and millet. Other ploceid species, includ
ing village weavers (Ploceus cucullatus), black
headed weavers (P. melanocephalus), chestnut 
weavers (P. rubigenosus),sparrows (Passer spp.), 
and bishops (Euplectes spp.) also can cause 
considerable local dameq* wherever they are 
abundant. The biology, movements, and crop 
depredations have been more intensively studied 
for quelea than for any of these other species. 
However, village weavers and golden sparrows 
(P. luteus) are now being more completely investi-

Table 1. Sorghum and mllet production as per
cent of total corel crop produJon and 

ent of muac consumption 
tHl Is IemrWd In15Sabellan countrie 
of Ahic 

Cereal production % of cereal 
% sorghum consumption 
and millet imported 

Country (Anon. 1980a) (Anon. 1980b) 

Niger 97 3
 
Mauritania 93 69
 
Upper Volta 90 2
 
Chad 90 3
 
Sudan 90 2
 
Uganda 86 1
 
Senegal 76 28
 
Somalia 75 34
 
Mali 73 6
 
Nigeria 86 10
 
Gambia 57 28
 
CAR. 50 10
 
Ethiopia 48 1
 
Cameroon 46 8
 
Tanzania_19__13 

a Marketed products only. Subsistence production is higher. 

1982 Sorghum in the Eght s: Proceedings of the IntemationA 
Patancheru. A.P. India: ICRISAT. 
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gEted (DaCamara-Smeets 1978; Morel and Morel 
1978). 

Bird damage to cereal production beg3n receiv-
ing intemational attention in the mid-'1950s and 
early 1960s when African nations requested 
assistance from the United Nations. In the early 
1970s, a United Nations Food and Agriculture 
Organization project was established in about one 
dozen Sahelian countries to conduct research into 
the biology, ecology, and control of quelea and 
other pest birds. Othei countries received bilateral 
assistance from organizations such as Office de la 
Recherche Scientifique et Technique Outre-mer 
(ORSTOM), U.S. Agency for International De
velopment (USAID), British Centre for Overseas 
Pest Research (COPR), and German Technical 
Assistance (GTZ) to evaluate bird pest problems 
and strengthen existing plant potection depart-
ments. Presently. United Nations-funded regional 
and national projects and governrment bird control 
units exist in both East and West Afiica; emergen-
cy funds also are regularly allocated for control 
operations in several other countries, 

Although the adverse impact of laird pests on 
cereals is generally recognized, ve y little objec-
tive information on the actual magni-ude of losses 
was available in any of the affected countries until 
very recently; these systematic assessmnents 
have clarified the seriousness of the bird pest to 
agriculture (Anon. 1981). Bird damage to cereals is 
now estimated to annually exceed U.S. $1million 
in Somalia (Bruggers 1980). U.S. S3 million in 
Kenya (Kitonyo and Allan 1979), U.S. $2.4 million 
in Tanzania (Elliott and Beesley 1979), U.S. $3 
million in Ethiopia (Jaeger and Erickson 1980), and 
U.S. $6.3 million inSudan (Anon. 1981), or a total 
of at least U.S. $15 million annually in eastern 
Africa. Cereal losses to birds in Senegal, the only 
West African country where reliable data are 
available, are valued at U.S. $4-5 million; sor-
ghum and millet suffer more than 78% of these 
losses (Bruggers and Ruelle 1981). 

Most of the Sahelian countries must import 
cereals to meet their annual consumption require-
ments. Some ccuntries such as Gambia, Senegal. 
Somalia, and Mauritania import as much as 
28-69% of the cereals consumed annually (Table 
1). With an estimated food deficit for developing 
countries of the world by 1990, projected to be 
120 million tonnes, food production must be 
increased wherever feasible and appropriate, par-
ticularly in low-income agrarian countries (Wort
man 1980). There is a great potential for increas-

304 

ing sorghum and millet production (Cummings 
1976), and yields can be protected if bird depreda
tions are reduced. The expenses for research and 
bird control operations will be retumed manyfold 
by the employment of appropriate crop protection 
techniques. 

Crop Protection, Control
 

Operations, and Research 
of Bird Pests 

Traditional Crop Protecion 

Bird scaling in traditional African agricultures is an 
important part of a family's farming activity 
(Doggett 1957). Farmers presently are protecting 
their crops from birds with the same traditional 
techniques used since crop cultivation began, 
including trying to frighten birds by shouting; 
using noise making devices such as gourds, cans, 
drums, or cracking whips; throwing mud or 
stones; and protecting the cereal heads with 
coverings of grass or cloth. Many farmers, in their 
frustration, resort to hiring shamen and to using 
fetishes in attempts to alleviate damage. Some of 
these frightening m6thods can provide some 
protection when bird numbers are low and when 
farmers are protecting their own small fields 
(Pepper 1973; Ruelle and Bruggers, in press). 
However, these methods are effective only on 
those areas that a family can manage and protect. 
Still, damage is seldom prevented but instead 
redistributed more evenly than would naturally 
occur (Flegg 1980). As agricultural practices are 
upgraded and fields are enlarged, the scale of 
farming makes these methods impractical (Park 
1974) and they disappear (Doggett 1957). Fur
thermore, traditional methods are ineffective in 
most quelea damage situations and can consti
tute as much as 15.-80% of the production 
cost on large government agricultural production 
schemes (Bruggers 1980). New, innovative, more 
effective approaches to crop protection are 
needed that could free farmers from the task of 
scaring birds and allow them to devote more time 
to improving cultural practices. Proper cultural 
practices have the potential of minimizing or even 
alleviating bird c;ao. 

National Control Cprations 

Because of the failure of traditional methods to 



cope with pest birds, national and regional bird 
control organizations were formed in the 1950s 
and 1960s. These organizations now operate in 
some 16 countries (Ward 1979), employing lethal 
techniques that anitually destroy up to 1 billion 
birds in a strategy apparently aimed at overall 
population reduction. 

Ndiaye (1979) reorted that in the Senegal River 
Valley the use of flame throwers killed 150 million 
fledglings in 1953, explosives killed 20-60 million 
adults b-tween 1953 and 1966, and parathion 
sprays killed 200 million fledglings and adults in 
1964. Mallamaire (1959) stated that in the Senegal 
River Valley over 500 million quelea were killed by 
flame throwers and explosives in control opera-
tions between 1954 and 1956. In the Republic of 
South Africa, over 100 million quelea were des-
troyed by aerial spraying of avicides in 1 year. Yet 
damaf continued (Flegg 1980) and many farmers 
have been compelled to forego sorghum produc-
tion (D.Lourens, personal communication to J. De 
Grazio). During 1980 in Tanzania, the avicide 
fenthion was applied to 29 breeding colonies 
totaling 944 ha, with varying degrees of success 
(Elliott and Beesley 1979). Likewise, an average of 
77 colonies and 35 roosts reportedly are annually 
located in Sudan, and 75% of them treated with 
avicides (Anon. 1981). These massive annual 
control campaigns (in conjunction with avariety of 
causes of desertification) apparontly can reduce 
the quelea population in local areas such as the 
Senegal River Valley. A strategy of total population 
reduction is doomed to fail in most situations 
because of the high reproductive potential of 
quelea, the vast inaccessible areas in which they 
are distributed (Ward '979), and because all the 
major bird pests in the African savanna are highly 
mobile migrants (Jones 1975) and opportunistic 
feeders. More than 50-60% of the total popula-
tion would need to be located and killed incontrol 
operations just to remove the expected annual 
recruitment; it is likely that most of the adults 
killed each year are the "doomed excess" (Ward 
1979) and may not even be responsible for 
damage. Likewise, the many inaccessible "reser-
voirs' existing in the vast range of quelea pre-
clude a strategy of permanent reduction in num-
bers (Ward 1965; Ward 1979). 

The importance of wild seeds versus cultivated 
cereals in the diet of quelea needs further 
investigation. Ward 01965) found that quelea in 
Nigeria ate predominately wild seeds and post
ulated that they actually prelor them to cultivated 

seeds. From food habit studies in Somalia, only 
15% of 3282 quelea collected between 1975 and 
1979 had eaten cereal crops (the rest ate wild 
seeds or insects); about half of those eating 
cereals had eaten sorghum. Erickson (in press) 
found wild and cultivated seeds to be the main 
diet of quelea in agricultural zones of Ethiopia. 
Forty-six percent of the adult quelea sampled in 
the Upper Awash Valley during 1977/1978 had 
eaten cultivated grain; the concentration and 
availability of scad was more important than its 
size and type. Sorghum was, however, an impor
tar,* cereal grain in the diet of over 2000 village 
weavers and chestnut weavers collected in Soma
lia (Bruggers 1980). These species may even 
prefer cultivated grain to wild seed, a belief also 
shared by Erickson (in press) for village weavers in 
Ethiopia. For these reasons, and because only a 
small proportion of birds in a population may 
actually be causing damage, more sophisticated 
and specific approaches to control of bird damage 
are needed. 

Many improvements have been made in the 
actual control practices of national crop protection 
organizations (Anon. 1980c). Parathion has been 
replaced with 60% fenthion and spray quantities 
of this avicide have been reduced from moie than 
30 I/ho to 10-15 I/ha when applied by fixed-wing 
aircraft and 1-2 I when applied by helicopter 
equipped wrh ULV spraying equipment. Chernic
als such as cyanophos, which are potentially safer 
and less persistent, are being evaluated (Jaeger 
and Erickson 1981; P. Ruelle, personal communi
cation). Spray operation procedures, improved 
with an increased understanding of spray formula
tions ard dynamics and the behavior of the target 
species, have resulted in fewer and more efficient 
applications to colonies in some countries. 
However, spray application improvements are still 
needed. In addition, techniques such as fire
bombs have been recognized as obsolete (Malla
maire 1959) and have been eliminated in most 
coauntries; they are still used in Kenya. Others, 
sutch as poisoning waterholes and using explo
sives, are still used but only. in a few countries. 
Overall, there has been a slow but perceptible 
change to the more careful use of methods that 
arg more effective and environmentally safe. 

Crop Protection Reearch-Chemical 
Rep.IIent 

The past decade has also seen the experimental 
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introduction of methods to directly protect cereals 
from birds. In the laboratory, the insecticide-
molluscicide methiocarb 13,5-Dimethyl-4-
(methylthio) phenol methylcarbamatej is repellent 
at the level of 0.015% to red-billed quelea 
(Shumake et al. 1976) and to some other bird 
pests (Shefte et al., in press). Its application to 
ripening cereals has given increasingly positive 
results as the behavior of the species has become 
better understood; the application techniques 
have been refined; and specific, appropriate pest 
situations for its use were identified. Methiocarb 
has effectively protected sorghum and millet in 
Senegal (Bruggers, in press) and Ethiopia (Brug-
gers et al. 1981b; Erickson et al., in press) (Table 
2). It has a half-life of 6-7 days on ripening 
sorghum in Senegal and residues on the seed and 
glumes at 20-25 days after application of 24 ppm 
(3.0-3.5 ppm on the seed itself) indicating that it 
can be safely applied at normal repellent use 
levels (Gras et al. 1981). It is registered as a bird 
repellent in the United States, both as a seed 
treatment and on several fruit crops (DeHaven et 
al. 1979; Schafer 1979). 

Barriers 

The use of physical barriers such as nylon or 
plastic nets with characteristics to withstand 
ultraviolet radiation is another method used to 
protect ripening cereal, . Nets were not regularly 
used inAfrica before ,nemid-1970s, but are now 
being increasingly employed at research centers 
and production schemes. When properly installed 
and maintained they can provide nearly complete 
protection from birds. Their expense, however, 
limits their use to high-value crops. ,nKenya (F. 
Pinto, personal communication), Senegal (J. De-
nis, personal communication), and Ethiopia (B. 
Gebrekidan, personal communication) permanent 
netting enclosures, costing as much as U.S. 
$1000/ha are being used to protect valuable 
seeds invariety trials from birds: Nonetheless, the 
cost compares favorably with that of hiring bird 
scarers for the entire maturation period of a crop 
(Bruggers, in press). 

Genetic and Phenologic Characteristics 

Plant breeders presently are directing much effort 
into breeding varieties of sorghum that are "bird 
resistant" or that mature when birds are not 
present. However, Doggett (1957) stated that 

"bird resistance" is a relative term and noted the 
improbability of developing strains of sorghum 
that would be immune to attack by hungry birds in 
the absence of alternate food. Even so, certain 
plant characteristics; such as loose and pendant 
heads, large glumes, awns, and bitter taste or 
astringency, have at times been associated with 
reduced damage. Sorghum varieties with these 
characteristics mighit be more appropriately 
termed "less susceptible." 

Tht, most promising deterrent of these charac
teristics seems to be a high content of astringent 
tannins. Certain varieties have the tannins present 
at repellent levels during the milk and early dough 
stages (usually the most susceptible period to bird 
attack) before losing their astringency at harvest, 
and are thus nutritionally acceptable to farmers 
(Bullard and Elias 1979; Bullard et al. 1981). These 
varietal characteristics are difficult to evaluate, 
because when they are screened and grown in 
proximity, birds avoid the less acceptable ones, 
giving a false estimate of "resistance" (Beesley 
and Lee 1979). When they are planted in areas 
with high bird pressure and little alternate food, 
they are usually heavily damaged, as in Puerto 
Rico (Roger R. Bullard, personal communication) 
and Botswana (Beesley and Lee 1979). Plant 
breeders are continuing to actively pursue the 
development of in'iproved varieties. In Kenya 
the variety "mombassa" is planted over a wide 
area by farmers and incurs less damage than 
other varieties (F. Pinto, personal communi
cation). 

Because pest birds of Africa are migratory 
(Jones 1975). a potentially promising approach 
might be the development of cereal varieties that 
mature while birds are absent. Although this 
approach is complicated by inconsistencies in 
periods and amounts of rainfall and the traditional 
sowing practices of farmers (Doggett 1957), it is 
becoming more attractive as agriculture is up
graded by development schemes. From observa
tions inChad and Cameroon during several years, 
Elliott (1979) documented that the planting time of 
irrigated rice could be regulated so that harvest 
occurred before the birds arrived in the area, and 
damage could be greatly reduced. In one seasoi 
damage was less than 1%. He alsn noted the 
practical difficulties of timing crops to such a 
precise schedule, but believed it would be worth
while as damage increased to 13-26% when the 
timing of harvest and the arrival of the birds 
overlapped.
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Table 2. Rsul from selected fldaMd cagetWals wth tetilocob applid to ripening heads of sorghm 
and ndt In Akka. AN data are avalabl In mamcrpts cited Inreremce. 

Area No. 
Location Year (ha) replicates Avg %damage and/or yield 

METHIOCARB FIELD STUDIES 
Sorghum 

Darou, Senegal, 1975 
-treated 0.22 1 4% 49.4 g/head 
-untreated 0.17 1 67% 15.8 g/head 

Melkassa, Ethiopia 
-treated 1980 12.00 1 14.2% 

1979 12.00 1 22.1% 
1978 12.00 1 5.7% 
1977 12.00 1 <2-3% after 

application, 23% 
before application 

-untreated 1976 12.00 1 42% 

Millet 
Bambey, Senegal, 1975 

-treated 0.04 1 4.6 g/head 
-untreated 0.04 1 2.2 g/head 

METHIOCARB CAGE STUDY 
Sorghum 

Jodah, Sudan, 1978 
3-treated 8 m 3 0.9-2.6% 

-- untreated 8 m, 1 42.6% 

NETTING ENCLOSURE STUDIES 
Sorghum 

Machachos, Kenya, 1979 
-treated 0.02-0.06 3 0-4% 
-untreated 3.00 1 9.8% 

Millet 
Bambey, Senegal, 1976 

- treated 0.10 1 15.5% 
-untreated 0.04 3 93-100% 

Future Advances and Crop 	 decline below present inadequate levels" (Barney
Protection Implications 	 1980), is particularly acute. Reducing cereal losses 

caused by birds is one of the most difficult and 
challenging of all vertebrate pest problems, yet it 

The need to increase cereal production in tropical is one important way of helping to achieve this 
Africa, where "...food e. iscimption will actually goal. The past two decades have been characte
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nzed by a growing awareness of the extent and 
cost of bird damage to crops and the formulation 
of a scientific approach to understanding and 
solving the problems. During the coming years, 
research will play an important role in describing 
the behavior and movements of bird pests relative 
to crop damage, and in defining particular 
approaches to effective crop protection efforts 
based on this knowledge. 

Development of an effective control strategy 
requires survey information on the seasonal distri-
bution of susceptible crops and of the bird pests. 
During the 1970s, survey work was first accom-
plished using solely Landrovers, then Landrovers 
in conjunction with fixed wing aircraft, and later 
helicopters. This work is extremely time-
consuming, logistically difficult, and expensive, 
Some new and interesting techniques to facilitate 
gathering this kind of information recently have 
been investigated. Miniature radio transmitters 
weighing 1.8 g have been developed (Bruggers et 
al. 1981a) and successfullV used to locate nesting 
colonies of quelea and follow their movements 
and those of village weavers in remote parts of 
Ethiopia (Bruggers et al., in press). The transmit-
ters provide an economically efficient tool for 
locating and subsequently controlling nesting 
colonies during their early development. Likewise, 
aerially applied fluorescent particles used to mass-
mark birds in the Ethiopian Rift Valley during 1981 
also have control implications (Jaeger et al., in 
press). A number of marked biros already have 
been recovered in roosts and breeding colonies in 
the northern Rift Valley, as far as 750 km from the 
nesting colonies in which they were sprayed in 
mid-June. This preliminary finding suggests a 
fragmented and probably multidirectional disper-
sal from breeding colonies in southern Ethiopia. 
These findings demonstrate that quelea breed 
twice inthe Rift Valley and imply that there is little 
justification for their control in the south (Jaeger, 
unpublished data). The feasibility of detecting 
trace element pattems in feathers to identify 
populations is also being investigated. These 
techniques can provide information that will allow 
for early detection of colonies and permit control 
operations to be directed at those colonies actual-
ly causing damage even though they may be 
temporally and spatially separated from cropping 
areas. 

Such a strategy, but based on morphological 
criteria of the birds and breE.ding phenology, was 
successfully employed in Ethiopia between 1978 

and 15190 (Jaeger and Erickson 1980). Bird dam
age to sorghum was much lower between these 
years as compared with the previous 2 years 
when control was not attempted. Without lethal 
control of breeding colonies during 1976 and 
1977, the combined estimated losses of sorghum 
to birds in certain critical cropping areas were 27 
to 30% in 1976 and 13% in 1971 representing 
U.S. $4.0 and 0.7 million, respectively. Average 
overall losses for this area are projected at 40 000 
metric tons annually (16%), valued at U.S. $6.0 
million. This compares with overall losses of 2, 3, 
and 4% during 1978, 1979, and 1980, respectively 
(representing between U.S. $0.3 and 0.9 million 
each year). when selected breeding colonies were 
destroyed (Table 3). During 1980, avicidal sprays 
were directed at quelea concentrations of more 
than 8 million birds occupying more than 90 ha in 
7 locations of Ethiopia with 50-90% success 
(Table 4). The success of these control operations 
is being systematically evaluated on the basis o 
preharvest damage assessments and increased 
yields, not solely the percent kill of birds, as is 
commonly practiced in Africa. 

Ways of using the chemical repellent methio
carb more effectivrly also are being explored. 
Practices are changing from those of applying the 
chemical to an entire field to spraying only the 
edges or spots in the field that are being damaged 
(Bruggers et al. 1981b). Similarly, laboratory and 
preliminary field trials have shown that combining 
a sensory cue (like wattle tannin) with reduced 
quantities of methiocarb can provide protection 
that is comparable, but less expensive, than that 
obtained when rnethiocarb was used alone (Bul
lard, Bruggers, end Kilburn, Denver Wildiife Re
search Center, unpublished data). 

Woronecki and Dolbeer (1980) pointed out that 
the control of bird damage usually is directed at 
the pest bird with little consideration given to 
understanding its relationship to the control of 
other pests in the field. They show that the 
presence or absence of insects n ay greatly 
influence bird damage control programs, particu
larly when chemical repellents are used. Similarly, 
the presence of weeds in a field can completely 
negate any repellent effects of a chemical (Brug
gers, unpublished data). Management techniques 
will be more consistently effective if bird damage 
control is approached from an integrated, not 
isolated viewpoint (Woronecki and Dolbeer 1980) 
and cultural practices are considered. An impor
tant outgrowth of the interest in bird pest prob
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Tal . Sorghum producdon emate rangles for the major growilg arm assodated with the Awah 
live Basin in Ethopia n relat to preharims lm to bkds 1l3r6-Il) 

Production estimates
 
for sorghum 


(1)Total area (ha x 10) 

(2) Total vield" (mt x 101) 
(3) Area assessed (ha x 101) 
(4)(3)1(1) (%) 
(5) Loss to birds (mt x 103) 
(6)(5)/(3) (%) 
(7)(5)/(1) (%) 
(8) Actual loss (S x 100) (5) x $150/mte 3.6-4.0 0.5-0.7 0.2-0.3 0.3-0.5 0.6-0.9 

a. 1976-1979 data from Jaeger and Erickson (1980). 
b. Based on an average yield of 1 metric ton (mt), or 10 quintalslha. 
c. Average market value. 

Ta"l 4. Control opeotions on dght rootsandbrading colonie ofCuff" quaia (SePtemabr-DSMbar
river basin In Eiopia.1960) threatirtnlng sorghum-growing we" assodated with the Awash 

Est. no. No. of Est. 

Target 
location 

Bird 
concentration Date 

Area 
(ha) 

quelea 
(x 10) 

spray 
sortie 

kill 
(%) 

Melkassa 
Abadir 
Nura hera 

nesting 
nesting 
nesting 

18-19 
23-25 
24-25 

Sept 
Sept 
Sept 

15-20 
10 

11-13 

Unknown 
2 600 

300-350 

2 
2 
2 

>90 
>80 
<50 

Lake Zwai nesting 4 and 21 Oct 

Melkassa roosting 13-14 Oct 

Bisidimo roosting 4 Oct 

Kemisse roosting 4-5 Dec 

lems is the growing awareness and concern 
shown by individuals planning agricultural de-
velopments. With increasing regularity, the poten-
tial damage by bird pests to these projects is 
being considered. On some occasions, the crops 
are changed to those !ess susceptible to bird 
damage; on others, plant protection specialists or 
consultants are hired and money is budgeted for 
crop protection operations IAnon. 1980d; D. 
Gowing, personal communication). Although 
seemingly 'obvious corcems, these are recent 
developments, 

The transfer of appropriate scientific and tech-
nological advances through assistance prcgrams 
to government control organizations and agricultu-
ral institutions will become t;isier in the future as 

Without quelea With quelea
 
concentration control concentration control
 

11976 1977 1978 1979 1980
 

147-220 86-142 119-194 98-167 98-169
 
147-220 86-142 119-194 98-167 98-169
 
80-100 25-35 82-122 85-135 85-140 
F4-45 29-25 69-63 87-81 87-83 

24.1-26.8 3.3-4.6 1.5-2.2 2.3-3.5 3.8-6.1 
30-27 13-13 2-2 3-3 4-4 
16-12 4-3 1-1 2-2 4-4 

30-40 '5000 2 >80 
10 100-200 2 >80 

2-3 40-50 1 >80 
2-3 40-50 2 >90 

more trained individuals become incorporated into 
plant protection departments. At the University of 
Gezira, Sudan, formal undergraduate training in 
verteL5rate pest problems aready has begun, and 
a M.S. degree program .n crop protection is 
proposed for ratification. The University of Nairobi 
also is considering including a course on verte
brate pest management in its M.S. prngram. 

Several American universities, including the 
University of California at Davis and Bowling 
Green State University, Bowling Green, Ohio, are 
involved in training international students in verte
brate pest management. Bowling Green State 
University has provided degree. and nondegree 
training in crop protection techniques to over 40 
inzernational students during the past 20 years. 
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Many of the students presently in the program are 
from Tanzania. Somalia. Kenya, Ethiopia, and 
Sudan. An experimental vertebrate pest manage-
ment course aimed at the needs of international 
students is being taught at Colorado State Univer-
sity, Fort Collins, Colorado, and plans are being 
made to establish a degree program in that 
specialty. African plant protection personnel have 
recently completed extended training courses in 
pesticide application methods, finished pilot train
ing projects, and participated in field techniques 
workshops on quelea control. Most of the indi-
viduals involved in these kinds of training return 
and continue working in their country. 

In conclusion, considerable progress has been 
made in the last 10 years in understanding the 
biology and behavior of pest birds particularly 
quelea and in developing control techniques and 
strategies of crop protection by a relatively few 
number of individuals. Many crop protectioru 
choices presently exist and more will become 
available in the future. With more trained indi-
viduals evaluating the pest species and its habitat 
related to agricultural practices, then selecting 
appropriate methods to alleviate damage, with the 
emphasis on effectiveness, safety, cost, and 
minimal environmental contamination, integrated 
crop protection programs can be expected to be 
more frequently implemented in the future. 
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Session 3 Factors Reducing Sorghum Yields
 
Striga and Birds
 

H. Doggett* Discussant 

Witchweed (Striga spp) and birds have the distinc-
tion of being the two most serious causes of crop 
loss on cereals in the rainfed semi-arid tropics: 
yet, over the past 30 years, Striga has received 
least attention from national and international 
funding agencies. Also, much more attention to 
bird control is required. I would add to the authors' 
comments that Striga is a farming problem, 
needing attention from those with practical farm-
ing experience in the tropics. This is true of birds 
to a lesser extent, but both birds and Striga 
require control measures which are far beyond 
the resources of the small farmers in the semi-arid 
tropics. Control is needed on a government scale 
and a regional scale, and more money is required 
from donor agencies. As stressed in the paper on 
birds, integrated crop protection systems are 
required for both sets of pests, and these nust 
form a part of the total farming systems approach 
followed. 

Birds 

Turning first to the paper on birds, it is encourag-
ing to learn that control operations are still 
continuing, and the methodology is being im-
proved. 

The economic cost of birds is rather greater 
than that quoted. Large areas of several African 
countries are growing maize where sorghum or 
millet are the more reliable crops with better, 
more consistent yields across seasons. Maize 
does.not need bird scarers. Maize crop failures in 
some seasons are preferred to bird losses in all 
seasons. The area under the high tannin grains 

Associate Director, Agricultural, Food and Nutrition 
Sciences, IDRC Regional Office, Private Bag, Perade-
niya, Sri Lanka. 

has also been accepted as inevitable. People have 
learnt how to use them, and perhaps nothing can 
be done to frustrate the birds, at least not until 
very much larger areas of Africa are under the 
p!ow. The paper brinlgs out clez:,t, that, like Striga, 
the crop lost which crld otherwise have been 
harvested, represers a substintial production 
loss which usually las to be replaced by imports 
of grain. 

The possibilities of a permanent reduction in the 
Quelea population are clearly small, so crop 
protection is the only course. The farming system 
modifications of planting time and maturity are the 
least expensive way of reducing bird damage. In 
Tanzania, a short-term crop planted in February in 
the northern part of the Lake region makes out all 
right, provided that there are good enough show
ers to get it established; birds are little trouble 
then. Further south, the rainfall is lower and less 
reliable; more work needs to be done. In Uganda, 
the weaver birds decimate grain in March-April 
plantings, but August planVngs of 100-120 days 
varieties have no bird problem, at least in Teso 
district. Again, more studies ae needed in other 
parts of the country. 

Other methods of control cost money, chemi
cal repellants may need subsidies for the small 
farmers in the poorer areas; methiocarb requires a 
cash outlay; family bird scaring does not. Studies 
are needed of farmer-or 3ther, farmer's wife 
-reactions to the flavor of the products prepared 
from grain which has been treated with 
methiocarb. It is to be hoped that the search for 
cheap and effective bird repellents will be con
tinued. 

The control of birds illustrated in Tables 3 and 4 
in the paper by Bruggers and Jaeger is very 
encouraging. Clearly, much can be done. Howev
er, we need some cost figtures; and control by 
attacking colonies of Quelea must surely be quite 
expensive, although evidently good progress has 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81. Patancheru. A.P., India. Patancheru. A.P. India: ICRISAT. 
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been made in making the control operations more 
efficient and more cost effective, 

There is one comment on Table 1.The figure of 
86% for Uganda as the percentage of sorghum 
and millet in total cereal production is misleading 
in this context, since the millet is Eleusine (finger) 
millet, which is not vulnerable to birds until it has 
ripened. It is cuetomary to go through the fields at 
intervals at harvest time, cutting the heads, as 
they ripen. 

An important and welcome emphasis in the 
presentation on birds is the emphasis on training 
staff. Has any serious training of any kii'd yet been 
undertaken for Striga? Can any progress be 
expected until trained local staff are avjilable? 

Striga 

The Stiga paper reminds us of the variability in 
Striga populations: in all sexually reproducing 
organisms, much variability in morphological and 
physiological characters must occur. The differ-
ence in breeding systems results in S. asiatica 
being a mixture of lines, while S. hermonthica 
populations consist of heterogeneous individuals. 
In both cases, one has the typical ir%'6action of 
host and parasite illustrated by wheat rusts: a 
resistant host plant automatically exercises a 
selection pressure on the population of the 
parasite which favors forms able to break down 
the resistance. 
Crop Loss 

The informdtion on the disturbed balance of the 
growth hormones of the host plant is interesting, 
and is likely to account both for the drought 
symptoms, and for the disproportionate damage 
inflicted by the young Striga plant on the young 
host plant. However, with a crop growing in the 
field and reaching the grain-filling stage, the 
additional burden of feeding large numbers of 
Striga plants must be responsible for much crop 
loss. My figures showed that each Stniga plant 
was associated, on average, with a gain loss of 2 
to 3 g per hectare, which even at 40 000 sorghum 
plants/ha must represent less than the average 
weight of a Striga plant when correction has been 
made for the difference between the moisture 
content of the grain and the Striga plant. It.is the 
Striga numbers which are so devastating. The 
damaging effects of Striga are well established, 
c',an if difficult to quantity, 

Our main concern is with Stnga control. Proper 
control can only come from improved farming 
systems, which integrate a series of measures 
each of which contributes something towards the 
reduction of Striga numbers. 

Resistance 

The biggest component is host plant resistance, 
but this should be a component of a system and 
riot the sole defence ag3inst Striga. The resist
ance required is one which results in relatively 
few Striga plants emerging and flowering, while at 
the same time maintaining an acceptable yield 
level, i.e., the host must tolerate the Striga plants 
which do establish. 

The indications of an interaction between nit
rogen and resistance ere most interesting. It looks 
as though some forms of resistance are not 
expressed unless a mioimui basic level of N is 
present in the soil. 

Progress in breeding for Striga resistance has 
been slow: the resistance of Framida was known 
at least 25 years ago; other mechanisms were 
reported 22 years ago. 

Testing 
The development of the technique for assessing 
stimulant production marked abig step forward in 
the methodology of breeding for resistance. Field 
testing for Striga resistance is difficult. Obilana in 
Nigeria uses hill planing forearly testing; ICRISAT 
is trying interspersing frequent control plots. I 
would like to see more ppulation breeding used, 
allowing the Striga itself to select the resistant 
sorghums. Sorghum populations could be subdi
vided and grown on the relatively small patches of 
heavily infested Striga land which are characteris
tic of the bad Stnga areas in Africa as well as in 
Asia. 

Strains 

Attention has been drawn to Striga strains. There 
can be no doubt about the existence of intercrop 
resistant str3ins. There are p.-obably also intra
crop resistant strains but Iwould like to reenforce 
the cautions expressed in the paper. Long-term 
testing is required to establish the existence of 
these. The variability of Stnga populations is such 
that there can be marked seasonal differences in 
Striga numbers due to interaction with environ
mental differences. 
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The agronomic measures required to supple-
ment resistance in the host are effective on wellmanaged fertile land. Building up the soil fertility, 
including using sufficient nitrogen, herbicides,
weeding out Strga, crop rotation with false hosts,
in combination with resistant cultivars, would 
control Striga at a low level. The answer to the 
question would this be ecoromic?" must surely
be "it economic", by adjustinghas got to be mad 
pices and subsidies. We cannot afford to have 
large areas of land abandoned because of Striga, 
or Iow grain yields over extensive areas for thesame rasontests 


Once Striga has got a grip on the land, as ithas 
in many parts of Africa, the measures outlined are 
total/ inadequate. It woald take years to achieve 
any progress. Heavy subsidies for cleaning up
Stiga infested land are inevitable, and must be 
faced. 

Some of the enormous reservoir of Striga seed 
in 	the soil must be reduced. There are three 
possible methods: 

1. Trap cropping with susceptible hosts, and 
plowing under before the Striga has flowered, 
This would need to be repeated several times, 
and in many parts of Africa it would be difficult 
or impossible. Were it to be done successfully,
the problem of keeping the Striga from building 
up again would be considerable. This is possi-
ble on large farms, but not for the small farmer,
The most effective trap crop for sorghum
Striga is often pearl millet. 

2. 	 Ramaiah and Parker draw attention to ethylene
injection, which will germinate 90% of the 
Striga seed in one application. It requires
tractor-mounted injection equipment, sup-
plemented by a backpack applicator for awk-
ward comers. The area of the Carolinas in-
fested with Stiga in 1957 was around 20 000 
ha. Today, it is around 150 000 ha. Ethylene
injection began in 1973, when 300 ha were 
treated. Today, only some 4000 to 4500 ha are 
treated annually, because of limi.,tion of 
funds. If that is the situation in the USA, onehas 	serious doubts on how much could be 
achieved in the Thethird world. backpack
applicator is not suitable for large areas: each 
thrust treats a cylindrical volume of some 7m'. 
It will take a long time to do 5 ha. Even if
large-scale ethylene treatment were somehow 
done, how would the Striga be prevented from 
building up once more? Again, this is apossible 

approach for large farms, but not for the small 
farmer. 

3. 	The third possibility is the synthetic analogues 
.	 T tiro l ot the st th eti in1972 

of strigol. One of the first things Idid in 1972 
after joining IDC was to look for a scientist to 
develop strigol analogues. Professor Alan 
Johnson of Sussex University agreed to oper
ate a project, an ofthe Board of IDRC agreed to 
support it. Some of these compounds showr 
good promise. GR7 combined with paraquat or 
oxyfluorfen was as effective as 	ethylene ininthe USA and also useful alone. There 
appeared to be a synergistic effect. However 
their value has not yet ben demonstrated in 
the third word. 
Compounds of this type hold out the best hope

of a practicable method of reducing the burden of 
Striga seed in the soil. Subsidies, perhaps heavy
subsidies, would be needed on the GR7, the 
fertilizers and the herbicides. However, i am sure 
that a crop rotation, with fertilizer, GR7 or other 
analogue of strigol used with a herbicide, together 
with good management of the crop (especially 
weeding) would get on top of the Striga. There 
would be a steady buildup in fertility accompanied
by a steady decline in the number of Striga seeds 
in the soil. The land would become much more 
productive, and the farmer, having himself 
cleaned up his own land would keep it that way.

In iny view, financial help in the most cost
effective way which can be devised for the ccntrol 
of both Striga and birds should be a major concernof 	donor agencies. This approach would be of
much greater value than some of the large-scale
 
production schemes; much grain could be saved,
 
as these papers have demonstrated. I would
 
strongly urge the need for more donor agency
 
support. There is only one 
solitary scientist, a 
plant breeder, working full-time on Striga in the
whole of developing Africa. Yet it is the most 
serious problem, other than perhaps birds. At 
least one team of scientists is essential, ar,d
further support is 	 needed for the bird control 
wo.r 	 . 

I have commented only on a few topics in the 
Striga section of this comprehensive paper, but 
the proceedings of the recent Striga Workshop at 
Ouagadougou go thoroughly into many of the 
problems discussed by the authors. 

Finally, let me add that I found both papers
comprehensive and very informative: they form 
an excellent bass for our discussions. 

315 



Session 3 Factors Reducing Sorghum Yields
 
Striga and Birds
 

Discussion 

Stoop 
The Striga problem in West Africa is generally 
associated with ,,ils of very poor fertility,
Therefore a more psrmanent solution to this 
problem is to be expected from improved soil 
fertility management (including tose of manure, 
besides chemical ferti;izers alone) rather than 
from direct chemical control measures. 

Parker 

I consider that the basic solution to the Striga 
problem is jood farming which must include 
better soil fertility and structure. However, there 
are areas where this is going to be a very
long-teni solution unles a direct assault on -,he 
Stnga seed reservoir in the soil can be made. t 
like the GR 24 + herbicide approach because it 
can be used by the farmer as a part of the 
process of building up the farm. 

Parvatikar 
In India there is a contention that if coriander is 
grovwi mixed with sorghum, then the Striga 
incid nc is less; comments please. 

Ramaiah 
I hard about this beneficial Dffect, but I failed to 
verify this under laboratory (.onditions by mixing
the root exudates of sorghum and coriander in 
different concentrations. This did not suppress 
the Stiga se.d germination. This is a very good 
concept and there is need to study various crop
combinations for beneficial effects in suppress-
ing Striga. 

Thobbi 
What is the future of the insect Smycronix as a 
b!ological agent in the control of Striga? 

Ramaiah 
Several insects have been reported feeding on 
Striga plants including Smycronix. When it 
attacks the capsule it is very effective in prevent-

ing seed set. However, the population of this 
parasite is too low to be considered effective and 
because there are r ill large numbers of capsules
which produce seeds, the Striga problem re
mains aliie. The efficiency of biological control 
needs review. 

Balasubramanian 
I would like to ask Dr. Ramaiah what method he 
would uke to classify sorghum cuitivars vis low 
stimulant typos and high stimulant types. How 
could you quantify this? 

Ramaiah 
We did !his by a standard screening technique 
which involves pretreatment oe'Striga seeds 
under optlmum moisture conditions in an incuba
tor mairtained at 25°C. Sorghum seedcinjri are 
grown for one or two weeks in small pots from 
whirli the rct exuLate is extracted. This ex
udate is 1;.on the ready-to-germinate Striga
seeds. The number of germinated Striga seeds 
is expressed as a percentage of susceptible 
check. Those firns with 10% Striga germination 
are low stimuiant types and the res. ara high 
stimulant. 

M. J. Vasudev, Rao 
1. 	;1view of the fact that we do not have any 

absolute resistance to Striga, the resistant 
varieias do not appear to be the answer to 
St'iga control. However, it must be recog
nized that it i.qn integral part of an agronomic
package to tontrol Stnga and alot more effort 
is required o develop an integrated approach. 

2. 	 Recently, we have noticed that Striga is not a 
single type as we earlier thought, but that it is 
a polymorphic complex, i.e., i;any morpholo
g al types exist in any one fieid. Tis has 
much wider implications. Therefore, I str~cng
ly feel that more work must be initiated on 
undcsttanding the biology of Striga.

3. 	There is no need to be pessimistic about the 
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progress in breeding for. Stniga resistance. 
Several advanced generation derivatives, 
both from Upper Volta and Hyderabad are 
doing well. 

Alahaydoyan 
The use of strigoHike compounds to force 
germination in Orobanche spp, which are impor-
tant parasites on Solanaceaein Lebanon, failed 
very drastically at the evaluation stage. Although 
the general idea is good and in the test tube, 
under controlled conditions they might work, the 
conditions in the soil where they will be used are 
so complex that one needs to study the use of 
these chemicals very carefully and refrain from 
the propaganda they are given before anything 
concrete, based on reproducible data, is proven. 

King 
I very much agree with Dr. Doggett's statement 
that host plant resista.nce is the most logical 
approach for attacking the Striga problem and 
that its solution will require a sizab!e team effort. 
Because the Striga plant is in reality a plant 
pathogen, I believe that such an effort should 
include considerable input from the perspective 
of pathology. 

Nicou 
I think that not much emphasis has been given to 
to agronomic techniques concerning the control 
of Striga. In Senegal, where Striga is found 
mainly on pearl millet, it has been demonstrated 
that when the soil fertility improved, Striga 
disappeared. Besides, it is known that Stiga is 
not a problem on research st,=tions. Dr. Ogborn 
has shown that shade has a negative effect on 
Stiga. When sorghum or millet grow well and 
fast, Striga finds it difficult to grow. Farming 
systems, particularly the preparation ol .'oil, play 
an important role in this case. And fina!y, it has 
been proved that the uprooting of Stiga before 
flowering makes it disappear completely within 2 
or 3 years. It is perhaps a painful task but this 
shows that the simplest techniques are often 
excellent and that fertility improvement remains 
the best long-term means of control of Striga. 

Jotwani 
Mention was made about the biological control 
of Striga. A weevil and a caterpillar pest have 

been recorded on Striga and were quoted as 
examples. We have to approach this aspect 
cautiously as these pests, under certain condi
tions, may become pests of other cultivated 
crops and may cause more harm than the 
expected benefit. 

M. 	J. Jones 
I would be grateful if Dr. Parker could make 
some comment on the specificity of different 
strains of Striga for particular cereal crops; i.e., 
milbit, sorghum, maize and the pemiz~tnce of 
this specificity under field conditions. This has 
considerable relevance to use of rotation to 
minimize Striga damage. 

Parker 
In most areas, sorghum is nct attacked by tha 
millet irai'ns of Stiga and also millet is not 
attacked by sorghum strains. Maize sometimes 
shows resistance to the above strains but this 
resistance generally fails with continued crop
ping. 

Parvatikar 
If 2,4-D is to be used as a control measure for 
Striga, then how often will it have to be sprayed? 
The Stniga emergence continues for quite a long 
time; and one spray may not be effective. Will it 
be economical to give 2-3 sprays? 

Parker 
For greatest effect 2,4-D needs to be present 
near the germinating Striga seed. The timing and 
need for multiple applications will depend on the 
seasonal pattern of germination. More than one 
application may well be needed, but could still be 
economic under some circumstances. 

Parvatikar 
How is"Striga established in pot experiments? 

Parker 
Striga seed (about 1000 per pot) are mixed with 
the top 6-8 cm of soil in 12-15 cm diameter 
pots. Crop seeds are sown into the soil and 
watered normally. At suitable temperatures, 
emergence of Striga can be reliably expected 
within 4-6 weeks. 

Bunting 
In the eastern clay plains of the Sudan. Striga 
does not attack the wild sorghum which is the 
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dominant grass species. Cultivated sorghum 
which is often attacked by Stniga, is the main 
crop of the region. Many fields of cultivated 
so'ghum are surrounded by hybrid swarms 
through which they are in genetic contact with 
the wild forms. Perhaps exploration in this region 
would lead us to valuable new sources of 
resistance to Stnga. 

Parker 
Most wild sorghum of the S. arundinaceum type 
in west Africa is attacked by Stiga but it would 
certainly be well worth looking at other types in 
Sudan for their possible resistance. 

King 
Iquestion whether tolerance to Stnga is really an 
appropriate objective in a breeding program for 
its control. Although yield loss can be reduced by 
this means, tolerant genotypes support growth 
of an abundance of Striga plants which further 
infest soil with seed for years to come. Would it 
riot be better tc focus genetic control measures 
on resistant genotypes which not only improve 
yield but at the same time support the growth of 
only a limited number of Striga plants? 

Parker 
I agree that tolerance should not be a primary 
breeding objective, but there are almost certainly 
very large differences in the inherent tolerance 
of sorghum varieties to Striga attack. Many local 
types may be relatively little affected. Ifattention 
were paid to determining the tolerance of the 
better semiresistant varieties, it could lead to the 
selection of the more tolerant of those varieties 
for use in further breeding work. We do not 
expect to achieve total resistance, some toler-
ance will help to ensure the least damage from 
the low levels of attack that will still tend to 
occur, at least under suboptimal conditions. 

Obilana 
It makes me fee-l better to hear one of the 
longest workers on sorghum and its production 
problems in Africa. Dr. Doggett has exactly put 
the amount of crop loss in sorghum in its right 
perspective. It is very true that we have prob-
lems in Africa concerning Striga. The solution to 
the problem needs to be institutionalized by the 
countries in Africa with a lot of financial support 
and staffing, and the problem is confounded and 
complicated by the presence of only a very few 

researchers in Striga studies and control. In 
addition, a further problem arises from the fact 
that the few resistant cultivars and elite varieties 
identified and developed (as in Nigeria) are not 
very acceptable for food quality requirements. It 
is therefore very necessary to ircrease the 
number of researchers in Stnga control and 
resistance studies if any effective results are 
expected soon. 

Riccelli 
Has the toxicity of pesticides used to control 
birds in relation to grain consumption been 
studied? 

Bruggers 
Yes, there are residue data on methiocarb both 
as a topical application to ripening sorghum and 
as a seed dressing. As a topical application of 2 
kg/ha, the half-life is 6-7 days and the residues 
are 3.5 ppm on the seed itself and 24 ppm on the 
seed+glume, 3 weeks after application. As a 
seed dressing of 0.2% by seed weight, the 
residues are from 1-2 ppm after 20 days. At 
normal repellent use levels, it is a safe chemical. 

D. B. Jones 
1. 	It sounds as if methiocarb is a deterrent 

rather than an avicide and it appears that the 
tests have been fairly localized. This makes 
me wonder whether the effect is yet another 
preferential one. With general 100% use, will 
it still work? 

2. 	Comment to Dr. Doggett/Bruggers: We do 
not know the cost-benefii ratio of bird control. 

tBruggers 
Methiocarb is a deterrent, i.e., a repellent and 
not an avicide, and most tests have been in 
localized situations although the sizes of the 
fields have ranged from < 100 ml to 1100 ha. It 
would not be economically feasible to use it as a 
generalized control strategy over large areas. It is 
one technique that is applicable incertain situa
tions either alone or in combination with other 
methods and should be accepted on that basis. 

Jotwani 
1. 	Has methiocarb been iound to be effective 

against Quelea and other bird species? 
2. 	Is methiocarb registered for use on sorghum 

in any country and is there any tolerance limit 
fixeui for sorghum grains and fodder? 
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Bruggers 
1. Yes, It has been effective on pest birds in 

Uruguay and on other pest birds in Africa 
besides Quelea. 

2. 	No, it is not registered for use on sorghum as 
a bird re.-el!ent ir any country to my know
ledge. There iust is not the demand as yet, 
although there are discussions at present to 
this effect in the United States. It is reg
istered for use on several fruits and as a seed 
dressing in the USA. 

Chaud&hry 
In Mexico wo have tremendous sorghum grain
damage due to birds. However, we have 
observed in the northam part of the Mexico that 
thore are some birds that feed on the sorghum 
seedlings causing considerable loss. Dr. Brug
gers, I wonder if you have come across birds 
damaging sorghum seedlings in Africa. 

Bruggers 
Yes, birds do o,casionally take newly sown 
sorghum seed in Africa, but not on a large scale. 
Most damage o 6osses to newly sown seed and 
seedlings are fiom wading birds and ducks to 
rice seed. This has been minimized on several 
occasions using a methiocarb seed dressing. 

Ricc li 
Inthe Caribbean area, there is a migralt sparrow 
from the U.S. that causes severe damage in 
sorghum every year. We have ob,,erved that 
tannin in the grain is effective as long as other 
nonbrown sorghums or other grains (rice, for 
example) are present. Afterwards, birds eat 
brown sorghum as well. What has been the 
experience in Africa? 

Doggett 
Exactly the same. Bird resistance is relative; 
when the brown sorghums are the only food 
available they get wiped out. 

Rana 
The migratory pattern of Quelea in East Africa is 
well defined and fixed. In Western Kenya, the 
Quelea birds appear in August. However, the 
sowing season starts in March and long-duration
(150-180 days) sorghums grown are some 
times attacked. We in the FAO Kenya Sorghum 
and Millet Development Projsct followed the 
strsotegy to select 100-day maturing varieties 

which can be harvested 50 days before the 
arrival of birds. We feel that a change in 
genotypes and cropping pattern can help to 
minimize the loss to cereal crops. 
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Current Situation and Future of
 
Sorghum Germplasm
 

M. H. Mengesha and K. E. Prasada Rao* 

Collection and conservation of sorghum germ-
plasm was accelerated about two decades ago 
because of the danger caused to the landraces by 
the release of new varieties and hybrids. For 
example, "Zera-zera" and "Hegari" landraces of 
sorghum once present in the Gezira province of 
Sudan are now completely out of cultivation 
(Prasada Rao and Mengesha 1980). Although 
landraces are still found in Africa and Asia in large 
areas, it is no longer safe tc expect that the s3me 
situation will exist after another 10 years. Our 
recent experience shows that several primitive 
landraces once abundant in parts of Africa and 
Asia are now extinct. Therefore, we are now in a 
critical, transitional stage when there is an urgent 
need to collect and conserve the traditional 
landraces and their wild relatives at an accelerat,' 
pace. 

The first major effort in the assembly of aworld 
collection of sorghum was made in the sixties by 
the Rockefeller Foundation in the Indian Agricultu-
ral Research Program (House 1980; Murty, et al. 
1967; Rockefeller Foundation 1970). A total of 
16 138 accessions were assembled from diffe-
rent countries and were assigned I.S. (at that time 
"Indian Sorghums") numbers. An assessment of 
this collection indicated that only half the total 
number of the accessions is an authentic-
indigenous collection representing field collec-
tions with sufficient information about its origin 
(Harlan 1972). 

Of these 16 138 I.S. numbers only 8961 could 
be transferred to ICRISAT by the All India Coordin-
ated Sorghum Improvement Project (AICSIP). 
Rajendranagar, India, in 1974 because the remain-

Leader and Botanist, respectively. Genetic Resources 
Unit, ICRISAT. 

Jer had lost their viability due to a lack of proper 
storage facilities before they could be transferred 
to ICRISAT. Special efforts were made by ICRI-
SAT to fill the gaps, by obtaining duplicate sets 
from Purdue University; the National Seed Stor
age Laboratory, Fort Collins, USA, and from 
Mayaguez, Puerto Rico; this yielded 3000 of the 
missing accessions thus leaving a permanent gap 
of about 4000 accessions in the world collection 
presently consetved inthe ICRISAT gene bank 
(Mengesha et al. 1979). Th3 efforts will continue 
as long a, there are gaps. However, it is unlikely 
that many more will be retrieved. 

Assembly of Germplasm 

The addition of sorghum gemplasm to the world 
collection that had been assembled by tha Rocke
feller Foundation, became the r-sponsibility of 
ICRISAT and is being carried out in accordance 
with the recommendations made by the Advisory 
Committee on Sorghum and Millets Germplasm 
sponsored by the International Board for Plant 
Genetic Resources (IBPGR)/FAO (IBPGR 1976b). 

The year-by-year collection and assembly is 
shown in Figure 1. So far there have been 9486 
new accessions from 68 countries through collec
tion expeditions and corresponde'nce. All germ
plasm that is imported to ICRISAT must first be 
received, inspected and retased by the Quaran
tine Authority of the Government of India. The 
Central Plant Proteczion Training Institue (CPPTI), 
Ministry of Agriculture, located at Rajendranagar, 
is charged with the responsibility of quarantine 
clearance for the importation of ICRISAT's major 
crops. 

At present, ICRISAT is the major repository for 
the world sorghum germplasm with atotal collec
tion of 21 264. The accessions listed according to 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 

Symposium on Sorghum. 2-7 Nov 81. Patancheru. AP., India. Patancheru, A.P. India: ICRISAT. 
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Priority Areas of Future Colloction 
22000.r 2Priority areas of collection are determined by the 
20000- extent of genetic erosion that different areas of 

diversity face and not necessarily by the abund-m 
ance of germplasm that exists (IBPGR 1976a). In 

16000- view of the urgency of the task, those areas that 
114oo. are known to have landraces, and those that are 

threatened by accelerated breeding programs and 
12000- for other reasons are given high priority for 

01000 collection. Such priority areas of collection are 
So -identified in consultation with sorghum scientists 

o -	 around the world. The best forum for such activity 

agog .	 has so far been the IBPGR/FAO Advisory Com
mittee on Sorghum and Millets Germplasm. Inour 

4000-	 opinion, IBPGR's effort in this area is commend

20001 able. Furthermore several individuals, institutes, 
organizations and foundations have made sub

4 7 7 7stantial contributions in identifying priority areas
1974 '75 '7 "77 "'78 '798081 for sorghum germplasm collection throughout the 

Year 

world (IBPGR 1976b; Harlan 1972; 1976; Gebreki
dan 1979).

Figure 1. 	Sorghum germplasm collection and Figure 2 shows the important areas of collec
assembly at ICRISAT from 1974 to tion worldwidi and the priority areas for the 
1981. present and future collection are shown in Table 

3. New areas could be added to the lit as we get 
fresh information from sorghum workers. Recent
ly, tor example, there have been strong recom

their country of origin can be seen in Table 1. mendations that we should explore the sorghum 
Among the major donors, the most important germplasm in some parts of Central and South 
ones are the Ethiopian Sorghum Improvement America which have previously received little 
Project, Ethiopia, Gezira Aqricultural Research attention. 
Station, Sudan, and the All India Coordinated 
Sorghum Improvement Project and agricultural 
universites of India. It is also interesting to note Collection Strategies 
that about 80% of the total sorghum collection 
has come from the developing semi-arid tropics. Two distinct methods are followed in our collec

tion strategies. They are general germplasm 
collection and pointed collection. A general collec
tion is usually from a new and priority area of 

Past Colletion Missions collection for the purpose of collecting and con
serving random representatives of the available 

As of today, the countries relatively well- germplasm. A pointed collection is mounted in a 
represented are Ethiopia. India, Sudan, and Came- well-known area where a special effort is made to 
roun, for these have contributed more than half of recover specific characters with different agrono
the present world collection. The Advisory Coin- mic background. Obviously, both types of collec
mAtee on Sorghum and Millets Gerrnplasm spon- tion are useful for specific purposes. The world 
sored by IBPGR/FAO, and ICRISAT identified collection can be enriched through cooperation of 
c:,,;.picuous gaps in .the collection and made scientists and collaboration between national and 
r commendations for collections indicating the international organizations and agencies. Nowa
oriority areas (!BPGR 1978 and 1979). The prog- days, the thrust in germplasm collection and 
ress made in recent years in covering the specific conservation is further strengthened by a number 
geographical gaps is summarized in Table 2. of national organizations in the areas of concern. 
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TAbe 1. Sorghm uWnpam condo status at CUSAT (May 1161). 

Assembled by 
Rockefeller 

S.No. Source Foundatien 

Africa
 
I Angola 23 

2 Benin 1 

3 Botswana 
 28 

4 Cameroun 
 1753 

5 Central Africar, Republic 37 


6 Chad 125 

7 Egypt 15 

8 Ethiopia 1446 

9 Gambla 
 1 


10 Ghana 
 11 


11 Ivory Coast 1 

12 Kenya 313 

13 Lesotho 
 -
14 Malagasy Republic -

15 Malawi 68 

16 Mali 95 

17 Morocco -
18 Namibia -

19 Niger 25 

20 Nigeria 897 


21- Senegal 11 

22 Sierra Leone -
23 Somalia 5 

24 South Africa 483 

25 Sudan 855 


28 Swaziland 18 

27 Tanzania 31 

28 Uganda 471 

29 Upper Volta 160 

30 Zaire 24 


31 Zambia 3 

32 Zimbabwe 
 123 


Asia 
33 Afghanistan 5 

34 Bangladesh -

35 Burma 
 2 

36 China 24 

37 India 2732 

38 Indonesia 6 

39 Iran 
 6 

40 Iraq 2 

41 Israel 22 

42 Japan 106 


Assembled '. Total 
ICRISAT up to 

May 1981 

6 29
 
3 4
 

I12 190
 
82 1835
 

2 39
 

13 138
 
7 22
 

2667 4113
 
- 1
 
53 64
 

- 1 
448 761
 

7 7
 
1 1
 

312 370
 

16 111
 
3 3
 
1 1
 

383 408
 
276 1173
 

219 230
 
3 3
 

120 125
 
176 659
 

1400 2255
 

1 19
 
102 133
 
141 612
 
56 216
 
- 24 

207 210
 
63 186
 

1 6
 
9 9
 
6 8
 

44 68
 
1295 4027
 

26 32
 
1 7
 
2 4
 

- 22
 
5 111
 

Continued 
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Table 1. Contbued 

Assembled by Assembled by Total 
Rockefeller ICRISAT up toS.No. Source Foundation May 1981 

43 Lebanon - 179 179
44 Nepal 7 1 
 8
45 Pakistan 18 11 29
46 Philippines 1 4 
 5
47 Saudi Arabia - 1 1
 
48 South Korea 2 
 2
49 Sri Lanka - 45 25
50 Syria 
 - 4 4
51 Taiwan 12 1 
 13
52 Thailand 5 5
 
53 Turkey 
 1 50 51
54 Yemen - 27 27
55 Yemen D. R. - 1 1
56 USSR 5 64 69
 

Europe

57 Belgium 
 - 1 1
58 Cyprus 1 
 - 159 France 5  5
60 Greece 1  1
61 Hungary - 22 22
 
62 Italy 
 8  8
63 Portugal - 6 6
64 UK - 1 1
 

Americas 
65 Argentina 2 14 16
66 Cuba 1 2 
 3
67 El Salvador - 1 1
68 Gautemala - 6 6
69 Honduras - 1 1
 
70 Mexico 
 207 27 
 234
71 Nicaragua - 1 1
72 Spain - 3 3
73 Uruguay - 1 1
74 USA 1208 
 659 1867
 
75 Venezuela 
 - 1 1
76 West Indies - 3 3
 

Australia and Oceania
77 Australia 6 22 28
78 New Guinea - 1 1
 

Unknown 370 27 
 397
 

Total 11778 9486 
 21 264
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At the international level, the sorghum collection 
and conservation effort is being undertaken by 
ICRISAT in close collaboration with several nation-
al programs, the iBPGR, and FAO. It is also most 
gratifying to note that the Semi Arid Food Grain 
Research and Development (SAFGRAD) program 
and the Institute du Sal el have recognized germ-
plasm collection and conservation as one of their 
important objectives. The recent establishment 
of the Pan African Germplasm Collection and 
Conservation Committee is also considered a 
moVe the right direction. 

Experience has shown that well-planned germ
plasm collection missions are bound to be suc
cessful even though they may face some unex-
pected problems. The planning should be effected 
ahead of time and in close consJltation with all 
concerned. The most successful and rewarding 
collection missions so far have been those that 
were launched jointly in close collaboration be-

tween ICRISAT (in our case) and national organiza
tions in the country of collection. Those expedi
tions that are attempted without proper and 
advance planning are bound to fail and will 
become a rather frustrating and costly experience. 
They may also lead to misunderstanding and 
strain between cooperating agencies. 

In most ICRISAT germplasm collection mis
sions, several organizations, zjencies, insti
tutions and individuals have played key roles in 
the planning and implementation of the mission 
(Tble 4.) 

Assignment of I.S. Numbers 

As a result of the 1978 recommendation of the 
IBPGR/FAO Advisory Committee on Sorghum and 
Millets Germplasm, ICRISAT has been given the 
responsibility to assign I.S. (International Sor-

Table 2. Progress made In covering specific geographical gaps In the world collection. 

Priority area Collection Organization 

Western Africa 
Mali 
Niger 
Togo 

Eastern Africa 
Ethiopia 

(Gambella aroa) 
Malawi 
Mozambique 
Somalia 
Sudan (Eastern) 
Tanzania 
Zambia 

Southern Africa 
Botswana 

Asia 
India 

Philippines 
SriLanka 

Yemen 

;'.AO/ORSTOM* 
FAO/ORSTOM 

FAO/ORSTOM 


ICRISAT/IBPGR 

ICRISAT/IBPGR 
ICRISAT/IBPGR 
ICRISAT/IBPGR 
ICRISAT/IBPGR 
ICRISAT/IBPGR 
ICRISAT/IBPGR 

ICRISAT/IBPGR 

ICRISAT 

ICRISAT 
ICRISAT 
USAID 

Remarks 

Collecticn not reached ICRISAT 
Mostly guinea sorghums 
Collection not reached ICRISAT 

Good Zera-Zeras 

Mostly guineas 
In transit. Few accessions 
Mostly durras 
Mostly caudatums and Zera-zeras 
Mostly guineas and caudatums 
Mostly guineas 

Good kafirs and half kafirs 

Hill sorghums, primitive landraces, 
scented and pop sorghums. 

Very few samples 
Very few samples 
Not reached ICRISAT 

ORSTOM = Office de laRecherche Scientifique et Technique d'Outre.Mer.
 
Other accessions have recenty been received from China, USSR, Turkey and Hungary.
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Figure 2. Irrportant areas of sorghum germplasm collection. 

'lel~3. Prfovfty lifeasl aeotiein.ftir sw.ghum germplnsrn 

A. Status of Collection Remarks 

Alrica 
Algeria not collected to be explored 
,Angol~i few accessions to be collected 

nnvery p'jr representation to be collected 
aurundi not collected to be explored 
Carte Verde not c,;Ahct.1; to be explored 

Central-African Republic not collecr!e~ to be collected
 
Chad few accessions to be collected
 
Congo not collected to be explored
 
Egypt few accessions to be explored
 
Guinea not collected to be explored
 

Guinea Bissau not collected to be explored
Ivory Coast not collected to be collected 
Libya not collected to be explored
Mali collection not reached ICRISAT to be assembled or 

recollected
 
Mvauritania not collected to be collected
 

Mozambique few accessions to be collected
 
Nigeria (north) partly collected fuller coverage
 
Rwainda not collected to be explored
 
Sierra Leone not collected to be explored
 
S. W. Africa not collected to be explored 

Con tinusd 
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Tab, 3. ontued 

Area Status of Collection 

Tcgu Collection not reached ICRISAT 
Tuniji;z no! collected 
Lienla pa-tly collected 
Za aefew accessions 
Zimbabwe partly collected 

Near East 
Syria few accessions 
Leiaboon mostly experimental accassions 
Jotd-i not collected 
tan few accessions 
Saudi Arabia not collected 
Yemen collection not reached ICRISAT 

A,2arnisian few accessions 
China few accesions 

Pakistan few t-,cessions 
india collected except Assam, Sikkim 

and some pockets 

Napal not coiiect6J 
Borma few accessions 
Laos not collected 
Cambodia not collected 

tI,m not collected 
n few accessions 
f'h!4Ph few accessionsir'us 

"b.;.cooperators I"Ve,; Ls ;.AWAT germ-
plasm colleclont ir=z!ona. 


FAO/IBPG' 	 National Asencies 

1 	 ; ';-Rome 1. Ministries of Agriculture. 
2. 	FAO-Country 2. Agricuitlral Research 

W1,'),0Sen- Institutes. 
'.'1k-_i!; 

3. Fnld-	 3. Universities. 
Consultants 	 4. District Agricultural and 


Administrative Officers.
 
5. Crop Improvement 

Scientists and Students. 
6. 	 Agricultur' Extension 

Agents. 
7. Farmers, jb. e. 

Remarks 

to be assembled 
to be explored 
fuller coverage 
to be collected 
to be recollected 

to be explored 
to be explored 
to be explored 
to be explored 
to be explored 
to be assambled or 

recol!ectci 

to be explored 
to be assembled or 

collected 
to be collected 
to be collected 

to be collected 
to be explored 
to be explored 
to be explored 

to be explored 
to be collected 
to be collected. 

ghum) numbers to the new collection in continua
tion to the world collection previously assembled 
by the Rockefeller Foundation. This important task 

is being implemented in broad consultation and 
without losing sight of the need to record the 

original pedigree references. So far, I.S numbers 
have been assigned to new germplasm at ICRI-
SAT from I.S. 16139 to I.S. 20887 in continuation 
of the catalog published by the Rockefeller Found
ation. This assignment of I.S. numbers will con
tinue and a catalog will soon be published. 

Evaluation and Documentation 

The importance of a broad genetic base in 
evolving new cultivars is well recognized. Conse
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quently the careful evaluation of sorghum germ- 
plasm for morpho-agronomic characters- insect, 
disease, Stiga and drought resistance-is the 
first step in the exploitation of genetic variability. 
The recent development ,1 "List of Sorghum 
Descriptors" (IBPGR/ICRISAT 1980) will promote 
a more systematic and uniform system of evalua-
tion around the world, which will in turn enhance a 
common languay- 3nd better understanding 
among sorghum irnirovement scientists. 

The evaluation and characterization of germ-
plasm is continuing. Data tabulated fr 7114 I.S. 
numbers in the 197. postrainy sGason and the 
1975 rainy season were computerized at IS/GR 
Colorado using the EXIR program. The same data 
were transferred to 1he ICRISAT com-L !er 
through a magnetic tape and a computer ptiniout 
was produced in the form of a catalog. The data 
for the remaining accessions are being compiled 
.o; documentation and computerization in a re-
rieval system. The delay in the documentation is 

caused by our desire to fill the missing gaps 
before computerization. 

Screening the sorghum germplasm for insect, 
disease, Striga and drought resistance, etc., is 
being conducted in collaboration with other disci
plines (Table 5). 

Evaluation of sorghum germplasm in the rainy 
season (kharif) of Patancheru cannot give us 

Table 6. Sorghum germplasm actesion
crend at ICRJSAT. 
___- -in 

No. of pro-No. of 
acces- mising 

Screened for sions lines Described by 

64 SorghumDisease 7429 
resistance Pathology 

Insect resistance 7874 323 	 Sorghum 
Entomology 

Striga resistance 15504 671 	 Sorghum
(Lab. screening) 	 9reeding 

Drought 1075 133 Sorghum 
resistance Physiology & 

Breedinq 

complete information, for most of the tropicai 
gerrnplasm accessions are photoperiod s-nsitive. 
That is why we place much importance on future 
evaflution of germplasm near their original habi
tat. This project could be started at carefully 
selected regional centers in collaboration with 
national programs. 

In order to have an effective and easy flow of 
tropical germplasm into various sorghum improve
ment programs around the world, an lntrogres
sion and Convrsicn Project was initiated in 1976 
at ICRISAT Center. Exotic g;m @!nsm such as 
selected bandrace, fom Ethiopi--t (ET numbers) 
were crossed andl h,; ckcrossed to adapted culti
vkrs, 109 Gelecions of the imcire;sed rnrerial 
were supplied to ICRISAI" bit!ders and the 
remaining seed is stored ior future use by 
interested sorghum scientists anywhere in the 
world (Prasada Rao and House 1979). At present 
we are in the process of converting "Zera-zeta" 
landraces from Sudan and Ethiopia which are 
highly prized for their superior agronomic charac
ters but are of restricted utility because of their 
photoperiod sensitivity and plant height. 

Rage of Varation
 

A wide range of variability has been observed in 
sorghum germplasm for several morpho
agronomic character- such as maturity, plant 
height, plant pigmentation, midrib colors, head 
length and width, head compactness and shape,
glume color, covering, grain color, size and
weight, etc. The rnge of variation is summarized 

Table 6. 

Types of olection 

The different types of collections maintained at 
ICRISAT are the following, which have been 
suggested by several sorghum workers (Hladan 
1972). 
1. Accessions collection: this includes the avail

able world collection and new accession 
assembled by ICRISAT. A seed sample of 
about 500 g of each accession is maintained. 

2. 	Spontaneous collection: these are the wild and 
weedy races that are being maintained sepa
rately; at present, the wild and weedy acces
sions being maintained at ICRISAT are listed in 
Table 7. 
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S.No. Desciptors 	 Range of vaytian 

1 Days 	to :% yberinw iinot days, 
liin t {c,) 

, mentation 
- (i.j$;b +c--or 
5 Pedun6e a-artion (cm) 

6 He d lonjth (cm) 
7 Head w h (cm) 
8 Had ,zcmpactness ani s.qc, 

9 	 Glum..., 

10 Glume ,.ov.ng 
11 Grain color 
12 Grarn tiie (mr;v 

13 1O-r.d w,,t (g) 
14 F;,,J'jsperw ty..re 

15 Threshab!ity 

16 Luster 

,7 Subcoat 


TeMa 7. Wi Wd weedy ,orhum lermplm am e 

S,.ks Species Subspefies 

Pairs Sorghum S. versicolor 
S. purpurcosericeurn -

S. dimidiatum 

Eu-Sorghurn S. halepense --

S. bicolor arundinaceum 

drummondii 

3. 	Named cultivar colle,,tion: this collection in-
cludes 237 named cultivars released by private 
and public institutions in different countries. 
Two kg seed samples are maintained to meet 
seed requests. 

4. 	Genetic stock collection: this collection in-

36 	 199 
55 
Tan Pi.mented
 
White brown
 
0 	 55.0 

2,5 	 71.0 
1.0 29.0
 
Voey loose Compact oval
 

stiff branches
 
Straw Black
 

Fully covered Uncovered
 
White Dark brown
 
1.0 	 7.5 
0.58 8.56 
Completetv Completely
 

comeous starch
 

Freely threshable Difficult to thresh 
Lustrous Nojrrous 
Present Absent 

maIntned at WFM1ST. 

No. of 
Race accessions 

2 
4 
4 

halepense 	 9 
almumn 9 
arundinaceum 8 
virgatum 2 
vorticilliflorum 19 
aethiopicum 5 
shattercanes 107 

167 

cludes all the resistant lines, stocks with 
knvwn genes and cytoplasmic-genic male ster
il, s. One kg seed samples are maintained by 
seifing except in the case of male-sterile linos 
which are maintained by hand pollination. 

5. 	 Conversion collection: 176 I.S. conversion 
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ies from U.are maintained, A conversion namaton 
program at IRIiT has, been initiated and 

L'ater dGerrplasm forms the base material for any cropconversion Iiane& w efforts forAll'the*6. Basic colection:, absc colcion*consisting -,. pvmn wr.Al h efot fo collion' 
awaste ifdocumentation would b ..of about a thousand accessions was selected 

from the world collecton and stratified taxono-mial,',geographically,arid ,based on thei
Ir~4W~.~5JlhaIya1Ud~~ul~~ur 

o16ladaptatio' aiatancheriu llo. 

Tis exercise needs to"be, repeated at-other
,.katos of,coprehensivefor. the'selecio,locaionseectonfo f cmprheniveth 

,.:.
....c~c '- for -different,......e... 


I antnnecharacteristics 

A ll io 

colecio!sare maintained by se ing about 20 

r.i-I
presentative heads in each line. Seed harvested 
mainftnder
fromtIs m s a of about 

500 g,is preserved in bottles. One to two kg 
samples are, maintained for named cultivars and 
genetic stocks ornte eed demandis more. 
Cytoplasmic ma-sterile lines are maintained by 
hand pollination with their counterpart B lines, 

::: TilDe ghu distribution 
Iftewrdcleto;s to serve auseful purpose, 

it should be readily available to all the sorghum 
rviearch institutions and agricultural universities. 
A principal service of the ICRISAT gene bank is to 
distribute viable and clean, seeds to all sorghum 
improvement scientists who wish to utilize them 

interresearch program. Al export of seed 
material fro I CRISAT must pass Ithrough the 
Indian Plant Qluarantine Authority which is facili 
tated by the Export Quarantine Laboratory estab-
lished .at ICRISAT Center. Table, 8 shows the 
magnitude of germplasm distribution by ICRISAT. 

ti n
thosadsof sorghum accesions.pru1I5Iyy It. is very difficult to, grow~htfi n' 

tusnsf hmaciinej3oThis s.,m, ensive,yersfo.'euvenat, .. a 
yasfrreueaoi.Ts's exnsv~c i e
procedure since, it requires lahd.1 staff,' and other 
facilities ,for grqw'ng and ha vesting the crop. 

of each' acsion free fromr out

crossing, mutati and, mecnanica mixture. In. 
order to avoid s- ro , time, money and 
Furthermor -~ is diffcul rgiaICRtiSte it... toenergy, the mate nust' on a lonwtal M stored 
term basis. Three differpntotypes of storage are 
planned for sorghum germplasm~-short-term, 
medium-term arid , gterm storages., Short and 
mediuea-term cold storage facilities are ready at 
ICRISAT The 'long-term col storage facility is 
under construction. Inaddition it is enviss~oJ to 
use the National Seed Storage Laboratory WNSWL,
 
Fort Collins, IColorado, USA, and gene banks in',
 
Africa as backup (duplicate) storaef
 
conservation and safety.
 

The worldwide collection, mobilization and 
con r ton 
Bnxiety insome developing countries. The main 
reason for that is the fear that the developing 
countries, where almost all of the sorghum 
landraces,,are found, are being robbed of their 
genetic resources. The paramount faIctor is that 
the enti wrd isgradually losing its landraces. 
Whatever~landrace that still exists innature must 
be collected and conserved without delay. That is 
exactly what the International Centers are trying 

T"bl Q. Sorghum gumplam dlstdbultion up to June 136111. 

Year Within To Indian To Institutions 
ICRISAT Institutions abroad 

1973 3 

1974 4133 3 359 

1975 6574 2102 1090 
1976 3977 1788 2729 
1977 11691 2841 3429 
1978 8563 2159 693 
1979 7870 3720 5785 
1980 23197 1798 1897 
1981 14534 2489 3807 
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Total no. of 
samples 

3 

4495 
9766
 
8494
 
17961
 
11415
 
17375
 
26892
 
20830
 



tf . ",, do they collect . . the 
OB mIi r in thei; %mri baol!{z, oo' . also 
encourage and ,, .. ,. do;-.loping- 

the same In all j:a duplica ,.. . . 1.ncted 

germr'n.r, is left with the h,.t rovny. The 
r z:;,:..','. ,rial ;n i 1I1SAT gene b' n. 
belongs w those who contributed an 
who cvuk utili/e it in their own environment 
anywhere in the world. And its distribution from 
the ICRISAT gene bank is prompt and free o 
charge. 

Or.°,,lO I the Eplasm, 

1. 	Co .... , of germplasm collection in th 

prnio'i'y areas with some e.mphasis or wild 

re!:,tive3. 
2. 	 Evaluation, documentation, analysis and inter-

pretation of the data generated. 
3. 	Assessment of our collection efforts in tem-rns 

of genetic conservation and utilization. 
4. 	 Develornt,nt of regional germplasrm cvalua-

tion and conservation centers primarily in 

Africa. 
5. 	Promotion ,mplementation of special biolo-

y" 
gical studies in germplasm viability, biosyst(-
matics, interspecific crosses, conversions and 
introgressions and population studies in close 
collaioration with universities and agriculturai 
research institutes of the develop-d and de. 
veloping nations. 

6 	 Development and utilization of a lor'g-,ern cold 
storage facility. 

7. Establishment of institutional linkage in genetic 

resource activities between ICRISAT and other 
international and national organizatiorts, univer-
sities and gene banks. 
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altitude temperature, moisture, fertility, disease 
and pest situations, it is impossible to get asingle

fly..itssttandoication anywhere tha 41,allow the expression 
of all the economicaly importat traits. Evaluation 
made on the world 6lltion of sorghums at 
Hyderabad can give no inf6rmation on resistance 
to weed, disease, pest, stress, and other prob-
lr s not exisinin Hyderabad but which are of 
importance elsewhere in the sorghum growing,
world, Examples are Striga hermonthica, Bus-
seola fusc., birds, anthracnose, smuts, cold toter-

-:ance, geniral-aptaiton. food quality, tc. Such 
evaluations and screening are indeed being plan-
ned at other specific locations. 

It is suggested that evaluations of the entire 
sorghum germplasm be done in at least three 
representative areas-one each in Africa, India, 
and the Americas, since these. are the lmajor 
regions growing the crop. Thorough evaluation. 
characterization, and documentation should be 
made so that the information will be of use to:isorghiunm improvement. programs "everywhere., 

Not only should the information and easy retrieval 
be available in each of these'regions but also the 
seeds of the entire c6llection: Seed movements 
to national and subregional programs within're-
gions are expected to be much easier. -

Thegrowing and evaluating of some sorghum
collections inareas where they are not adapted at 
all, changes the identity of the collection or may
lead to the complete loss of the collection. An 
obvious case is the growing of photoperiod 
sensitive coections under long days. However, a 
specific case in poirt here is the growing of 
Ethiopian highland sorghums under the lowland
environments of Hyderabad and New Delhi, India.. 
Seeds of 1073 Ethiopian sorghums being main-

S 	 tained inthe international sorghum collection and. 
which have. been repetedly grown and main-
taied under lowland Indian conditions for over 15 
years have been reintroduced to Ethiopia in 1978. 
These collections were grown in 1978 under the 
typical highland conditions of Alemaya and evalu-
ated for major agronomic characteristics. Most of 
the entries appeared to have been converted to 
earlier and shorter "es as a consequence of.the 
grow-outs in India. 
The 
The1111 ProgramConvelonToerin ogermam 

The broadening of the germplasm baseand the 
availability of tropical sorghum germplasm to 
sorghum breeders in the temperate areas has 
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received a major boost with the initiation of the 
conversion pogram. The'cnversi.i..program has 
been designed for systematically converting tall,
late, and phojoperiod sensitive tropicl sorghums 
to short, early, and photopenriodinsensitive. 
genotypes (Stephens et al. 1967). Materials corn
ing out of the conversion program are dramatically
changing the sorghum industry in the U.S. (Miller

1979). Economic characteristics obtained from
 
the project are disease and pest resistai.ce, a
 
range of improved plant and kernel characeris
ti s ir-I i I b tii i ilih (Miller

1979).. 

As aresult ofthe experience with the southern
 
corn blight'of the.early seventies in the-U.S.,
 
interest in broadening the germplasm base of
 
crops, has widened. Webster (1975, 1976) and
 
Brown (1975) have discussed sorghum vulnerabil.
ity anid germplasm resources and the need for
 
increased; genetic diversity in the crop. The
 
conversion program certainly opens the door wide
to the: tremendous genetic diversity available in: . 

the tropical sorghum to breeders inthe temperate 
areas. 

The conversion program, by necessity, can
 
handle only a small portion of the available world
 
collection of sorghums. On the basis of characters
 
of economic importance, it isonly the best of the
 
collections that could be selected to undergo the
 
lengthy conversion program. The selection of
 
these entries could be on the basis of the original

co-lion* notes, evaluation in the country of
 
collection, and/or other evaluations done else
where. Continuous consultation with and collabor

r ative work, between sorghum workers in the
tropics and those actively engaged inthe conv'er
sion program has been most useful in the 
identification of materials for conversion. Lines to 
be converted could also be obtained from breed
ing programs in the tropical regions themselves.
 
Elite materials'obtained from such breeding prog
rams would have gone through agood amount of ,

evaluation locally and would be inelite agronomic
 
background.. Converted materials in elite agrono
mic background are exp4ted to be of more use to
 
both the tropical and temperate areas.'
 

Singh (1977) has described a breeding method
 
by which late and tall highland sorghums of
 
Eastern Africa could be converted to shorter and
earlier genotypes which could be suitable for the 
cool highlands of Latin America. Mass crossing
 
was recommended to be done through genetic
 
male sterility and earliness and reduced plant
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:ii ve yIte utside of crtain regionso6f West 
Afri he t-ranslanted) sorghums,n+Iukwr 

"on~Vertisols ,Th msorghure
ooensit 

a4e transplanted at't end, of the '
rams arid h.v. 

nty grams onto1977). Intheir'present 
irtoo Wngsi, intr regions and they

be suapents in,crossing 

and ulur of rareasof 
ratoon .mcropo .gives,,aaghersyield ,than the 
'main crop.mnItwould, Of interest to suva i'd 
colie sorghumsfiarbculai y suitable for "'I 

T 'ea of co 
and theiru , ilzationi thisfashion could liv 

a; . . .....ign , an.-cance,is pre t raie
S.ince thesare special kindsof or-. A lry rtautl forine that -isft-n 

OhEiTis*'0crc -60606.should be mides . hnor.'and'undrestirt......toe isthedtorendss 
EcS13 the' ad enlarge thir ge plasm ho about sorghuns'available. itht localr r 


int3world colletb0. farmers. Inareas where the crop is a traditional' 
ew 


ShOEI hav potent aln 

th'~~S-types of sorghums 'which presumably:- one.- -fras havet~o'c~m'l~ 

f druh rd sorhum 
d 32knowledg ',s bout types of srrgf"

:usndy oN re arethedune sor- .Often the local--ames gigeno rgt esw umse erred ,oas bethe'special 'sor.ofn aracteristicisif us 9o 
Of' act in rgh iri 'iikrmI ~lesorhuM 

programs for drought affected areas appear iii 
antWodwiedruhiot i eda 

onethof ~ ocrtait'p olms of sorghum
produ'ct~on.-t Mobilizng. xitn ermplasm "re-. 
sources aiid making'a concertedl effort to accuri-
la 'more. relevant genpasn to, bear on this-:' usu as par M-+I 

PrIN e need urgent aitention.
Isome P',rtir of'Africa., ratoon' cropping of 

sorghum ,isatilitional farmning 'method. The use 
S of ratoon cropping' isdependent on the distribu-

tion of 'the rains. Insome areas, such as the Konso 

ainse
770 w1on 

Twol I. usd Ei m vwriasular nuxns of sorghums adtheir nMeekNvn& 

ETS No. 

~'' ETS 1347 
ETS 2283 

S ETS 2390 
ETS 2611 

ETS 2834 
ETS 2861 
ETS 2970 

I' ETS 3133 

ETS 3147,
ETS 3149 
ETS 3252 
ETS 3780 

ETS 4762 
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vernscular' name of vemacuar, name''Meaning 

Fenadiha Sorghum that pops.

Bisinga Woraboisa 'Hyena sorghum"-.gtumes protrude like hairs of a,'hyena.,

Sonde Lemine "Why take wheat-,as good as wheat for making bread.,

Hafiukae 'Shame on me if Ido not head* .every plant produces head always.

624 otet B~inche"Milk inmy mouth"-ETS sorghum that is as good a ik
Gobabie Muyra 
Tinkih 
Marchuke 
G,-n Sober 

Cher. kit 
Dirb Keteto 
Wof Aybolah
Alequay 

Kitgn Ayfenie 

umsSome examples from Ethioiaare given in 
1.Theseandranyqothers; could be used-as

uides to 11lt~ ~i uiiato fsihiij' 
With respect to the local name' tinkish (sweet:

sorghum), inmany parts of Ethiopia special'types
of sorghums are cherished, for their'sweet stalks.,
It istraditional to chow these sweet sorghums in, 

.ior%if thm as rai... , jmos~t roig ra~Ol pcaypes 
are recognized for

m 
this purpoe. With thegroWiN 

hu oodntlk.-


ineeti ih'su'gar sorghums for gasoho
production,, it appears -worthwhile tor' k a 
thorough collection of suh's 

rtumhadem.i~ 

"Short Muyra"-short sorghum' with compact panicle.'
'Sweet stem'"-sorghum talks used for chwewing.
'Givs honey like sweetness"-sweet seeds consumed roasted. 
Breaks'the day pot used for making local beer"-during the proces
of fermentation inlocal beer making, it ferments so strongly that it 
breasks the gian (clay' contalnar).

'Moon like'-seeds are bright and white like the moon 
"Twin seeded sorghum"

idpof
"Horse7 bean like seeds"-very large seeds with 1000 seeds 
weIhing'70 gins.

"Unafraid of syphilis"-not affected by Stige (kitgn) which islocally
referred to as kitgn (syphilis of'sorghu'm). 



Germpbm its a Source 
of Re stanw.q 
Other uwrni ." 

Over the years, colfeetions have been used as 
sources of resistance to pests and diseases, and 
environmental stresses as well as sources for 
s;:ecial traits. 

Insoot Rea nco 

Johii 5o,- and Teetes (1979) have given several 
sourci. . c! resistance to the greenbug, midge, 
Banks grass mite, and shoot fly. Of the nine 
sources of resistanre to greenbug (Schizaphis 
graminum [Rondanil), they have indicated that six 
are grassy sorghums. So far the inheritance of 
greenbug resistance has been shown not to be 
complex and incorporation of the resistance 
genes to agronomically elite lines is relatively easy 
(Johnson and Teetes 979). Availability of resist-
ance to the sorghum midge (Contarinia sorghicola 
[Coquillet]) ;n converted sorghum lines has been 
reported by these same workers. Out of the 31 
converted lines pr , i. L!:i as having high or 
moderate level o; p;!.'~ance to the sorghum 
midge, about two-thirds of them have been 
received from the East African region. Teetes 
(1975) has indicated that the most obvious mor-
phological difference between the resistant and 
susceptible types is their small glumes and he 
continues that all lines !dentified with high levels 
of resistance have been caudaturns. If adcitional 
sources cf resistance to the sorghum midge are 
sought ths region is likely to yield more lines 
conferring resistance. Sources of resistance to 
both the greenbug and the sorghum midge are 
also available in several agronomically improved 
lines with Tx numbers. 

Probably the most amount of work on the 
sorghum shoot fly (Atherigona soccata Rondani) 
has been done in India. A list of 35 promising 
entries from the sorghum collection which consis-
tently showed resistance to shoot fly in India has 
been given by Jotwani and Davies (no date). From 
their list, 25 oi the 35 resistant entries are Indian 
durras. This is in contrast to the case of sorghum 
midge resistance where all the known resistance 
genes are con';ned to caudatums; sources of 
resistance to shoot fly appear to be mostly in 
durras. The resistant lines were reported tall, late, 
lodging, low yielding and photosensitive, and thus 

useful ont/ as sources of shoot fly resistance 
genes. 

Significant progress appears to have been 
made in Indi.; to incorporate sht,-,t fly rn:; .- nce 
to agrcprmically elite lines and hybrids. Wcrk at 
ICRISAT has s!hown that the p.'once of trichomes 
on the u-nd:;irside of fyevcs of sorghums is 
asscia., J v; r~anpn', e for oviposition and 
consequently conferred fitild resistance to the 
sorghum shoot %, (Maiti 1977). Maiti et al. 1980 
have given a 1:t rost entries are the same ones 
included by Joewiii and Davies, no date) of shoot 
fly resistant genarypes along with trichome cmn 
per ;,mn2. Selecting for the presence of trichn r ;., 
promri3as to be a useful tco! for screcn,-) 
sorghum collections for shoot fly rcsistance. UTh 
glossy character is often found in ass-ciation with 
the presence of trichomes and this character also 
appears as avery promising method for screening 
for shoot fly resistance. 

Internationally, the two most important borers 
attacking sorghum are Chilo partel/us (India and 
Africa) and Busseola fusca (Africa). Jotwani and 
Davies (1979) have listed IS numbers of 26 
sorghums tcund promising for resistance to Child 
partelus in India. All except three of these 
sorghums are of Indian origin. Whether this 
indicates true concentration of the genes for borer 
resistance in Indian sorghums, it is not possible to 
draw generalization from their data. Regardless of 
this point, the Indian sorghums appear to be ve.,y 
important sources of resistance to Chilo. No data 
are available to show whether lines identified as 
resistant to Chilo are also resistant to Busseola 
and vice versa. In view of the importance of 
borers as a sorghum pest both in India and Africa, 
more effort is needed to identify sources of 
resistance and to incorporate them into elite 
agronon - ackgrounds both under the Indian and 
African conditions. 

Germplasm entries possessing multiple resist
nace to both shoot fly and stem borer have also 
been identified (Jotwani and Davies 1979). !t 
genes from such lines could continue to be 
incorporated into elite agronomic backgrounds 
with adaptation and yield genes for the major 
shoot fly and borer problem areas in India and 
Africa, it will be a major contribution to improving 
sorghum yields in these regions. 

Disease Reistance 

Recent screening tests at ICRISAT have shown 

339 



)that sources of resistance are available ko. sor-
ghum downy mildew, leaf blight, and rust. Dange 
et al. (1979) have reported that out of 437 
sorghums, most of which were frorn collections, 
135 were free from sorghum downy mildew 
(Peronosclerospora sorghi [Weston & Uppali C.G. 
Shaw); for leaf blight (Exserohilum turcicum Leo 
and Sug.) and rust (Puccinia purpurea Cooke), 125 
and 40 resistant sorghums, respectively, were 
found among the 930 tested. The relative concen-
trations of genes for leaf blight and rust resistance 
were in tan, zera zera, and a range of converted 
sorghums. In addition, for leaf blight resistance, 
roxburghiisorghums were also reported as impor-
tant sources of resistance. Fourteen of these lines 
were resistant both to leaf blight and rust. For 
downy mildew, the immunity of the Australian 
variety QL-3 is specially noteworthy. Frederiksen 
and Rosenow (1979) have listed a number of 
sources of resistance to head smut. anthracnose, 
downy mildew, other leaf diseases, and charcoal 
rot. 

Several sources of resistance for a whole range
of diseases in sorghum have also been presented 
by several workers (ICRISAT 1978). Among the 
major sorghum diseases for which resistance 
sources have been listed in the Proceedings of 
this Symposium, are grain molds, downy mildew, 
a range of leaf diseases, charcoal rot, and smuts. 
The strategies that are needed to utilize resist-
ances could be many. Ingeneral, the incorporation
of multiple resistance to the important diseases of 
a region and the screening of segregating popula-
tions and parental lines under natural field condi-
tions should be enough to maintain a sufficient 
level of resistance in most situations. This would 
best be done if the breeder and the pathologist 
could work as a team on the same material, 

One plant characteristic that has been used 
effectively inmany breeding programs istan plant 
and glume color. This characteristic appears asso-
ciated with resistanc, to leaf diseases and grain
weathering. Seeds from tan plants usually appear 
to have cleaner and less molding seeds than 
plants with anthocyanin coloring, 

Striga Resistance 

Striga hermonthica Benth and Striga asiatica 
(Linn.) Kuntze are menaces to the sorghum crop
with relative economic importance in Africa and 
Asia, respectively. Several cultivars resistant to 
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Striga have been identified in India and several 
African countries, and have been listed by
Ramaiah (1980,1981). Two lines which have been 
found resistant in most countries are N-13 of 
Indian origin and IS 8686 of African origin. 

The established African varieties Dobbs, Sere
na, Framida, and Radar have been identified as 
resistant In a number of locations over the years 
and the resistances in these varieties appear to 
hold up (Doggett 1970; Kambal 1977). In discus
sing the two forms of resistance to Striga, 
Doggett points out Dobbs to be a good example
of resistance based on barriers to the successful 
establishment of the parasite on the host, and 
Framida is an example of a Striga resistant 
sorghum producing low amounts of the germina
tion stimulant factor. In various laboratories, 
efforts have been made to screen sorghum lines 
for stimulant production. However, there appear 
to be no solid data to correlate laboratory screen
ing for stimulant production and field perform
ance, under heavy Striga infestation, of the same 
lines. 

Whether or not low stimulant factor production 
in the laboratory means resistance in the field has 
yet to be shown conclusively. For Striga resist
ance conditioned by a barrier to successful estab
lishment of the parasite on the host, no iboratory 
screening method appears available. In view of 
the importance of Striga as a major limiting factor 
to sorghum production, particu!arly S.hermonthi
ca inAfrica, further efforts are needed to identify 
more sources of resistance, elaborate the
 
mechanisms of resistance, and incorporate resist
ance into agronomically elite backgrounds.
 
Screening and evaluating germplasm under heavi
ly Striga infested soils in several places inAfrica is
 
necessary.
 

The use of the germplasm to tackle the very 
important problems of drought, heat, and other 
stresses has not been very significant. Effective 
methods for screening germplasms for environ
mental stresses have yet to be worked out. In 
many national and regional programs, drought 
resistance commands high priority in sorghum 
research. Therefore, all effort that could assist in 
identifying sources of resistance for drought and 
heat would be welcome. 

Other Useful Genes 

Inaddition to the range of resistances to diseases, 
pests, Striga, and drought, other important genes 



have also been obtained from the germplasm. 
Singh and Axtell (1973) reported the discovery 

of a high lysine gene (hi) in two Ethiopian 
sorghum collecti.ns, IS 11758 and IS 11167. They 
reported that the high lysine contents in these 
sorghums were also associated with relatively 
high levels of protein and dented seed characteris-
tic. According to their finding, the biological values 
of IS 11758 were three times that of an average 
normal sorghum. Featherston et al. (1975) con-
ducted chick growth studies using IS 11758 and 
reporied that the weight gairis obtained with this 
hi sorghum was three times that of a normal 
commercial sorghum. Stimulated by these im-
pressive gains in nutritional terms, attempts were 
made by several workers to transfer the hi gene 
into a plump seed background but without much 
success (Ken Riley, personal communication). It is 
now f!t!t that the best way to utilize the hl gene of 
the Ethiopian sorghums is in its original dented 
form perhaps for special high nutritional needs 
such as fof weanling children and pregnant 
mothers (House 1980). The grain yields of these hi 
sorghums are reasonably good if they are grown 
in environments of their best adaptation. Gebreki
dan and Kebede (1979) have reported on the yield 
potentials of the original Ethiopian hi sorghums 
under highland Ethiopian conditions. Working with 
the two Ethiopian high lysine sorghums, Pant 
(1975) reported an unusually high nicotinic acid 
content in them and stressed the significance of 
his finding in respect of improving the niacin 
status of populations in the developing countries 
consuming sorghum. 

Recently Prasada Rao 3nd Morty (1979) re-
ported the collection of basmati (scented) sor-
ghums in India. The grains and the plants of these 
special sorghums emit a pleasant mild scent. 
Such special characteristics if used in breeding 
programs are expected to improve flavors of food 
sorghums. 

Genetic Research 
in Germplasm Utilization 

Adequate evaluation and genetic characterization 
of the germplasm collection is a prerequisite to 
utilization. Genetic research supportive to the 
activities of the germplasm work is essential. 
Such a genetic research function could identify 
sources of resistances for different needs on a 
routine basis. This could be done in collaboration 

with multidisciplinary teams. In the collection, the 
geographical and the taxonomic distribution and 
concentration of genes for selected traits need to 
be determined. Systematic intercrosses among 
races and/or intermediate races and/or wild 
types done on a large number of crosses could 
lead to a better understanding of the genetics of 
sorghum and consequently better utilization of 
sorghum germplasm. As a follow-up of this point, 
multilocational evaluatioh of collections is a neces
sary part of proper utilization of germplasm. It is 
obvious that a range of environments is needed to 
allow all entries in the collection to have good 
expressions somewhere. 

The formation of different pools of sorghum 
populations on the basis of agronomic characters, 
ecological zones, geographical groups, etc., could 
make the collection more accessible to utilization 
and could also provide a systematic means of 
improving the populations. Recurrent selection 
schemes could be handy in the improvement o 
these populations. 

Taxonomic Systems and 
Germplasm Utilization 

Out of the several classification systems pro
posed for the cultivated sorghums by different 
workers, the major ones are Snowden (1936), 
Murty et al. (1967), de Wet and Harlan (1971), 
Harlan (1972), Harlan and de Wet (1972). On the 
basis of its simplicity, meaningfulness, and accu
racy. the system proposed by Harlan and de Wet 
(1972). On the basis of its simplicity, meaningful
ness, and accuracy, the system proposed by 
Harlan and de Wet (1972) has gained more and 
more popularity among sorghum workers. Their 
classification is essentially based on the know
ledge of only the five basic races (bicolor, guinea, 
caudatum, kafir, and durra). All possible combina
tions between the five races are interin.diate in 
character and are also easy to identify. The 

International Board for Plant Genetic Resources 
(IBPGR) Advisory Committee on Sorghum and 
Millets Germplasm has accepted and recom
mended this classification to be used in describing 
sorghum germplasm (IBPGR/ICRISAT 1980). 

The simplified classification system allows any 
sorghum worker to classify sorghum into one of 
the 15 races. Proper classification and identifica
tion of materials in the germplasm isessential for 
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proper utilization and understandable communica-
tion among sorghum workers. There are several 
genetic characteristics which are unique to a 
given race, and a reliable and repeatable classifica-
tion will facilitate exploitation of these genetic 
characters. In the exchange of seed materials and 
information among sorghum workers, a meaning-
ful and easily understood classification system 
will be of great assistance. 

Interaction o Germplasm and 

Crop Imprmvement Scientists 


In the overall activities of germplasm work, 
germplasm scientists are usually on the collecting 
and maintaining side, while ,rop improvement 
scientists are on the utilization er:d. Where, what, 
when, and why to collot coul besi be answered 
by the interaction of g.lrnpla 3m and crop in-
provement scientists. Often po:;tcd eoltections, 
such as the zera zera orgi-,,amscollection expedi-
tion mentioned earlier, wcuke mierialize as a 
result ,-,! and interactions ofclose continuous 

germplasm and crop imp! ement scientists. 


Priorities of collections could be on the basis of 
geoyaphy or taxonomic groups 6i 2-,ohums 
desired. Evaluation, reporting, and utilization of 
gc:p.ipasm as a luarn could often give a lead as to 
what priorittis or .if,.toccl!ections should be 
made. The physlologlsi-breeder working on prob-
lems of drought would know taxonomic group(s) 
and/or geographical e;oa(s) which would be of 
interest to him. The breider working on Striga 
could oivu clues to the germplasm scientist where 
to lo.k for further ret;istance lor this parasite. If 
the breeder working cr sorg;urn hias sufficient 
contact with germplasm work he would certainly 
know what taxonomic groups or georgraphical 
areas are sources of genes for the problem area 
on which he is working. Problems of diseases, 
insects, resistance to various stresses could be 
viewed in a similar fashion. The constant interac-
tion ot 0i-r;-ip1.isrm and crop improvement scien-
tists could help make collections more useful. 

As an exar'ipie of the benefit of interaction 
between ermplasm, pathology, and crop im-
provement disciplines Iwould like to mention one 
case. In 1977 the Ethiopian Sorghum Improve-
ment Project received the International Sorghum 
Grain Mold Nursery (ISGMN) from the ICRISAT 
Sorghum Pathology Program and grew it at the 

Arsi Negelie and Alemaya stations (highland sta
tions with about 2000 m altitude). As it turned out, 
18 of the 22 entries looked completely unadapted
for these cool growing conditions of Ethiopia. The 
reactions of these poorly adapted 18 entries 
confirmed our past observations which repeatedly 
pointed out that introduced inatci-.s in the form 
that they came to us have hs,.cn completely 
useless under our highland rondiocris. However 
in the 1977 ISGMN, four entries, i.e., IS 9521, IS 
9331, IS9533, and IS9544 caught us by surprise. 
Unlike all the other entries, they looked outstand
ing, well adapted, and agronormically elite and they 
looked as good as, or better than, the best of the 
local entries. In our interaction with the cereal 
germplasm botanist of ICRISAT we came to know 
that all four of the entries were kafirs originally 
collected from South Africa. 

With that information as a starting point, we 
requested the ICRISAT cereals germplasm botan
istto send us all available entries collected from 
the same general area as these four kafirs. 
Accord.ingly we received 286 such entries which 
we screened in 1978 in our highland areas. Most 
of them looked excellent and well adapted. We 
have had the very best of these in yield trials for 
the last 2 years. Out of these collections, we have 
obtained entries which have given as much as 70 
q/ha under our highland conditions. Nine of these 
entries are in advanced agronomic and yield tnals 
now and there are plans to release some of them 
for commercial production soon. 

We are now convinced that the kafirs of 
Southern Africa have a lot to offer to the Ethiopian 
highlands. We are also using them as parents in 
our crossing program. On the basis of the 
interaction between germplasn; ,nd crop im
provement scientists, we were able to exploit a 
group of alien sorghums which are uniquely suited 
to the special highland sorghum zones of Ethiopia. 
I am sure constant interaction like this one could 
give clues to other suitable germplasm for diffe
rent zones and problems. 

It is well nvn that most collections from 
tropical areas aru iaie, tall, photosensitive, and 
difficult to be incorporated into breeding programs 
where early, short, .,ridphotoinsensitive genoty
pes are sought. The details and backgrounds on 
the eady ]exas work in the dramatic transforma
tions of the traditional tropical sorghums to 
combine height and early versions through the 
use of the height and maturity genes have been 
well summarized by Quinby (1974). More recently 
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Highlights and Projections 

1.Thus far the greatest effort has gone into 
collection and maintenance; in the future 
there should be agreater inpout into utilization, 

2. The recently devieloped ~sorghum :descriptors
should be used internationally to provide a 
common base'for cornmunication. 

.	 The conversion work on sorghum should 
continue. 'be 
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To conclude,,Iwould lik" to state that the most 
'signifiant'd eOpmert;'olf the 'seventies .;with 

respec t t o wodwe efrIts ~n sorglium 
;: _ ,-: .--. '.,,, : : ' ' ,-::':,' , , :-,i11'r,t:I;search has been the establishmnent of~ICRISAT.
 

For the Institute, the past decade has been one of:
 
establishment and development of appropriate'

contacts wolwd.Iha successfully fulfilled 
these functions. ICRISAT is now a reality and a
 
well-,known Institute, throughout the 'semi-arid
 
tropics. Peoples and governments of countries of
 
the semi-arid tropics' look to ICRISAT to assist
 
them -in coping with food production problems~

under water, stress situations. It is hoped that in'
 
the eighties, 'ICRISAT will make its presence felt
 
more and more in the important ecological and
 
geographical regions of the, semi-arid tropics.

Germplasm and its utilization iscertainly'going to
 

a major component of ICRISAT's package of 
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~~4O~t~iI~T~-a,! stabilizing sot-,i 
phum pro<cti,, uAJ4,,f tle harsh environments 
ot the .i-itropics, 
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Session 4 Genetic Resources
 

S. K. Jain Discussant-1 

The two papers or genetic resources praentf.. 
at this symposium treated the subecv it#a nice 
comnplementzry rnannr. The pap4r by M. H. 
Mengesh,,a and K.E.Prasada Rao sumrnfized the 
status of the wodd collection of over 21 0o 
accessions in the ger bNank at ICRISAT in terms 
of iecent acuisitions from several priority re-
gions, and general comments on the strategies of 
sampling, maintanance and evaluation. Their nar-
reive is farijely a broadba.ed statistical survey of 
the ICRISAT holdings which chow an impessive 
gain in making new coalctions. Collecting trips by 
these authors in Malawi. Tanzania, Eastern Ghats 
of India and other r. ions, reported in sepate
publications, showed the usefulness of their 
plannin,1, field experience, ethnobotanical know-
how, and other tactics required for success in 
such explorations. The second paper by B. Gebre-
kidan, in contrast, reviewed several specific agro-
nomic and breeding issues in the particular 
context -f the Ethiopian genetic resources, adding 
in conclusion "the bul: of the resources and 
efforts in garmpl sm work seem to have gone to 
collection and maintenance without sufficient 
attention to utilization." Accordingiy, Gebrekidan's 
papev discusss the usefulness of population 
breeding in which diverse resouirces could be 
utilized, the need for cytoplasmic diversity in 
male-st6ile systems, and the ,tse of different 
kinds of local materials in various breeding prog-
rams. I shall now discuss some specific points of 
these papers. 

Mengesha and Rao report that nearly 10 000 
new accessions have been added from 68 coun-
tries. Their own collecting missions have covered 
several high priority regions although they still list 
a rather large nimber of areas to be explored. 

Department of Agronomy and Range Science, Univer-
sity of California, Davis, California 95616, USA. 

Several cther collecting efforts have been re
pcrted in ihe Internaticnal Board for Plant Genetic 
Resources (IBPGR) Plant Genetic Resources 
Newsletter (,e.g., Damania and V. R. Rao; Arora 
anj others; also see J. Toll; N. M. Anishetty; and 
W. G.Ayad (1981) in the Directory of Germplasm 
in Sorghum and Millets publisheo by the IBPGR). 
Only a total of 167 accessions of wild and weedy 
taxa are in the lCRISAT collection which still 
leaves a serious gap, as noted also by Harlan 
(1972) and Webster (1976). Screening of gem
plasm for disease, pest, parasite Striga and 
drought resistance at ICRISAT has been extensive 
as noted by Mengesha and Rio; no reader would 
fail to be impressed on this issue from asurvey of 
the ICRISAT annual reports. The need for regional 
and multiloration evaluation is noted by several 
workers in the past and again here. Mengesha
and Rao comment briefly on the issues of 
sampling, maintenance and documentation. Both 
random and nonrandom sampling procedures 
(they use the terms general and pointed collec
tions) were used, although information on them is 
often scanty. For example, Appa Rao (1980) 
sampled one to four random heads per field 
during his Zambia trip, but the type descriptions 
give no information on variation within popula
tions. Denton (1979), however, noted that each 
field in Malawi had a mixture of races. The races 
are described in their expedition reports by the 
local vernacular names and by the nomenclature 
proposed by Harlan and de Wet. However, the 
proposal of the Sorghum and Millets Advisory 
Committee (cf Webster 1976) and of Harlan 
(1972) that most collections from within a small 
region could be maintained as a few representa
tive individual entries and the remainder as one or 
more bulks of subraces, has not yet been 
adopted. The collections might have a lot of 
"duplicates" but we must recognize that identify
ing duplicates is never easy or fully reassuring as it 
would depend on some certain subset of traits 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81, Patancheru, A P.,India Patancheru, A.P. India: ICRISAT. 
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and one or more numerical taxonornic proce-
dures. Admittedly. some ways of handling such 
large collections are needed. Burton (1980) re 
viewed this topic recently with reference to the 
pearl millet germplasm (A detailed brainstorm 
session for sorghum is needed at this meeting i 
Three of the basic issues here are: classification, 
different kirds of collections, and gene pool 
management. 

The classification of cultivated sorghum races 
devised by Harlan and de Wet is based on glume 
appearance and the grain size-shape characteris-
tics that underlie the basic evolutionary changes 
toward domestication. Fifteen races and biracial 
intermediates are named. This is simple, rapid and 
meaningful as it gives a good start in the 

clature. Also, note that the definitions of primary 
and secondary gene pools in sorghum (Harlan 
1975) have already become outdated-ct de Jet 
et al.'s (1976) work on the Sorghum x Saccharum 
cross. With the inclusion of wild and weedy races 
and natural hybrid swarms, sorghum races might 
need further classf~f'ation. 

Harlan (1972) andhhers have emphasized that 
besides accessions of lanaraces, the subject of 
primary focus in Mengesha and Rao's paper, we 
need to pay special attention to other categories 
(e.g., genetic stocks, named varieties, popula
tions, and of zourse, wild/weedy races). Different 
male-sterile stocks, isogjenics, induced polyploids, 
converted "tropical" and "temperate bulks" 
(Rosenow 1972), and any known genetic variants 

geographica! analysis of variation pattern (cf., with apomixis, anther nondehiscence, and endos-
Harlan 1975). However, as the authors of this 
scheme have themselves shown in various other 
genera, further use of multivariare taxonomy can 
be helpful ini a identifying a few more diagnostic 
cnaracter associations, (b)describing geographic-
al variation in terms of the evolutionary processes, 
arid (c)refining the racial nomenclature. Howev-
er, no amount of purely statistical or numerical 
work could replace the biological insight and the 
use of auth-r iac cullections (Jain 1981a) A 
classification scheme (in fact, several can be 
devised) must meet the hierzrchy rule, i.e., higher 
ranked groups should show more or atleast as 
much divergence as the lower ranked groups 
(with some exceptions allowed). Moreover, mod-
ern biosystematics warrants the comparative use 
of several approaches: simple keys, numerical 
taxonomy, estimation of genetic distances using 
allozyrne variation, etc. (Jain 1981b). This should 
not be construed as a call for a lot of time-
consuming and unwieldy basic research. But the 
critics will hopefully recognize the fact that a good 
scheme like the one of Harlan and de Wet could 
have been conceived only with their deep level of 
knnwledge of the variation and evolution in 
sorghums. Professor C. M. Rick's classical work 
on tomato genetic resources (several references, 
see Eucarpia 1979 voluine) has also demons-
trated the scientific partnership between simplic-
ity and complexity, 

Our work on the systematics of amaranth 
genetic resources began with a simple scheme 
due to Professor J. Sauer, but row require many 
further revisions based on new findings and 
would probably end up with another more natural 
and simpler system of classification and nomen-

perm color, ratooning ability, etc., should be 
conserved as well. The facts that an arundi
naceun acression may have highi,;- photosynthe
tic efficiency at moderate light sities aiw r, or 
liguleless variety has better leaf c.!nopy character
istics, are of potentially as much interest as any 
large-scale computerized descriptor list. As noted 
by Harlan (1972), "the time is approaching when 
we must go through all material within genetic 
reach with a fine comb to find genes or genetic 
complexes of value." An understanding of genetic 
variants in a pcrp.1iion background would enrich 
our designs for incorporating new genetic re
SOL,ces into the source and elite populations (e.g., 
dentedj seed with hi gene; Gebrekidan). This was 
also distinctly recognized in a recent Rockefeller 
Foundation publication (Rachie and Lyman 1981) 
on the use of new qenetic engineering technology 
in crop improvement; here, too, available specific 
genes and full knowledge of their expression in 
population contexts would be critical. 

The idea of bulk populations or some kind of 
synthe'-ed gene pool for genetic conservation 
has had rather little support as several authors 
(e.g., Burton 1980; Frankel and Soule 1981) warn 
against the losses of variability as well as note the 
problem of retrieval of desirable specific genes. 
However, one might argue that breeders are 
interested in various recurrent selection programs 
for the population improvement so that some 
dynamic gene pools would be available anyway 
and may be conserved as "mass reservoirs" of 
new gene combinations, of materials for adapta
tion studies and for monitoring changes during 
seed storage. Gene pools are not a substitute for 
the accessions, cultivars or genetic stocks con
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served individually, but can be useful materials as 
an adjunct to certain conservation programs. Their 
,.enesis, parentage, propagation methods, and 
breeding value are issues that obviously warrant 
closer attention. 

Several points taken from the quinquennial 
report of the IBPGR are relevant here; (a) "The 
basis of the priorities designa*,d are the econo-
mic and social importance of particular crops. the 
risks of loss, the requirements of plant breeders 
and research workers in both developed and 
developing countries, and the size, scope and 
quality of eyisting collections."(b "The Board's 
work will generate, pdrtly as by-products, many 
services to crop improvement on the one hand, 
and to an understanding of the ecological and 
evolutonary bases of the diversity of cultivated 
plants (genetic resources science) on tive other." 

Simmonds (1"1) and others have advocated 
the need to separate characteristics and evalua. 
tion to focus on primarily the taxonomists' and 
breeders' interests respectively. Hopefully, this 
will lead to a new comprehensive look at our 
objectives in the "genetic resources science" (cf., 
Brown 1978; Jain 1979). We should note that 
there are numerous examples of biosystematic 
studies and basic genetic discoveries of certain 
mutants that have found uses in plant breeding. 
Even ("neutral") taxonomic characters like leaf 
pubescence, peduncle shape, monoecy and seed 
coat colors in various crop species are now of 
considerable interest, 

Gebrekidan's paper reviewed extensively many 
aspects of African genetic resources from a more 
local point of view; he noted hcv' Ethiopian 
soghums in the ICRISAT coliections after several 
growouts in India, and reintroduction to Ethiopia 
showed conversion to earlier and shorter types 
(natural conversion!). He emphasized that sam-
pling by local people as part of the collecting team, 
and a certain amount of evaluation, documenta-
tion and utilization be carried out locally within 
each region, are all needed along with internation-
al programs. He recommends that "evaluations of 
the entire sorghum germplasm be done in at least 
three representative areas-one each in Africa, 
India and the Americas." Among other key recom-
mendations are (a) an organized introgression 
program to utilize more of the wild and weedy 
germplasm, (b) interdisciplinary research on eva-
luation and characterization so as to balance "the 
bias for agronomic eliteness", (c) good ecological 
and ethnobotanical understanding of the sources 

of e,&ought resistance; specialized use types (e.g., 
high sugar types and chewing sorghums; re
sponses to ratooning and transplanting), and 
(d) diversified breeding approaches including 
population improvement goais. This paper thus 
provides a good survey of many basic as well as 
applied research needs on sorghum genetic re
sources. Several papers at the 1971 symposium 
(Rao and House 1972) discussed many aspects of 
population improvement research in sorghum. 
Numerous advances have been made in terms of 
new recombination systems, stability vs produc
tivity evaluation, response to mass selection, etc. 
(Ricelli-Mattei, 1968; Foster et al. 1980). A survey 
of these advances will undoubtedly reinforce 
Gebrekidan's conclusions. 

In conclusion, these two papers on genetic 
resources and a survey of recent sorghum litera
ture show that sorghum as a crop with new 
emphasis on productivity and food u,,e has 
exc;ting prospects for improvement by breeding. 
Yield, stability, wider adaptability, basic genetic 
studies-all these will require new and more 
extensive uses of genetic resources which should 
be urgently expanded to include wild and weedy 
relatives, as well as other races (e.g., Kaoliang, 
Feterita). A review of numerous sorghum germ
plasm collections outside Ethiopia and India would 
be valuable. For instance, has the ORSTOM/ 
IBPGR collection from West African countries been 
incorporated into the "world collections"? Are 
numerous national collections readily distributed 
to an international center? And vice versa? 
Mengesha and Rao, in fact, briefly touched upon 
the issue which some critics have raised about 
the open and fair exchange of genetic resources. 
Here, undoubtedly, ICRISAT has played an admir
able role as a world trustee of sorghum genetic 
resources. Genetic variation in landraces and 
other collections, utilizing most of the descriptors, 
and local efforts of documentation (cf Howes 
1981) would be very helpful in developing one or 
more schemes for the grouping of accessions, a 
rationale for gene pool synthesis, and an under
standing of the evolutionary origins of various 
raci3l characteristics. With the advanced molecu
lar genetic methodology now emerging rapidly, 
the time gap between a basic discovery of variant 
genotype or of new genetic mechanisms and their 
practical use has narrowed. Therefore, any rigid 
distinction between the goals of biosystematists 
and plant breeders would seem unnecessary. To 
set aside certain genetic resource management 
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activities in a designated center or administrative 
unit might be essential but there should be a free 
flow of ideas and materials among the stewards 
of genetic resources and the researchers. 
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Sess 'i 4 Gei-etic Rr.,'i,rces 

0. J. Webser* Discussant-2 

The authors of the two p ' ':apresented in this 
sossion are to be commsrided for giving a 
thorough report on germplasm collections and 
their utilization. We need only to check the dates 
of the refw.:tces cited to realize the magnitude of 
the activity in these areas during the past decade. 
We must, however, realize that a good start has 
been made but that acontinued effort needs to be 
pursued in these two areas of work, 

CQyrent Situation and Future 
of ;;'Aorghum Grmplasm 

Dr. Harlan (1972) in his paper given at thq 1972 
sorghum conference outlined a number of de-
ficiencies in our collections. A itumber of these 
gaps have been breached but re t'e a number 
of geographical areas yet to be si , , These 
are given by the authors. 

Special attention should be given to collecting 
,dditional accessions of wild and weedy races. 
Such material has survived in the 'wild', growing 
under a wide range of environmental conditions 
and should be a good soumi;e of genes for 
resistance to a numbr of pests and diseases not 
found in known cultivated races. A good example 
are the genes for resistance to biotype C of 
greenbug, Schizaph s graminum (Rondani) found 
in S. vii-gatum and transferred to cultivated sor-
ghums (Hackerott et al. 1969; Starks et al. 1976). 
Because of their shattering habit, wild races are 
difficult to maintain. They also requirv special care 
so as not to become a 'weed' in the nursery 
where seed is increased. For these reasons most 
breeders prefer not to be bothered with these 
species. 

I note that the collection has been increased to 
more than 21 000 accessions. Harlan (1972) 

Sorghum Geneticist. Department of Plant Sciences, 
University of Arizona, Tucson 85721. Arizona, USA. 

International Crops Research Institute for the Semi-And Tropics 
Symposium on Soighum. 2-7 Nov 81. Patancheru. A P.. India 

presented a recommendation from the Commit
tee on Sorghum and Millet Germplasm that a 
basic collection be made of approximately 2000 
lines carefully chosen to represent race, subrace, 
geographical distribution and ecological adapt, 
tion. Mengesha and Pe. s.xa Rao rn '-- about 
1000 accessions have .;, selected at Patan
cheru. This is a good start but I believe a better 
aprroach would be to have sorghum specialists 
working in their respective countries help in this 
effort by providing seed of the major genotypes 
being grovn. For example, I note that thero are 
1173 accessions in the collection from Nigeria. 
Based on my experience in traveling in Nigeria and 
seeing this collection being grown, I believe that 
there are no more than 50 distinct accessions 
which would adequately represent that country. I 
was also privileged to gro~w 1h1: Cameroun .- ,ac
ticin in Puerto Rico in 1970 vct' imased on rr CI

logical characteristics, there were relative't few 
distinctly dierent types. I also saw the first 
increase of 1,150 of the 4000 accessions from the 
Yemen Arab Republic in Puerto Rico. In my 
classification I put the first 500 into three groups. 

In a number of countries where sorghums have 
been grown for centuries as a traditional crop I 
know of no person better qu3lified to survey the 
crop than ihe trained sorghum specialist, if one is 
available. Whi ; specialist begins to work in a 
country, his fies endeavor is to tour the area and 
collect the majcr types which will be the basis for 
his breeding program. At the same time it would 
be most useful if the specialists in each country 
would prepare a paper on sorghums, describing 
the type of "races" being grown in each ecologic
al zone, their uses, and note any special character
istics such as resistances to insects, diseases, 
etc. Such information would hcp pinpoint the 
areas where intensive collections should be 
made. 

I found in looking at a third of the Yemen 
colction that there are types unique to that part 

1982. Sorghum in the Eightjii: Proceedings of the International 
Patancheru. AP. India: ICRISAT. 
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of the world not found at least in West Africa. I 
was surprised to find in the collection a number of 
accessions with yellow endosperm, acharacteris-
tic which I thought to be indigenous to northern 
Nigeria. Although the grain on the plant from the 
two countries is similar the plant types are very 
different. 

One constraint which breeders must contend 
with is the problem of movnng seed between 
countries. A good plant quarantine agency is 
essential but we need more scientific evidence as 
to what potential diseases or pests with which we 
need to be concerned. Good progress has been 
made in the identification of insects and diseases 
found in each country. More information is 
needed on the variation in physiologic races and 
mode of infection in order to know thc care which 
must be takeni not to transmit a disease from 
country to country. Wher. a disease specific to an 
area is found, such as long smil, a concentrated 
effort should be made on the spot to learn more 
about its mode of infection, economic losses, 
enwironmental effects, and possible sources of 
resist3nce, 

At present there are strict quarantine remula-
tions against the movement of sorghum s..ed 
from Africa ar.d parts of Asia into some countries 
of the western hemisphere and such importations 
must first be increased in greenhouses. Sugges-
tions nave been made for the devalopment of a 
quaraitine station where introductions could be 
increased. 

Utilization of Gerenplasm in 
Sorghum Improvement 


A sorghum breeder working anywhere in the 
world must firs! survey the variations in the 
genotypes being grown and determine the factors 
which limit production. Once this is done then he 
should draft his specifications for a new genotype 
and collect the germplasm to be used in his 
program to accomplish his objectives. This may 
take considerable time and there will be dis-
appointments. When I first went to Nigeria in 
1951 Ihad many preconceived ideas as to what 
steps should be taken to improve the local 
cultivars. Since the local sorghum is planted in 
May and matures in October I planted early USA 
material in July expecting it to mature with the 
local crop. I soon learned that shoot fly could be a 
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problem and there was a soil fertility problem 
when planting in mid season. I also learned that 
when the material ini the nursery headed at 
different times there could be a midge problem. 
Also if the maturity cycie were in phase with the 
stem borer cycle the crop could be lost. In this one 
year I learned a number of constraints put on the 
sorghum breeder. 

When I returned in 1963 I noted that Curtis, 
Andrews, and Abifarin had made a survey of the 
sorghums in the country and had selected six or 
eight major types for reselecting. From their effort 
they were able to select genotypes superior to the 
psrent stocks as measured by carefully designed 
experiments. Unfortunately when these improved 
cultivars were planted by farmers in the traditional 
manner they looked and performed no better than 
the farmer's variety. The next step was to 
introduce a dwarfing gene in the tall locals and 
plant at relatively high rates with fertilizer. These 
practices gave significant increases in yield ifthe 
rains at the end of the season were adequate. In a 
year when the rains "finished" early, the crop 
went into moisture stress and failed. The tradition
al method of planting is to w;de space the plants 
to be assured of adequate soil moisture at 
maturity. The next step was to develop slightly 
earlier varieties but with rains and heavy dews at 
the end of the season grain molds damaged the 
seed. Another constraint was grain feeding which 
can be a problem during the rains. 

The traditional sorghums growing in the tropics 
have good resistance to foliar diseases and are 
tolerant to the indigenous insects which may 
attack them. Most are photoperiod sensitive 
which is essential inareas where the planting 
season at the beginning of the rains can vary as
much as a month and the crop must complete its 
cycle at the end of the rains. A study of agronomic 
practices to improve production may increase 
yields more than plant breeding. The breeder can 
help stabilize yields by breeding for resistance to 
covered kernel smut and introduce genotypes 
tolerant to Striga sp. Iwas advised by the Ministry 
of Agriculture in Nigeria to guard against any 
sorghum release whose grain quality differed 
from that of the traditional varieties. 

Eventually the breeders of the tropics will 
produce hybrids which will be accepted by the, 
local farmers and who will also learn that they 
must purchase F,seed each year. Some say that 
this cannot be done but what can be accom
plished by education is illustrated by the accept



ance of hybrid maize by the small farmers of 
Kenya. 

When hybrids become lity,seed produc-
tion will not be without its prubems. We found in 
Nigeria that male-sterile florets were highly vul-
nemble !o ergot during the rainy season. The only 
answer to this potential pt:blem is to produce 
seed under irrigation during the dry season. The 
areas in West Africa where this is practical are 
limited, 

The constraints on the sorghum b-,;ederin the 
tropics are many and fre'he most part he will 
have to build his programr usii;g local germplasm. 
In some cases he may wish to reduce plant height 
for which tropical bulks from the Conversion 
Program may be of help. 

The i.,j in tern.-Lrate zones willeders the 
benefit the most from the gemplasm from the 
Conversion Prog;anm. P:,; hybrids were intro-
duced in 1956, nearly IIgrain sorghum cultivars in 
the USA were derivod from crosses between 
kafirs and milos. The 0.'es from the conversion 
program have greatly enhanced the source mate
rial available to the breeders, particularly by giving 
them resistance to many insects and diseases. It 
has been reported by F.Miller (personal communi-
cation, Texas A&M University) that 1283 lines are 
in the program and the conversion has been 
completed on 403. 

The converted lines are being used extensively 
in the development of breeding populations. This 
breeding system has its merits as asimple means 
of producing a gene pool from which a breeder 
can draw the genotypes which will best fit his 
environment. The person using a population must 
know the characteristic of the source material in 
order to anticipate the iccombinants. I believe the 
population approach should be tried in the tropics 
particularly where manpower is limited and en-
vironments are diverse. In 1971 (Webster 1975) 1 
assembled 41 elite lines from West Africa and 
synthesized a population using male sterile-7. My 
plan was to have seed of this population grown at 
a few locations in northern Nigeria and the 
breeder at harvest time would select the types 
best suited to each environment. 

Sorghum improvement specialists are all mem
bers of an intemational program. The coordination 
was initially with FAO but now ICRISAT plays the 
leading role. ICRISAT has research personnel 
posted in a number of countries who function as a 
part of a regional team as well as giving assistance 
to national programs. One function of INTSORMIL 

is to arrange for cooperative work between 
scientists in developing countries with the experts 
available in one of a dozen universities of the USA. 
The library facilities at the headquarters of ICRI-
SAT are available to all. 

As far as plant quarantine regulations permit. 
the growing of Intematioial Nursaries is to be 
encouraged. Such nurseries not only are a means 
of distributing elite germplasm, but the disease 
nurseries also servt ,sa means of mcnitoring the 
presence of a disease in an area, or a physiological 
race. 

It is imperative that we diligently continue in our 
efforts to increase sorghum production in the 
world in order to alleviate hunger. If we do not do 
this and improve the livelihood of the sorghum 
producers, particulady the peasant farmer in the 
developing countries, we will have failed in our 
calling. 
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Session 4 Genetic Rasources 

Discussion 

K. E. Prauda Rao 
This is with reference to the comment made by 
Dr. Gebrekidan regarding the change that occur-
red in the original accession sent to ICRISAT. I 
may have to clarify what has actually happened, 
otherwise this could give a wrong impression 
that Hydi ; abad may not be a suitable center for 
maintenj-ose. At Hyderabad we have two sea-
sons. Ono a long day and the other a short day. 
When a part of the Ethiopian collection was first 
brought by Dr. Doggett in 1973, we were not 
aware of the photoperiod sensitive problem of 
the Ethiopian collection. We planted the material 
in February 1974 and the material segregated for 
sensitive and insensitive types. The insensitive 
ones were given by number (E-35-1, etc). Inthat 
way, part of the Ethiop.an collection lost its 
identity. When we planted in the rabi (postrainy 
season) everything flowered including collec-
tions from Ethiopia as well as highly sensitive 
Nigerian types. There was no problem of mainte-
nance. 

Vidyabhushanam 
Dr. Gebrekidan in his presentation mentioned 
types for transplantation used in West Africa. I 
wish to know the identity of these types and 
their characteristics. 

Gebrekidan 
As this practice is prevalent in West Africa, I 
would rather request someone from West Africa 
to say more about this. 

Obilana 
The varieties Masakwa and Moskwaris are the 
Harmattan dry season sorghums with special 
traits like: 

1. Very large, hard endosperm, high quality 
grains which are considered as a delicacy. 

2. 	 Heat tolerance at the seedling stage. 

3. 	Cold tolerance at the vegetative and repro
duction stages, 

4. 	Drought resistance or tolerance flourishing on 
residual moisture in heavy clay soil. 

Niangado Ouman 
Inthe central Nigerian delta, sorghum is grown in 
receding flood water, which in practice is locally 
called "Sorgho en d6crue" These sorghums are 
usually sown directly but sometimes they are 
transplanted by some farmers. We are planning 
an expedition to this region this year. 

Mengesha 
This is an interesting comment. We have heard 
of these types of sorghum in different parts of 
Africa, i.e., Cameroon, Chad, Nigeria, etc. We are 
planning to explore those areas and collect those 
types in the near future. As Mr. N. Ouman is 
planning to collect this year, we will be grateful if 
he could send us samples of this collection. 

Jain
 
Dr. Gebrekidan cited Zera Zera sorghums as an 
example of finding a cluster of useful accessions 
within a small region. But it ,ye survey all known 
resistance sources for gecgt phical origins, do 
we find that resistance to a given disease or 
insect pest is found localized? My guess from 
othcr crops is that it varies with different 
diseases or pests. Now, given that resistance is 
found scattered at random, are we not led to 
maintaining all the accessions basically as a 
game of numbers for maximizing the probability 
of including a rare genotype? The claim that 
observationally a few accessions from each of 
the areas would represent the variability seems 
questionable. 

Mohamane 
How can I get some seeds of Zera Zera, the 
variety from Ethopia? Does this variety grow well 
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on sandy soiis? What is the rainfall necessary for 
its growing? What is the period oo cultivation? 
How many days from sowing to anthesis and so 
on? 

Gebrekidan 
E-35-1 (Gambella 1107) is the best available 
Ethiopian Zera Zera sorghum. Seeds of tnis 
variety should be easy to get from ICRISAT, 
Ouagadougou, Upper Volta. I have no informa-
tion on its performance under sandy soils but 
ICRISAT, Upper Volta has indicated that it has 
done well there. Under Ethiopian conditions, it is 
a medium maturity variety, taking about 75 days 
from planting to flowering and about 4 months to 
maturity. In Ethiopia it is grown in areas where 
the annual rainfall is about 600mm and the 
altitude is below 1600 m. 

Goud 
What sources of cytoplasm have been used to 
develop a cytoplasmic genetic male-sterility
mechanism other than milo? 

Gebrekidan 
Several sources have been used, the major ones 
of which are caudatum, Durra, Guinea-Bicolor, 
Guinea--Caudatum. Details on this are given in 
the symposium paper by Shertz and Pring 
"Cytoplasmic sterility symptoms in sorghum". 

Chaudhary 
Does the sorghum germplasm program of ICRI-
SAT include grain as well as forage sorghum, or 
does it deal only with grain sorghum? 

Mengesha 
We do have several forage types of sorghum 
germplasm maintained at the ICRISAT genebank. 

Bapat 
Looking to the possibility of using sorghum for 
industrial uses, there is aneed to collect cultivars 
from different countries, which are known for 
their quality characters. Such collections should 
be maintained separately (e.g., sugary types-
grain and sweet stemmed types; pop sorghum; 
starchy types, etc.) 

Mengesha 
Yes, we are maintaining such types separately. 

Maiti 
I want to make a general comment. The "glos
sy" tr3its which are found to be related to 
insects and drought resistance could be included 
in future as one of the descriptors of sorghum 
germplasm. In this connection I want to inform 
the Symposium that at lCRISAT, in collaboration 
with Mr. K. E. Presada Rao, Genetic Resources 
Unit, 21 000 germp!am lines wero evaluated for 
glossy trait. About 500 lines have been identi
fied. These lines showed variability in taxonomy 
and geographical distribution. They will be tested 
for different crop establishment traits. 

Rana 
1. 	Last year, I made 60 collections from West

ern Kenya. To my surprise, some of them 
yielded fairly well with 300 mm rain, during 
the short rainy season. They have BSR (Busie 
Sorghum Roa) numbers and can be included 
in the World collection. 

2. 	How do you meet nonspecific sek.-J re
quests? If sources of resistance and econo
mic characters are known, they can be 
documented for ready reference. 

Ravindranath 
Nonspecific requests of seed supply can also be 
made based on: 
1. The behavior of the entry of germplasm inthe 

native country or country of collection if the 

pest/disease is found there. 

2. Some information has already been collected 
in various trials such as the ISRON, ISCRN 
etc. Thus it is possible that some information 

from past testing would be available before 
providing germplasm lines. 

MengeshaMneh
 
Yes, we will soon be able to provide detailed 
information as we complete our computerization 
and documentation effort as stated in our pre
sentation. This is a very useful question and we 
are taking action. 

Niangado Ouman 
I would like to put two questions to Dr. 
Mengesha and to the phytopathologist. Yester
day, these gentlemen spoke about the existence 
of several physiological races of certain diseases 
of sorghum. They also remarked that the resist
ance mechanisms often observed can be over
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f-mne by 'iew .hysiologir-3l races. My first 
question is: Given this s~tte of afm'o.ts, is not the 
long-term conservation which was proposed, 
risky ir the sense that we might keep varieties 
which will soon be overcome and destroyed by 
x.rasites? Would it not be desirable to combine 
tWe long-term conservation with a dynamic 
'.',nservation? 3ond coopc-ation with the coun
!ies having semTples would guarantee this dyna
mic conservation. Does not the preservation of a 
sample by sz3ving seed from 20 panicles bring 
about a genetic change compared with the 
original strain. 

Mengesha 
Yes it does,and that is why we are also planning 
to form bulks and populations to maintain the 
original stvain as much as possible. 
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The Prebierns of Apomixis and 
ff in the Eighties 

U. R. Murty', N. G. P. Rao", P. B. Kirtit , and M. Bharathil 

Apomixis results in and can be used for the 
fixation of heterozigosity and consequently heter-
osis. This possibiliw was discus, d as early as the 
thirties by Navaschin and Karp '--nko (cf Solent-
ze, 1978). Nearly 50 years have p,;,ed and 
during this rp, . - v'rious attepts ,i breed-
er, i'ave r.;if: --.. gress, most notable 
among then ),;ing the i,,i ;pulation of obligate 
apomixi. in the breeding of Buffel grass, Cen-
chrus ciliaris (Taliafhrro and Bashav, 1966). Less 
spectacular achievement, are thcs. rwvolving its 
applir3tion in citrus, be,yies, guayule. nd numer-
ous perennial forage jrasses. Apomixis has been 
reported in gra; s'.rghu.n and pearl millet and is 
believed to be ,'-sent in seveial other important 
crops (Rai and i"arayaid 1968; Hanna et al. 1970: 

s,.,, 1980). 
'-,mnong the cereals, the maximum amount of 

information has been obtained in sorghum. 
However, research work on apomixis in sorghum 
was hamperid for a number of reasons. Most 
wvi,:z;-- are either pro--,:sional geneticists or 
bced st, who are lhndi. ,pped by lack of a 
thorough knowledge of e,iryology, or orthodox 
e nbryologis~s, who have no knowledge of gene-
tics. The support for apomixis research is also 
,teni. rc( .',ed in the form of temporary and 
short-tefrm grants. Inaddition, the phenomenon of 
apo,,.ixis in sorghum is the most complicated so 
far enco,"tert d ;n any flowering plant. All these 
reasons together with an inadequate understand-
ing of the phenomenon (Rana et al. 1981; Narasa 
Reddy 1979) have resulted in limited success. 
However, a few devoted attempts made in recent 

1. Indian Agricultural Research Institute, Rajendranagar, 
Hyderabad, India. 

2. ICRISAT, Ahmadu Bello University, Samaru-Zaria, 
Nigeria. 

years have produced a reasonably clear picture of 
!!%o phenomenon and the procedures to be 
fclowed in this field of study (Murty et al. 1979; 
Murty and Rao 1979; Murty et al. 1981a). An 
account of the problems inherent in this field. the 
progress made so far, the program that -,Kn be 
profitably followed in the future, and thp .-.ros
pects accompanying such research are dealt with 
in this paper. 

The Problems 

The chie, !:roblems encountered in apomixis work 
are: (1) t: confusion regarding the wide variety 
of terminoc;gy used in reference to this phenome
non; (2) the difficulties in the estimation of its 
frequency; (3) the low frequency with which it 
occurs in several sorghum lines; (4) the delicate 
balance between sexuality and apomixis infiu
enced by the environment; and (5) i difficulties 
encountered in maintaining genetic -,ocks. 

1. The Terminofogy 
The term apomixis means only the production of 
offspring without the fusion of the male and 
female gametes. This phenomenon can occur in 
several ways, not all of which are useful as far as 
fixation of heterozygosity is concerned. 

The theoretical details of such processes are 
discussed in a number of reviews (Gustafsson 
1946, 1947 a and b; F.g&rlind 1940; Maheshwari 
1950; St-L'.bins 1950; Nygren 1954; Battaglia 
1963; Khokhlov 1976; Asker 1980). There are two 
processes needed for fixati.on of heterozygosity: 
(a)production of unreduced female gametes and 
(b) developmernt of such gametes into viable 
embryos. 

International Crops Reset-ch Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedr ;.,. of the International 
Symposium on Sorghum, 2-7 '", 81, PaLsncheru, AP.. India. Patancheru, AP. I..da: ICRISAT. 
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Production of Unreduced Female Gametes 

Unreduced female gametes can be produced in 
several ways. Only two of the methods are useful, 
i.e., apospory (production of unreduced embryo 
sacs from nucellar cells) and diplospory (produc-
tion of uLi,-educed embryo sacs directly from the 
archesporial cell). These two phenomena may 
lead to the producij,.'t,, oi diploid embryo sacs, the 
type of divisions !ikcugh which they give rise to 
such sacs having a bearing on their usefulness. 
Conventionally, there are three types of divisions 
that lead to diploid cells. These are: (1) the 
formation of a restitution nucleus; (2) pseudo-
homeotypic division, and (3) mitosis. Rosenberg 
(1927) described the phenomenon of meiotic 
nuclear restitution as the formation of a single 
nucleus with unred&;.c,:"d chromosome numbers 
owing to a failure of either the first or the second 
division referred to as the first division restitution 
(FDR) and the second division restitution (SDR), 
respectively. Cytologically, there are importanx 
differences between these two types. Inthe case 
of FDR the nucleus does not undergo the normally 
expected disjunctional separation of homologous 
chromosomes at anaphase I (Al). Instead, the 
entire diploid complement divides mitotically, 
giving rise to a diad with two unreduced spores. 
The two daughter nuclei are by and large similar. 
In SDR, the nucleus restitutes aftet anaphase I 
(Al). Each product of the normal disjunctional 
separation-a haploid set-divides mitotically 
but the sister chromatids do not separate to poles. 
Therefore, the doubled chromosomes of a haploid 
set constitute the second division restitution 
gamete. Since SDR Is preceded by a disjunctional 
separation of homologous chromosomes which 
leads to genetic segregation, the SDR gametes 
may be quite dissimilar. 

Thus FDR preserves heterozygosity and fixes 
heterosis. SDR leads to homozygosity and to 
dihaploid production. In addition to FDR and SDR, 
normal mitosis could also replace meiosis and is 
the ideal phenomenon for perpetuating heterozy-
gosity. 

There are other possible ways of producing 
diploid embryo sacs. One such mechanism,
"synkaryogenesis" or "automixis", which occurs 
in sorghum, isdealt with in the next section. 

Once a diploid embryo sac is formed, further 
development could be either autonomous (with-
out the stimu!ation of pollen) or pseudogamous 
(with the stimulation of pollen). 

2. Estimation of the Level of Apomixis 

The frequency of apomixis has two components. 
One of them is the frequency of diploid embryo 
sacs. The other is the frequency of progeny 
obtained without the fusion of the male and 
female gametes. In fact, the latter can only be 
more correctly termed as the true apomictic 
frequency. 

(1) Study of Serial Sections o, Ovules 

The classical procedure for the estimation of the 
frequency of diploid embryo sacs involves the 
cytological screening of sectioned ovules during 
megasporogenesis. This procedure provides a 
direct and accurate estimate of the relative 
frequencies of the normal (sexual) and the apos
porous, and diplosporous types of embryo sacs, 
provided the investigator makes comparative stu
dies of his material with normal sexual mateiial. 
Overenthusiasm on the part of the observer 
results in erroneous observations. In several 
reports on apomixis in sorghum, the degenerating 
megaspores were interpreted as representing the 
degenerating megaspore mother cell and the 
sexual functional megaspore as a nucellar cell 
giving rise to aposporus embryo sacs (Narasa 
Reddy et al. 1979). To be accurate, this procedure 
involves sectioning of a large number of ovules 
since all sections do not contain the required 
stage of development. Also, estimation of the 
frequency of the different types of development 
from only the clearly discernible preparations is 
likely to introduce some bias. It should also be 
realized that the relative frequency of apomictic 
embryo sacs may not accurately reflect the 
relative apomictic seed, particularly when pollina
tion is uncertain or there is marked zygotic 
competition (Barlow 1958). Not all the potential 
diploid sacs may develop into seed through 
apomixis and not all the sexual embryo sacs 
deve!op sexually. The frequency of apomixis 
depends on the relative efficiency of these two 
types of embryo sacs. In order to distinguish 
between the frequency of apomictic embryo sacs 
and the frequency of apomictically formed 
offspring we propose two terms, structrual apo
mixis and functional apomixis. 

Structural apomixis isdefined as the phenome
non by which an organism produces unreduced 
embryo sacs. Functional apomixis refers to the 
phenomenon by which an organism produces 
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offspring without the fusion of gametes. Structu-
ral apomixis is purely under genetic control and 
has two components: genotype and genotype x 
environmental interaction. Functional apomixis 
may or may not be under genetic control. It has 
three components: genotype, environment, and 
genotype x environmental interaction. Functional 
apomixis can be induced easily through environ-
mental factors like heat treatments, cold treat-
ments, distant pollinations anJ delayed pollina-
tions. Apomixis reported in maize, wheat and 
potato are all due to functional apomixis. Structu-
ral and functional apomixis are independent phe-
nomena that can operate alone but when they 
occur together, they complement each other. 
Classical cytological techniques provide for the 
estimation of the former only. The latter can be 
estimated by progeny tests. 

(2) Progeny Tests 
The advantages of progeny tests have been 
known for several years. These methods allow for 
scoring ot large numbers of individual plants 
(Tinney and Aamodt 1940). These procedures are 
also ideal to study the effect of environmental 
factors on the incidence of sexuality in facultative 
apomicts. Such studies: have been previously 
restricted by limitations of cytological methods 
(Knox and Heslop-Harrisson 1963; Knox 1967; 
Evans and Knox 1969). Progeny tests, when used 
in ccoljunction with morphological marker loci, 
reduce the need for specialized equipment and 
expertise. These procedures are of special value 
for field stations and experiment farms, where 
both equipment and expertisL are often lacking. 
Progeny tests provide a direct measure of the 
relative frequency of apomictic seed. Such an 
estimate is of greater populational significance 
than the prezygotic estimate afforded by cytolo-
gical techniques (Marshall and Weir 1979). 

Progeny tests also have some disadvantages, 
The frequency of apomixis could be biased 
upward due to accidental selfing and tight linkage 
of the marker genes. Also the possibility of 
autosegregation should be ruled out before defi-
nite conclusions are reached. Moreover, the 
frequency of apomixis is not constant and is 
subject to environmental effects. 

Application of both these methods in sorghum 
is difficult. If we consider the classical microtome 
method, the difficulties faced are the absence of 
differences between the sexual and apomictic 
embryo sacs, and the great time and energy to be 

spent if careful analyses of large populations have 
to be made. Till recently, progeny tests could not 
be performed on R-473, because it is cross sterile. 
The phenomenon of cross sterility was first 
described in corn (Demerec 1929). Cross sterility 
refers to the inability of certain varieties of corn to 
set seed with foreign pollen and was shown to be 
controlled by a gametophytic locus (ga) located on 
the short arm of chromosome 4. Alleles of this 
locus prevent certain pollen genotypes from 
fertilizing the female gamete or give one pollen 
genotype a competitive advantage over the other. 
The same phenomenon occurs in sorghum. As of 
today, no single line of sorghum has been found 
that can induce seed set on emasculated 
spikelets of genuine R-473 earheads. Only recent
ly did Murty and his colleagues find a procedure 
for performing progeny tests (Murty et al. 1979; 
Murty and Rao 1979). 

The difficulties in the detection and estimation 
of apomixis in R-473 has prompted development 
of some indirect methods (Marshall and Downes 
1977; Reddy et al. 1980). The validity of these 
conclusions is discussed in item number eight in 
the section entitled Progress Made During the 
Seventies. 

3. The Facultative Nature of Apomixis 
Apomixis has so far been reported in five lines of 
sorghum. Details of the various materials are 
discussed in the next secticn. The most investi
gated line so far is.R-473 from India. Although it 
was initially believed that this line is an obligate 
apomict (Murty and Rao 1972; Rao and Murty 
1972), under cross pollination at least, it does not 
behave as an obligate apomict. The frequency of 
apomictically produced offspring varies from 30 to 
50% (Murty et al. 1981b). For apomixis to be 
useful in the fixation of heterozygosis, it has to be 
obligate or nearly so as in Buffel grass. The sexual 
potential in this line, whatever may be its extent, 
should be decreased to the minimum to achieve 
complete fixation of heterozygosity. Breeding of 
facultative apomicts is much more difficult than 
breeding of obligate apomicts, although some 
useful cultivars have been produced in forage 
grasses like Kentucky blue grass, guinea grass, 
blue stem, etc., (Bashaw 1980). The presence of 
some sexuality makes the progenies segregate in 
each generation. Also, the most important factor 
is to determine the stability of each line through 
several generations. 
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4. Environmental Effei"-s 	 penetration much lower and that no seed is set on 
on 	Apomixis cross-pollination in the former. Observations of 

chromosome morphology at pachytene indicatedThe frequency of apomixisespecially in facultative 
apomicts,is subject to environmental influences 
like locations, seasons and years. Day length has some chromosomal segments, especially the 
been found to have a significant effect on the nucleolus organizing chromosome and a few 
frequ en cy of a p o m ixis in Dich a nthium arista tumc others (Kirti et al., In press). In such an individuala r i g s u t r l e e o y s t(Poir.) C. E. Hubb (Knox and Heslop-Harrison, 	 , s x a ly p carrying structural heterozygosity, sexually pro
1963; Knox 1967). The line R-473 was investi-

duced olfspring may not reproduce the genotype.1963; Knox 196).Thlnianone e ati-	 In such a case, it is possible to get offtypes evenRA73twa 
gated at oneeandia) one temperate under selfing. Maintenance of delicately balanced,tropical and 
location (Texas) and showed different frequencies structurally heterozygous R-473. therefore, poses
of apomixis in the two environments. Similarly, some problems. A practical method is to cross
even in the same location, the frequency of pollinate a part of the earhead and collect only
apomixis in field-grown and glasshouse-grown selfed seed from the plants that do not give any
plants differs. The kharif, rabi and summer crops seed set. This is because all cross sterile plants 
at Hyderabad have also given different results maintain structural heterozygosity.

(Murty, unpublished). Generally, seed set on
 
apomicts is greater in summer than in other
 
seasons. 
 Progress Made During 

the Seventies 
5. Maintenance of Pure Genetic Stocks 1. Source Materials for Apornixis
 
When N. G. P. Rao made his first observations at
 
the time of the isolation of R-473, he noticed The first report of apomixis was in the line R-473
 
the absolute absence of seed set on emasculated (Rao and Narayana 1968). This is an F, line from
 
heads of R-473 pollinated by alien pollen. Howev- the cross of an Indian line Aispuri with a yellow
 
er, later workers could find sporadic seed set endosperm kafir, IS 2942. The next report of
 
under cross-pollination. In fact, J. Roy Quinby apomixis was in the line 'Polygynaceous' by

isolated two types of R-473 lines, one of them Hanna et al. (1970). A few more lines wee tested
 
being completely cross sterile and the other giving in recent times and were found to have alow level
 
up to 50% hybrids when crosses were made of apomixis (Table 1). The other lines were tested 
using the plastic bag method. We found that the at Hyderabad in progeny tests using hand cros
frequency of multiple embryo sacs in the former ses. All crosses yielded only hybrids and no 
line is much greater, the frequency of pollen maternals. This indicates that they may have 

Table 1. The source material for apomlxla. 

Frequency of
Line Origin apomixis References 

R-473 	 F,derivative of IS-2942 x Aispuri. 30-100% Murty and Rao 1979; 
Murty et al. 1979.Polygynaceous Multiple ovaried male sterile line derived in 25.0 Hnnna et al. 1970. 

radiation experiments
Polygynaceous (PGY) Asingle ovaried selection from across of Very low Tang et al. 1980 

polygynaceous line xColby
White Seed (WS) A white seeded mutant of Experimental 3 
South Dakota Mutant A mutant of Experimental 3 
3-58 (SDI 

Doubled Haploid DH) Adoubled haploid line derived from Tx 
403
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some prezygotic apomictic potential, but none of 
this potential is realized in the progeny tests. 
White Seed, however, was observed to have a 
prefertilization embryological behavior similar to 
that of R-473. In addition, White Seed is the line 
that was helpful in the studies of apomixis in 
R-473. The extent of its usefulness in apomictic 
studies is given in the next section. The discus-
sion in the following pages will be mainly about 
R-473. 

2. Breakthrough In the Performaneeof Progen Te on R-473 

The cross-sterility exhibited by R-473 was a great 
hindrance in the study of apomixis. In their 
attempts to overcome this hurdle at College 
Station, Texas, Murty et al. (1,79) performed 
several bud pollinations with pollen from other 
lines including Dakota Amber, White Seed and 
Colby but with no success. The ovaries enlarged 
slightly and developed some green color when 
emasculated florets were pollinated with a mix-
ture of live alien pollen of Colby and radiation killed 
pollen of R-473. But such ovaries did not continue 
to develop. These methods did not overcome the 
cross fertilization barrier of R-473. 

In order to induce seed set on emasculated 
R-473, the methods adopted with self-
incompatibilit, studies were followed. These in-
cluded pollinating R-473 spikelets with pollen 
from individual plants of F,, F, and BC F, of 
crosses in which R-473 was the male parent. 
Surprisingly, seed developed in two combina-
tions. These involved the Fs (White Seed x R-473) 
and (Dakota Amber x R-473) and F2s and BC Fs of 
(White Seed x R-473). This induction of seed set 
provided an opportunity for the performance of 
progeny tests on R-473. The resulting progenies 

had two types of individuals-matemals and 
hybrids. Hybrids in these progenies could be 
distinguished from maternals (identical to R-473) 
by differences in height and panicle chaicters. 

Subsequently, we have performed several 
progeny tests at Hyderabad. The procedure for 
performing aprogeny test has been given in detail 
by Murty and Rao (1979). For accurate results, the 
female parents and the F,hybrid should be clearly 
identifiable morphologically. We found that in 
addition to Mhite Seed, individual F2 plants of the 
crosses (Kafir B x R-473) and (IS-84 x R-473) have also induced seed set. In fact, the seed set 
induced by these is much greater than that of 

White Seed x R-473 at Hyderabad (Table 2). 

3, Frequency of Apom|ds 
By far, frequency of apomixis is the most irnpor
tant factor for the successful fixation of heterozy
gosity. The greater the frequency, the more 
advantageous it wili b, in breeding. The frequency 
of apomixis in facultative apomixis is, however, 
not only a function of the genetic potential but 
also of environmental factors. In sorghum, the 
frequency of apomixis is dependent upon four 
factors: (a) type of pollination, self or cross; 
(b) type of pollinator, cross sterile or cross fertile; 
(c) location; and (d)season. 

The frequency of apomixis is greater under 
self-pollination than under cross-pollination. Under 
cross-pollination, the frequency is greater if a 
cross-sterile plant is used as the pollinator than if a 
cross-fertile plant is used. Apomixis was also 
found to occur in a greater frequency under the 
glass-house conditions of College Station, Texas 
than under the field conditions of Hyderabad 
(Tables 3, 4 and 5). 

T"be 2. Sed set on R-473 heds by Individual F,plants from crosses of R-473 with IS-84, Kafir-B, and White 
Seed. 

Number of plants Seed set % 

F, progeny 
Giving 

seed set 
Not giving 
secd set 

Range Mean 

White Seed 
Kafir-B 
IS-84 

x 
x 
x 

R-473 
R473 
R-473 

8 
17 
11 

6 
1 
4 

0-10-00 
0-38.46 
0-43.90 

1.73 
14.00 
13-25 
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The lower frequency of apomixis under cross 
pollination is probably ue to defective endos-
perm formation. Endosperm in R-473 is derived in 
several ways and cold, therefore, have different 
genetic constitutions. The relation genome: plas-
mon in the endosperm is normally 3: 1 in sexual 
plants. !jiR-473, this relation instead could be 
either 2:2 or 2:5 in add;tion to 2:3; and this 
deviation from the normal ratio might cause 
degeneration of potential apomictic endosperms
and embryo, and lower the frequency of apomixis 
realized. Under self-pollination, the el-relie. nersefpolnaioth rela-
tion might have existed in a perfectly balanced 
state. 

4. 	Mechanism of Apomixis 

There are at least three types of mechanisms for 
the production of diploid embryo sacs in R-473. 
1. Apospory: A diploid embryo sac is formed 

from a nucellar cell. 

Table 3. Frequency of apomixis-cross-polli
notion. Bfckerosme at College Station,
Texmm (1975). 

Frequency of' 
Seed 

Male parent Set Maternals Hybrids 

A Kafir x R-473 0 - -
South Dakota x H-473 0 - -
Polygynaceous 
derivative x R-473 0 - -

Double haploid x R-473 
R-473 x S. Colby
Dal:ota Amber x R-473 

'/oc 
0 

%o 

0 
-
6 

1 
-
2 

(75.00) 
White Seed x R-473-1 
White Seed x R-473-3 

, 02 
( 20 

2 
31 

White Seed x R-473-5 23/7o 

(39.21) 
10 5 

White Seed x R-473-7 1%s 
(66.66) 

2 2 

White Seed x R-473-8 2%, 
(50%)

12 4 

White Seed x R-473-9 %o 
(75.00) 
4 4 

(5000) 

Mean (%) 52.33 47.66 

a. Numbers in parentheses are percentages 

Table 4. Frequencyof apomlxl-43as-pollnd
onl. Progeny atst on 473 by F and 

beckros plants at College 8tat5on, 
Texas (1375). 

No. of No. Percentage 
seeds ger- No. of No. of of 
sown minated hybrids maternals maternals 

-

21 15 10 2 16.66
 
12 3 1 2 66.66
 
8 46 43 75.00
7 21 66.6
 
6 3 3 0 0.0
 
9 3 1 2 66.66
 

17 13 7 6 46.15
 
24 8 0 a 100.00
 
33 12 3 9 75.00 
24 11 1 10 90.99 
29 3 2 1 33.33 
46 13 5 8 61.54 
20 16 16 0 0.00 

Mean 	 53.74 

Tablu 5. Frequency of apomlxis under cross
pollination. Progeny tests on R-473 at
Hyderabad, rabi 1979. 

Seed set range 0-100%
 
Mean 
 9.7%Number of total seeds 886 
Plants which survived 234
 
Percent apomixis 33.76
 

2. 	 Diplospory: A diploid embryo sac is formed 
from an archesporial cell.
 

3. 	Synkaryogenesis or Automixis: These terms 
are used sensu lato in this publication. From 
haploid nuclei of the embryo sac, diploid Ii 
are formed through fusion. This can invu.de 
fusion of sister nuclei of the egg apparatus
(Murty et al. 1981b) or sister nuclei of the 
awlipodals.

No.mally, both apo- and diplosporous embryo 
sacs are identiz, l to the sexual type sacs (Polygo
num type). The synkaryotic sacs, however, are 
atypical. Even inore atypical sacs with six nuclei 

were foundJ in some derived apomicts.
Regarding the development of endosperm and 

embryo in aposporous embryo sacs, the endos
perm in some ovules develops by the indepen
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dent fusion of each of the polar nuclei with 
separate sperm nuclei (Murty ot al. 1979). Some-
times endosperm arises from nuclei other than 
the polar (Murty et al. 1981 a). The development of 
the embryo is autonomous. The stimulus of 
pollination, however, is necesary for the forma-
tion of the seed. 

The objective of apomixis research is the produc-
tion of uniform and vigorous lines that breed true. 
For this. single plant progenies from F2 and BC F, 
plants that gave good seed set on R-473 and also 
those that were cross-sterile were grown on an 
extensive scale along with some untested 
plnts. Three types of progenies were obtained: 
(a) those that were segregating freely, ib) those 
in which only two morphological types were 
found, and (c) those that were completely uni-
form. 

The first type of progenies apparently indicated 
occurrence of normal sexual reproduction in the 
heterozygous parent. The second type apparently 
indicated the existence of facultative apospory. 

Progenies of this type always have two types of 
individuals. A majority of them (up to 80%) are 
identical with their parent. A small frequency of 
offtypes are alwavs encountered. The maternal 
types are presumably produced through apospory 
and the offtypes through sexual reproduction. 
Individual progenies from the maternals always 
behave in a similar manner. The cytological 
behavior of these plants was similar to R-473. All 
such plants were found to be cross sterile. 

The third type of progenies was found to be 
100% homozygotes, rep oducing sexually. 

6. The Concept of Vybrids-Definition,
Production and Signitiic~nce 

Heterozygous individuals with facultative apori-
xis produce a population containing: (a) F, genoty
pes derived through apomixis, and (b) F, genoty-
pes developed through sexual reproduction. The 
frequency of F, genotypes will be equal to the 
frequency of apomixis. If the next generation is 
derived through the F,genotype plants only, then 
the population mean will remain the same. If the 
procedure is repeated, it is possible to maintain 
heterozygotic vigor in subsequent generations 
and to keep the mean constant. 

A peculiar type of population was produced 

using two derived facultative individuals. The F, 
was uniform and vigorous. The F,had two types 
of individuals-(a) those carrying the F, genoty
pe and (b) those carrying genotypes resulting 
from segregation. Individuals looking like the F, 
were selfed and carried over. The same type of 
behavior was noticed. These observations led to 
the concept of "vybrids". Vybrids are 5uperior 
varieties in that their yield levels will be greater
than those of conventional varieties although they 
may noi be equal to those of their F,. Some more 
comments on vybrids are made later in thG 
section entitled Program and Prospects of the 
Eighties. 

7. The Concept of Dihaploids--
Production and Significance 

The possibility of parthenogenetic development of 
reduced egg cells followed by reduplication or 
fusion or development of embryos from secon
dary diploid cells of the embryo sac derived 
through fusions, is interesting from the breeder's 
point of view. It would give rise directly to 
homozygous diploids. The formation of such 
diploids has been presupposed by several au
thors. Automixis, fusion of two haploid nuclei in a 
meiotic embiyo sac to give rise to diploid homozy
gous progeny, has been claimed to eccur in Rubus 
(Thomas 1940). This possibility has now been 
realized in sorghum. These dihaploids, for all 
practical purposes, can be considered identical to 
those produced by anther culture techniques. 

Several dihaploids were produced in our experi
ments. Some of them were cross-sterile and 
some were cross-fertile. The homozygosity of 
these lines was tested by crossing them to a pure 
line and observing the uniformity in the F, 
progeny. 

8. The Interfering but 
Helpful Cross Sterility 

Detection, estimL'ion and manipulation of apomi
xis in R-473 has bee, much hampered because of 
cross sterility. We have made several attempts to 
isolate apomictic segregates without crc..;s steril
ity. Such attempts were never successful. It was 
also noticed that in addition to R-473, White Seed 
also exhibited the formation of multiple embryo 
sacs, nucellar activity and antipodal differentiation. 
But White Seed never exhibited apomixis in 
progeny tests. In addition to this, we have also 
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examined several other lines. Among them, 302 
was found to have similar anomalies but no 
realizable apomixis. 

The difference between these lines and R-473 
is obligate cross sterility. Cross sterility in some 
way affects the reproductive system and prom-
otes apomixis. 

The different constituents of apomixis are 
known as the elements of apomixis (Potrov 1976). 
The elements of apomixis lie within the reproduc-
tive potentiality of sexual plants. They play a 
greater part only when the normal sexual process 
is 	 impaired. Cross sterility is one such 
mechanism. 

Long ago. Powers (1945) suggested the exist-
ence of three essential elements of apomixis: 
(a) failure of reduction of chromosome number; 
(b) failure of fertilization of egg cells, and 
(c) development of the egg cell to an embryo
without its being fertilized. Production of diploid 
embryo sacs is one element of apomixis. The 
prevention of fertilization of unreduced embryo 
sacs leads to the stimulation of such embryo sacs 
to apomictic seed formation. 

It appears, therefore, that apomixis in sorghum 
may not occur without cross sterility. In view of 
this, the conclusions reached by Reddy et al. 
(1980) need some modifications. They concluded 
that if mutation for male sterility caused a loss of 
apomixis, such a loss would h3ve had to occur as 
five distinct events, once in each progenitor of the 
five M, progenies in which male steriles were 
derived. It was not realized that loss of cross-
sterility makes a line reproduce sexually although 
it may have some potential for apomixis. 

Program and Prospects 
of the Eighties 

1. Rapid Methods for Estimating
Prezygotic Potential of Apomixis 

Estimation of the prezygotic potential of apomixis
in a segregating population is almost impossible if 
one uses the serial section method. The ovule 
squash method used extensively by Murty et al. 
(1979) is the only method available for such a 
purpose. Estimation of the relative amount of 
DNA of Feulgen stained nuclei of embryo sacs 
using a microscope spectrometer (integrating 
densitometer; microphoto meter) should provide 
a rapid and easy altemative. If such an instrument 

is provided with a computerized recording device, 
large numbers of populations can be screened in a 
short time. A procedure for the estimation of 
apomixis based on the existing information and 
using the embryo sac squash method is given 
below: 
1. Emasculate the spikelets of the suspected 

parent. 
2. 	 Pollinate abundantly with pollen from sister 

plants. 
3. 	Fix material 4 hours after pollination. 
4. 	Examine embryo sacs in ovule squashes.
5. 	Approximate apomictic potential = frequency 

of ovules with unfertilized embryo sacs (single) 
+ frequency of ovules with multiple embryo 
sacs + frequency of ovules with degenerating 
embryo sacs and antipodal activity. 

In recent years, Zein isoelectric phoratic pat
tems are being used for evaluation of genetic
purity.in hybrid seeds (Motvio and Salamini 1979). 
Similar techniques can also be easily perfected for 
apomictic studies in sorghum. 

2. 	Rapid Methods for Performing 
Progeny Tests 

Conventional progeny tests involve slow and 
tedious procedures of emasculation and pollina
tion and visually observable morphological criteria. 
The utilization of grain characters (e.g., shrivelled 
vs plump endosperm or color of the endosperm) 
should help make for easy performance of prog
eny tests. The use of chemical dyes that can 
effectively distinguish between sexually and asex
ually produced seed should be an ideal method for 
apomictic research. 

3. Utilization of Facultative Apomixis 
for the Production of Vybrids 

The vybrids so far produced by us are agronomically inferior. They were synthesized only for 
testing the theoretical possibility. Future investi

gations should aim at exploiting the partial fixation 
of heterozygosity for yield advantage. The follow
ing steps are involved in the production of 
agronomically desirable vybrids. 
1. Select adapted and desirable sorghum genoty

pes and cross with one or more facultative 
apomicts. 

2. 	 Produce and grow large BC F,progenies. Make 
individual selections. 

3. 	Grow head to row progenies, keeping remnant 
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seed. Pick up uniform lines that have main-
tained vigor. 

4. 	Sow the remnant seed of the uniform lines and 
make as many crosses as possible among 
themselves. 

5. 	 Select the good F,s and carry over to the next 
generation. 

6. 	Save the seed of only F,-type plants for the 
next generation. Test the performance in yield 
trials. 

Good hybrids will be those that have a high 
frequency of facultative apomixis, a high degree 
of yield heterosis, and a minimum of negative 
transgressive segregation, 

Theoretically the performance of vybrids will be 
intermediate between those of F, hybrids and of 
the parental lines from which they have been 
synthesized. 

4. Utilization of SDR, Automixis, 
and Synkaryogenesis 

SDR, synkaryogenesis. and automixis could be 
profitably put to use for the production of diha-
ploids. The significance of dihaploids could be 
realized when one considers the tremendous 
opportunities for obtaining true breeding desirable 
lines in one step from heterozygous plants. Since 
the release of 'Maris Haplona' variety of rape, 
Brassica napus (cf Riley 1974). excellent commer-
cial varieties like F-21 1in tobacco (Nakamura et al. 
1974). the Tanu and Huayu varieties of tobacco, 
and the Haupei and Lunghua varieties of wheat 
(Hu et al. 1978) have been produced using anther 
culture techniques. However, in sorghum, 
although several devoted research projects have 
been carried out in tissue culture (Brettell et al. 
1980; Nerigicke and Brettell 1980), anther culture 
techniques are yet to yield p )sitive results. The 
prese'fl method of obtaining dihaploids, therefore, 
indicates a potential hreedirng tool in sorghum. 

5. Ac~iieving Obilgote or 
Neer Obligate Apomixis 

By far, the real achievement of research on 
apomixis in sorghum, centers around attaining 
obligate apomixis. A perfectly operating gameto-
phytic apomixis is usually not lilely to arise in one 
single step. In nature, genes promoting effective 
apomictic reproduction are successively incorpo-
rated by mutation or recombination. 

Apomixis obviously involves fixation of heter-

osis. It is not surprising, then, that induction of 
apomixis in sexual crops has been considered by 
breeders. According to Solentzeva (1978), this 
possibility was discussed by Navashin and Kar
pechenko as early as in the thirties. During later 
years, work of this type has been c;arried out in 
different materials (Asker 1980). 

Several possibilities exist for increasing the 
frequency of apomixis through genetic means. 
The frequency of unreduced egg cells varies 
strongly among inbred lines of maize (Alexander 
and Beckett 1963). It is well known that in genera 
like Saccharum and Citrus, some clenes or stocks 
produce unreduced female and male gaimetes to a 
much grater extent (Harlan and de Wet 1975). 

The possibility of obtaining apomicts through 
means like wide crosses, mutations, etc., has 
been discussed by several authors. However, the 
following specific methods should prove fruitful in 
the case of sorghum. 

(a) Selection Following Matings of Cross 
Sterile Facultative Apomicts 
Several apomictic plants have been shown to 
have a simple genetic control. However, in many 
cases, it appears that there iscertainly apolygenic 
control. The results in sorghum also indicate such 
a quantitative gene action. As such, it appears 
probable to increase the frequency of apomixis by 
mating facultative apomicts, selecting for in
creased apomictic frequency, and by repeating 
the process. 

(b) Effect of Cytoplasms and the Search for 
Apomictic Restoration 

In recent years, diverse cytoplasmic sources have 
been identified (Rao 1962; Nagur et al. 1965; 
Schertz 1978). On milo, R-473 is a restorer but it is 
nonrestoring on some of the new cytoplasms. If 
continuous backcrossing is involved, there are 
three possibilities: 
1. Selection of spontaneous mutations that result 

in restoration due to mutation of the restorer 
genes. 

2. 	Selection of spontaneous mutants that pro
mote apomixis. 

3. 	Selection of lines with altered frequency of 
apomixis due to gene-cytoplasm interactions 
(see J. R. Quinby, These Proceedings). 

The second and third possibilities need to be 
tested during the eighties. 
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(c) Effect of Growth Regulators 

Auxins and gibberellins are known to be involved 
in the postpollination reproductive events of 
plants. Various chemical treatments have been 
tried in c-'Jer to induce parthenogenesis in plants 
but ge=-.V1y without success. However, parth-
enocarpy ik; easily induced by treatment with plant 
hormones. Deanon (1957) reported a significantlyincreased frequency of monoploids in maize after 

treatment with dimethyl sulphoxide (DMSO). The
diploids were homozygous, resulting from haploid 
parthenogenesis followed by chromosome doubl-
ing (see J. R. Quinby, These Proceedings). 

(d) Effect of Spontaneous and 
Induced Mutations 

There exists th, possibility of inducing apomixis 
by a combination of suitable spontaneous and 
artificial rnuttions with strong effects upon the 
reproductive system. Mutations are known that 
induce either FDR or SDR. Induction of mutations, 
screening for apomixis and selection of near 
obligate types is a possibility. 

Summary 

The progress of research work on apomixis is 
reviewed, the problems are stated and sugges-
tions are made for the efficient utilization of the 
phenomenon in breeding. Maximum frequency of 
apomixis occurs in the Indian grain sorghum line 
R-473. Under self-pollination, apomixis occurs to 
the extent of 80%. Under cross pollination, it 
varies from 30 to 50%. Most apomictically pro-
duced offspring were heterozygotes resembling 
the femalo parent. However, a small frequency of 
individuals were obtained that are for all practical 
purposes dihaploids. These dihaploids arose from 
the phenomenon of second division restitution, 
automixis or synkaryogenesis. 

Using facultative apomixis, it has been possible 
to obtain what are known as vybrids. Vybrids are 
the first and subsequent generation progenies of 
the F,hybrids of two facultative apomicts. Ineach 
generation, F,genotypes cou!d be recovered and 
the mean of the population in any generation 
remains constant. Rapid techniques and proce-
dures were outlined for the production and 
utilization of vybrids and dihaploids. 
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Cytoplasmic Sterility rghum 

K. F. Schertz and D. R. Pring* 

This symposium reflects an incraasing intemation-
al collaboration on sorghum, Sorghum bicoh-,r (L.) 
Moench. Through this collaboration we have the 
potential to dramatically improve sorgi-!m, its 
production, and its utilization in the 80s and 
beyond. An important result of increased multi
national and multi-agency research will be more 
effective identification and use of genetic variabil-
ity. Enhanced exchange of information and germ-
plasm should result in more rapid progresr, than 
previously possible. 

An expected effect of such widespread col-
laboration will be increased yield and uniformity. 
We are all aw3re of some of the past dramatic 
problems created by widespread plantings of the 
same or similar varieties, for example, the Irish 
potato famine in the 1840s, the coffee rust 
epidemic in the 1870s, wheat rust epidemics, and 
more recently, corn leaf blight. Uniformity of 
genotype or of cytoplasm can predispose a crop 
to widespread damage. In a crop like sorghum, on 
which people's lives depend, not even one year's 
crop loss is acceptable. Both stability and produc-
tivity are very important. 

We must be wise as well as cooperative. We 
must not only strive for high yields but must also 
understand the mechanisms involved and the 
alternative ways to achieve that yield. We must 
understand the genetic control of the characters 
of interest and be aware of and use alternate 
sources of those characters. We must develop 
and use breeding methods to produce varieties 
with the necessary diversity and physiological 
homeostasis to withstand biological and environ-
mental hazards. 

Let us now focus our attention on the cyto-
plasms of sorghum as related to the questions of 

U.S.Department of Agriculture, Texas A&M Universi-
ty, College Station, Texas 77843, and U. S. Depart-
ment of Agricultu:re, University of Florida, Gainesville 
Florida, respectively. 

diversity ard v.it oa it and consider needs, 
progress, 8ai a perspective. 

Noeds 

Concer tr:d;ing uniformity or diversity of cyto
piasms is usulY related to hybrids It_4cause of the 
use of cior,3mric-nuclear male sterility in F, 
hybrid production. ,J should have a similar 
concem regarding ,o'orr :y of cytoplasm of 
self,polinated varieties whr:ir a single or a 
few ralated varieties predominate in a geographic 
region. 

A single cytoplasm is present in nearly all 
sorghum hybrids, as we now depend almost 
entirely on a single cytoplasmic-nuclei i 
sterility system for the production of hybrids, 
Nearly all hybrids have milo cytoplasm because it 
is the cytoplasm that induces male t ; 
most oi the female parents. 

The discovery of cytoplasmic-nuc'-,:: mrale
sterility in sorghum by Stephens and its develop
ment for hybrid seed production by Stephens and 
colleag,es Quinby, Holland, Krare-, and others 
(Stephens and Holland 1954., Quinby et al. 1958; 
Quinby and Schertz 1970; Quinby 1971) made 
possible the mass producton of F,hybrids. Male 
sterility in this system is caused by the interaction 
of milo cytoplasm and kafir nuclear genes. The 
milo cytoplasm which induci,- m3le-sterility in the 
female parent is passed to ihi, ',,yrid.No matter 
which male parents are used to produce the 
hybrids the cytoplasms of those hybrids are al 
from milo. Many female parents are similar 
because they must be sterilizable in milo cyto
plasm. In addition to causing uniformity of cyto
plasms in the hybrids, the use of milo cytoplasm 
restricts nuclear diversity. Male parents are res
tricted to those that will restore fertility to the 
hybrids produced when crossed to those females. 

Other cytoplasmic-nuclear sterility system., are 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the Internaticral 
Symposium on Sorghum, 2-7 Nov 81. Patancheru, A.P., India. Patancheru. A.P. India: ICRISAT. 
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being sought. One purpose is to improva germ-
plasm diversity so as to avcd h.am that irn4it 
be related to a cytoplasm. The w~e o-i fcr~ 
ppents with different cytoplasms would provi-'-; 
hybrids voiih diff.na urjt'oplasms and a res*-. 
of secui., oi'*iy with vc%',siy. Another 

,poce is , ;:d i.ib~tiy and n',u! , diversity to 

b e;< programs. I^fth additional cytomplas-
ric,iiucler Storility sy,ams., oew parental com-
binaticns. should be * . 

Progrews 

Cytoplasms hvu o&n sought and studied at 
several locAlirns. Same commercial companies 
as well as public rcoaarch -o2ncies aa seeking 
and evAluaw.i=j s & cytopkms. Guinby (1980) 
reported cn the isolation of new cytoplasms and 
presented an hypothesis regarding the genetic 
and hormonal control of nle sterility. 

Indian L s 

Considerable progress has baen made in India, 
where several )n,:la-sterile lineb ave been iso-
lated. The lines studied and their ,ytcpllaslnic 
idenii: are listed in Table 1. Mital et ni. 1!958) 

,; <i& ctil.a in Iin* ICthe occurrence of a n 
2360. A male-sterile plant in this line was sibpollin-

to produce the sterile line. 
Rao (1962) reported male-sterile plants in 

varieties W. E. 1, Bilichigan, Red Jonna, Indore 
local, GJ. 103, B.D. 8, BuN ,L. -.q1'ohum, and 
C. 10-2. Htiss.lini and Rao (mC;-'"! rc orrid two 
additio, a! rns.3re plats irn FJ 2 K and a 
white-seeded variety from W,- ,;I. 

[!. G. P. Rao and his colle~u ,-.,nti;ed some 
oi' the male-sterility inducing cytoplasms (Rao 
1f :;t2. ;ncl ,,2h-1 information in a subse-
quent series. 

.tpp.hurai (15]t4) isolated .i, sterile from G.1 
": , it:G. 2-S. A',cv,:Iihe cyto-

. i G, 2--3 1,4o: frors vs ,i: of G. 2-S. 
C'Aplasmiczljy nfflacncd seit-incorizility was 
foun5 by fRao et al. 11971). They studied this 
imc ,ibi~ty in the vai 3tiez, Swama, IS 84, and 
M35- i and Kafir B, all in indigenn.,s maloandi 
cytop!a,;es. The variety IS84 ws cios'.n with an 
indigen,-us (,raldandi) male-steril:lino.. 

. yi. ('971) and Nagur and Monci (1974) 
reported on six male-sterile lines including CK60. 
In the latter report, they distinguished four diffe-

rent cytoplasm ($1 to S4) based on sterility 
r.p, .. hey were S1 in nis CK 60-A. S2 in ms 
G.-I-G .i'ms M35--' -G, S3 in ms VZM-1-V 
und InG VZM-2-V, uid S-1i in ms M31-2-R. 
Aediz;,,j! details were provided on sterility of 
thes3 lines and on Mtoplasmic offeit on agronomic chMteristi5 (Nagur and Menon 11Y74). 

Rao (1972) in the "Sorghum in Savcrties" 
symposium reviewed hi wc; oInmla stcitiy in 
India and provided infomni;i'Jon of nsrw m;a-kamris 
lines developed with mile c'b.opa!sm. He alo 
gave the foitu-i.ig details regardin,0 th.. n,-w 
sterility-inducing cyopla:ris: (a)Thu n:-. , ;,yto
plasmic source repor!cd in 1962 i zt ; IS'2) was 
used to .:,nvert M35-1 (an Irdia,- w'inter -or
ghum) and IS 3691, a yellow hegari, into sterile 
lines. Both M35-1 and IS 3691 3re restorers in 
the milo-kafir system; (b)additional sourra.!, of 
cytoplasmic sterility have been reported by Huw
saini and R o (i4) in durra (G2, VZM-1, rnd 
VZM-2); (c) sterile lines with feterita. cytopiism 
are beirij devcoped at Parbhani; ,,d (d) at 
RPaichur, anoher indigenous sterile line, M31 -A, 
is said to ,w' its ouinjin to induced rmutation. 

Tripathi (I q7iand Tripathi et al. (1980) provided 
n dkional information regarding sterility as well as 

ther characttr'stics on six male-sterile lines, 
s.rnm,. cf which d"Ifirvcd only in cytoplasms. The 
male-stor;la lines in:!ude CK60A '-And N,"gpurA, 
the latter based or, m;io cytoplasm. Tripathi (1979) 
concluded that CK60A was identical to NagpurA, 
M35-1A was identicaltoM31-2A, LidG1Awa3 
identical to VZM2A in steiiity responses. Tripathi 
et al. (1980) gave a tentative designation of A, to 
the cytoplasms of M35..1A and M31-2A, and of 
A, to VZM-2A and GlA. Tripathi and colleagues 
,,,, provided information on agronomic, genetic, 

's.iz -rnical, and scanning electron microscopy 
.cteis.iss of these lines. 
The male-storile linr,; from India are being 

backrr-As d to EJTx 398 in our USDA-Texas 
program to produce z.4jitlondJ lines differing only.
in cytoplasms for com, rise:, wi*h the steriles we 

derived. We made mitochondial and chloroplast 
DNA analyses of ,lhc3 cytoplasm of M35-1 male 
sterile (Pring et al., inpriFs) grJ Dixon and Leaver 
(personal commuric.itirm) found a line with M35 
-1 cytoplasm to differ from milo in polypeptide 
formation. Details are presented later. 

BE Cytoplasm 

A male-sterile plant was discovered by Webster 
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Tabf 1. Cytoplawemk-nucdear 

Authority 


Mital et al. (1958) 


Rao (1962) 


Hussaini and Rao (1964) 


Aopathurai (1964) 

Rao and Gouda (1966) 


Nagur (1971) 


Nagur and Menon (1974) 

Rao et al. (19711 

Tripathi (1979) 

maelo-steorle and Incompatibe sorghum lines stwiad by scientists in :' 

Line Source 

IC 2360 

W. E. 1
 
Bilichigan
 
Red Jonna (Plants I & 2)
 
Indore local (Plants 1 & 2)
 
G. J. 103 
B. D. 8 
burma black (Plants 1 & 3) 
.)3giuin iPints 1 & 21 
C. 10 2 

PJ 22 K 
White seeded variety from 
Warangal 

G 2 S G. I. Strain. Guntur, India 
M 31 2 M 31-2 

ms CK6) m o cytoplasm from USA 
ms GI durra cytoplasm from Guntur. India 
ros VZM1 durra cytoplasm from Vizianagaram, India 
ms VZM2 durra cytoplasm from Vizianagaram. Inda 
rns M35 -1 dochna cytupla;sm from Kovilpatti. India 
ms M31-2 cernuum c,,toasm from Dharwar. India 

ms CK 60-A (51) 
ms G-1-G (S2) from Guntur, India 
ms M-35-1 -G 6S2) 
ms VZM-1-V (63) from Vizianagaram, India 
ms VZM - 2--V (S3) from Vizianagaram, India 
ms M-31 -2-R (S4) from Raichur. India 

Swarna indigenous maldandi cytoplasm 
IS84 indigenous mldandi cytoplasm 
M35-1 indigenous maldandi cytoplasm 
Kafir B indigenous maldandi cytoplasm 

CK60A milo cytoplasm 
NagpurA based on milo Maharashtra (India) 

cytoplasn 
GlA unidentified cytoplasmic Guntur LAP) (India) 

Sourc ; 
VZM2A unidert,'ad cytoplasmic Vizi.anagararr AP) (India) 

source 
M35-1A uindentified cytoplasmic Maiorashtra (India) 

....u;ce 

M31-2A uriCentified cytoplasmic Raichur (Karnataka) (India) 
source 

CK60A 1 same sterility 
NagpurA J response 

G1A !-.n-ne sterility 
VZM2A ,uFponse 
M35-1Al sarn :-city 
M31-2A) respco-,i 

Continued
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TEN*e 1. Caftunmw 

Autho- y Line Source 

Tripat i e ai.(1980) C'. OA 
N JrA 
M35-1 
M31-2A 

mile cytoplasm 
based on mile cytoplasm
A2 (Tentative)
A, (Tentative) 

VZM -2A A, (Tentative) 
G,A A. (Tentative) 

an.d Singh (1964) in 9E,a selection made in Ghana. 
Rec-, -; differences were observed; 9E x Leoti 
was sirile ard Leodi x QE was ferlile (Webster, 
pe.,rssta communication). Sterility in this line is 
maintained by kafirs and also by miles (Webster 
end Singh 1964? 

Several lines, includit, F;. D. Sooner Mile, have 
'rilized in9E c :m a.:and the stedlity of 

tYh:. A fines was c4 i,:4udin oests at five 
?o',=no .VWebstcr 1 7e). 9E v 'tezo line is9h 

toirit test crost,,,d ond crmpared with other 
sxerils in our USDA-.Thxas pa amr~.Our studies 
ol mitohonJri erd chioroplast DNA of 9E reveal 
that it . ,ommiko'(Prorej et al., n press) as 
did p-'s, , ies of Di.zon and Leaver 
(p~rsonzl orrnmuniceaon). 

USDA-Tets Lie 

The 't'!7umiines in our USDA-Texas-Florida 
,di&crmrosont diverse types ororigirts, or were 

ieoj,;!ed by berin::'ders to be m-we steriles. 
".nc f ihnrs incoj& male-sterile lines from 

E ' (S lines fromfrom Web. 1;r, arid the 
Frcss (foss 1965 Rloss and Hackerott 1972). 
Those chosen for diversity were from the USDA 
-Texas Agricultural Experiment Station Conver-
sion Program (Stephens et al. 1967). Lines from 
the workj cuWi-Iction (IS lines) were converted 
from photopeiod sensitive to less sensitive by 
backcrossing !nd selecting. Each of these con-
verted !ines had tte cytop asm of the IS (Indian or 
International Sorghum) line from the world collec-
tion. The lines we used were collected in 13 
countries and represented 10 races (4 basic ard 6 
intermediate) or 36 groups (16 basic and 20 
intermediate). Two main approaches were used 
to identify diverse tytoplasms. One involved 
determining sterility differences among test-cross 
progenies of lines differing only in cytoplasms. 
The other was an analysis of mitochondrial and 
chloroplast DNA. 

Sterility 

In the sterility fiodies, converted lines were 
reciprocally intercrosqed, the progeny wp'e ad
vanced to F2. and male steriles were selected and 
repeatedly backcossed by the male parent. Male
sterile backcross progeny were backcrossed by a 
single sterility-maintaining line (BTx 398, so as to 
produce lines differing only in cytoplasns.We are 
backcrossing lines from India to the same main
tainer line. The KS lines already differed only in 
cytoplasms, having been backcrossed to CK60 by 
Ross (Ross and Hackerott 1972). Each of the 
male-steTle lines will be crossed by a series of 
tester lines and fertility of F,progeny will be 
determined. 

Twenty-four male steriles (Table 2) have been 

isolated from converted lines. We do not know 
how many of their cytoplasms differ from milo or 
among themselves. Male steriles were isolated in 
10 races i,basic and 6 intermediate) from 7 
countries (Table 2). Fourteen of the 24 male
steriles now have at least four backcrosses to 
BTx 398. These crosses for definitive compari
sons of some of these cytoplasms were made in 
1981. Probable differences among cytoplasms for 
the induction of sterility were detected in prelimin
ary test-cross and other progenies. 

A few male-sterile lines were crossed by 
testers before the male steriles were backcrossed 
to nuclear uniformity. The purpose of making 
these crosses was to identify the most desirable 
testers but the results of such preliminary tests do 
provide some indication of possible differences 
among cytoplasms. The sterile with IS 12662C 
cytoplasm was identified by Schertz and Ritchey 
(1977) .sprobably different from mile (Al) and 
released as A2 (Schertz 1977; Rosenow et al. 
1980; Schertz et al., 1981). The sterile from IS 
1112C probably has a different cytoplasm and 
was designated A3 by Quinby (1980). 

The sterile lines differ considerably. Some have 
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Tble 2. Sorghum Unes with mae-st.,e Induing tytolam. 

IS no., SC no, 

5322C 250 
11 16c 195 
7920C 299 
7007C 268 
2266C 93 

7506C 407 
2573C 64 

12662C 171 
2816C 120 
7498C 353 

12565C 50 
1112C 193 

12645C 154 
3620C 303 

12680C 217 

12539C 19 
6271C 317 
2757C 319 
6882C 320 
8232C 642 

2169C 331 
6964C 411 
2177C 215 

12600C 91 

Group 

Roxburghii 
Roxburghii 
Conspicuum 
Conspicuum-Nigricans 
Caudatum 

Caudatum-Guineense 
Caudatum-Kafir 
Caudatum-Nigricans 
Zera zera 
Caudatum-Conspicuum 

Caudatum-Conspicuum 
Durra-Subglabrescens 
Durra-Bicolor 
Margaritiferum 
Dochna-Leoti 

Dochna-Amber 
Dochna-Roxburghii 
Dochna-Nigricans 
Calfrorum 
(Caffrorum-Durra)-

(Caudatum-Nigicans) 

Nigricans-Durra 
Caudatum-Dochna 
Cernum 
S. nitidum 

IS = International sorghum numbers assigned to world collection. 
SC = Number assigned during conversion 

extremely minute anthers, with no functional 
pollen but others have nondehiscent anthers with 
pollen. Lines also differ in stability of sterility 
under various environmental conditions. High 
temperature is a main cause of a decrease in 
sterility in some of these lines just as it is with 
male-steriles having milo cytoplasm. 

A few original IS fertile lines produced male-
sterile F,s. Reciprocal differences in F, sterility 
were observed (Table 3). Note particularly that IS 
1112C (A3) frequently produced F,steriles when it 
was the female parent. 

DNA 

In the analysis of mitochondrial and chloroplast 
DNA, comparisons were made of DNA frag-
mented by restriction endonuclease (Pring et al., 

in press). 

Race Place of origin 

Guinea India 
Guinea India 
Guinea Nigeria 
Guinea Sudan 
Durra Sudan 

Bico!or Nigeria 
Caudatum Sudan 
Caudatum Ethiopia 
Caudatum S. Rhodesia 
Caudatum Nigeria 

Caudatum Sudan 
Durra-(Durra-Bicolor) India 
Durra-Bicolor Ethiopia 
Guinea Nigeria 
Bicolor India 

Bicolor Ethiopia 
Guinea-Caudatum India 
Caudatum Uganda 
Kafir-Caudatum 

(Kafir-Caudatum)- India 
Caudatum 

Durra -

Bicolor Nigeria 
Guinea-Bicolor India 
- N. Rhodesia 

Lines used in the isolation of male 
steriles as well as others were analyzed. Included 
were several milo varieties. Mitochondria and 
chloroplasts were isolated from leaf-blade and 
leaf-sheath tissue of seedlings. DNA was frag
mented by a series of restriction endonucleases 
and electrophoretic patterns on slab gel agarose 
were determined by methods reported by Pring et 
al. (1972) and Pring and Levings (1978). 

Mitochondrial DNAs (mtDNAs) from kafir and 
milo cytoplasms were distinguished by four res
triction endonucleases Hind II, Sal I,BamHl. and 
Bgl II, three patterns of which are shown in 
Figure 1 (Pring et al., in press). Note the extra 
band in milo (Fig. 1D)as compared with kafir (Fig. 
10) at 58 and 74 mm and in milo (Fig. !,F)versus 
kafir (Fig. 1E) at 37 mm. Chloroplast DNAs 
(ctDNAs) of kafir and milo were distinguishable by 
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Table 3. Sorghum female .artots that produced mnle-stedle F,s and fertile reciprocals from sipecfic crosm. 

Femafe 
parents
IS no.' Frequency" Group 

5322C 1 Roxburghii

11 16C 1 Roxburghii

5821C 4 Roxburghii

7534C 1 Conspicuum


12605C 1 Conspicuum 

2266C 1 Caudatum 
7382C 1 Caudatum 

12662C 1 Caudatum-Nigricans
12666C 1 Zera zera 
1022C 3 Durra 
1056C 3 Durra 

12683C 1 Durra 
1112C 10 Durra-Subglbbrescens 

12645C 1 Durra-Bicolor 
12673C 1 Durra-Dochna 

= 

Race 

Guinea 
Guinea 
Guinea 
Guinea 
Guinea 

Durra 
Durra 
Caudatum 
Caudatum 

Durra 
Durra 
Durra 
Durra-Durra-Bicolor) 

Durra-Bicolor 
Durra-Bicolor 

IS International sorghum numbers assigned to world collection lines. 

Country of Origin 

India 
India 
India 
Nigeria 
Nigeria 

Sudan 
Nigeria 
Ethiopia 
Ethiopia 

India
 
India
 
India
 
India
 

Ethiopia 
Ethiopia 

= Number of parental combinations that produced male-sterile F~s with the noted female parent but fertile F s from the 
reciprocal cross. 

restriction endonucleases BamHI, EcoRl, Hind Ill, 
Bgl II and Haelll (Fig. 2) (Pring et al., in press),
Note differences between kafir (Fig. 2A) and milo 
(Fig, 2B) at 70 rnm and between kafir (Fig 2C) and 
milo (Fig. 2D) at 60 mm. 

Several other milo cytoplasms and alternative 
sterility-inducing cytoplasms were observed in a 
similar manner using the previously mentioned 
and other restriction endonucleases (Pring ot al.,
in press). The distinctions made by these analyses 
are recorded in Table 4. 

Ten groups of cytoplasms were differentiated 
by restriction endonuclease analyses of mtDNAs. 
The milo cytoplasms, except for Millo Blanco, 
were all irdistinguishable. A2 (A2Tx 2753) from 
IS 126622C was distinguished from milo by only 
one endonuclease (Pst I)of the seven used. A3 
(IS11 12C) was distinguished by HindIll digestion. 
A3 (IS 1112C) cytoplasm also was found to 
contain two plasmid-like DNAs (Pring et al., in 
press). 

These groups were differentiated by use of 
Hind Ill, EcoRl, and BamHI on chloroplast DNA. 
Some lines differentiated by analysis of mtDNA 
were not differentiated by analysis of ctDNA. It 

must be remembered, however, that negative
results are not conclusive in studies of this sort. 
Restriction by other endonucleases might have 
revealed additional differences. 

As indicated previously, M35-1 and 9E were 
distinguished from milo (Al) cytoplasm by DNA 
analyses (Table 4). This is consistent with the 
sterility observations of Rao and his colleagues
and of Webster regarding these two steriles 
respect;vely. The DNA analysis also distinguished
M35-1 and 9E cytoplasms from each other. No 
data are yet available comparing the sterility 
responses of these two steriles (M35-1 and 9E).

Dixon and Leaver (personal communication) 
have corroboratirg data from studies of transla
tion products. They classified the male-steriles 
they studied into four groups. A male sterile with 
kafir nucleus and milo cytoplasm had an extra 
polypeptide with a molecular wcight of 65 000. 
Martin with 9E cytoplasm has a variation in 
mobility of subunit I of cytochrome oxidase. A line 
with kafir nucleus and IS111 2C cytoplasm synthe
sized an extra polypeptide with molecular weight
of 82 000 and one with molecular weight of 
12 000. A line with Yellow Feterita nucleus and 
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Table 4. Differentlation of sorghum ,poplasms Into groups by restriction endonuclese fragment analyses 

of mitochondriel and cloroplest DNA. 

MtDNA Group 	 Members CtDNA Group Members 

1 	 Milo 1 Milo 
IS 6705C IS 6705 C 
IS 1116C IS 1116C 
IS2801C IS2801C
 
IS3063C IS3063C
 
Standard Yellow Milo 	 Standard Yellow Milo 

Dwarf Yellow Milo 
Early White Milo 
IS 6271 C 
KS34
 
KS38
 
KS39'
 

2 	 A2Tx 2753 (IS 12662C) A2Tx 2753 (IS 12662C) 
3 IS 1112C 2 IS 1112C 
4 M35-1 (A line) M35-1 (A line) 
5 IS 1056C IS 1056C 

IS 2483C IS 2483C 
6 Millo Blanco Millo BI ncf, 

7 	 Tx 398 (9E) 3 Tx 398 (9E) 
8 	 IS7920C IS7920C
 

9 	 KS35 1 KS35
 
KS36 KS36
 
KS37 KS37
 

10 Kafir 	 2 Kafir 

Table 5. Percentage fertility of test-cross progenies of KS male-sterile sor-3hum lines. 

Male 

Early 
hegari IS12673C IS7382C IS2169C IS12587C 

Female Source of cytoplasm SA2r1 SC182 SC344 SC331 SC78 

CK60 Milo 56 38 2 1 0 
KS34 S. arundinaceum P1208190 45 5 1 2 0 
KS35 S. arundinaceum P1258806 97 64 6 10 22 

KS36 S. verticilliflorum P1208190 91 58 9 12 11 

KS37 S. sudanense P1 247722 88 52 8 10 15 

KS38 
KS39 

S. conspicuum 
S. ni/oticum 

P1155140 
Kenya 53262 

60 
50 

30 
23 

1 
1 

1 
1 

1 
1 

characterized by one obviously missing fragment 	 not present in digests of KS34 (Fig. 3E), KS38, and 
KS39, e.g., at 27 mm in Fig 3. Additional differ(uppermost band in Fig. 3C of KS38) and probably 

two other missing fragments when compared to ences were obtained with other endonucleases 

KS34, KS38, and KS39 mtDNAs. With Xhol, KS35 (Conde et al., in press). 

(Fig. 3F), KS36, and KS37 yielded three fragments These three, KS35, KS36, and KS37, are thq 
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same lines that differed from CK60 and the other 
KS lines in fertility of test-cross progenies (Table 
5). The correspondence of fertility and mtDNA 
data supports the idea that the cytoplasms of 
KS35, KS36, and KS37 differ from the cytoplasms 
of milo and the other three KS lines. 

Perspective 

As we increase international collaborative sor-
ghum research we must utilize the genetic 
diversity available and assure diversity among 
improved self-pollinated varieties and F, hybrids. 

Diversity among cytoplasms is an important 
aspect of this consideration, particularly among 
cytoplasms used to induce male-sterility for hybrid 
production. The diversity of germplasm that be-
came available during the past two decades 
provides an excellent opportunity for advance
ment in the future. Work is in progress and 
several potentially useful diverse cytoplasms have 
been isolated. Scientists in India and the USA 
have identified cytoplasms with sterility re-
sponses different from milo, the cytoplasm now 
used to induce sterility innearly all female parents 
of hybrids. In both countries the effect of other 
cytoplasms are being studied. Other characteris-
tics, including mitochondria, chloroplasts, and 
polypeptides, are being studied in India, the USA, 
and Scotland. These combined studies are provid-
ing information and lines useful to diversify 
germplasm in sorghum breeding programs. 

Additional information is needed: (1) The iden-
tities of many of the .ytoplasms must be deter-
mined by definitive studies of lines differing only 
incytoplasms. (2) The inheritance of the cytoplas-
mic-nuclear interaction causing sterility needs to 
be understood. (3) Cytoplasms found to differ 
need to be checked for sterility response with 
many other lines so as to identify potential parents 
of hybrids with the new sterility systems. (4) The 
new cytoplasms need to be evaluated for their 
effect on characteristics other than sterility, 
(5) Methods of breeding and hybrid production 
need to be devised and evaluated so as to 
efficiently utilize new cytoplasms. (6) We need to 
evaluate ways to more efficiently identify diverse 
and potentially useful cytoplasms. Can DNA analy-
ses, scanning electron microscopy, or other analy-
ses be used to identify cytoplasms differing for 
sterility response or even for response to 
hazards? 

,
 

Z 

J
 
A B C
 

Figure 3. 	 Agarose gel electrophoretogram of 
restriction endonuclease fragment 
analyses of the KS series cytoplasm 
mtDNAs of sorghum. Hindlll digestion 
of KS-34 (A) and KS-37 (B), BstElI 
digestion of KS-38 (C)and KS-36 (D), 
Xhol digestion of KS-34 (E)and KS-35 
(F), and Bamil digestion of KS-34 (G), 
and KS-35 (H). ONAs digested with 
different enzymes were run on sepa
rate electrophoresis gels. 

It is essential that there be a coordinated 
collaborative approach to these studies. We must 
exchange information and lines but we must do 
more. We must actually conduct research 
together so that comparisons of results are most 
meaningful. We must agree on and use auniform 
system of nomenclature so that we can under
stand each other and so avoid confusing those 
who might use our lines. 

But will a new cytoplasmic nuclear system be 
used, and if so, how? (1) Presently used lines 
could be sterilized in new cytoplasms and held 
until a need for their use arises. Some breeders 
are doing that now. (2) Certain present hybrids 
could be produced in new cytoplasms. A very 
limited amount of seed is produced in this 
manner. (3) Hybrids could be produced with a 
blend of cytoplasms. (4) Entirely different hybrids 
with different cytoplasms could be produced. The 
potential to use new parents not usable in the 
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milo-kafir system could be a strong impetus for 
adopting a new cytoplasm.The potential to in-
creased nuclear diversity may be as important as 
cytoplasmic diversity per se.t ecytoplasms are used and how 

Whether new 
they are used will be influenced by how well we 
fulfill our responsibilities. We must anticipate the 
needs and have answers to the important ques
tions. As hybrid sorghum production increases, it 
will become increasingly critical that we have 
correct answers regarding cytoplasms. 
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Interaction of Genes and Cytoplasms in
 
Sex Expression in Sorghum
 

J. R. Quinby* 

Sorghum (Sorghum bicolor (L.) Moench) is a 
species with perfect, or hermaphroditic, flowers 
but male sterility, partial male sterility, indehiscent 
anthers, antherlessness, pollen and stigma incom-
patibility, female sterility, and apomixis have een 
reported in the species. 

I recognized all of these abnormalities, except 
female sterility, in segregating populations while 
searching for additional male-sterile inducing cyto-
plasms. Also, I came to realize that hormones 
might be involved in producing perfect flowers or 
floral abnormalities as well as in the control of 
plant growth and time of floral initiation. The 
following is a presentation of theories th,! 
evolved in an effort to explain the genetic and 
cytoplasmic inheritance of the abnormal sexual 
expressions observed, including apomixis. Also 
presented is the genetic and cytoplasmic identity 
of several strains and the sexual phenotypes of 
certain Fl hybrids, 

A Review of the Literature 

Heslop-Harrison (1957) has reviewed the litera-
ture and discussed chemical and hormonal etfects 
on sexuality in plants. Thimann (1963) has re-
viewed the literature on the many influeices of 
plant hormones on plant growth and has pointed 
out that auxin favors formation of pistillate flowers 
or femaleness, and gibberellin of staminate flow-
ers or maleness. In contrast to Thimann's conclu-
sion, Rood et al. (1980) have reported that, in Zea 
mays L., high gibberellin levels favor femaleness 
whereas low gibberellin levels favor maleness. 
However, Sladky (1969) has reported that a low 

0 Plant Breeding Division, Department of Sorghum 
Breeding, Pioneer Hi-Bred International. Incorpuv,,=d. 
Plainview, Texas 79072, USA. 

level of auxin and a high level of gibberell'n are 
present at the time of differentiation of the female 
sterile but male fertile maize tassel. 

Oehlkers (1964) studied cytoplasmic inheri
t3nce in the genus Streptocarpus, a plant native to 
Africa. In one species, he recognized a weak 
genetic tendency toward maleness and a strong 
tendency toward femaleness. He assumed in that 
species, that has normal, hermaphroditic flowers, 
that, in the cytoplasm, there existed a strong male 
tendency and a weak female tendency. But, in a 
second species, the opposite situation existed. 
He also recognized a neutral cytoplasm in a third 
species that was neither female nor male promot
ing. One significance of these observations is that 
both nuclear and cytoplasmic genes affect male
ness and femaleness. 

Sex Expresion Genes 
and Cytoplasms 

The gene symbols assigned to floral abnormalities 
in sorghum have been compiled by Schertz and 
Stephens (1966). Sorghum is reported to be an 
allotetraploid (Endrizzi and Morgan 1955) and two 
genes might logically be expected to control ao~y 
genetic character. 

Maunder and Pickett (1959) recognized one 
nuclear gene and Erichsen and Ross (1963) and 
Appadurai and Ponnaiya (1967) recognized a 
second nuclear gene that interacts with cyto
plasms to cause male sterility. The two genes 
have been assigned designations of ms,, and 
msC2 by Schertz and Stephens. 

Casady et al. (1960) recognized two gene, 
whose complementary action produced female 
sterility. Maim (1967) thought he recognized a 
third female inducing gene because of a linkage of 
female sterility with a height gene. But Maim's 
material included a dwarfing gene that was not 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the In;emational 

Symposium on Sorghum, 2-7 Nov 81. Pauancheru. A.P., India. Patancheru. A.P. India: ICRISAT. 
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present inCasady's material and it is possible that 
only two female inducing genes were involved in 
both studies. The genetic and cytoplasmic interac-
tions that result in female sterility are not yet 
understood. Nevertheless, two female inducing 
genes appear to exist and, because cytoplasms 
are involved, it seems reasonable to assign Fs,
and Fs,, to the two female inducing genes. 

A designation "A"was assigned to the cyto-
plasm in which Stephens and Holland (1954) 
male-sterilized the first cytoplasmic male sterile, 
This cytoplasm came from the Milo variety. The 
designation "A2" was given to the female induc-
ing cytoplasm that was recognized by Schertz 
(1977) in the Ethiopian variety IS12662C. The 
designation "A3" was given to the female induc-
ing cytoplasm in the Indian variety Nilwa, IS 
11 12C (Quinby 1980). The male inducing cyto-
plasm in Texas Blackhull Kafir was designated 
"B" by Stephens and Holland (1954). 

The Theories Involved 

Plant hormones are assumed to control sexual 
exprension in plants. It is assumed that nuclear 
genef. and genes carried in cytoplasmic inclusions 
cor.rol levels of the female and male hormones in 
the developing florets that cause perfect flowers, 
male sterility, female sterility, or other floral 
abnormalities. The assumption is that perfect 
flowers ai. velop when female and male hormone 
levels are in balance, but that abnormalities 
develop when female and male hormones are out 
of balance. In other words, it appears that any
sexual genotype will have perfect flowers in one 
cytoplasm but will be male sterile or be otherwise 
abnormal in all other cytoplasms. 

As mentioned previously, two female inducing 
genes are thought to exist in sorghum and two 
male inducing genes have been recognized. 
These things being true, there should be two 
genes controlling male hormone levels and two 
controlling female hormone levels. And if a 
perfect balance between the male and female 
hormones is needed to produce perfect flowers,
there should be two female promoting cyto-
plasms and two male promoting cytoplasms. In 
addition, if four genes are involved insex express-
ion, there must be six genotypes that are genetic-
ally in perfect balance. It follows then that there 
must be a neutral cytoplasm that promotes 
neither femaleness nor maleness. The two 

female inducing cytoplasms, the neutral cyto
plasm, and one male inducing cytoplasm have 
been recognized. Work is under way to identify 
the second male inducing, or fifth, cytoplasm that 
should exist. 

As shown in Table 1. it is assumed that "A" 
cytoplasm is neutral and contributes to neither 
female nor male hormone levels. Because genoty
pes 1,8, 9, 10. 11. and 16 are in perfect genetic
balance, they should have perfect flowers in "A" 
cytoplasm. It is assumed that "A2" cytoplasm 
furnishes an amount of the female hormone greet 
enough to compensate for the presence of onr, 
recessive female inducing nuclear gene. For that 
reason, it isassumed that genotypes 4, 5, 14 and 
15 have perfect flowers in "A2" cytoplasm. It is 
assumed that "A3" cytoplasm furnishes an 
amount of the female hormone great enough to 
compensate for the presence of two recessive 
female inducing nuclear genes. Only genotype 7 
would be expected to have perfect flowers in 
"A3" cytoplasm.

It is assumed that "B" cytoplasm furnishes an 
amount of the male hormone great enough to 
compensate for the presence of one recessive 
male inciucing nuclear gene and, for that reason, 
genotypes 2, 3, 12, and 13 should have perfect 
flowers in "B" cytoplasm. 

The second male inducing cytoplasm has not 
yet been identified, but genotype 6 would be 
expected to have perfect flowers in that cyto
plasm. 

The hormones involved in maleness and 
femaleness have not yet been identified in sor
ghum and it is not yet known which plant
hormone is being controlled by the Fs, genes and 
which by the Ms, genes. However, it seems 
logical to assume that the Fs, genes control auxin 
levels and that the Ms, genes control gibberellin 
levels. 

Materials and Methods 

The search for additional male sterile inducing
(female inducing) cytoplasms began with the 
crossing of strai.is that were the first 63 tropical
conversions released by the Texas Agricultural 
Experiment Station. F1 plant and F2 populations 
were grown and observed. A little later, a few 
other strains and a few additional tropical conver
sions from India were added to the study. A 
four-dwarf kafir, CKP, was male-sterilized in cyto
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Ts 1. Ph.notypoa that moult frm combkuto of qxWty ndp"m nd the Idwftyof 9eWMcytoplame 

Phenotype, of genotypes and strains in cytoplasms 

Genotype 	 A3(2Fh)V A2(1Fhd) A(0)" B(1MsJ 

1 Fsc,FsCMs, MSC, FF ms 	 FF MF perfect

(near perfect) IS 1122C
 

2 FscFsQMsc.,msC2 FF ms 	 FF ms FF ms perfect 
CKP(A3) CKP(A2) CKP(A). BK(A) CKP, BK 

3 FSC, FmSC Msc2 FF ms FF ms FF ms perfect 
1S128B3, 

4 FzCfs(,Msc,Msc2 FF ms perfect
IS 2816C 

5 fs, Fs__._MSCMs_ 

6 Fs, Fs2msCmsC, FF ms FF ms FF ms FF ms 
BK ms2 

7 fs, fs C2Msc, MsC2 perfect 	 FF MF 
IS1112C 
 R473
 

8 Fsc,fsmSC,Msci FF ms 	 perfect 
SM100(A3) FF ms SM100 
IS84(A3) IS84 

Day 

9 fsc, Fs ms , MsC2 

10 FsC,fsQMsCmSCQ 	 FF ms FF ms perfect 
IS 1151C(A3) 	 IS 1598C 

IS 1151C 

11 fsc, FsC.?MscIns C 

12 FsC, fs 2ms, msC 	 FF ms FF m, FF ms perfect 
_ _ _ _Day ms 

13 fsc,Fsc2msc1 msC2 

14 fs ,fsC2MsC1msC 	 FF ms perfect 
IS 1056C(A3) IS 1056C 

15 fs , fs Cns2,Ms Co	 FF ms perfect 
IS 12662C 

16 fsc,fSCmsC,mSC 	 perfect 
NM13 

I Genetic equivalent. 
a. FF - female fertile. fs = female sterile, MF = male fertile, ms = male sterile 

plasms from several sources and "A2" and "A3" females and the Fls observed. If the phenotype 
cytoplasms were then recognized. The tropical of a combination of genotypes and cytoplasm is 
conversions and a number of other strains were unknown, those spaces are left blank in Table 1. 
then crossed to the CKP(A), CKP(A2), and CKP(A3) In the tables and in the discussions that follow, 
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genotypes are identified by single gene symbols 
per locus. The International Sorghum (IS)numbers 
can be found in the publications of Johnson et al. 
(1971), Scheuring and Miller (1978). and (Murty et 
al. 1967). 

The Genetic and Cytoplasmic 
Identity of Certain Strains 

Studying the genetics of sexuality in sorghum is 
made more difficult by the fact that many F1 
plants are either male or female sterile and F2 
populations cannot be grown. In addition, height 
and duration of growth are undoubtedly controlled 
by hormone levels and it is apparent that the 
sexual phenotypes of F1 plants are different if the 
plants are 2-dwarf rather then 3-dwarf. It is also 
apparent that the percentage of male-sterile 
plants in segregating populations is influenced by 
heterozygosity for height and maturity. 

In view of the difficulties encountered in study-
ing the genetics of sexuality, I am presenting the 
identity of certain strains and their phenotypes in 
other cytoplasms without presenting data from 
segregating populations (Table 1). The identifica-
tions were made based largely on the cytoplasms 

of the strains and in which cytoplasms they could 
apparently be male sterilized. However, in 198i I 
did obtain some good genetic information fron F2 
populations in "A" and "A2" cytoplasms. 

Crosses were made using CKP(A), CKP(A2j, 
and CKP(A3) as female parents and the male 
parents and the phenotypes of their F1 hybrids are 
shown in Table 2. The phenotypes ,! dR Ps were 

useful in identifying the strains and their phenoty
pes in other cytoplasms. 

The identity of Strains 
in "B" Cytoplasm 

CKP is known to be in "B", or Kafir, cytoplasm and 
has been male sterilized in "A", "A2", and ",3" 
cytoplasms. CKP, like Combine Kafir 60, is recas
sive at one ms,locus, is combination 2B, and can 
be male sterilized in "A" cytoplasm for that 
reason.
 

The variety IS 12683C is apparently combina
tion 3B. The CKP(A) x IS 12693C F1 hybrid is male 
fertile (Table 2.) Nevertheless, IS 12683C can be 
male sterilized in "A" cytoplasm because it is 
recessive at one ins, locus. 

Texas Blackhull Kafir (BK) is combination 28 and 
mutated to m., (Stephens 1937). Genetic ins is 

Table 2. The sexual phenotypes of F1 hybrids In three cytoplams. 

Sexual phenotype* of F1 when 
Male Parent female parent is 

Strain Identity CKP(A3) CKP(A2) CKP(A) 
(combination) 

CKP 2B FF ms FF ms FF ms 
IS12683C 3B FF ms FF ms FF MF 
Tex. Bh. Kafir ms2 6B FF ms FF ms FF ms 
IS1122 C 1A FF ms FF MF FF MF 
SM100 8A or 9A FF ms FF ms FF MF 

IS84 or Tx 7529 8A or 9A FF ms FF ms FF MF 
IS 1151C 10A or 11A FF ms FF ins FF ms 
IS 1598C 10A or 11A FF ms FF ms FF ms 
IS 2816C 4A2 or 5A2 FF ms FF MF FF MF 
IS 1056C 14A2 FF ms FF ms FF ms 

IS 12662C 15A2 FF ms FF MF FF MF 
IS 1112C 7A3 FF MF FF ms FF ms 
R473 7A FF ms FF MF FF MF 
NM13 16A fs ms fs ms fs MF 

FF = female fertile, fs- female sterile. MF = male fertile, ms = male sterile. 
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combination 6B and is recessive at both ms gene 
!ci. BK ms2 is maintained in the heterozygous 
condition. BK ms, is female fertile and male sterile 
in "A", "A2", and "A3" cytoplasms as well as in 
"B" cytoplasm (Table 2). 

Pc.-fect flowered strains of combinations 12B 
and 13B have not been identified. Such strains 
cross%, in BK mis, should produce male sterile Fl 
plants, Ljut no such plants have been observed. 

The Identity of Strains 

In "AN Cytoplasm 

The variety IS 1122C is converted Karad Local 
from India and is Eparently combination 1A 
becau -,2.'% of the plants of the F2 population of 
CKP(A) x IS !122C and CKP(A2) x IS 1122C are 
male sterile. These populations were apparently 
segregating only at the ms., locus. F1 of CKP(A2) 
x IS 1122C is male fertile and of CKP(A3) x IS 
1122C. is male sterile (Tab!...,2 1 

Ont of the Milo maturity genotypes, SM100, 
and IS34 (the male parent of CSH-1), have been 
male s terilized in "M3W" cytoplasm. Both strains 
can prc. bably be male sterilized in "A2" cytoplasm 
becaus , their Fls with the CKP(A2) .-',aie-sterile 
are ma e-stef;; {Th: 2). Th,.&:; tw strains are 
either :ombination 8A or ,A. 

Ever though combinations 10A and 11 A pro-
duce rnale sterile F1 plants when crossed to 
CKP(,A !, they should not male sterilize in that 
cytop; asm. An effcrt was made to male sterilize IS 

S&38" in "A" cytoplasm. But, as male sterihi-tion 
proc eded, e male sterility disappeared. It is 
like'V that IS 1151C and IS 1598C are either 
co'nbination 10A or 11A. 

The origin of the Day male sterile was re-
ounted by Stephens et al. (1952). The Day 

cultivar is known to be in "A" cytoplasm and, like 
Dwarf Ye!1u'.x Milo, is thought to be either 
combinaticn 6A or 9A. The Day male sterile is 
either tcombiiaiion 12A or 13A. 

The strain New Mexico 13 crossed to CKP(A) is 
female sterile but male fertile (Table 2). NM13 
crossed to CKP(A2) and CKP(A3) results in plbnts 
that are both female sterile and male sterile. 
NM13 is thought to be combination 16A. 

The Identity of Strains 

in A2" Cytoplasrr, 

A converted line from Zimbabwe, IS 281C. is 
known to be in "A2" cytoplasm (Quinby 1980) and 

resio.es male fertility to CKP(A2) hybrids (Table 2). 
For these reasons, IS 2816C is thought to be 
combination 4A2 or 5A2. 

A line from India, IS 1056C produces male
sterile Fls when crossed to CKP(A) (Table 2). It is 
known to be in "A2" cytoplasm and has been 
male sterilized in "A3" cytoplasm. For these 
reasons, it is assumed to be combination 14A2. 

A strain from Ethiopia, IS12662C, furnished the 
cytoplasm that Schertz (1977) designated "A2". 
IS 12662C is apparently combination 15A2 (Table) 

A Perfect Flowered Strain 
in "A3' cytoplasm 

IS 11 12C, or conver c J Nilwa, is the strain that 
furnished the A3 c',toplasm. Because it has 
perfect flowers, it is assumed to be combination 
7A3. CKP(A3)x IS 1112C F1 hybrids are male
fertile or r ;jF male-fertile. Surprisingly, CKP(A) x 
IS 11 12C F1 plants are male-sterile (Table 2)and 
the interactions that bring this about are not 
understood. 

Maldandi 35-1 and its male starile counterpart 
were sent to Texas by Dr. N. G P. Rao and was 
one of the pairs worked with by Tripathi (1979). 
The male sterile inducing cytoplasm in the M35-1 
male sterile has been called the Maldandi source 
and appears to be similar to the "A3" cytoplasm 
from Nilwa. 

7teAoration of Male Fertility 
to Hybrids 

Information presented in Table 2 show:; the 
g,.-.rnolic and cytoplasmic identity of certain strains 
that restore male fertility to hybrids made using 
femie parents in three cytoplasms. All CKP 
fe,:es are genotype Fs., Fs, Ms, mst. Tk.a 
genotype CKP(A) is in neutral cytoplasm. CKP(A2) 
is a super-female because of the contribution of 
the female component from "A2" cytoplasm. 
CKPiA3) is an ultra-female because of a still 
greamer contribution of the femnle componant 
from "A3" cytoplasm. 

Numerous strains restore male fertility to 

CKP(A) hYbds Fnd those strains need only to be 

dominant at the Ms, locus. Appaently, because 
the CKP(A2) female is a super-female, strains that 
rest.:.- fertility to CKPIA2 hybrids must be 
dominant at both Mi, and Ms9, loci. Only IS 
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111 1?C (Nilwa) is shown to restore male ferlility to 
CtI;$3A.J hybrids (Table 2) and CKP (A3) x IS 
1112C hybrids are not completely mM':,; fertile, 
CKPA..) is an uttra-fernale and IS 11 12C, that is 
genetically fsc, fs., Msc, A4s,., apparently reduces 
femaleness in the F1 enough for it to be a 
near-perfect male fertile. 

Apomixis 

R473 is a facultative anomict recognized by Rao 
and :rqyana (1968) a.r c worked with by Murty 
and Rac, (1972); Murty, Lit al. (1979; 1981). R473 
is in Aispuri (IS 1151) or "A" cytoplasm and its 
male parent is iS2"42. An F2 population of IS 
11 12C x R473 at Plainview in 1981 contained no 
male-sterile plants. For that reason, it is reason-
able to assume tat R473 is genotype 7 
(fs , fsc, Ms, Ms,, -- "A"cytoplasm. It appears,
from this information, that apomixis must result 
from a low level of the fema!e hormone in 
comparison with a higher level of the male 
hormone. 

R473 is considered to be a facultative apomict 
because hybrids can be produced using it as a 
female parent. Perhaps the R473 genotype in "B" 
cytoplasm might be an obligate apomict. CKP(B) 
has been crossed by R473 to see if apomicts can 
be found in the progeny. If and when "B2" 
cytc ,'asm is identified, obligate apomicts should 
be searched for in that cytoplasm. 

Incompatibility 

Most male-sterilez,in "A3" cytopla m have large 
anthers that do not dehisce. Ho',.ever, male-
steriles in "A3cytop!asm have occasionally been 
seen to shed pollen in Texas as they have been 
reported to do in India. However, the male-sterile 
plants do not set seed and incompatibility of 
stgmas and pollen has been thought to be the 
cause (Rao et al 1971). 

Female Sterility 

As mentioned previously, the identity of the strain 
New Mexico 13 is thought to be comhination 16A 
(Tables 1 and 2). NM13 also produces female 
sterile, but male fertile, plants when crossed to 
CKP(B) NM13 has perfect flowers in "A" or 

neutral c/toplasm because it is recessive at al! 
four sexual gene Io&i. But the interactions of the 
levels of female and male hormones are not yet 
understoo, -'.ause female steriles appear in all 
four present,",; known cytoplasms. 

Summary 

Plant hormones are assumed to be involved in 
cortrolling sexual expression in so.nhum, and 
there is interaction between nucle4r genes and 
genes carried by cytopla-smic inclusions. There 
appear to be two female inducing and two male 
inducing nuclear genes. Theoretically, .!ere 
should be two fema!.. inducing, two male ii,,rduc
ing, and one neutral cytrn'lasm. One male induc
ing cytoplasm has not ye-. been recogni-r, but is 
being sought. The other four cytoplasms have 
bepr found and identified. 

Tl'i'; _sumption is that perfect flow~rz ..'Pvelop 
when leniale and male hormones are in perfect 
,.Ince but that floral abnormalifies devclop ben 

f..r-ale and male hormones are out of balance. 
Ay sexual genotype will have perfect flowers in 
one cytoplasm but will be male-sterile or other
wise abnormal in the other cytoplasm-. Many of 
the genotypes expected to exist in four cyto
plasms have been recognized and the basis of 
their identifications is presented. The genotypes 
that restore male fertiliity to hybrids in three 
cytoplasms are also presented. 
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Genetic and Environmental Response
 
Characteristics of Sorghdm
 

F. R. Miller* 

Sorghum bicolor (L.) Moench is grown from sea 
level to elevations in excess of 3000 m in high 
rainfall areas and in semi-arid regions, and in 
different seasons of the year. Because of this 
wide range of adaptation there are naturally 
selected cultivars which resist an array of pests 
and diseases and possess high yielding capabili. 
ties. Sorghum grain was and continues to be a 
major food cereal across regions where other 
cereals are not so well adapted. Our responsibility 
is to develop even more stable and higher yieldinp 
cultivars from this wealth of diversity by makiri', 
the aporopriate collections from dissimilar cli-
mates and recombi'nig into more widely adapted 
improved types useful to the world's people. 

A plant breeder must know the climatic realm of 
the areas in which he is testing and vhe climatic 
range of adaptation of his improved or new 
materials. He also needs an apprecifition of the 
original environment of the species he is working 
to improve. A system of climatic classification has 
many merits. This discussion will consist of 
comparisons between climates and the response 
of plants in their environment and how a crop 
breeder can take advantage of similarities or 
dissimilarities. Sorghum as alife form has evolved 
and 1,favored by certain types of climatic condi-
tions. Its capability for survival and multiplication 
are limited and exist where the environment is 
most favorable fcr its growth. 

As a species, sorghum has permeated those 
climatic regions of easy adaptation or transplanta-
tion. From Ethiopia 1'. has moved or has been 
moved to the USA, Argentina. Venezuela. Central 
America, Australia, and into India and several 
unique areas of Africa. This area of adaptation of 
sorghum parallels the "Tropical Grassland" and 
"Grassland with Trees" (Fig. 1). These areas exist 

Department of Soils and Crop Sciences. Texas A&M 
University. College Station, lexas 77843, USA. 

in abundance between the Tropics of Capricorn 
and Cancer; i.e.. between 232' N and S Lati
tudes. Specifically, there are major areas in 
Central and South Africa, India, Australia, South 
America, Central America and into South Texas 
where sorghum production abounds. Most of tne 
crop's improvement has dealt with adaptation and 
yield characteristics in this median environment 
where the crop was easily adapted. 

Perhaps the most important point with sor
ghum and other cereals is the need to adapt these 
critical food supplying crops to adjacent climatic 
areas, to which they are not ea' ily transplantable, 
in order that potential areas of production are 
exploited. One example is to look at the "Temper
ate Grasslands." or "Extra-tropicDal Grasslands," 
which border the aforementioned (Fig. 2). The 
major differences here nre patterns of rainfall. 
daylength, and temperature. There are vast areas 
in Southern Russia, northern China, South Amer
ica, and smaller areas in South Africa and Australia 
where potential for expansion exists. In the 
United States we have moved sorghum far north 
into the "Temperate Grasslands." By utilization of 
existing germplasm, we could move the crop into 
many presently submarginal area.. 

The main variation of both wild and cultivated 
sorghums is in the northeast quadrant of Africa, 
and all the evidence points to that area as the 
center of origin. Doggett (1970) and others have 
concluded that the great diversity in S.bicolorwas 
created through disruptive selection and by iso!a
t'on and recombination in the extreme varied 
ecological hab.tats of northeast Africa and the 
movement of peoples carrying the species 
through that continent. Sorghum has been tax
onomically classified into ,,ome70 groups (Murty 
et al. 1967). The present world collection embo
dies more than 17 500 items. 

Sorghum varieties respond differently to 
varying photoperiods and temperature regimes. 

:teraona Crops Research Institute for the Semi-And Tropics. 1982 Sorghum in the Eighties: Proceedings of the International 

Symposium on Sorghum, 2-7 Nov 81, Patancheru. AP. India. Patancheru, AP.India ICRISAT. 
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Tropical grassland and grassland with trees- typical production areas of major sorghum 

production. (Climatic classifications are based on similarities in temperature, rainfall, .and 
natural vegetation.) 

The species is classified as a short-day type. 
Looking back at the area of origin which is just 
north of the equator, we are confronted with the 
evolutionary question of 'how did it develop'? 
Miller et al. (1969) established that sorghum has a 
critical photoperiod of 12 hr. However, they were 
able to classify some cultivars into groups that had 
higher critical photoperiods; even a class which 
does not respond or is photoperiod insensitive. 
They identified varieties with different photo-
period requirements and established that the 
response to differences in daylength may be as 
little as several minutes. If we look at selected 
areas in Africa where sorghum predominates and 
their daylength and rainfall patterns, we see that 
during the longest days when the photoperiod is 
above 12 hr in length, rainfall is in excess of 
100 mm per month (Fig. 3). As the sun moves 
northward the area receiving an excess of 
100 mm rainfall also moves. THE RAINS ARE 
FOLLOWING THE SUN! When daylengths be-
come short (12 hr), the sorghum plant differenti-
ates from vegetative to reproductive growth and 

the rains diminish. The crop then is free to mature 
in the dry season that follpws. As daylengths 
increase again the rains start, planting takes place 
and the crop grows vegetatively during the long
photoperiods that follow when rains of 100 mm 
per month are likely. The sequence allows for the 
survival of the greatest number of individuals to 
propagate the species. 

Quinby et al. (1973) have shown that duration of 
giowth and floral initiation, which is controlled by 
four loci, is greatly affected by photoperiod and 
temperature and their interaction. Ouinby (1974) 
attributed the variation of maturity in sorghum to 
both dominant and recessive alleles at the four 
maturity loci (Table 1). Most tropical varieties are 
dominant at all four loci and a recessive at Ma, will 
cause them to be much less photoperiod sensi
tive and apparently less responsive to tempera
ture variations. The identification and use of these 
genes allows the adaptation of specific types to 
regions where similar conditions exist. Because 
we know the response of these types and their 
genetics, we are able to predict ranges of adapta
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Figure 2. 	 Extra-tropical grasslands-areas where major sorghum expansion could easily be made 
using selection pressure for adaptation at the extremities of the present biological range. 

tion with reasonable certainty, 	 areas of the world, but especially in the temperate 
In most areas of the world taller plants are zones. This is done by substituting up to eight 

preferred, but in those areas where mechanical genes which control height and maturity to obtain 
harvesting is practiced, shorter stature is required. the desired genotypes. The procedure is outlined 

Quinby and Karper (1954) have shown height to in Figure 4. 
be controlled by four recessive, nonlinked, brachy- Because sorghum originated near the equator 
tic dwarfing genes. A single recessive gene may in northeastern Africa, it is sensitive to the length 
reduce height by 50 cm or more (Table 2). Most of day. Knowing the genetics of height and 
breeders recognize the positive correlation be- maturity and the response to daylength, it was 
tween height and yield and develop sorghums possible to use the facilities of the USDA's 
which are as tall as possible to withstand the tropical research station at Mayaguez, Puerto Rico 
hazards of production. Maximum productivity is and a temperate selection site at Chillicothe, 
generally obtained at about 1.5 to 1.75 m height. Texas, to make vast amounts of germplasrn 

Utilization of these two gene systems that so available for further plant improvement. Selec
strongly affect adaptation has given birth to one of tions were made 1rom the World Collection which 
the truly classical plant breeding/climate utiliza- were judged to offer the greatest diversity and 

tion accomplishments of crop improvement-the eliteness. Because of limited manpower and 
Sorghum Conversion Program (Stephens et al. resources, it was possible to convert only those 
1967). with outstanding characteristics. At present, there 

The cornerstone to much of the present crop are 1279 items in the program. The original cross 
improveme;i in sorghum is the Sorghum Conver- and four backcrosses with selection in each 
sion Prcnect. This Joint Texas Agricultural Experi- generation have allowed the recovery of over 
ment Station (TAES)-USDA project changes tall, 98% of the germplasm in each entry. During the 
late or nonflowering sorghums from the tropics last backcross which is done by hand emascula
into short, early forms which can be used in all tion, the cross is made using the alien line as the 
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Figure 3. Rainfall distribution (100 mm+/mo) across Africa through the year, showing that the rainsfollow the sun. Sorghum has evolved a photoperiod-controllea reproductive system to insure

survival under the monsoon rainfall pattern. 
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Ta"in 1. RM caractsutcs of eoght matafty genotype. in Sorghum bwwler from a June planting a 
Pl ainvie ,T xarn. 

Days to 
floral 

Days of 
panicle 

Days 
to Panicle 

Designation Genotype initiation development anthesis w~'t 

looM MaMaMaMa, 61 30 90.5 ± 0.6 28.2 ± 0.6 
90M MaMarwnaMa 61 26 87.0 ± 0.6 40.3 ± 1.1 
80M 
60M 

MfmaMaMa ,
Ma,manaMa, 

40 
36 

29 
28 

69.0 ± 0.2 
64.6 ± 0.4 

30.8 ± 0.9 
34.3 1.7 

SM100 
SM90 
SM80 
SMO0 

mia,MaMaJMa,
rnaMamajMa, 
ma,ma,M-. g 
marnanmaMa

34 
34 
34 
34 

18 
20 
23 
21 

52.4±0.3 
54.2 ± 0.3 
56.7 ± 0.4 
55.3 ± 0.2 

20.0 1.5 
20.3 + (.6 
19.3 0.6 
23.2 ± 0.7, 

(From Ouinby 1972) 

Tabb 2. Hkct and das to antimb for sev" 

Desijnation Genotype 

- Dw jwDw, 
SA1170 DwO w,Mw 
Dwf White Sooner Milo dw,DvsDvdw, 
D.Dwf White Sooner Milo dw,dwD.Mdw, 
SA403 dw dw dw, 

(From Quinby 1974) 

female. This allows the recovery of the cytoplasm 
of the converted line also. 

Materials from this program are dramatically 
changing the sorghum industry. Some of the 
important economic characteristics obtained from 
this project are: (a) new sources of disease 
resistance--ckawny mildew, head smut, maize 
dwarf mosiac virus, foliar diseases, stalk rots, 
kernel rots and anthracnose; (b) insect resist-
ance-sorghum midge, greenbug, corn leaf 
aphid, white flies, and Band's grassmites; 
(c) improved plant claracteristics-drought. heat 
and salinity tolerance, stalk strength, twin-seed, 
easy threshing, erect leaves, lodging resistance, 
improved yield of grain, yield stability under 
diverse environments, greater root development, 
leaf area retention, increased grain filling rates, 
inc° ,-sed sources ofcombining ability and new 
cylo;qasmic sterility; (d) outstanding kemel char-
actenstics-thin pericarps, weathering resist-

gety of Sorghum bkolr. 

Days to 
anthesis 

Height to 
flag leaf cm 

-
62 
61 
66 

-
127 
94 
53 
43 

ance, reduced discoloration of the endosperm, 
increased protein content, superior balance of 
amino acids, improved flavor, expanded diversity 
for food product development and greater digesti
bility; (e) reduced genetic vulnerability- ex. 
panded diversity to widen the germplasm base. 

As new sources of useful germplasm with 
unique properties are identified anywhere in the 
world, the materal is entered into the program. By 
the same token, much of the material which is 
changing the complexion of hybrid sorghum in the 
USA is from the Conversion Program. Few re, 
search programs which are making significant 
contributions do not use materials released from 
this program. Because those items in the conver
sion program came from Africa and India, there 
are indications that materials being retumed to 
these areas are useful in breeding projects there 
also. Perhaps the most use is made of elite linet 
that have part of their parentage from converted 
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Sorghum Conversion Projec 

Perto Rico 
Will not flower Will fiIdtIvr 

in U.S. in U.S. 

P. 

F1 - (P.R.) 

Short-early F2 (TeXas)4
Exotic x F3-(P.R.) 

F1 -(P.R.) 

LOO F2 (Texas) continued for 5 cycles;
each F3 is crossed ,:'-. to exotic 

Texas (USA) 
Exotic that will flower 
inU.S. 

After 5 beckcrosses to exotic 

Figure 4. 	 The Sorghum Cr: ,nversion Project is j backcioss breeding procedure that utilizes the 
knowledge of geo;tics of maturity and height to change tall, late photopeiod-sensitive 
sorghums into short, early types which can be used throughout the world more easily. 

lines and improved germplasm from existing 
br oding efforts. RTx 430, BTx 622, BTx 623, 
BTx 624, and RTAM428 are examples of such 
elite lines having part of their parentage derived 
from the Sorghum Conversion Program. 

Physiological processes in cultivated crop
plants w controlled and conditioned by a wide 
range of temper. ures. It was not until recently 
that agreat deal ol work was done within various 
species to measure and finally select plants 
possessing major differences in temperature re-
sponses to their environments, i.e., temperature
conditioned adaptation. 

Nix and Angus (unpublished), Amold (1959) and 
others have indicated that the base temfpelrature 
for germination in S. bicolor is 10.5°C. These 
determinations were based on serial sowings in 
the field. However, Thomas and Miller (1979)
using the procedure described by Gbur et al. 
(1979) have established that the base tempera-
ture is not constant within the species, but may 
vary from 4.6°C to 16.50C. Associated work 

indicated that these differencez, among individual 
cultivars within the species unay help explain 
major dissimilarities in adaptation. Leopold and 
Kriedenann (1975) indicated thak it isthe temper
ature extremes within the biological range that 
exerts an unremitting selective pressure and 
individuals within the species either succeed or 
perish on the basis of their capacity to either avoid 
or endure these temperature extremes. They 
further describe the importance of temperature by 
observing th t environmental factors such as 
light, water idnutrients shape the community
and determine its species composition, but that 
temperature can have regulatory influences which 
become translated into selective pressures. 

Adaptation of acrop to ac.ertain type of climate 
or environmental condition is gen.tVcally mod
ulated and isaffected by temparature and photo
period. 

Previous experience has consistently shown 
lower yields for high yielding sorghum hybrids 
which were developed in the temperate zone but 
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grown in more tropical environments. However, 
there have been materials from the Sorghum Table . Swrnmaylbase twparas olftroplic-
Conversion Program which exhibited adaptation y adapted and temperatey adapted 

_ ______ _to much larger areas or which maintained high and _ 

stable yields when moved from temperate to Base 
tropical areas. It is suspected that this is an Paren- tempe
observed temperature response difference Designation tages Adapt4,ility rature (°C1 
among these types. As a first step it was 
n,.cessary to characterize the variation in base RS671 Hybrid Temperate lv) 14.00 
temperature. Re tempo 3ture is that tempera- RTx2536 Male Temperate 13.40 
ture at which 5% of the , eeds fail to getminate Top Hand Hybrid Temperate 12.00 
wvthin a 10-day period. These points were esti- NB505 Hybrid Temperate 11.00 
mated by using asegmented nonlinear regression RS610 Hybrid Temperate (sl) 9.96 

technique (Gbur et aL 1979). The data from a RTx3430 Male Tropical 9.00 
thermogradient p;ate have demonstraied signifi- B1x623 Female Tropical 9.00 
cant differences amonV base temperatures of the W-832R Hybrid Tropical 7.50 
genotypes tested. W-839DR Hybrid Tropical 7.50 

Thomas (1980) has further ostablished that WAC 715DR Hybrid Tropical 7.50 
lines and hybrids designed as "tropically adapted" ATx623 x Hybrid Tropical (v) 7.50 

(TA) have lower base temperatures than the lines RTx430 

and hybrids designated as "temperately adapted"
 
(TE). Hybrids have consistently exhibited lower
 
base temperatures than their inbred parents. The TalM. 4. Array of base tempmestures for everal
 
F, hybrid between high and low base temperature widdy grown soajhums as detarmined
 
parents is more likely to be lower or similar to the by the thermopadiat table method.
 
low parent (Table 3 and 4).
 

This differertial response in base temperature Varietal Base 
may be the result of an evolutionary development designation temperature (C) SE 
related to the plant's survival suggested by AT399 x RTAM428 8.03 .102 
Leopold and Kriedemann (1975). They indicated ATxG23 x RTx30 8.06 .107 
that it is temperature extremes within the biolo- ATx378 x RTx430 8.13 .123 
gical range that exert the selective pressure on ATx623 x SLT-6 8.18 .083 
members of the species. Inorder for the tropically ATx399 x RTx430 8.20 .050 
adapted types to have a selective advantage with BTx378 9.22 .341 
a low base temperature, they must have come RTx2752 9.71 .113 
from an area which does not experience freezing RS610 9.81 .128 
temperatures. Those plants which developed in BTx623 9.82 .132 
warm areas would not be subjected to frost early 9.90 .078 
in the growth period and would not be removed RTx7000 9.16 .243 
from the plant community because they had the RTx415 13.09 .051 
selective advantage of a low base temperature RTx7078 13.09 .052 
and were able to germinate at the onset of rain on 
any soil condition. This early establishment would 
give them advantages in both time and space. It 
could also force selection for pest resistance. On lands) while plants with lower base temperature 
the other had, those genotypes that developed were adapted to the warmer night-time environ
at high elevations or areas where frost .was a ments like South Texas, Venezuelathe lowlands 
definite probability early in the season, only of Mexico, Australia, India, and the lowlands of 
survived if they did not germinate too early in the Ethiopia and Africa (the tropical grasslands). 
season when the probability of frost was high. Crosses have been made between materials 
Thus plants with high base temperatures become which have extremes in base temperature for 
adapted to areas like the highlands of Ethiopia and germination. The F2 segregations indicate that it is 
USA Great Plains, (recall the temperate grass- a complex phenomenon as would be expected, 
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but segregates can be isolated with a desired 
base temperature, Reciprocal differences are 
suspected since the cytoplasm is a site of many 
temperature responsive biochemical reactions 
and may also influence subsequent ranges in 
adaptation. 

Using Sharpe and de Michele's (1977) basic 
enzyme model as a guide, a positive correlation 
may exist between the extremes of temperature 
to;.crance that the different cultivar types possess.
If a cultivar has a low base temperature it may not 
be ab'e to in some ways tolerate high tempera-
tures ard vice versa. Preliminary data suggest that 
this may be the case. A line with a low base of 
4.60C will cease to germinate at 37°C while 
another line with a high base of 15.( C will 
continue to germinate adequately until 430C. 

Yield of harvested grain from two tropically 
adapted (TA) and two temperately adapted (TE) 
types are described in Table 5. Yield of the TE 

types, RS 610 and RS 671, increases slightly as 
one moves from 140 to 360 North latitude, while 
yield is highest at 140 and diminishes as one 
moves northward within the TA types. Differ
ences between the means of the two types are a 
maximum at 140 and least at 36 N. Similar 
differences exist in Table 6, as the two TA types 
show stability or slight yield losses toward higher 
latitudes and the opposite exists for the two TE 
types. Using yields from four elevations in Guate
mala at the same latitude (Table 7), when the 
contrast between TA and TE is made, the effect of 
temperature is still evident (Cuyuta, 48 m; Oasis, 
190 m; Jutiapa, 906 m; and Barcena, 1260 m). 

Sorghum has the major adaptation factors of 
height, duration of growth, response to photo
period and reactions to temperature exposed to 
genetic manipulation. To develop the keys to a 
global sorghum program of improvement, an 
understanding of bioclimatology must also exist. 

Table 5. 	 Yhed In kg/hafcr two tempely adapted ai'd two tropically adapted sorghum hybdcs grown at 
seven locations from 14 to 3V North Latitude. 

Temperately Tropically 
adapted adanted 

Climatic 	 ATx623 x ATx623 x 
Location 	 type RS610 
 RS671 	 RTx430 74CS5388 TA-TE 

Guatemala. Coast Tropical 4406 4613 5466 8327 +53%

Rio Bravo, Mexico 4400 4318 5000 5960 +26%
 
Weslaco. Texas " 4088
4122 	 5090 5853 +33%
College Sta. Texas - 4325 4333 6950 6350 +54%
 
Lubbock. Texas Temperate 4363 3740 4420 4383 + 8%

Halfway, Texas 
 5440 5156 5959 4647 0%
 
Kress. Texas 
 6063 5100 5326 5950 + 1% 

R 4731 4478 5450 5921
 
iR 4605 	 5690 +24% 

Table 6. 	 Behavior of selected S. bccior materials at differet latitudes for yield (tlha). 

Climatic Cuyuta Zacatapec Wesiaco Col. Sta. Lub. Halfway
Hybrid type Guat Mexico Texas Texas Texas Texas i 

ATx623 x RTx430 TA 6.7 6.0 8.0 7.0 5.0 6.1 6.47 
ATx623 x 77CS1 TA 7.8 5.8 7.0 7.0 6.1 7.8 6.95
ATx378 x RTx7000 TE 3.8 4.8 4.5 5.4 5.5 5.8 4.97
AS610 TE 	 4.6 4.0 4.6 4.3 5.1 5.4 4.67 
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What makes (Table 8) McAllen, Texas, and Bobo-
Dioulasso, Upper Volta. similar from a sorghum 
production view as representatives of the Tropical 
Grasslands, or Dalhart, Texas. and Wepner, South 
Africa as representatives of the Extra Tropical or 
Temperate Grasslands? Temperature, photo-
period, rainfall, and the interactions of these 

climatic driving forces interact and within the 
biological range exert an unremitting selective 
pressure on members of the sorghum species to 
affect adaptation. By understanding these in
teracting forces we can move crops to adjacent 
bioclimatic classes and expand ranges of produc
tion and insure greater stability of food production. 

Table 7. 	Behavior of colected S. bicolor materials at different elevationslat the same latitude for yield (tlha), 
Guatemala. 

Yield It/ha) 
Climatic 

Hybrid type Cuyuta Oasis Jutiapa Barcena 

BTx623 TA 58 5.0 5.2 4.5 5.1 
ATx623 x CS3541 TA 10.0 9.0 9.7 9.2 9.E 
ATx623 x 77CS1 TA 7.8 6.3 8.1 7.1 7.V 
ATx623 x RTx430 TA 6.7 7.2 6.8 6.3 6 8 

BTx3197 TE 4.6 4.7 4.9 5.1 4.8 
ATx3197 x RTx7078 TE 4.6 4.8 6.2 5.6 5.3 
ATx399 x RTx2536 TE 4.1 50 5.9 3.8 4.7 

a Elevation: Cuyuta. 48 m, Oasis. 190 in,Jutiapa. 906 m.and Barcena. 1260 m. 

Table 8. 	Daily average temperatures for four locations In No7th America and Africa. 

1 

Month* Max Min 

1 10 0.7 
2 12 0.5 
3 16 02 
4 21 3 
5 26 9 
6 31 15 

7 33 18 
8 32 17 
9 28 12 

10 22 5 
11 15 0.2 
12 11 0.6 

Station 
1. Dalhart, 	 Texas 
2 Wepner. South Africa 
3 McAllen. Texas 
4 Bobo-Dioulasso. Upper Volta 

2 3 4 

Max Min Max Min Max Min 

17 
20 
23 
26 
27 
29 

0.1 
1 
5 
9 
11 
14 

22 
24 
27 
30 
32 
34 

9 
11 
14 
18 
21 
23 

33 
36 
38 
37 
36 
33 

14 
17 
20 
22 
22 
21 

30 
28 
26 
23 
19 
17 

15 
14 
12 
7 
3 

0.2 

35 
36 
34 
31 
26 
22 

23 
23 
22 
18 
13 
10 

31 
29 
31 
32 
34 
33 

21 
21 
21 
21 
19 
16 

Latitude 
36'01 N 
29°44S 
26°12 N 
11'10N 

Longitude 
102'13W 
27'02E 
9W13W 
4'15W 

Elevation 
1216m 
1440m 

37m 
435m 

Begins ovith 	 January for northern hemisphere stations, July for stations in the southern hemisphere 
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Itis recognized that almost all crop plants which 
are grown under both tropical and temperate 
environments are more productive in the temper-
ate region, Speculation is that increased night 
respiration or quantity of photosynthate causes 
the reduced growth and lower yields in tropical 
areas. Adaptation of a crop to a certain environ-
ment is genetically modulated and is affected by 
its response to temperature and photoperiod. 
Chemical reactions occurring in the plant have an 
optimum and suboptimum range and research 
has generally been specific to measure only the 
optimum and not the extremities of these ranges. 
This has led to the understanding that yield can be 
maximized at optima but overlooks that actual 
yield is the additive effort of the plant's capacities 
throughout its life cycle often made up of minima 
and maxima and a few optima. Temperature is the 
most critical selector and has a regulatory influ-
ence which becomes translated into selective 
pressures, often removing from the population 
unfit individuals as it is selecting superior indi
viduals adapted to unique temperature extremes. 

We do not expect all plants of a species to 
behave similarly for reactions to diseases, insects 
or other phenomena; therefore, they should not 
be expected to have similar temperature and 
photoperiod responses. 

Sorghum originated in the tropics and is a warm 
season (C-4) short-day plant. Early research sug-
gested that all individuals within the species had 
the same base temperature for germination and 
growth. It has now been established that major 
variation exists within S. bicolorfor base tempera-
ture. These differences in response between 
plants suggest that by measuring the temperature 
characteristics, there may be more effective ways 
of predetermining areas of geographical adapta-
tion-at least in a broad sense. This should allow 
the breeder to predict ranges of adaptation for a 

particular genotype with only "fine tuning" re-
quired for local adaptation. 
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Selection in T iperate-Tropical Crosses 

of Sorghum 

N. G. P. Rao and B. S. Rana* 

While most tropical areas of the world are less 
developed, the utility of tropical germplasm for 
crop improvement isuniversal; this is particularly 
true of sorghtum. Earlier attempts at exploiting 
"tropical-tropical" crosses in India and Africa 
having proved to be of limited utility and the 
"temperate-temperate" crosses in USA having 
led to plateauing of hybrid yields, "temperate- 
tropical" crosses have become an integral part of 
all sorghum breeding programs, the conversion 
approaches having received particular emphasis in 
the USA and the more conventional approaches in 
India. During the past decade we have been 
involved in analyzing the breeding behavior of 
"temperate-tropical" crosses to enable us to 
incorporate attributes of economic worth into 
genetic backgrounds of higher levels of yield and 
yield stability. This paper attempts to project the 
potentialities of such crosses for sorghum im-
provement. 

"Temperate" and "Tropical"
Sorghums 

All sorghums are of tropical origin. Their introduc-
tion ahd adaptation to the long-day conditions of 
the westem hemisphere, more particularly the 
USA, has led to the designation of this group as 
"temperate" sorghums. 

According to Quinby (1968), the procesc of 

Project Coordinator; and Senior Sorghum Breee,
National Research Centre for Sorghum, AICSIP. IARI 

Regional Station, Hyderabad 500 030, A.P., India. (Dr. 
Rao is presently Regional Sorghum Breeder, ICRISAT. 
and Visiting Professor, Institute of Agricultural Re-
search, Ahmadu Bello University. Samaru, Zaria, 
Nigeria.) 

temperate adaptation essentially involved the 
mutation of the dominant Ma, Ma, locus to its 
recessive ma, ma, so as to Cnoble flowering under 
long-day conditions. Inmost "temperate-tropical" 
crosses, earliness is dominant when plants are 
grown under tropical conditions. For purposes of 
mechanical harvesting, U.S. workers selected the 
dwarf mutants. Consequently sorghums termed 
as "temperate"involve mutations for maturity and 
height and are generally characterized by earliness 
and dwarfness. 

Inthis connection, it should be recognized that 
the mutations for height and maturity did take 
place in the tropics and are not consequent to their 
introduction intemperate regions. Dwarf (brarhy
tic) and earlier vcirs.ins of sorghums are encour,
tered in farmer fields of Sudan, possibly Ethiopia, 
west and southem Africa, and other regioas. 
Yellow endosperm safra and white o, colored 
geeded feterita fields of dificrent heights and 
maturities are common inSudan even today. But 
at the same time, it has to be recognized that 
emphasis on selection, purification, improvement 
and perpetuation of dwarf and eqr'; forms was in 
the U.S. because of daylength and agronomic 
requirements. Thus, the so-called temperete sor
ghums are essentially mutations for height and 
maturity, which took place inthe tropics. What is 
of grC-ater consequenet is the transference cf 
attributes between the shorter and earlier ver
sions and their taller and sometimes later matur. 
ing progenitors. 

In one of our inconclusive studies on induced 
mutations in tropical sorghums (Rao et al. 1970), 
we postulated that a rare mutational event in
trpclsghm wihatalyeoedne
tropical sorghums with partially exposed inter
nodes altred them to forms with enclosed
 
internodes and that such a change possibly 
disrupted the entire genotype leading to changes 
in growth rhythms, heights, panicle morphology, 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 

Symposium on Sorghum. 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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nsect reaction, etc. We also felt that the genetics 
zf heicht ant.- maturity, as elegantly analyzed by 
Oumnby, epply to forms that have undergone such 
, ia prioin chnnge, and that the allelism of height 
-.rd miurity genes between forrn:; with exposed 
and enclosed intemodes neds turiThcer an3iysis 

From the point of view of Wdpz~ion, whie 
some of the iL,;e tropical rorms do not flower 
under long-day conditions, all "temperate" sor-
ghums do flower and yield in the tropics although 
they may understandably be different for insect 
and disease reaction, yield levels, etc. Thus, the 
so-called temperate sorghums, which are of 
tropical origin, differ from their tropical progenitors 
because of a complexity of physiological and 
genetical changes associated with intemodal 
elongation and maturity. It is these associated 
changes that differentiate the two groups of 
cultivated sorghums (Sorghum bicolor [L.] 
Moench) that are significant in gene transfer. Our 
efforts (Rao and Rana 1978) to characterize 
"tropical and temperate" sorghums and their 
utilization established that the two groups exhibit 
considerable d;veigence both physiologically and 
genetically and that recombination of attributes 
from the two groups is difficult but accomplish
able. It is felt that the two groups need a distinct 
varietal or subspecific status and a better termi
nology to which taxonomists should give con-
sideration. These associated changes, their breed
ing behavior and their consequences for sorghum 
improvement are discussed below. 

Physiological and Genetical 
Differentiation: 
The Optimum Phe.!otype 

Traditional tropical sorghums are generally tall and 
late and are characterized by higher biological 
yields and low economic yields. Compared with 
the early maturing dwarfs, the total dry matter 
produced per plant in the tropical sorghums is 
much higher and its distribution is 70: 30 be
tween stalk and ear. This is consequent to a single 
peak for the rates of growth coinc;cl;ng with 
flowering whereas the more productive sorghums 

have two peaks for rates of growth and a 50: 50 
dry matter distribution (Goldsworthy 1970; Rao 
and Venkateswarlu 1971, Anantharaman et al. 
1978). Such tropical sorghums are generally 
photosensitive, usually flowering after the cessa-

tion of rains. They are highly localized in their 
adaptation. 

The pattern of internodal elongation, to some 
extent, ieflects the pattern of growth. Our analy
sis of the patterns of internodal elongation in 
different groups of sorghums (Balarami Reddy et 
al. 1981b) revealed that several "temperate" 
types and hybrids were generally characterized by 
a linear pattern, whereas a third degree polync
mial curve was required for some of the cross 
deriva.ives and relatively shorter tropical forms 
(Fig. 1). 

The two groups of sorghums also exhibit 
differences with respect to tissue concentration 
o! nitrogen, phosphous and potash, their uptake 
patterns (Rao and Venkateswarlu 1971) and re
sponse to fertility and population levels (Rao 
1979). 

The agricultural consequences of such physiolc
gical characteristics of tropical sorghums are 
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Internode number 
Figure 1. 	 Expected internodal patterns in sor

ghums of diverse origin. 
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restricted adaptation, their vulnerability to rainfall 
fluctuations (Rao et al. 1975), adaptability to low 
populations, and lower rates of response to 
f-;Iilizer use and low economic yields which 
together constitute subsistence agriculture (Rao 
1981b.) 

Genetically, the distribu*,on of dominant and 
recessive alleles for grain yieid, plant height and 
flowering is asymmetrK'. and in opposite directions 
in the two groups; the "tropical" group with 
dominrant alleles for yield and plant heighi G.d the 
"temperate" group with dormnant alleles for 
earliness (Rao 1970b; Rao and Rana 19-,3). 
Consequently the associations between y;.-1!d, 
plant height and maturity are strong, rendering 
recombination difficult (Hainnarayana et al. 1971; 
Subba Reddy and Rao 1971). Gene distribution for 
resistance attributes (Table 1) such as shoot fly 
(Rana et al. 1975; Balakotaiah et al. 1975), end 
quality ch; 'acters such as protein and lysine (Kang 
1969) also exhibit group differerces and present 
problems for gene transfer. 

Attempts have bean made at incorporation of 
the attributes of econon,' worth across groups. 
While the converted sorghums of the USA may be 
considered more "temperate", the derived sor-
ghums reflected varying levels of recombination. 
Selections which represented productive peaks 
were at heights and maturities intermediate be-
i w'feen the two groups (Rao et al. 1973) and 
ierovery of such proJuctive intermediates was 
limid and could be z ccomplished thruug.li emph-
asis on between-family nelection (Tripathi et al. 
1976). A majcrity of crcos~s between groups 
failed to yield balanced recornbnants of economic 
worth and it was only artcccasional cross where 

there was satisfactory recovery. Such productive 
crosses represent unique combinatcons and there 
is yet no predictable method of detecting them 
except by actual trial. Conventional estimates of 
combining ability do not generally lead t;predict
able results. 

Based on some of the more produntive detiva
tives and their parents across a range of heights 
and maturities, we have recently undertaken a 
computer exercise to determine the most produc
tive lines in relation to height ard maturi:'/. We 
arrived at the concl.sion that productive prog
enies, were obtained a heights of 175-180 cm, 
flowering at 68-70 da~s and with reduced leaf 
numbers. Such intermejiate progenies derived 
from crosses between ihe two groups of so;.. 
ghums, satisfied the needi of food and fodder and 
insect and disease resistance. They also com
bined the individual superiority of the tails and whe 
community performance of the dwarfs besidc,,,: 
conferring wide adaptability. Thus, the phenotypic 
optimum is an 'intermediate optimum' (Fig. 2). 
Although the recovery of such optimal type, is 
low from direct "tempe,)Ii9--tropical" crosses, 
there are indications that a 'econd cycle of 
crosses involving desirable derivative= would fu.
n'ih greater opportunities since the height and 
maturity effects wi!l then be minimal. Such 
intermediate types with optimal dry matter pro
duction and distribution, the critical stages ei 
growth coinciding with periods of favc.,isble 
weather, a linear pattern of internodal elongation 
and exhibiting fesistance or tolerance lo the 
prevalent pests and diseases would represent the 
optimum pherotyp, to strive for, and the vehicle 
is the "temperate-tropical" crosses to begin with 

T"N 1. tvhfly damae I TarnporsU and tropkel sorghums arod "hFjivatives. 

Percent damage (transformed values) 

No. of 
Group lines Mean Range 

Temperate (exotics) 30 54 3 35.3-70.5 
.9 61.9 493-69.7 

Tropical (Indian) 3" 283 2f 5-31 .I 
, 35 1 25.0-43.2 

Temparate x Tropical 31 34.8 30.1-458 
(derivatrves) 64 52.1 36.3--68.4 
SE 457 

Average number of plants ranged from 1198 to 1266. SE - 4 13 
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Figure 2. 	 Optimum phenotype as related to 
plant height and flowering time. 

and crosses among derived lines at a later stage. 
S uch g eo a lterations c han ge snotype refle cting n 

dry matter product n and distribution and growth 
rhythrn. result in efficient wat.r use and form the 
yer basis of improving dryland sorghums for yield
and stability (Rao et al. 1979). 


Hybrid Imprc ,.ment: 
Soiection of Parents 

The potentialities of "temperate-tropical"crosses 
in hybrid breeding can be seen from Table 2. 

The first commercial sorghum hybrids de-
veloped in India based on male-cterile Combine 
Kafir (msCK 60) did nol have Indian varieties as 
male parents as was generally expected; they 
were exotic x exotic combinations. In the case of 
the msCK 60 x Indian variety combinations, apart 

from differences for height and flowering, accu
mulation of dry matter in the stem after flowering 
did not result in heterotic advantage for grain 
yiold. The behavior of msCK 60 x Indian combina
tions and temperate x Indian crosses in general 

been analyzed in detail (Rao 1970b, c; Rao 
Venkateswarlu 1971; Rao 1972a). It should 

also be noted that tl, ,irst sorghum hybrids, 
and CSH-2, did ;,dve some tropical paren

tage in that the mal parents selected were from
yellow endosperm feterita (IS 84) and yellow 
endosperm hegari (IS 3691) respectively. 

Subsequently the females developed in India 
like 2077A and 2219A. which furnished female 
parents for CSH-5 and CSH-6 respectively are alsolargely "temperate". Male improvement through
selection in "temperate-tropical" crosses resulted 
in the development of CS 3541, 148/168, and 

PD3-1-11 which furnished male parents for 
commercial hybrids. CS 3541 has been drived 
from a cross between IS 354j (African Zera Zera)x IS 3 7 a n f u is e e m le p r t f o th 
x IS 3675 and furnished Hmale-eparent fcr the 
commercial hybrids CSH-5, CSH-6 and CSH-9. CS3541 i,'relatively short and less photosensitive
compared with its tall and senSitive progenitor IS 

3541. Similarly, the male parent of the rabi 
(winter) hybrid CSH-7R was 148/168, derivad 
from the cross IS 3687 x Aispuri an Indian variety; 
PD3-1-11, the male parent of CSH-8R, was 

derived from the cross IS84 x BP 53. 
Amongst female parents that entered commer

cial hybrid combinations, 36A, derived from 
CK60B x PJ36K, and 296A, from IS 3922 x karad 
local, are also based on "temperate-tropical" 
combinations. While male improvement contri
buted substantially for most hybrids, it was 
female improvement that was responsible fer the 
cotsistent superiority of CSH-9 (Rao et al. 1982). 

Whiie the first commercial hybrids of India were 

Ta"s 2. Mean performan,. W 	 x temperete, tropical x tropical, andX and hezerosls % (A) In temperate 
tamporat x trophcal crones. 

Grain yieldi Days to Plant 
plant(gl flower heighi 

No. of 
Cross Crosses * HlIl FI 

Temperate x Temperate 6 85.6 87.2 74.4 4.64 148 33.5 
Tropical x Tropical 3 103.4 20.2 104.3 -2.80 287 11.4 
Temperate x Tropical 12 112.8 77.3 87.0 -0.20 242 37.0 
SE 2.31 0.14 2.12 
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largely 'temperate". parents of recent hybrids are 
the result 	 of selection in "temperate-tropical" 
crosses. Thus, in recent years, greater attention 
has been bestowed on diversification of germ-
plasm resources, as in the conversion program of 
tMe USA, 	and "temperate-tropical" crosses in 
India for deriving parents for commercial hybrids. 
But the actual identification of the parents that 

entered into commercial hybrid combination has 
largely been through actual evaluation of ex
penmental hybrids in yield trials, In spite of several 
attempts at formulating a quantitative theory of 
selection for heterosis most of the information 
availab;e is based on trial and error. 

Most studies on heterotic responses point to 
the importance of seed number. Earlier studies 
based on 	crosses with msCK60 revealed that 
heterosis was maximum for panicle components 
evolved in the same direction and that consider-
able recombination breeding would be necessary 
before the 	compact-panicle types with reduced 
length of primary axis could be combined with 
elongated-panicle tyras like the kafirs (Rao 1970 
b,c). Further studies on character associations in 
hybrids indicated that as long as seed numbers 
are not adversely affected, seed weight is impor-
tant and that late maturity is not necessary to 
attain high yields. In fact, highest yields may be 
possible in hybrids flowering in 65-70 days.
Heterosis for root activity also revealed distinct 
patterns. While hetorosis up to knee-high stage 
and seedling vigor are common, there are cases 
like CSH-2 where heterosis for root activity 
persisted up to flowering and may be worthwhile 
to exploit 	(Damodar et al. 1978b). 

Based on heterosis and combining ability stu-
dies, Rao et al. (1968) suggested using high 
yielding derived lines from "temperate-tropical" 
crosses as parental material, and this has been 
discussed. A subsequent study (Rana et al. 1974) 
furnished proof that selected derivatives used as 
males yielded hybrids of superior grain yields and 
seed weight compared with those resulting from 
the use of IS 84, the male parent of CSH-1. 

Evaluation of male per se performance and its 
relation to test cross yields indicated that line 
performance could be used to screen potential 
parents (Fig. 3) and that subsequent evaluation 
may be based on test crosses (Singhania and Rao 
1975). A parental yield trial was theref" 'e made 
part of the coordinated trialprogram to obtain data 
on parental yields and flowering behavior. 

The use of early testing as a method of 
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Figure 3. 	 Regression of te! crossperformance 
on male performance. 

identifying superior males (Mishra and Rao 1980a)
revealed that test cosses based on F2 enable 
identification of crosts that could yield superior 
parents, and that using this information together 
with F3 test crcsses, one could limit the number 
of progenies to be tested for isolating lines that 
could yield superior hybrids (Tables 3 and 4).
While early test cross procedures also capitalized 
largely on additive genetic variance, there was an 

f
indication of greater use o sca compared with 
conventional methods (Miskra and Rao 1980b). 
Some male parents selected Dn the basis of their 
performance under favorable conditions at a 
single location req, Ited in hybrids of wider adapta
bility (Singhania and Rao 1975; Mishra and Rao 
1980b). 

It has now become a practice to develop 
populations among B and Rlines respectively for 
selection of future parents. Studies involving BxB, 
BxR and RxR cross combinations revealed that 
BxR and RxR crosses could be preferred over BxB 
crosses due to their higher diversity for yield 
components, insect resistance (Table 5). and 
better grain quality ensuring higher germination 
(Rana et al. 1978). Hence, even for female 
improvement, BxR crosses with superimposition 
of early test cross procedurc .;to identify maintain
ers could be a useful proceJure (Jaya Mohan Rao 
et al. 1982). 

Although allelic and nonallelic interactions 
may be the major source of heterosis, several 
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Tabe 3, Test cros performance In early genration teting In some cros s 

Mean grain yV:ld/plant (g) 

F test cross F. test cross F3 progenis 
Cross NO Rb N X N x 

R24 x CSV-7R 58 79,9 29 92.9 28 75.7 
IS 3922 x M35-1 55 74.8 12 72.8 34 58.2 
CSV-7R x 512 64 64.6 38 703 34 73.8 
CSV-6 x 512 31 62.8 8 78.0 20 50.7 
SE 29 4.9 4.2 

a. N = No. of progenies. 
b. X Mean. 

Table 4. Estimat of general (g) and specic; (s) combining ability vadiance for grain yield. 

Estimate Env. interaction Stability 

62g, = 68.30 0 bg, x e = 36.3"* Low 
629. = 2.9 6g , x e = 6.7 High 
f9g = 52.9'* 6g x e = 29.3** Low 
62s = 24.2' * 6s x e = 7.9 High 
ftg/o's = 2.2:1 

**Significant at 1%; *Significant at 5%. 

Tabe 5. RxR, BxR and BMB hybds. 

Days to Plant Grain % Stem borer 
No. of 50% height yieldiplant tunnelling 

Hybrid crosses flowering (cM) (gV (angles) 

Group means 

RxR 10 77 176 Pz 28 
BxR 20 76 205 65 27 
BxB 6 74 179 59 31 

Average heterosis (% over midparent) 

RxR 10 0.6 13.3 84.4 - 10.1 
BxR 20 - 1.5 17.5 127.2 - 7.5 
BxB 6 - 0.2 32.8 116.3 - 16.9 

Betweon group mss (2) 42.5** 1036900 331 1360* 
Error (88) 5.6 321 209 39 

"Significant at 1%.
 
Numbers in parentheses indicate degreep of freedom.
 

reports indicate that the nature of gene action and Murthy 1970). But the basic question is about 
in yield heterosis involved predominantly gca. the methodology to capitalize on sca. While 
There are indications that the nature of gene selection based on morphological criteria seems 
action in different hybrids could be different (Rao largely to use additive genetic variance, the nature 
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cf gene action involved for enzymatic criteria like bination among large number of varieties. Though
nitrate reductase and amylase activities seems to intermating is effective to break initial linkage
involve predominantly sca (Mishra and Rao 1981 blocks, its utility in self-pollinating species has 
a,b). If the value of such criteria leading to been questioned since the extent to which it 
metabolic efficiency is conclusively established, disintegrates the natural adaptive gene com
they might then furnish the means to utilize sca. plexes, characteristic of self-pollinating species, is 

All commercial hybrids developed todate are not known precisely (Bos 1977). Besides, crosses 
based on milo cytoplasm. Alternate sources of involving several parents also pose problems of 
cytoplasmic-genetic male sterility have now been population size, particularly when selection is 
identified (Table 6) and characterized genetically, aimed at improving quantitative characters like 
biochemically and through electron microscope yield (Sneep 1977). These problems are vary
studies (Rao 1962; Schertz 1977; Tripathi 1979; relevant to handling such diverse crosses involv-
Tripathi et al. 1981 ab,c,d,). It is hoped that their ing the "tempeate-tropical" sorghums. The 
utility will be established in the near future. breeding system in cultivated sorghum is unique 

in that it ranges from complete self-pollination to 
total outcrossing by virtue of its floral biology anc.

Breeding Superior Varieties: known mechanisms of cleistogamy, genetic and 
Selection for Yield Improvement cytoplasmic-genetic male sterility, self

incompatibility and apomixis which would permit
The potentialities and limitations of "temperate- use of diverse breeding systems (Rao and 
tropical" crosses for yield improvement have Narayana 1968; Rao 1972b; Murthy et al. 1980). 
been considered earlier (Rao and Harinarayana Prediction of the unique combinations where 
1968; Rao 1972 b). While such crosses do furnish selection would yield fruitful results is no doubt 
opportunities for handling adequate genetic varia- difficult, yet the initial choice of parents has to be 
bility, strong character associations tend to res- between the tropical and temperate groups.
trict recombination. Estimates of combining ability Presence of desired genes, diversity among 
do not provide reliable predictions of selection genotypes, parental performance per se and the 
gains. Only certain "unique cross-cornbina- nature of combining ability are still the best 
tions" yield recombinants of economic worth. A criteria. In spite of the fact that most of the 
satisfactory basis for selection has yet to emerge. tropical cultivars are excessively tall, late, and low 

Conventional pedigree, bulk and backcross in productivity due to excessive dry matter nro
methods have been extensively employed, but duction and inefficient translocation, the dominant 
their limitations on exploitation of a limited gene genes for yield are present in tropical cultivars. 
pool, low genetic recombinatior and quick fixation "Temperate" sorghums present, different gene
ol linkage blocks due to continuous inbreeding constellations and furnish genes for dwarfing,
have often been spelt out. Population breeding earliness and population performance. Hybridiza
procedures have been suggested to force recom- tion between the two groups, therefore, forms 

Table 6. Cytoplasmc-genetic Interaction for seed set In F1. 

B4ines Restorers 

ms lines CK60B NAG-B MAL-B M31-2B VZM2B G1B GMt-5 K-Local Nandyal 

CK60A S S F F F F F F F 
Nagpur-A 
Maldandi-A 
M31-2A 

S 
S 
S 

S 
S 
S 

F 
S 
S 

F 
S 

F 
S 
S 

F 
S. 
F 

F 
F 
F 

F 
F 
F 

F 
F 
F 

VZM2A S S S S S S S S S 
G1A S S S S is S S S S 

* Fertile in summer. S = stenle; F = fertle. 
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the basis of yield improvement in both tropical and abilities. Reciprocals of good backcrosses, ran
temperate regions. There is evidence that selec-
tion of crosses for higher F1 and F2 mean 
performance results in a large number of promis-
irng progenies in further generations. At least ore 
of the parent in such crosses is always a good 
general combiner (Seshagiri Rao 1979). 

While the generally positive relationchip of yield 
with maturity and height has been established, 
continued selection for short stature, earlier 
maturity and high yields resulted in the dissipation 
of such effects; optimal yields are obtained at 
intermediate heights and maturities (Rao et al. 
1973). Our studies (Tripathi et al. 1976) indicated 
that with choice of suitable parents and emphasis 
on selection between families, directional selec-
tion using pedigree method could result in isola-
tion of desirable homozygotes in spite of the 
strong character associations. Subsequent use of 
such derivatives in cross combinations would 
result in rapid progress since the height and 
maturity effects will be minimal. 

The recombination patterns in single, back-
cross, three-way and double crosses involving 
"tropical ar-, temperate" parents and their cros- 
ses derivatrvs have been investigated by Sesha-
girl Rao (1979). The probability of obtaining high 
yielding plants was high indwarf (D)x tall (T)and 
DxD combinations; in the (DxT) D three-way 
crosses, the choice of the third parent was critical. 
The use of atall parent in the grandparentage was 
useful and gains from DxT crosses could be 
improved if the effects of height genes were 
rapidly minimized by an extra dose of dwarfing 
genes. Backcrosses and three-way crosses in 
specific combinations resulted in isolation of 
high-yielding dwarfs and mid-taIls in greater prob-

dom three-way crosses, and double crosses failed 
to ercomplish this goal. These studies on mating 
syslems (Table 7, Fig. 4 and 5) are thus indicative 
that gene frequencies could be shifted in the 
desired direction only under controlled and speci
fic cross combinations. The results did not favor 
the breaking up of adaptive gene complexes 
indiscriminately in diverse crosses. It strengthens 
the view of adaption of specific cross combinL
tions. Yet, there is some evidence from the USA 
that population approaches could re- f in selec
tion gains. The base populations used in the USA 
did not provide the variability for height and 
maturity encountered ir, "temperate-tropical" 
crosses. After correction for height and maturity, 
and obtaining high yielding derivatives, limited 
intermating between such derivatives may be 
useful. 

The criteria for selection in yield improvement 
need some con3ideration. Selection based on 
phenotypic criteria such as yield components and 
index approaches have been considered, but they 
are of limited utility (Subba Reddy and Rao 1971). 
Hence selection based on yield per se providing 
for proper accounting of environmental variability 
has been more frequently employed. Yet, selec
tion criteria unrelated to height and maturity could 
be useful. Genotype differences for tissue con
centration and response pattems of major nut
rients have been demonstrated (Rao and Venk
ateswarlu 1971; Ramachandran and Rao 1973). 
The tissue concentration of nitrogen seems to be 
positively correlated with yield and could furnish a 
useful criterion (Fig. 6). Genotypic differences for 
root activity have also been demonstraed and 
might be useful (Damodar et al. 1978a). Nitrate 

Table 7. 	Cumulative probablies I%)of setectlon for grain yid i sinle, back, three way, and double 
crosses In sorghum. 

SC BC TWC DC 
Yield/Plant 

(g) DxD DxT (DxD)xD(DxT)xD(DxD)xD(DxD)xT(DxT)xD (DxD)x(DxT) (DxD)x(DxD) 

> 60 9.1 5.2 3.6 9.9 4.7 3.3 16.7 1.9 1.8 
> 70 2.4 1.6 0.7 4.1 1.0 0.7 7.7 0.3 0.3 
> 80 0.2 0.4 0.5 1.6 0.1 0.1 3.1 - 
> 90 - 0.1 - 0.5 - - 1.0 - 
>100 - - - 0.1 - - 0.3 - -

SC - single cross; BC - backcross; TWC = three-way cross; DC = doubIW cross. D = Dwarf, T = Tall. 
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76 Y=-32.46+27.4 x 	 Tab &. Wndo H A and E(A f)undiw 
hgh md lw kd munignwnt snvhon
am*o (to esc = 20). 

S•High Low 
. management management 
,0 45- Parameter (H) (L) H/I.{%) 

H 0.84 0.77 109.1 
30- *V 0.92 0.88 104.4 

* * * * E(A 9)kg/ha 759 569 133.4 

VA-Loical measureof jointeffect of d and o~g on the value
15- oof 
 the test onvironmefits. 

E(ti )-Expected genetic n. 

1£ 2.0 2.4 2.8 3.2 To date, nine high yielding varieties (CSV-1 to 9) 
N in leaf (%) have been released and more are under prere-

Figure 6. Relation between grain yield and leaf lease multiplication. The relative nerformance of 
nitrogen (%). 	 hybrids and varieties established hybrid superior

ity, but the derived varieties are superior to locals 
(Rao ,tal. 1981). Improved varieties like SPV 221 

reductase activity at the vegetative stage appears and SPV 245 and several others are superior to 
*o be phenotypically correlated (r = 0.68") with CSH-1, the first hybrid, in yield levels. We are 
,.ald and nmight yet be another physiological present[V in the process of approaching CSH-5 in 
criterion (Mi:ihra et al. 1981a). Nutritional con- yields at the varietal level. Varietal improvement is 
siderations in selection, particularly the incorpora- a continuous prccess which will contribute both 
tion of the high lysine trait, have been a subject of directly and as parental material for hybrid ir
discussion (Nanda and Rao 1975). Our efforts provemeni. There isa c e for superior varieties 
(Jaya Mohan Rao 1980) to transfer high lysine to of approximately similar maturity as the hybrids. 
agronomically desirable grain types of acceptable Since hybrid seed production is a repetitive 
yield levels indicate possibilities of dissipating the process and might not cover the entire production 
generally known negative relationship between area, vatietal supplementation will minimize the 
p,otein and lysine and that the incorporation of losses due to the vulnerability of late locals to 
Vi-s trait is not an impossible task. Efforts in this drought and midge. It is necessary to reestablish 
COrection should continue, the maturity equilibrium of sorghum to match the 

It has been frequently stated that the perform- duration of the rainy season. 
ance of high yielding hybrids and varieties is The shifts in flowering, height, and yield accom
satisfactory only under optimal inp"*.,ndmanage- plished with "temperate x tropical" crosses are 
ment, but with sorghum beir-g a crop of tiapical depicted in Figure 7. 
drylands, selection should b3 practiced undar 
suboptimal conditions. Consequently, it was not 
uncommon to select and test under two different Selection and Adaptation 
sets of growing condifions. Our studies (Vidyasa
gar Rao et al. 1981) have establishl.d that selec- Hybridization of "temperate and tropical" sources 
tion under optimal conditions is advantageous of germplasm provides faT opportunities as well 
(Table 8). Yield based rankings and rankings based as prob!ems related to adaptaion and ;.-:,dptability. 
on risk aversion criteria did not differ markedly, One of the major consequences of genotype 
indicating the validity of our selection under alteration is changed adaptation. 
optimal conditions in combining yield with stability Since traditional cultivas are known to be highly 
under varying management and climatological local in their adaptation, past breeding efforts 
conditions (Barah et :!.1981). have been oriented towards the needs of several 
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Figure 7 Days to flower, plant height, and grain yield characteristics of temperate, tropical, and 
temperate x tropical derivatives. 
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Figure 8. Yield performance of hybrids over 63 to 100 locations (Kharif 1978-1980). 
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pockets limited by eco-geographical and agrocli-
matic considerations. The development and re-
lease of new hybrids and varieties of sorghum, 
less sensitive to photoperiod, have resulted in 
cutting across traditional barriers (Rana et al. 
1971). Their adaptability over vast areas covering 
almost the entire kharif (monsoon) sorghum tract 
of the country (Fig. 8) covering low and highrainfall areas, has been established (Rao 1970a; 

Rao et al. 1975; Rao et al. 1S81). They have 
performed well in several other countries as well. 
The genotype x year interaction is low and with 
the multilocational testing mechanism spread all 
over the country, the superiority of a genotype 
could now be established in a single year's 
testing. All India releases which could not be 
conceived earlier are today fait accompli. While 
the homeostatic advantages of hybrids are more 
pronounced (Rao and Harinarayana 1968; Singha-
nia and Rao 1976a, b; Rao et al. 1981), efforts to 
bridge this gap between hybrids and varieties are 
currently in progress (Balarami Reddy and Rao 
1981). A more detailed consideration of adapta-
tion of sorghums in relation to soil and climatic 
considerations has been discussed in the paper 
"Transforming Traditional Sorghums in India" 
(Rao 1982), in this symposium. 

Consequent to the changes in the genetic 
background, adaptational problems in relation to 
pest and disease occurrence need particular 
consideration in selecting new genotypes. 

"Temperate" sorghums, when inveduced into 
tropics, tend to exhibit greater susceptibility than 
"tropical" types to ihoot fly (Atherigona varia 
soccata Rend.) and stem borers, while midge 
incidence is generally similar in the two groups. A 
comprehensive account of insect resistance in 
sorghum covering sources and mechanisms of 
resistance and breeding aspects has been pre-
sented by us earlier (Rao et al. 1977). Sources of 
resi3tance to shoot fly and stalk borers (Chilo 
partellus, Busseola fusca and Sesamia inferens) 
are mostly of tropical origin (Rao and Rana 1978). 
Several of the sources also exhibit resistance to 
both shoot fly and stem borer, and it has been 
possible to combine tolerance to both pests in 
some of the derivatives from "temperate-
tropical" crosses. Nonpreference is the primary 
mechanism of resistance to shoot fly, stem borer 
and midge although some evidence of antibiosis 
is available. The genetic basis of nonpreference, 
particularly, with shoot fly has been analyzed in 
detail and a breeding methodology outlined (Rao 

28 
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Figure 9. Frequency distribution of F3 families
 
for shoot fly drnage,
hhaded portion 
indicating the area where selection for 
shoot fly resistance is effective. 

et al. 1974; Balakotaiah et al. 1975; Rana et al. 
1975; Sharma et al. 1977; Singh et al. 1978). 
Inheritance of shoot fly resistance is quantitative 
(Fig. 9) and recent selections are intermediate in 
their reaction to shoot fly. Efforts are in progress 
to incorporate higher levels of resistance. Recent 
selections also exhibit higher levels of resistance 
to stem borers compared with their temperate 
progenitors. Resistance to midge is available from 
both tropical and temperate sources and some of 
the midge resistant lines like IS 12660C and IS 
2508C reported from USA are from the conver
sion program. Earhead bugs are commorn in 
several parts of Africa and India, and there is some 
evidence that resistance to midge and head bugs 
could be incorporated simultaneously. Present 
emphasis is on incorporating resistance to several 
of the common pests of tropical sorghums in 
potential lines of agronomic worth being derived 
from the "temperate-tropical" crosses. 

Compared with insect resistance, incorporation 
of resistance to major sorghum diseases has 
resulted in greater success (Rao et al. 1978). 
Consequent to the development of early maturing 
cultivars, the probability of such sorghums being 
caught in late October rains during some years 
does exist and breeding for resistance to grain 
deterioration in early maturing types assumes 
importance. The total process of grain deteriora
tion, including the physical and fungal aspects, 
received our attention (Rana et al. 1777; 1978). 
Sources of resistance have been identified, the 
genetic basis of resistance and selection criteria 
have been established and agronomically desir
able hybrids and varieties with satisfactory levels 
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of rceistance to grain deterioration have been 
relesed. The hybrids CSH-5, CSH-6 and CSH-9, 
and CSV4, CSV5, SPV126 and SPV245 among 
varieties are some such examples. Several male 
steriles like 2219A, 2077A. 323A, and male 
parents like CSV 4(CS 3541), CSV 5(148/188) and 
seve.al of the released hybrids and varieties have 
high levels of resistance to downy mildew. 

The genetic basis of downy mildew resistance 
has been established (Rana et al. 1992). Several 
released hybrids and varieties aso combine resist
ance to leaf spots and rust (Rana et al. 1976). 
Resistance to charcoal rot is presently receiving 
increased attention. Current emphasis is on incor-
poration of multiple resistance in agronomically 
desirable backgrounds and commercial varieties 
and hybrids (Rao et al. 1978). 

There has been progress in identifying sources 
of resistance to the Asiatic and African species of 
Striga. The cultivar N13 of Nandyal in Andhra 
Pradesh, in particular, exhibited resistance to both 
S. asiatica and S. hermonthica. Striga resistance 
also seems to come from tropical sources and 
several progenies derived from crosses between 
groups are p-esently under evaluation. 

From the point of view of adaptation to insect 
pests and diseases in the tropics, shoot fly, stem 
borer, midge and head bugs among insect pests, 
grain deterioration, downy mildew, grey leaf spot 
(Cercospora sorgh) and sooty stripe (Ramulispora 
sorgh4)among diseases, and the two species of 
Stniganeed particular attention in selecting altered 
genotypes of sorghum with wide adaptation. On 
present evidence, it is not difficult to incorporate 
satisfactory levels of resistance to thase pests 
and dieases in cultivars of commercial value, 

Food habits and various food preparations of 
sorghum across the tropic- at first sight seem to 
impose limitations on acceptability of new genoty
pes. Recent studies from ICRISAT reveal that 
hybrids like CSH-5 and the M35-1 variety satisfy 
the culinahy requirements of a range of food 
preparations in Asia and Africa. As such, food 
preferences need not present adaptability barriers 
in developing newer genotypes of wide adapta-
bility. 

Thus, selection for adaptation involves the 
agricultural system in its entirety. In our efforts to 
transform the traditional subsistence system to a 
more productive and stable altemative, genotype 
alterations through "tro;,ical-temperate" crosses 
have played a major role and fumished the very 
basis of such a change (Rao 1981a). Adaptation, 
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Figure 10. 	 Species competition in sorghum
based intercropping systems. 

therefore, involves not only higher levels of yield 
ad stability accomplished through genotypic 
changes for dry matter production and distribu
tion, duration, growth rhythms, insect and disease 
resistance, food preference, etc., but also adapta
tion to a new agricultural system involving 
changes in agronomi., practices and cropping 
systems (Fig. 10). Response to improved p-ypula
tions, fertilizer use, suitability to sole-, inter-, and 
multiple-cropping systems (Table 9) and ratoona
bility-all formed part of the selection process. Its 
success in enhancing stability, productivity and 
profitability in sole-, inter- and multiple-cropping 
systems have been illustrated (Tarhalkar and Rao 
1974; Rao and Rana 1980; Rao et al. 1979). While 
plant breeditng in the past was oriented towards 
changing agronomy, it is the altered genotypes 
that ushered in changes in agronomic practices 
and cropping systems in recent years. 

Outlook 

"Temperate-tropical" crosses of sorghum pro
vided the major means of genotype alteration in 
the seventies. Their contribution towards the 
movement from the climate-vulnerable subsist
ence farming of narrow adaptation to a more 
stable and productive alternative of wider adapta
tion, particularly in the Indian subcontinent, is a 
significant event. It involved a significant concep
tual change. In depth research of a basic nature 
during the eighties should open up new vistas in 
sorghum improvement. Manipulation of diverse 
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Ta 9. Stability parmmetem for total ylk {kglha) In Intercropping systems. 

Sorghum Groundnut 

IS D, i,IS A 

S + P 
S + C 
S + G 
S + SB 

5685 
3957 
5053 
5553 

0.92 
1.00 
0.99 
1.03 

NS 
NS 
NS 
NS 

G + S 
G + P 
G + C 
G + SB 

3877 
2315 
1654 
1734 

2.11" 
0.89 
0.51 *0 
0.49* 

NS 

Mean 5358 2395 

S.E. 61.9 31.1 0.11 

*Significant at 5%; * Significant at 1%; NS = Not significant. 
S Sorghum. P - pigeonpia. C = castor, G = groundnut. SB 
IS = Intercropping system. 

cytoplasmic sources, apomixis, nutritional quality, 
metabolic efficiency, multiple resistance to insect 
pests, diseases and Striga should reinforce the 
foundations laid during the seventie. Rabi sor-
ghum improvement in India, for which better 
guidelines are presently available, will be a priority 

item during the eighties. 
While genotype alteration will continue to pro-

vide the focus, genotype adaptation to African 
agricultural systems might provide for a concep-
tual change and transformation of traditional 
African sorghums. Unique performance and wide 
adaptability are not uncorrelated; they are in fact 
closely correlated. Improvements based on "tem-
perate-tropica' crosses already accomplished will 
have value for countries in Africa. Traditional 
African agiicultural systems with inherent relay 

late cultivars offerplantings, wide spacings and 

unlimited opportunities for system manipulation 
towards better utilization of the natural resources. 
Only altered genotypes could open up new 
opportunities (Rao 1981a). Together with local 
breeding efforts, adaptation of altered genotypes 
to Afncan agricultural systems should furnish the 
major event for sorghums in Africa during theeighties. 

The fascinating breedi;g system in sorghum 
ranging all the way from complete self-pollination 
to total outcrossing with known mechanisms of 
cliestogamy, genetic and cytop'asmic-genetic 
male sterility, self-incompatibility, cross sterility, 
apomixis, etc., has sE-eral secrets that are yet to 
be unraveled. 

= soybean. 
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Popuiation Breeding Techniques in Sorghum
 

Bhola Nath* 

Plant breeders have I sen successful in exploiting 
available variability in crop species by dimict 
selection arcn,,g landraces and by the use of 
conventional nwethods of pedigree and backcross 
breeding in Sha development of superior genoty-
pes. Effectiv, use of population breeding 
methr,'3s b.,gan some 30 years ago with the 
increased knowledge of quantitative genetic 
theory and realization of the fact that conventional 
breeding methods produce populations with a 
relatPvely small gene pool, favor the accumulation 
of linkage blkicks due to rapid fixation of genoty-
pes, and limit recombination options because of 
te lack of intermating. Population breeding tech-
niclues involving recurrent selection have greater 
potentisl for mobilizing genetic variation and 
provide increased opportunities for recombination 
and Selention. 

Recurrent selection in the broad sense is any 
cyclic scheme of recombination and selection ot 
genotypes by which frequencies of favorable 
genotypes are steadily ir,.reased in a population. 
Recurrent selection methods are most suitable for 
the improvement of those traits that are inherited 
in a quantitative manner. The techniques are 
designed to accomplish two goals: 
1. The improvement of the mean performance of 

the population by increasing the gene frequen-
cy of the trait/traits under selection, and 

2. 	 The maintenance of genetic variability by 
recombination of superior genotypes. 

Hallauer (1981) reviewed the progress from 
recurrent selection in different crops. The reports 
indicate that recurrent selection methods have 
been successful in shifting the populations to-
wards desired goals in both cross- and self-
pollinated crops. Population breeding techniques, 
however, have had limited use in self-pollinating 

Sorghum Breeder, ICRISAT. 

crcp species. The principal constraint in the use of 
t!, recurrent selection techniques in these crop 
piants is the requirement for a laipa number of 
crosses during the recombinatitin generation. 
However, the principles of recurrent selection are 
equalty valid for self-pollinating species, though 
certain modifications are desir~jie. 

The application of popula#on improvement pro
cedures in sorghum starltd with the use of male 
sterility. The two male sterility genes (ms, and 
ms), which are stable, in their expression over 
environments, are most commonly used. 
Eberhart, Gardner, and Doggett adequately dis
cussed the theoretical basis of population im
provement in sorghum in the "Sorghum in Seven
ties" Symposium. I shall present practical con
sideratirns in the application of population breed
ing techniques, the results obtained over the past 
dacade with special reference to ICRISAT activi
ties in this area, and prospects for recurrent 
selection in sorghum during the coming decade. 

Development of Rendom-
Mating Populations 

Progress of selection in a population depends 
upon the genetic constitution of the base popula
tion. Populations can be developed for different 
purposes: for improving a single trait; for select
ing several traits simultaneously; and, with restor
er and nonrestorer populations, fcr using reciprocal 
selection methods. Whatever the purpose, the 
development of apopulation involves three steps: 
(1)selection of component parents, (2)incorpora
tion of a genetic male-sterility gene, and (3) 
intercrossing and random mating among parents. 

Selection of Component Parents 

Selection of suitable parents for the d6velopment 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the Intemational 
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India. Patancheru, A.P. India: ICRISAT. 
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of a population is an important decision and 
depends upon the breeding objectves. Ifapopuia-
tion is to be developed for improving a single 
character, it is essential that parents should be 
carefully evaluated for the character, and a suffi-
cient number of them should be chosen so that 
the resulting population has enough genetic varia-
bility for selection.bilty orIffaapoplatoniseletin.population is desired foresied or 

simultaneous selection of several economic traits, 
the entries should be property evaluated for eachtheentiessholde poprlyevauatd fr ech 
trait under consideration. Important traits are 
yield, grain quality, wide adaptation, plant type, 
and resistance to pests and diseases. A propor-
tion of lines for each character should be included 
so that the resulting population has suiicient 
variability to select for.each trait. The gjene 
frequencies for important traits should be relative-
ly high. The economic value and heritability of 
traits are important considerations determining 
the proportion of lines selected for each character. 

The total number of parents to be intercrossed
isanother consideration. Generally, as the numberis antherthe 
of parents goes up, the population isexpected to 
have greater variability (Ross 1976), but the mean 
may be reduced. Both mean performance and the 
extent of variability determine the scope of 
selection within the population. In sorghum, 
populations have been developed with as few as 
eight and as many as 800 parents. Generally, 20 to 
40 carefully chosen parents are satisiactory for 
most purposes. 


Incorporation of Malo-Storilit, Ganes 

Because sorghum is largely aself-pollinated crop 
it isdesirable te incorporate male-sterility genes to 
facilitate outcrossing. Two male-sterility genes, 
ms~ms, and ms,ms,, are suitable. The selected 
parents are individually crossed to a male-sterile 
stock; a suitable population segregating for male 
sterility is a better donor than an inbred line. The 
crossing could be accomplished either by hand 
emasculating the parentaf lines or by using them 
as males in making croses with male-sterile 
plants inthe segregating male-sterile stock. The F, 
generation of these crosses segregates for male-
sterile plants. It is preferable to backcross the 
parents once or twice, depending on the agrono-
mic superiority of the male-sterility donor stock, 
before intermating to develop the population. 
Using the parents once as females during the 
backcrossing isdesirable to introduce cytoplasmic 
in addition to genetic variability, 

Intercrossing and Random Mating 
An equal quantity of F seeds from all crosses is 
bualan o ini slatio alse s 
bulked and grown inisolation. Male-sterile plants
 
are identified during flowering, and an equal 
quantity of seed from each is mixed again. 
Random mating with very low selection pressure, 

idiscardinnshould only extremely undesirable plants,be done for about three generations. A 
minimum population of about 2000 plants should 
mnmmpplto faot20 lnssolbe grown and 300 to 500 open-pollinated male
berown an d in ec eollination 

generation. A scheme of incorporat;ng the male
sterility gene and intercrossing to develop a 
population is presented in Figure 1. 

Several variations from the normal procedure of 
backcrossing and random mating are possible. 
The F2 seed of the crosses with individual parents 
can be bulked, and male-sterile plants in the F2
generation can be crossed with the mixture of all 
the parents. This permits backcrossing and ran
dom mating simultaneously, thus saving time indevelopment of the population. 

New populations can also be deveioped by 
crossing and backcrossing new germplasm onto 
male-sterile plants in existing populations, by 
crossing two populations to get anew one, and by 
intercrossing early-generation male-sterile segre
gating progenies derived from the populations. 

Several populations have been developed and
released at the University of Nebraska (Ross et al.1971); four populations are under selziaion in 
Nigeria (Obilana 1982); and five populations are 
currently being improved at ICRISAT Center. 

Improvement of Populations 

The following selection methods are available to 
improve populations: 
A. Intra-PopL;ation Improvement Methods: 

(1)Mass selection 
(2)Half-sib progeny selection 
(3)Full-sib progeny selection 
(4)S,progeny selection 
(5)S,progeny selection 
(6)Test cross progeny selection. 

B. Inter-Population Improvement Methods: 
(1) Half-sib reciprocal recurrent selection 
(2)Full-sib reciprocal recurrent selection. 

The choice of a selection method in a crop 
depends upon the type of gene action involved in 
the inheritance of the trait under selection, the 
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Figure 1. Incorporation of male-sterility gene and intercrossinq. 

type of cultivar required for commercial produc- 
tion. and the resources available to the breeder. 

Among the procedures, mass selection and 
alf-sib, S,. and S, progeny testing methods are 

-convenient to use in sorghum (Bhola Nath and 
Lawrence 1975), and only these are discussed 
here. The methods do not require hand pollina-
tion. All methods other than mass selection 
require the development and evaluation of prog-
enies. Based on an extensive survey oi the 
literature on the response to different methods of 
recurrent selection in several crops, Hallauer 
(1981) concluded that additive gene effects are 
predomin0ant in most crops and that all selection 
mettk>ds are about equally effective or observed 
response to selection. The choice of selection 
rt-thod, therefore, depends largely on practical 

considerations of heritability of the character 

under selection, experimental technique, numbe; 
of crop seasons in a year. and the resources 
available within the breeding program. 

Mes Slection 
Mass selection ;s the easiest of all the methods 
and requires the fewest resources and only one 
generation per cycle. Jinda Jan-Or et al. (1976) 
pr, dicted that mass selection would be effective 
in improving highly heritable traits like days to 
flower and plant height of sorghum. Doggett 
(19721 observed a 20% increase in grain yield 
after three cycles of mass selection. Obilana and 
EI-Rouby (1980) in Nigeria reported 38.4 a.-A 
40.4% increased grain yield in two populations 
over three cycles of mass selection. The selection 
response per cycle was 12.8 and 13.5% in these 
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populations. They did not observe a significant 
associated response for inaturity in their, )pula-
tions. Doggett (1968) proposed modified mass 
selection with alternating male-sterile (female) 
and male-fertile (normal) plant selection in succes-
sive generations to increase selection response 
by increasing parental control. 

Mass selection should be used in the first few 
cycles of selection after synthesis of a population. 
This makes populations reasonably uniform for 
height and maturity before using more sophisti-
cated methods of recurrent selection requiring 
family evaluation, 

Half-Sib Family Selection 

Half-sib family selection requires two generations 
per cycle and has proved to be a good method of 
selection in maize. The method is simple in that 
the open pollinated male-sterile plants are har-
vested in the recombination generation and the 
families from the plants are evaluated. Recom-
bination is carried out in the off season and 
evaluation in the main season. No published 
report is available on the success of this method 
in sorghum. The method was used with 'ow 
selection intnsities to improve backup popula-
tions at ICRISAT and progress was made in overall 
agronomic desirability, grain quality, and in in-
creasinl uniformity for plant height and maturity, 
No measurements were made of progress in 
grain yield. 

S, Family Selection 

S,family selection requires three generations per 
cycle. Male-fertile plants (selfed or open polli-
nated) are harvested ar. their progenies are 
evaluated in replicated triais. Remnant seed of the 
chosen S,families is used for recombination. At 
ICRISAT, we grow the half-sib families in unrepli-
cated progeny rows and selection is done within 
and between families for simply inherited traits 
such as height, maturity, and grain quality. The 
best male-fertile plants from the selected half-sib 
progenies produce S,progenies for selection. 

The method has shown promise in sorghum. 
Doggett (1972) reported the first evidence of its 
success and observed, on an average, 25% yield 
increase per cycle. After one cycle the improved 
population produced a higher grain yield than the 
best varieties. Jinda Jan-Orn et al. (1976) studied 
NPR, a population developed at the University of 

Nebraska, and predicted that S,family testing and 
selection offers the greatest promise for improve
ment, whether calculated on a cycle or on an 
annual basis. 

S, testing is very efficient if threes generations 
can be.grown a year. This is possible only with 
very early maturing populations. 

S Progeny Selection 
2 

S, progeny testing is expected to result in 
maximum gain per cycle and is most suitable 
when two growing seasons are available per year, 
thus permitting one cycle every 2 years. The 
method has several advantages over others: 
additive genetic variance is maximized in S, 
families; the families are sufficiently uniform to 
permit precise evaluation; two generations per 
year provide sufficient time between the genera
tions for sending seed to test locations in a range 
of environments and analyzing the data for the 
selection of lines for recombination; selection for 
different traits can be done in various generations 
ranging from half-sib to S2 according to the nature 
of their inheritance; and the lines evaluated are 
more homozygous and it is hence easier to extract 
pure lines. The disadvantage of the scheme lies in 
the necessity to sib-mate S2 lines to increase the 
frequency of male-sterile plents for reconstituting 
the next c,,cle of the population. 

Population Improvement 

at ICRISAT 

The sorghum population improvement program at 
ICRISAT started in 1973 with the introduction of a 
large number of populations (ICRISAT 1974) from 
Nebraska and Purdue Universities (USA), from 
Serere (Uganda), and from Nigeria. The backup 
and advanced populations were organized in the 
same manner as those of maize at CIMMYT. They 
were synthesized by intercrossing selected prog
enies from p pulations of similar maturity, geog
raphic origin, and restoration behavior (Bhola Nath 
1977). Backup populations were selected under 
low selection intensity to maintain the variability 
for a long period of time. The backup populations 
were later discontinued to reduce the size of the 
program. The advanced populations were sub
jected to rigorous selection, with the objective of 
producing superior varieties and hybrids. Current
ly, selection is continuing in only five populations 
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-US/R, US/B, Rs/, Rs/B and West African yield ranged from 13 to 19% in the US/rt and 7 to 
Early (Table 1). 

During the first cycle of selection. S,progeny 
evaluation, and in subsequent cycles, S, progeny 
evaluation was used. Se~ection intensity varied 
from cycle to cycle, but generally 30-40 lines out 
of 200 test progenies were recombined to recon-
stituta the population. The S, progeny selection 
scheme followed at ICRISAT is illustrated in 
Figure 2. Selection is aimed at improving popula-
tions for grain yield and stability, grain quality, 
agronomic desiability. and resistance to the 
economically important pests (shoot fly. stem 
bcners, midge) and diseases (grain mold, charcoal 
rc,. and leaf diseases) of 1he semi-arid tropics and 
to Striga and drought. The progenies are grown in 
diverse environments, and selection is practised 
in natural conditions for most traits. Wherever 
possible, artificial screening techniques have been 
,sid. If a population did not contain sufficient 
variability for a trait, additional lines were incorpo-
rated. 

Progress from Seleclon 

Observations show that good progress has been 
made towards improving the populations for 
agronomic desirability, grain yield, grain quality, 
resistance to various leaf diseases and grain 
mo!ds, and to some degree for resistance to 
shoot fly and charcoal rot, although the progress 
for all characters has not been quantified. Prasit 
(1981) studied the effect of recurrent selection on 
maturity, plant height, and grain yield and its 
components in two populations, LJS/R and US/B. 

The grain yield (Table 2)of both the populations 
was significantly increased in each cycle of 
selection. The per-cycle selection gain for grain 

14% in US'B population, with an overall gain of 
53% in the US/R and 34% in the US/B populations 
over three cycles of selection. Higher gains would 
be expected if selection had been practiced for 
grain yield alone. Since varying selection intensi
ties were used in each cycle, the comparisons of 
gains ove: cycles and selection methods were not 
emphasized. Mean plant height was reduced in 
the first cycle during which selection was prac
tised for dwarf types but increased in the later two 
cycles as the emphasis for dwarfness was relaxed 
(Table 2). The improved populations were signifi
cantly later in maturity as excessiVe earliness in 
the original populations was not desired for 
Patancheru conditions. 

Further, it was noted (Fig. 3) that after one cycle 
of selection both the populations gave significant
ly higher grain yield than the released variety, 
CSV-4. After three cycles of selection the popula
tions attained grain yield levels comparable with 
or better than the commercial hybrid, CSH-6. 
Doggett (1972) also reported that the grain yields 
of four populations after one cycle of S,testing 
were significantly above the best varieties, Serena 
and Dobbs. Ross (1976) reported that two of his 
unselected populations, NP3R and NP5R, yielded 
about 90% of that of two hybrids-RS 626 and 
RS 671. One would expect that after a few cycles 
of selection these populations would exceed the 
grain yields of these hybrids. In Nigeria. the grain 
yield levels of their ba3e populations were in the 
range of 70 to 76% of the check variety (Obilana 
1981). Since yield of the populations has been 
increased by nearly 40% after three cycles of 
mass selection, the grain yield level of these 
inproved populations should be higher than that 
of the variety. 

Treble 1. Populations under recurrent si'ictlon at ICISAT. 

Population Origin 

US/R USA 

US/B USA 

RS/R Serere 
RS/B Serere 
West African Nigeria 

Early 

Constitution 

Selections from Nebraska populations-
NPBR, NP3R. NP,1R. and NP*R and Purdue populations PPR and PP3R 

Selections from Nebraska populations-
NP B,NPB. NP=B, and Purdue PP, and PP, populations 

Developed by Doggett 
Developed by Doggett 
Insensitive segregates from WABC and Bulk 'y'populations. 
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Off-Season 


Main Season 

Off-Season 

Main Season 

X x x xlx xxl xxxx xDI 2 DIXX 2,px:ox XD Ixl 
lXX xX x X Dx XJ 

XL.1I I 1 [_'' I-
x ,, . .. : XIxl,, ,,, 

L-21 I III Ii 0 'L-40 , XIIlX LLIiI LLIi; I ~ X x x 9XlXXx x Xl 
x x xx xxxx~xx x 

lX X D2XE Dl X D2XiXXDlXD1xx xix XXx x X XXj 

UnrepIicated 1000-1200 head-to-row 
prqIles from crosses on each S, line 
grown in blocks, 

400-500 fertile plant selections growniin an unreplicated nursery. 

Sibbing Nursery 

Replicated trials of 200-250 S2 progenies 
at 4-5 locations 

Potential plants from each loction 

planted in head-to-rows. 

Pure lines 

Hybrids Varieties 

RECOMBINATION GENERATION 

30-40 sterile plants crossed in each 

of the30-40S, liheswithamixture 
of pollen from the S6 bulk planted ontwo dates 

HALF-SIB PROGENY SELECTION 

Select within and between progenies
and blocks for maturity, height,
grain quality, and harvest 400-500 
best fertile plants 

S, PROGENY SELECTION 

Select within and between progenies
for drought, charco'it rot, and grain
size, and harvest best 200-250 
fertile plants 

S PROGENY TESTING 

Evaluate S2 progenies for grain 
yield, stability, agroncanic desir
ability, resistance to diseases, and 

pests in 4-5 diverse locations. 
Each line is sib-mated in a separate 
nursery. Sibbed seed of relected 
lines used for recombination 

Where: 

D 1 1st date of planting 
D2 2nd date of planting 
L-1 to L-20 S6 lines for 

recombination 

x S2 progeny bu lk 

"--r] Individual S6 lines. 

Figure 2. S progeny selection scheme for the improveiient of populations at ICRISAT. 
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Tsble 2. 	 Mean days ta nom,plant height, and 2raln Yield of S, progenies of different cydos ru1d per-cyce 
seaction haece for grain yekl Intwo wgKhrnpopulations undor recurrentsesct on at ICRSAT. 

Grain yield 
Cycles of Days to Plant 

Populations selection bloom height lcm) (kg/ha) % cycle gain 

US/R 	 C. 58 
C1 60 
C. 61 
C, 66 

US/B 	 C. 57 
C1 59 
C, 61 
C, 63 

5500 -	 US/R 

5000-

CSH-6 CSH- __-U _ 

4500 
- LSD (0.05)j 

ED 	 /third 
>/ 

. 4000 /variability 
/ 

3500 ,CSV-4 

3000 
o 	 d c' C3 

Cycles 
Figure 3. 	 Grain yield performance of different 

cycles in the two populations (US/fland US/B). a released hybrid (CSt-6). 
and vare hybrid -6,
and variety (CSV.4). 

In the ICRISAT populations, character correla-
tions among various !raits were studied. The most 
striking chanye occurred between yield and 
maturity, where positive correlations in the origin-
al populations were changed to significant nega-
tive values. The correlation hotween plant height 
and yield continued to be significantly positive, 

162 2585 
160 2333 13 
159 3310 13 
177 3943 19 

171 3208 
156 3508 9 
166 4013 14 
179 4308 7 

though much lower values were observed in the 
improved populations. It appears possible to 
reduce the strength of the correlation after a few 
more cycles of selection. The results of this study 
confirm the experience in other crops that recur
rent selection techniques are effective in impro
ving populations in the desired direction.The genetic variability for grain yield (Fig. 4a) in 
improved cycles was no. affected significantly.
There was slight reduction in variability after two 
cycles. However, variability was increased in the 

cycle, during which some additional elite 
lines were introduced in the populations. The 

for maturity (Fig. 4b) and plant height 
(Fig. 4c) was reduced. The means and variances 
of the traits for which deliberate selection was not 
practiced remained unchanged (Prasit 1981). The 
trend is encouraging, as one would like the 
improved populations to be more uniform for 
height and maturity but st'l maintain variability for 
economic traits. 

Simultaneous Selection 
In comparison with traditional methods of breed
ing where pyramiding of characters is done byadding each new character after reaching satisfac

tory levels of other characters, population im
provement techniques permit simultaneous 
selection of traits more rapidly and effectively. 
Frequent recombinations among selected genoty
pes break linkages and enhance selection oppor
tunity for 	rr. tiple traits. 

A select'u i index is gjenerally advised when 
simultaneou, selection is practiced for several 
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Figure 4. 	 Frequency distribution of S, progenies in different cycles of the US/B population for three 

agronomic traits. 
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characters. The method requires quantitative mea-
surements of all the characters under selection 
and their appropriate weights. The use of compu-
ter facilities is essential. The method, though 
theoretically sound, has been little utilized in 
practice. Independent culling, in which standards 
are set for the retention of several characters and 
can be applied successively in each season and 
cycle, appears simple and promising. An increase 
in the number of characters being considered 
under selection reduces the effective selectior 
intensity for individual characters. Consequently, 
as the number of characters increases, the 
percent gain for each character is reduced. It is 
realized that simultaneous selection for more than 
three traits at a time is not very effective IS. K. 
Jain, personal communication). 

The S, progeny selection scheme (Fig. 2) 
appears extremely effective in selecting sirnut-
taneously for a large number of traits in each 
cycle. The characters are grouped according to 
the nature of inheritance, and selection for each 
group is done at different stages from half-sib 
progenies to S, progenies. For example, selection 
for plant height, maturity, and grain color (quality) 
is practiced amog half-sib progenies during the 
main season; sai.-ction for drought, charcoal rot, 
and evident grain quality is most effective during 
the off-season under controlled irrigation ; ,iog 
S, progenies; selection for grain yield, stability, 
agronomic desirability, and resistance to pests 
and diseases is conducted in replicated trials at 
several locations and in special disease and pest 
nurseries among S, progenies. 

Extraction of Superior Lines 
from Populations and Their 
Utilization 

The success of any plant breeding program lies in 
the production of superior cultivars-varieties 
and hybrids in the ,:ase of sorghum. It is towards 
this goal that populations are improved by recur-
rent selection. It is assumed that as the mean 
performance of a population is improved, there 
will be a parallel improvement in the performance 
of its derived progenies (Eberhart 1972). Recur-
rent selection being relatively new to sorghum, it 
will take a few more years to demonstrate 
conclusively the above concept. However, studies 
at ICRISAT have given good indications that it will 
work. A set of random S, progenies from different 

cycles of two populations were evaluated for grain 
yield in two trials (Prasit 1981). The distribution of 
the 10% highest yielding lines from each popula
tion across cycles is presented in Table 3. The 
contribution of the most advanced cycles in each 
population is the highest, followed by the previous 
cycle, indicating that as the average grain yield of 
populations increased, the grain yield of the 
derived lines also increased. 

The lines from the populations are nroduced by 
successive selfing of male-fertile plants at any 
stage until the progeny becomes uniform. Con
tinued selection for male-fertile plants eliminates 
male sterility from the lines. The uniform lines can 
be used as varieties or hybrid parents and also as 
parents in crossing for further improvement using 
traditional breeding methods. At ICRISAT, the 
process of identifying superior lines began in the 
early stages of population development. Promis
ing lines were identified from all populations 
introduced at ICRISAT. Several of these lines are 
performing well in national programs (ICRISAT 
1980; 1981). For example, a line from the Diallel 
population has been released as Melkamash in 
Ethiopia. Two other lines, Rs/B-8785 (SPV-393) 
and Ind-Syn-387-1 (SPV-394), are in the adv
anced stage of testing in several countries. Two 
lines, GG-1483 (SPV-424) and GG-1485 (SPV-422), 
gave substantially higher grain yields than the 
check varieties and hybrids during the postrainy 
season in India. (AICSIP 1980). All these lines are 
the result of selection within populations in early 
cycles of selection. The derived lines from the 
improved cycles are still in the process of purifica
tion and testing and are expected to be superior to 
the lines selected from the initial cycles. 

Lines derived from initial cycles of populations 
do not always combine all the agronomic traits 

that are desired in a commercial variety. Neverthe
less, they possess some important characters and 
can be used as parents in a crossing program. 

Table 3. Percent contribution of dfff-rent cycles of 
two sorhum populationa to top-yielding 
10% S, pr3aenlQs. 

Cycles 

Populations Co C, C C 
US/R 0 0 25 75 
US/B 3 9 22 66 

429 



Some lines retain male-sterility u-til the S,and S, 
generations. If required, sterility can be main-
tained in the lines by sib-mating. Such lines are 
very convenient to use in traditional crossing 
blocks to avoid the need for hand emasculation. 

Adapted line x population crosses have also 
been very useful in extracting superior lines. Such 
crosses produce much useful variabil ty for selec-
tion in the F,and F,generations. Currently, most 
of the lines in the ICRISAT international nurseries 
are products of such crosses. 

The lines derived from nonresitorer populations 
are of particular interest to sorghum breeders 
workino in a hybrid development program. An 
extremely high percentage of the lines from these 
populations is showing nonrestorer reaction 
against milo-kafir cytoplasm. Several hundred 
pairs of A and B lines from very promising 
nonrestorer lines have been developed in an array 
of maturity and plant types. Such lines, when 
used in hybrid combinations, should contribute 
greatly to sorghum improvement, 

Incorporation of Additional 

Traits into Populations 

Population improvement prc;.ams are designed 
to net long-term goals of plant improvement. 
While every care should be taken during popula
tion development to create sufficient variability for 
important traits in a region, changing agricultural 
technology and environments, host-plant interac
tions, new scientific advances, and identification 
of new problems and their sources of resistance 
always necessitate the addition of new germ-
plasm into established populations. The problems 
of charcoal rot disease and midge and earhead 
bugs are developments of the recent past. Patho-
logists and entomologists have identified new 
sources of resistance against pests and diseases. 
Incorporation of these sources would enhance the 
selection opportunity for these traits in popula-
tions. A "side car" approach has been described 
by CIMMYT w: ,ere the population is crossed and 
backcrossed onto a new source; however, this 
procedure increases the number of populations 
for each trait, requires enormous resources, and 
does not provide the opportunity for simultaneous 
selection of traits. 

A,- alternate system used for the incorporation 
of additional germplasm inpopulations at ICRISAT 
is presented in Figure 5. The crossing is accom-

plished at two levels: (1)crossing new germplasm 
to promising derivatives from populations and (2) 
crossing them to populations during recombina
tion. Population-derived lines may be used as 
female parents to make use of possible male
sterile plants. On the other hand, populations are 
most conveniently used as male parents using 
bulk pollen. The F2s from both types of crosses 
are screened for the trait(s) of concern and 
confirmed in F,progenies. The F,families can 
simultaneously be evaluated along with S2 lines of 
the population for agronomic traits. Depending 
upon the performance of lines, a decision is taken 
to incorporate the F, progenies during the next 
recombination cycle of the population or to 
backcross with the population and repeat the 
process. The system takes advantage of the male 
sterility in population derivatives and provides 
opportunities to correct their defects as with 
traditional methods of breeding. It provides a way 
of introducing useful variability into populations 
without the risk of reducing their superiority and 
enhances the opportunity of recombination 
among useful traits. Since new variability is 
continuously cycled in the populations, one would 
expect continuing progress. It isbecause of this 
hope that we discontinued maintaining separate
backup populations in the ICRISAT program. 

Population vs Conventional 
Breeding Systems 

Breeders are often interested incomparing diffe
rent breeding methods. The comparison of popu
lation and conventional breeding systems for 
various factors important to breeders is given in 
Table 4. Both population improvement and tradi
tional breeding methods are designed to accom
plish the same goals-production of superior 
cultivars. Population breeding is a long-term 
approach, while traditional methods can be used 
to more lapidly select finished lines and parents. 
3ecause of the need to produce quick results, 
breeders often give low priority to long-term 
programs, but the improvement and conservation 
of genetic variability is importan. Gardner (1972) 
stated, "If population improvement through the 
use of well designed cyclic selection and recom
bination procedures had been practiced in corn 
during the past 40-50 years, both our base 
populations and hybrids derived from them would 
be yielding substantially more than they do 
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Popuon Nw Population / 

ine 

with S2 pogenies + Screening x derivatives 

ofthe population (backcress, if necessary) 

recombining new traits inter-rein 

crossed with advanced popu
ltion. 

Hybrids Varieties -- 1 Elite varities
incorporated in the 
im:roved population 

Figure 5. Incororation of additional germplasm. 

today. The statesment holds true for self- A comprehensivepollinated crops also. Exprience shows that each 
population improvement 

approach has its weaknesses 
program with the appropriate application of tradiand neither can tional selection methods at ICRISAT has produced 

satisfacritckle all the problems, varieties and hybrids in a relatively short period 
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TINe 4. Compedson of popublon and convennl breedIg systems. 

Population method Conventional method 

Approach Intermediatv and long-term Short-term 
Gene Pool Largo Small 
Crossing Constant Limited, leading to quick fixation of genotypes
Linkage Greater opportunities of breaking Fewer opportunities of breaking
Selection Idea; for simultaneous selection Pyramiding of traits 
Germplasm (a)Continuous flow of superior germplasm fa) Narrcws down the germplasm base

(b) Incorporates new germplasrn easier (b) Requires conversion before Ose
Gene blocks Disturbed Maintained 

that are competitive and comparable by any 
standard. Therefore, it appears appropriate in 
sorghum to start a breeding program using 
conventional breeding methods, but as suitabe 
materials are identified a population or two should 
be developed. As the program advances, the 
progress from the conventional approach may 
well decrease, and it is at this stage that genetic 
variability in the form of selected populations
becomes most valuable. International centers 
have better facilities for multilocation testing in a 
wider range of conditions and are better equip-
ped to adopt long-term population breeding ap-
proaches. However, there is every justification for 
national programs to follow these techniques on a 
smaller scale for continued progress (Bhola Nath 
1980). 

Future Projections 

Limited use of population breeding techniques in 
sorghum improvement during the past decade 
has shown promise. The importance of the 
approach is being increasingly realized in breeding 
programs where improvement work has been 
carried out for a long time and a reduction in rate 
of progress is noticed. In order to maintain 
progress over long periods, a good network of 
regional centers may be necessary in the future. 
The regional centers should have the responsibil-
ity of carrying out long-term breeding programs 
with support from national centers. The national 
centers using relatively simpler breeding techni-
ques should be able to exploit the advances made 
at the regional centers. 

The heterozygote superiority in sorghum, parti-
cularly under adverse growing conditions, is well 

recognized. The exploitation of heterosis through 
hybrids has had mixed success, and it would take 
several years for most countries of the Third 
World to eievelop a proper si=d industry. ThE 
grain yield levels of improved populations are 
already fairly close to hybrid yields (Fig. 2). These 
populations, selected further for uniformity in 
plant height, maturity, and grain, may offer an 
alternative to hybrids. 

Investigations are required to explore the possi
bility of using uniform composites with male
sterility genes for commercial cultivation in the 
areas where it will require time for the effective 
use of F,hybrids. Tests are required to compare 
the stability of the composites in comparison with 
hybrids and varieties. The study by Ross and 
Nordquist (in press) is encouraging in that the 
populations showed greater stability over 16 
environments than hybrids even though the popu
lations had a lower mean yield. 

More elaborate quantitative genetic studies on 
random-mating populations may be necessary to 
estimate the magnitude of different kinds of 
genetic variation, heritability of economic traits, 
and character correlations. These studies would 
help in the choice of a breeding method that 
would maximize selection gains. Methods to 
more effectively use a selection index for impro
ving the populations simultaneously for several 
traits of concern may be valuable. 

The population improvement programs have 
greater potential in resist3nce breeding programs 
for problems such as stem borer, where several 
species exist and good sources of resistance are 
not available. The degree of resistance in popula
tions can be increased by accumulating resistant 
genes through cyclic selection and recombination. 

Recurrent selection is effective in creating, 
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conserving, increasing, and improving genetic 
variability. A large germplasm collection is avail-
able in sorghum. Its maintenance is extremely 
expensive and its direct utilization in the advanced 
breeding programs is difficult. Useful variability 
can be maintained in the form of large random-

recurrentmating populations and improved by 

selection procedures under low selection press-
ure. This would enable conversion of the variabil-
ity into a usable form, in addition to preservation 
of the variability. This has been proposed several 
'mrues during the past decade, but its application in 
tne 80s appears promising. 

Sorghum population improvement is in prog-
ress at a number of centers. It is essential that the 
improved populations are utilized to extract super-
ior materials by using othe; methods of selection. 
A greater integration of different breeding proce-
dures is, therefore, necessary in the future. 
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Breeding for Pest Resistance in Sorghum 

B. L. Agrawal and L. R. House* 

ho view of potential economic and environmental 
constraints of insecticide use, breeding of crop 
varieties with rens',innce to harmful insects is a 
promisi g mev.hcd o insect control. Such sor-
ghurn varie',i -,r the most effective way of 
controlling pes, particularly in areas where 
wechnc:z;jir;l knowhow and resources are limited, 

insect F: ' of Sow hum 

Although nearly 16-0 i species have been 
recorded as pests of sorghum in the semi-arid 
tropics, stern borer, midge, shoot fly and earhead 
bugs are the most wice.pad and devavx'-ig 
(Table 1). Sorghum .i:ot fly (Atheriqona varia 
,;occata)is prevalent 1,-i"uth and South East Asia, 
O1"i, ,,!i Afri-Middle Easi. ir-;anean Europe and 

ca. Arn.iig the stein borers, Chfoe partelus and , ,.. rs ar , .~'t in theInia 
, h,s are.rt in the Indian 

r Souih Ea,,i 1nd East and We.st 
Airic.; S unia criica ;n East, North East and 
M o -- Europe except France and the 
lberier Roi-i;,'a; Busseola fusca,Eldana sacchar-
ina, ,&ig,j; ignefusalis and S. calamistis in the 
Africcrn cuntinent and Diatreae saccharalis and D. 
gzandeosella in the Americas (Seshu R.'y.6, 
parriAl communication). Sorghum midV' {Co,-
,f lni sorthicli C,.) is almost a universally 

d;iAn past. ,, g earhead bugs, C&locofs 
-rztusis a S ; ious pest in S ;uth India and 

.: ,i-, s !% es in the Sudan; several other 
c bugs and earhead caterpillars have 

been ,,rt-d from various parts of India and 
,, 7T, iyirnphs and adults of the sucking 
cnir~ci nhu(Blissus leucopterus) are widely distri-

Pilat V, ..r; d Principal Plant Breeder and Leader, 
reipi-czvely; sorghum Program, ICRISAT. 

buted in the U.S.. Canada, Mexico, and Latin 
America and attack sorghum during all stages of 
growth (Rao et al. 1977). 

These major insect pests will be used in this 
paper to illustrate concepts of breeding for resist
ance. It is recognized that these priorities might 
change with time. 

Table 1. Distribution of dlfferent 1rkt pecd., 

Shoot Fly 
Atherigona varia South and South-East Asia; 

soccata Middle East; Mediterra
nean Europe; and Africa. 

Stem BorersChile partellus, and Indian Subcontinent; S. E. 
Sesamia inferans Asia; East and West Africa.
S. 	critica East, North-East and Medi

terranean Europe, except 
France and Iberian Penin
sula. 

Busseola fusca, African Continent 
Eldana saccharina, 
Acigna ignefusalis and 
S. calamistis 
Diatreae sacchralis 	 Americas 
and . grandeosella 

Midge 
Contarinia sorghicola 	 Almost universal 

Earhead Bugs 
Calocoris angustatus S. India 
Agnoscalis species Sudan 

Chinch Bug USA, Canada, Mexico, and 
(Blissus leucopterus) Latin America. 

International Crcp R,"rch Institute for the Semi-Add Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P.. India. Patancheru, A.P. India: ICRISAT. 
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$,Jng for Insect Resisance 

. Process of changing a characteristic 
,J3 . over a nUmber of generations by 
ppzlyinrc o..-,:ction pressure on the population. The 

rate of £.;::cess in a resistance brer ;-ng program 
is associated with severi I factors. 
1.The availability of a broad germplasm base 

from which good, stable and diverse sources 
of resistance can be selected. 

2. 	The availability of effective, efficient and reli-
able screening techniques. For this it is essen-
tial to have a good know;cxze of the biology of 
the insect, the insec,-.bc,l plant ,elationship 
and the insect-environ,-,ment relationship. 

3. 	 !1 possible, knowledge of the mechanism of 
resistance; whether it is tolerance, preference 
or antibiosis. 

4. 	 Knowiedge of the mode of inheritance. 
5. 	 Selection of the right breeding procedures. 

In order to accomplish these goals efficiently a 
good interdisciplinary team approach between 
breeder and entomoloqist is essential. 

The shoot fly can be a severe pest attacking 
sorghum in the seedling stage. Eggs are laid 
singly on the . lower surface of leaves. The 
emerging maggot migrates to the growing point, 
kills it (causing a deadheart), and feeds on the 
decaying tissue. Once plants are 30 to 40 cm tall 
they become resistant to this pest. 

Source Matoril 

A systematic search for over 20 years for sources 
of resistance, primarily by field screening of the 
world sorghum germplasm collection, was under-
taken by the All India Coordinated Sorghum 
Improvement Project (AICSIP) and recently by 
ICRISAT. Over 10 000 germplasm lines have been 
screened for this pest, and 213 lines have been 
selected as low susceptibles. Among selected 
lines IS-923, IS-2195 and IS-2312 have performed 
well in AICSIP trials. These selected low suscepti-
ble lines belong to different taxonomic and geog-
raphic regions. Earlier, most of the shoot fly 
resistant sources identified were from the South 
India winter sorghums belonging to either Durra 
or Dagadi groups. Now several new sources have 
been identified that represent several other re-

gions and taxonomic groups. Absu.ite resistance 
to thi' ,.,vst has not been foun,, rhe degree of 
teoeri ie/resistance of the source varieties varies 
with season, year and particularly with fly press
ure. Mc-t shoot fly resictant sources have the 
glossy expression during the seedling ,:. 
Some of the sources have gone through - ;. 
tion testing in countries where shoot fly is a 
problem and some have been found to be stable. 
Singh et al.(1978) conducted a stability study oni 
15 lines in six environments and noticed that most 
of them were consistent in their fly reaction; 
IS-1054, IS-5469 and IS-5490 were found to be 
tho most stable. 

The main culms of plants attacked by the fly are 
killed and tillers that develop subsequently rT-.y 
also be killed. However, some varieties produce 
synchronous fps -orowing agronomically produc
tire .i,.rs that picduce good yields. Such "recov
cr- Pistant" types ara quite often detected in 
the field and are useful in overcoming field loss. 

de Wet et al. (1976) indicated the possibility of 
transferring shoot fly resistance through introgres
sion from Saccharum to Sorghum. Initial efforts 
have not been rewarding. 

Screening Technique 
In sorghum, though the Starks' interlards and fish 
meal technique was very effective in creating 
uniform and desired levcls of shoot fly infestation, 
very little progress was made over the last two 
decades. One important reason could be that 
selection was made at the timo of harvest when 
there was no effective way to identify plants with 
real resistance. At maturity, a large proportion of 
thc shoot fly damaged plaits recovered and 
looked similar to undamaged plants. At ICRISAT 
this practice was followed until the 1977 postrainy 
season and resulted in hardly any progress. 

It was found necessary to score all seedlings 
soon after the stage of damage is over and to 
maintain identity until maturity. There was con 
cern about escapes, i.e., plants that were missed 
hy the egg-laying adult. The proportion of such 
plants varies with the level of infestation (Table 2). 
It could be assumed that the plants having no 
eggs are escapes, but this would eliminate 
oviposition nonpreference reported by Maiti and 
Bidinger in 1979. They found that trichornes on 
the abaxial surface of the leaf contribute to less 
egg laying. This information assisted in categoriz
ing different mechanisms of resistance that could 
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Egg Res~star a No of selecticns made 

laying Trichomai rnechanism 7R 78K 

No No E.pes 201 (3G%) 73 (6.7%) 
Yes No Aritibiosis 12:3 515 
No Yes Ovipofztim'Il 100 106 

Yes Yes Meh : c~d 79 400 

A.-;irnae proportion of nontrichomed :, oed 

be identified at tY: seedling st-'p (Ti 2). 
',ipositionn.n.pr&,,rence could be od by 

the lak o: cggs on trichorned Anl..ribiosis 
occurs ,vwhen eggs are ,i thete ai.l of 
trichomes but - n.ovciyriearf','v "'Ut. 

resistancv ' -. sit',-Ii 2, i .ihicrr,-: I'e main 
plant is kifloed '.5&,ilo crop d&vc;ips from tillers, 
Escapes are ,Uspocted when there are no eggs 
and no trichomes. 

This:,4 . of identf' i-;. of -.-,istant plants 
in sgege; v',,tt sox"c,4 for better 
, i ,; types at maturity was tried first in the 
pjmrainy season of 1977. The gains using- thls 
system for the last 3 years have been quit.e rj,J 
.Ad very encouraging. Gtod progress has been 
made in evolvirig several di',.'&'.;:eding lines 
with levels of shoot fly re! iAsancz .: ceeding that 
of the original source mnateri&I and in fairly good 
agronomic ",.ckgrounds. 

Mec|tnism of R8i10nca 

Nonpri-oence is an important mechanism of 
resistanc. Sometimes it is operative even in the 
absence ' a preferred host(s) (Wongtong and 
Patanakam Jorn 1975; Jotwani et al. 1974). One 
deterrent to oviposition in sorghum is the pre-
sence of trichomes (microscopic hairs) on the 

,abaxial surface of loaves o resistant genotypes 
(Maiti and Bidinger 1979). Their presence on the 
abaxial surface is highly associated with oviposi-
tion nrnpreference (r:. -J. .) anr is .lso a highiy 
heritable trait (h0.9)(Omori, vn:, hed). Varying 
trichorne intensity does not influence oviposition 
nonpreference. It is ;ontrolled by a single reces-
sive gene (Gibson and Maiti, unpublished). The 
possibility of other deterring factors is not ru::Wcd 

40 :60 50: 50 

out. Sometimes, trichomes also offer rneW.,,nical 
resistance by !nterfering with the migrati,..l re 
w?.g"y3t tcward. n: growing point (Fz:; and 
;braham, unp~b ied). In a preli.,ry .'nysis, 
- trichomes zrnd unknown antibion factors 

seem to contribute equaly towards shoot fly 
resistance (Table 2). 

ICRISAT physiologists noticed that most shoot 
fly mesistant varieties have a glossy (pale green, 
smooth, shining leaves) expression in the seed 
line stage. it was then observed that most of 
I I AT's advad shoot fly resistant' breeditig 
material was un=cosciously selected for this 
g!ossy trait. T;u..-noto (1980) indicates that g.ossy 
is controlled I-; a single recessive gene. The level 
of resistanw;a has been found to be greatest when 
both the gl sy aid trichome traits occur together 
(about 80% of thc time) (Fig 1). The resistance of 
glossy genotypes differ with the intensity of 
glossiness. 

A component analysis was done on Omori's 
unpublished observations to assess the complex
ity of shoot fly iesistence and to quantify the 
Mo-diribution of i , jor iactors to shoq.t ti'V -esist

ance, Four traits-trichome density, g!.,\. ;nten
sity, eggs/planz, and percent dea h.il s -were 
considered. Cor.elations were obtziboCd both at 
the gen,'vyic and phenotypic levels and the 
result-, are presented iM'lable 3. Highly significant 
correlations were found among all four traits. 
Shoot fly incidence was found to be highly and 
negatively associated with the glossy and 
trichome traits. The high correlation noticed be
tween glossy and number of eggs/plant is evi
dence of contribution to oviposition nonprefer
ence. 

These correlations were partitioned into direct 

437 



AM

very "-I Flow 

al be ti 

Ak 

Vtp' 

4 

~vryJt1 

__T 

.26,~g 

snnsiy 

41!Xc- l.-v~ 

--0- W-kol 

w 

sj1 

- If-

&S 

TO 

'Y 00tu.uue 
Iid 

*Osso -ps' 

-ph, 

77 7Desdhedhs 1070 
At 

j~r -. Go.pccabia 
- ~ 

h2Hr~t ~ 
% ghinalpobliyvl 

438 

aflist 
lPh.notyp, 
h' 

Sp 

OA 

0 

1..0m 
0.77M 

0vla73Ucefscm 

.0 
i 



At Genotypic Level 

Trichome 
Intensity 

""0.33 

•P ,..... -0.1 so 
p....6 r, -0.697 
r -0.935 ln~onsity 

00. 	 I r--0.826 

No. of eggs/plant 

At Phenotypic Leval 

Trichome 
Intenofty 

r= 0.829 

%Dead 	 P -0.429 Glossy 
r -0.818 Intensity rz-0.494 

r=-1.584 

No. of eige/plant 

Figure 2. Path analysis of factors contributing resistance to shoot flies. 

1974; Sharma et al. 1977). Rao et al. (1974) found 
that hybrids are generally superior to parents. 
Further studies of Balakotaiah at al. (1975) con-
ducted on large F populations rev:i~. that the, 
frequency distribution oi different mortality clas-
ses ,,aosely fits the normal curve and the inheri-
tance of shoot fly resistance is predominantly 
additive. Based on backcrosses. Fs, and ad-
vanced generation progenies. Rana et al. (1975) 

found the her'*:ity of shoot iy iesistance to be 
around 25%. hana et al. (198.n veported that the 
F, is almost intermediate bvtwoe , n the two pe
rents. Resistance was found to be partially domi
nant under low to moderate shoot fly pressures 
but not under heavy iniezs-ation conditions. In this 
study resistance was alU, found to be polygenic in 
nature and governed by genes with predominantly 
additive effects. 
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The analysis of the genetics of resistance to 
shoot fly done by Borikar and Chopde (unpub-
lished) inTi.hteH) that both additive and nonaddi-
tive corr >w:;i, of gene 3ction aie important for 
shoot !h' K:'dh>arts under low i s, 
However. the iihtarI percent :..r;:, 
nantly c;nt;:iKI by additive q-yle unr';.rer 
moderate .ii,h shoot fly pescuie<& !! y 
r ,y:~fom 15 to 25% depe,-rr c, :noo fly 
pr-ure. In , ovip,.',.ic ,. r:e is 
c&:_' ol'ed by : genetic ia-::toT,..,'.-'v Tna herita-
bWi ; :'Atdies revealed tie genetics ofrI';,j ti;:-Y 

arts eggs/plant is influenced by the 
'
Ao'; shoot fly population. It therefore appears 

that genetic studies breeding for shoot fly 
resistance must be i,,sociated with population 
pressure. Selection fo, shoot fly resistance prefer-
ably should be made in conditions of high infosta-
tion. 

Stir Borer 

The stem borer attacks all stages of the crop from 
about 4 weeks after germination, and it attacks all 
parts of the plant except the roots. In the early 
stage, the larvae feed on the leaves in the whorl of 
the plant and often cause deadhearts. Late attack 
results in stem tunneling and boring of the 
peduncle which may resuit in breakage of chaffy 
heads. 

Source Matar[al 


Dwing the 70s, Jotwani and his colleagues 
systematically field screened the sorghum germ. 
plasm collection for Child resistance, and tested 
the first 10 000 accessions at several locations in 
odjia. They confirmed the resistance of promising 
lines by incyulation. Twenty-six lines were found 
relatively iess susceptible to Chdo. ,; of them 
were of Indian origin with the exception of 
IS-3096 from the USA.. IS-7273 frorn Nigeria, and 
IS-913b from Kenya. 

ICRISAT breeding stocks and the germplasm 
accessions not tested by Jotwani and his col-
leagues, were tested ,;tICRISAT in 1980 at 
sc-veral !ocations in India using natural or arificial 
infestation. Of the 10 744 germplasm lines 
screened. 289 lines have shown less susceptibil-
ity to Chdo and are being tested further. Some 
lines have been found to have low suceptibility to 
both shoot fly and stem borer. IS-4660, IS-18427. 

and IS-18479 are tolerant to both Chilo and 
Busseold iSeshu Reddy, persona, communica
tion). 

Stem Bor Screoning 

Varying d~grecs of success in terms of screening 
for resisiance to borer have been observed. A 
high natural Chilo n.staon is found at several 
iesearch stations in tn',. At the ICRISAT site, due 
to lack of unifotr ld, .,.ural infestation has been 
discarded. IrsL(, ;CMSAT entomologists have 
developed an artificial diet giving recovery of 74% 
adults. A technique for releasing these larvae over 
the whole nursery through a dispenser makes it 
possible to screen three hectares of material each 
season. Testing by inoculation during the post
rainy seaion, where the growth of the plants is 
slower because of low temperatures, is more 
effective than in the rainy season. Shoot fly 
becomes a problem in the early seediing stage 
3nd reduces the plant stand. it is not possible to 
use chemical protection against shoot fly because 
of residual effects on yot:ng Chdo bo(ers. It h3s 
been nccessary to remove shoot fly eggs manual
ly from seedlings every alternate day during the 
shoot fly susceptible stage-a cumbersome, labo
rious. and costly process. 

Hissa in North India has been identified as a 
good hot spot for Child during the rainy season 
and has proved to be a good location for test;ng 
purposes. Sowings made in thp first ,veekof July 
receive uniform and massive attack of Chilo. 
Pantnagar and Bhavanisagar are olher gooJ loca
tions where thera is a moderate incidence of Chilo 
during the rai,;y (late July sowing) and lat.p 
summer (Mrci :iowing) seas5sns, respectively. 
Effective scr-m.g with varying levels of Chilo 
from natural and inoculated situations is now 
possible. 

M htmnsm of R "Ni ,.m 

Information on factors contibuting to stem borer 
resistance is limited. Jotwani (1976) observed that 
tolerance and antibiosis are operating in resistant 
cultivars. Evidence for antibiosis was furnished by 
Kalode and Pant (1967). Jotwani (1978) reported 
that the development of Chilo parteltus was 
retarded on three selected resistant cultivars, i.e., 
IS-1151, IS-4764. and IS-4776. On these three 
lines there was higher mortality in the early larval 
stage, the larval period was increased, and the 
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percent pupation '-ias less on resistant cultivars 
compared with the suscepMe hybrid CSH-1. 
Phenols and cyanides hi.e been found not to play 
a significant role in resistance while waxes -;my 
play a role by way of obstrukiing larval migration 
(Sue Woodhead and Chapman. 5.<:;-m'n corn-
m'nication). Mor3 biochem,: , on borer 
resistance are under way i C.lLAT. If some 
simple, easily detectable m.? r are identi-
lied, it will help in selectir.9 -istant genotypes 
more effectively and efficiently. 

Gen~tic 

Rana and Mury (197 1) reported that resistance to 
stem borer is polygenically inherited. The F, 
hybiids were intermediate for primary damage 
(leaf feeding) but better than the mid-parent for 
secondary damage (stem "unn ling). R7: . nce 
to primary damage was ,'.!, to be cr..v;: :f. by 
adi..... and additive xadd Z:nvve type of c ,.2ion 
,;,,, dditive and non:-fditive type gele actions 
wete important for sec:.':Jary damage. The inh3ri-
tance patterns of prim2ry and secondary damage 
were different. 

andnie ;"n'J: Bugs 

Midge is a small, bright, orange.red, rapidly 
mutiplying fly that lays eggs inside the floret 
during flowering. The maggot feeds on the 
developing seed and prevents seed set. Earhead 
bug is severe at th3 milk and dough stages of 
seed development., The nymphs --,ck the seed, 
and grain yield and quality are dra :iw;ally affected. 
Its damage varies from slight to extreme reduc-
tion of seed size. 

Source Matevial 

Systematic testing for resistance to midge was 
initiated by Wiseman and his colleagues in 1a8 in 
Texas. Johnson et al. (1973) reported good levels 
of resisidnce to midge in Ethiopian converted 
materials (Zera-zera type). To date, nearl%' 125 
midge resistant lines have been identified, and 
they are well documented in the literature. These 
midge resistant lines bclong to different c-untries 
(Sudan. Ethiopia, Uganda, India. and Pa!'istan) and 
*axonomic groups (Zera-zeras, Caucfaium Niger-
icans, Caffrorum Darso, Durra, and Durra Niger-
icans). Faris et al. (1979) evalaated Ethiopian 

converted line,; e.nd AF-28 in Northi2 .i;3tBrazil for 
stability of midg ,- ;esistance. AF-23 w.c found to 
be the most st.,ble across sowirg cVjtce. Lines 
IS-2508C and IS-2757C showed rniz-erate stabil
ity. Converted Ethiopian Zera-zei, cuttivars have 
shown promise on a global basis for resistance to 
midge. Other important lines used in the breeding 
program include S-Girl-MR-1, DJ-6514, and TAM
256CI. 

trtile progress has been made for the 
s; ,:c :z jdentificr-tc, ;.f sources resistant to 
earhe:d bugs. ('w., :.. 'ermplasm lines have 

t1-

ben ;dentified zs r . ng against C; coris at 

ICRISAT, but their rosistance still needs to be 
confirmed. Several advanced breeding lines have 
been idenfied with reasonal-,A- -vels of resist
ance. Most o! them are derivwives of IS-12573C, 
a midge resistant line. 

Screening Techniques 

The problem of managing the high levels of midge 
and head bug populatons inthe field for screening 
purposes remains unsolved. It, the field, popula. 
tions vary considerably. Under such a situation, 
the test entries that differ in days to flowering 
may not be equally infested. It is therefore 
necessary to separate test material into groups of 
similar flcwering times. Asusceptible check with 
the same lime of flowering as the test group 
shcu!d be included. Because of these problems, 
several seasons of testing are required to confirm 
resistance. 

Early planting of susceptible sorghums with a 
range of days to flowering helps in increasing and 
to some extent inmaintaining constant midge and 
head bug populations in the test material. This 
approach isuseful for the initial testing of a large 
amount of material. Later, the resistance of 
promising lines/ganotypes can be confirmed by 
using a cape technique. Using this technique, 
Rusetto et al. (1975) found AF-28 to be rmcs:'ant 
to midge whereas Sart was found to be susc.2_jti
ble. Page (1979) reported that converted lines 
IS-12608C and IS-12664C expressed significantly 
higher levels of resistance against midge than 
KS-19 and Alpha. Lne 0-13828, which showed 
resistance to midge under field conditions, was 
susceptible under caged conditions. Several other 
workers have found the technique quite effective 
and useful for confirming resistance. Large-scale 
testing using this technique isnot possible unless 
we learn how to rear the midge and the head bug. 
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Mechanism of Resf.t.;tcie 

Nonpreference and antibiosis are the major 
mechanisms operating in most sources of midge
resistance. AF-28, a strong and stable source of 
:nidge resistance has been found to have fewee 
numbers of eggs than a susceptible cultivar 
indicating an oviposition nonpreference mechan-
ism (Rosetto et al. 1975). Its tight glumes make 

difficult. Also, the closed tight glumes
vt io ndIS 263ablsthe lns ighto resisto>~2OIS2?6ad enale he lnesmade 

midge (Berquist et al. 1974). The level of attack on 
a cuitvar may also be a function of the number ofa citiarmayals ofthenuberofb a uncio 
midge flies attracted to the head (Wsernan and 
McMillan 1968: AICSIP 19/3). 

An antibiosis mechanism has been noticed in 
seveal idgeresstatvaietes ike F-117,

several midge resistant varieties like AF-1 17, 
SC-239 14. SC-175-9, and SC-1 75-14 and SC-574-6 
(Rosetto 1977). Gowda end Thontadarya (1978), 
Jotwani (1978) and Page ;979) also 'oun dti-
binsis to be a mechanism of res .r;x to 
sorghum midge. Significant differeri:,,., were 
noticed in the number of flies that emerge from 
the earheads of resistant genotypes compared 
with susceptible ones. Va;ying contents of tannin 
in the grain are a proboble biochemical factor 
imparting resistance. A rc&:tively high correlation 
was noticed between ,';n;incontent in the grain 
and midge incidence i.,0'.i'itos and Carmo (1973)
and Santos et ai. W . 

According to earier workers, short tight glumes 
and cleistogamy ccntribute to midge resisanc. 
On the other hand, several recent studies haveindicated the presence of resistance in non-inicteitomu prsencem lies ao. Muny andc le is toga m o u s so r!hu m lin es a lso . Mu iy a n d 
Subrarnaniam (978) found no relationship be-
tween length of glumes, presence of awns and 
rachis length with resistance. Instead, they found 
compacess of earheads associated with midge
resistance. 

Genetics 

Very little information is available on the genetics 
of midge resistance, arid there is none on head 
bugs. Widstrom et al. (1972) studied the gene 
effects conditioning resistance to midge. Most of 
the crosses expressed highly additive gene 
effects. An exception was the S-Girl-MR-i x 130 
cross inwhich dominance conditioned susceptibil-
ity to midge injury. Epistatic effects were also 
noticed. More genetic studies are required to 
have a clear idea of the nature of inheritance and 

the type of gene action bafore designing an 
effective breeding procedure. 

Beeding For Shoot Fly, Borer,
 
Midge, and Head Bug Resistance
 
The quantitative nature of inheritance of resist

ance to shoot fly, stem borers, and midge ...... 
the breeding problem difficult. This problem iseven more difficult because yield is also a
 
qantiaevel mor difI trit The yiei of

quantitatively controlled trait. The complexity-, of
the problem further increases when breeding

teoly for ince to m reen 
simultaneously for resistance to more than one
 
thi n z M 
The success. achieved in maize at CIMMYT in 

transferring resistance to corn borer and the work
 
of Hanson et al. (1972) in developing alfalfa
 
varieties possessing multiple resistance by using
 
recurrent selection suggest that this approach is
 
valuable. The use of broad-based, random-mating,
 
pest-resistant populations should be an appropri
ate lon~g-term approach for breeding sorghums
 
resistant to several major insects. Pedigree breed
ing methods, on the other hand, are useful for
 
short-term gains and for transferring resistance
 
for a single pest.
 
Based on the stage at which damage occurs
 

and the type of damage caused, the four pestsdiscussed in this paper have been placed into two 
groups: (1) shoot pests (shoot fly and stem 
borers) and (2) eah ad insects (midge and head 

bg) 
Two pest-resistant populations, one for shootp s s a d t e o h r f r h a e t , a e i h 

pests and the other for head pests, are in the 
process of development using is 3 and is,
male-sterility genes. After treir development,
they will be tested for the first 1cw years using alow to moderate insect pressure and then be 

subsequently advanced, using mass selection. 
Once the populations are improved for chaacters 
like height, maturity, grain quality, and resistance, 
S, testing will be used as outlined in Figure 3. 
Major selection pressure is placed on resistance 
to the shoot pests so that only undamaged plants 
are advanced to the next generation. 

Affected plants cannot be discarded before 
flowering in the head pest populations as they can 
be in the shoot past populations, since the 
damage occurs only after that period. The recur
rent selection system will involve S, testing; 
selection in both S, and S,families will be under 
insect pressure. The half-sibs will be tested under 
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UNIT-1 UNIT-2 

Resistant Elite and Adapted Random Matig~ 
Sources Cultivars populations 

intercross x 4 

F,, 3-way, -. ' ' i
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F2's K Low Pressure Testing 

F, 's . 

S, Prgeny
R Low Pressure STet ing 
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S FrogeniesI i 

L

z 
 ! 
. IFs's '-Lne 
 Pressure 

High Pressure K 

's, F,,.(
of--Lines 
Testn~ Tests R 

Intl. Testing 

Resistancei. -intenseTesConedio 

B&R Cytop.ss 2.Yield Strong & Stable 
Promising Lines 

Strong & Stable Promising Lines 

Figure 3. Proposed scheme for pest resistance breeding in sorghum. 
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protection and normal management during the 
main crop season, and selectigns will be made for 
height, maturity, and grain quality While testing S, 
progenies duing the postrainy season, simul-
taneous selections for grain size and charcoal rot 
can be made. S, progenies vwjii Us tested , the 
main rainy season using moderate insect 
pressure, 

During recombination, new promising deriva-
tives with confirmed resistance can be incorpo-
rated into the populations to increase the frequen-
cy of genes for resistance and agronomic elite-
ness. New sources of resistance v.,hich are 
agronomically poor should not be directly included 
in th-a p:'p.J!ation so that the agronomic features 
of the prw-dLlations are not adversely affected. The 
source material for other traits, preferably with B 
cytoplasm, may also be fed into these populations 
so as to increase the variability and opportunities 
for simultaneous incorporation of other traits, 

Promising S, progenies may be advanced and 
purified under continuous insect pressures. Later 
their B and R cytoplasmic reaction, combining 
ability, and performance for both yield and resist-
ance can be tested. The best derivatives may be 
used as improved sources, as resistant cultivars, 
or as hybrid parents, and then some can be fed 
back into the populations. Lines showing B 
reaction, and having appropriate height, flowering 
time, and good combining ability may be con-
verted into resistant female stocks for the produc-
tion of resistant hybrids. 

In due course, when the gene frequency for 
resistance and agronomic traits improves, the 
populations can be pooled to bring together
resistance for al! four pests. 

Besides population breeding, pedigree breeding 
is also currently being used as a short-term 
approach to quickly breed for resistance to indi-
vidual pests and to meet immediate require-
ments. The procedures for handling donor pa-
rents, making the crosses, growing and screening 
for resistance, agronomic traits, and grain quality 
are outlined in Figure 3. There are three basic 
units to this approach. Unit 1 involves the streng- 
thening of source material, Unit 2 the develop-
rnent of agronomically elite lines, and Unit 3 the 
crossing of material in units 1 and 2. Unit 3 
segregating material is advanced with continuous 
testing using lower insect pressures in early 
generations and increasing insect pressures as 
gene frequencies for insect resistance increase, 
Advanced promising entries with resistance 

should be tested internationally if the parents are 
reasonably well adapted. 

In the last few years. good progress has been 
made in developing breeding material with 
reasonably good agronom'.ic backgrounds and 
resistance to shoot fly, midge. and earhead bugs. 
The development of such materia!s for stem borer 
will take more time. 

Many shoi fly resistant breeding lines are 
available with good iavels of resistance. Some 
show boatter resistance than the best source 
materials (Table 4). Fol owing the identification of 
trichome and glassy traits and the modification of 
the field screening technique, the exploitation of 
variability for shoot fly resistance in many genetic 
backgrounds has become possible. Several shoot 
fly resistant lines/progenies have been extracted 
directly from ICRISAT's advanced populations. 

An array of promising midge rosistant deriva
tives from crosses with AF-28. IS-Q2573C, DJ
6514, and S-Cirl-MR-1 has been ev&/ed. Some 
lines have up to 90-95% seed set as compared 
with a maximum of 5% on the susceptible 
checks. 

Several advanced lines with resistance to ear
head bugs have been identified directly from 
midge resistant breeding material. IS-12573C is 
a frequent parent in most of these derivatives. 
Some have common resistance to both midge 
and earhead bugs. PHB-156 has good resistance 
and yields well. It is currently being used in Africa. 

Future Plans 

In the future, our priority will be to breed for 
resistance first to stem borers, then midge, 
followed by shoot fly, and finally earhead bugs. It 
may h- necessary to initiate a program for 
resist.,-nce to the armyworm r'.y,,ihmna. 

Development of A-lines and hybrids with resist
ance will be important objectives. 

Screening procedures, particularly for midge 
and earhead bugs, require development before it 
is possible to effec:ively undertake large-scale 
screening activities. The identification of more 
"hot spots" for each major insect is essential. 

More information on mechanisms and the 
genetics of traits contributing to resistance needs 
to be generated. A concentrated effort will be 
made on the identification of easily recognized, 
highly heritable, and simply inherited traits like 
glossy and trichomes. 
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Tale 4. Proming shoot fly reIstant sorghum 
lines IdentliMWd at ICRISAT Center In 197t/ 

s through coening trand a o 
glossy and trchomed traits, 

% 
Pedigree Deadhearts 

(IS-5622 x 2KX6)-2-1-1-1-1-4 541 
(IS-5622 x WABC- 1121 x CS- 3541) 

-16-1 --2-1-1 -1 59.8 
(IS-1034 x IS-3691) 
-2-3-2-1-1-1 598 

(IS-5622 x CS-3541)-11-1-1-1-1 507 
(GG x 370 x EN-3363)-8-1-1-1-1 59.7 
(IS-5622 x WABC-1121 x PHYRI 

-7-1-1-1-1 57.9 
(IS-64 x IS-1082)-3-1-1-1 58.0 
(IS-1054 x CS-3687-1-1-1-1 588 
(0222 x CS-3541-10 x IS-.3962) 
-3-1-1-1 52.9(UChV 2 x IS-1054)-1-1-1-1 50.7 

(UCHV, x IS- 10541-2-1-1-1 58.6 
(UCHV2 x IS-3962)-4-1-1-I 53.9 
(UCHV, x IS-3962)-6-1-1-1 31.7 
(UCHV, x IS-3962)-8-1-1-1 52.7 
(Rs/R-S7-188 x IS-2312) 
-1-1-1-3 56.0 

(Rs/R-S,-188 x IS-2312)-1-1-1-5 50.0 
(CSV-3 x IS-5622).-3-1-1 55.9 
(SPV-29 x IS-3962)-1-2-1 46.0 
(IS-1082 x SC-108-4-8) x SC-108 
x SC-108-4-8)-1-1-1 55.4 

(ESGPC x IS-12573C)-3-1-1-3 42.7 

(ESGPC x IS- 12573C)-3-2-3-1 45.3 
(ESGPC x IS-12573C)-4 -1 -1 54.5 
(IS-2816C x 5D x Bulk)-2-1-1-1 42.3 
(IS-2816C x 5D x Bulk)-2-2-1-1 27.7 
(IS-2816C x 5D x Bulk)-2-1-1-1 60.0 

IS-1054 (M35-1) 85.3 
IS-5604 85.5 
IS-2312 90.7 
IS-1082 89.3 
CSH-1 100 

insect from different geographic origins and tax-
onomic groups have been identified but no 
information is available on their variability for 
genes conferring resistance. Once this informa-
tion is available it will help us generate stronger 
source material. In the absence of such informa-

tion, we will be forced to use a large number of 
source lines which can be difficult to handle. 

A search will continue to be made for varieties 
with resistance to more than one trait in order to 
hasten the development of elite varieties with 

multiple resistance. 
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Breding for Disease Resistance 

in Sorghum 

D. T. Rosenow and R. A. Frederiksen* 

Sorghum has many disease problems. The de-
scription of their symptoms, causal organisms, 
distribution, and importance in crop loss up to 
19K-.- covered by Tarr (1962). A recent publica-
tion (VWilams et al. 1980) is an exceilant update 
on the sorghum disease situation in 'the woddi. It 
contains current information on impo rce,disti-
bution, control strategies, and screening tcchni-
ques. We will not attempt to list diseases in order 
of priority here, because Fr ,deriks.n7 (19f)) giva, 
a ?.tomplete listing of disea'ies, their po;ommonnd 
s;:i-i'fic names, prevalence, and relativo import-
a~ce. 
The s-eosf irs plant resistancc :; been ind 

contir e.;to 4.e the mnavr imaortanz method o
t;of-:Mrolling sorghum diseast:;. Many diseas, 

{i; ,"'e: succer fijlly controlled in ceotui:i :oun-
u;_p; rarts of counrios through thi u.io of hos^ 

-,durin.t : rs.i. the past I .. a 
luincf-hed smut, c Y.*-P' mildew,

rmats dwarf mosaic in te lSA 

arid r',eorti; of L4Win America. Progress in other 
disqases is somewhat hard to . teblish, but 
no plant resistance he-. obviouo-1y !,een very 
imnrl)nt elsewhere in c:r,pre:v.ntingre e,' 

tovsc-s. In many cisos the di-ea;,e is "rnaeeend" 

rough ,he of'fe-orwihmvarie'?:- :nd hybrids 
that may not contain highi iavels of resistano but 
have e U, eient levels to e J,,;,:i-!:'e end/or to 

ux, i,hwin bui!dup. This appears to b6 on 
, pocte ;,,i,_-d oj disease control incountries 
where many irigenous local v:ietL eo used 
under traditional farming sysGr'ms. Disruption of 
such balanced systems by widespread develop-

Texas Agricultural Experiment Station, Texto,, A&M 
University, University Agricultural Ros!arch and Exten-
sioo C-;r,Lubbock, Texas; and Department.of Plant 
Sciencs, Texas A&M University, College Station, 
Texas, USA, respectivaly. 

ment of improved varieties with less disease 
resistance can lead to severe disease problems 
and grave losses (Williams et al. 1980). 

The past 10 years have brought about some 
changes in the.disaase situation in sorghum. Grain 
moul is now recgnized as one of the most 
importeunt disc o of sorghum (, Miais and Rao 
1981). In the topki- where nt.w hiv h yielding, 
earlier maturirg photcperiod insoi-sitivz 30r
9hunls are intofducedJ, it is probably tha mo;;;,. 
import-int disease. As eafliae( ,mtOTrig photo
period insensitive cutivars a.e planted so that 
they m-ture during - higher rainiall period of the 
year, rain inoldie; 'ecories iAmuch n;ora 
sorioua probenm. Tharofor& more grain motd
,,.hrq resistance will be requited than if the 

iZp.ii otoi>fyidd ,-sitive varieties. 
r:,;ot is also associated with earlier,:ool 

m 'riri;, 1 ' her yielding genotypes. Charcoal-rot 
deveiors under drought and heat stresses during
grain development, and is related to the large sink 

size associated with high yielding gonotypes. 
Ot!er recent important developments include a 

new virus strain prevalent in Venezuela which 
attacks heretofore tolerant lines and hybrids, and 
two new pathotypes of the downy mildew fungus 
inTexas.
 

Four essential requirements for a successful 
disease resistance bre.,&i.r- program are: (1) 
ability to identify and scr:en for the resistant 
,rit, (2) that sources ol resistanca have suffi
ciently high levels of resistance, (3) h-aresistance 
f,:ust be heritable so that it can be transferred, and 
(4) the resistance must be sufficiently stable 
across environments. 

'th sorghum. 'e;r-cies is blessed with a broad 
and diverse genetic base. Screening has identified 
sources of high levels of resistanct: for most 
soijhurn di.:,eases many of which are listed in this 
pa.per. Two recent publications, i.e.,. Sorghum 
Diseases, A Weild Review (Williams et al. 1980), 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov Ill, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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and a paper by ,,rid spCo, i-d s.i. 2.Ro:enov, i199( , Les b..;:", 
list many r,;'w;, id.,ibzi' zourc. cAMy i :o w',ol-;r ,innt of chaicoii fot, rust, 
essentially n! the impartant sonhum r;,ses. h, c';i1 , MI.IV, and head blight. In othef 
The Sorghum and Pearl Mil:et Disease Identifica- arcas of Texas, we plant field scrieening nurseries 
tion Handh xk bv Williams el al. (1978) is ideal for for evaluating charcoal rot and MDMV. 
diseas-c vi. inthe field. Our breeding lines idnntified from such nurser

r:.~ , -i:;,;s, -;h,; ies are eventually tested extensively in. res or !1be, more 
i j1I part of any r4ant -c Jing prigram. A Texas and uth-: r areas in the ADIN (All : 

u-. prograr;! ; qu;rs close 'oor5on and fnsect Nursery). in various head ,!ui, ijo', ny 
aild collaboration between breeders :;n ,'o- mildew, charcoal rot, and lodging tests, arj 
gists. Research should be planned cooperatively eventually in the IDIN (International Disease and, 
and field nurseries should preferably be coopera- 'isect Nursery) which is distributed worldwide to 
tive nurserier. Le.niortunately, there are many anyone requesting seed. 
cases where nurseries are planned and main- ICRISA1 iias an effective multi-location uniform 
tai;;d indepenudntly bt% breederi or patho- disease nuisery s",'zening program for several 
logists. It. 4 p.,.;w .",jidentify disease resist- diseases. In t_,,oirmimlrseries have been estab

,ance in -yy genrir;ti-, ":c,,breeding. This often lished for dot'. . r.,', grain mold, charcoal rot, 
can best be accomished by a pathologist work- and leaf diseases. INTSORMIL and other institu
ing in a nursery with a breeder, where the tions distribute intemational nurseries for anthrac
pathologist concentrates on disease obser\c i;.v, nose and viruses. 
and th. breeder concentrates on other bi.,ri Breeding and sct -ening techniques end 
traits. However it is done, the critical aspect is for strategy should consider the nature of the - t
Z..-m to cooperate fully. parasite interpqtion and the apparent . Fuc 

Pedigree line breeding, backcross breeding. and vulneraLt;W'-'ior each disease. These are -ur,"d
population breeding can al Q used successfully rized in Table 1. Inheritance of resistance and 
in breeding for disease resistance. When indi- disease screening iechniques are summarized in 
vidual plants with resistance can be readily identi- Table 2. S':'ne sources of resistance to certain 
fied, improvement through populations works u;.,eases are given in Table 3 (Frederiksen and 
well. Other factors ,o c-,osider are the inheritance Rosenow 1980; Williams et al. 19,: Frederiksen
 
patterns, the agronomic desirability of the resis- and Rosenow, i.: ished ¢ata).
 
tant source lines, and the breeding system cur- In conclusion, h1r'e are some keys to a produc
rcntly used by the breeder. tive disease resistance breeding program:
 

Efficient and effective screening of a large 1. Have a large amount of genetic diversity in 
number of sorghum genotypes is a critical part of the program. 
a successful disease resistance breeding prog- 2. Plant diverse breeding i',aterial in a few large 
ram. In many cases, field screening is a very prime screening locations. Use other nurser
effective method as with downy mildew, hc.od ies in locations where only one disease is 
smut, charcoal rot, and many foliar disc -. s,. present. 
Sometimes inoculation in the field enhances 3. In order to develop multiple disease resistant 
disease development as with anthracnosa, leaf lines, screen the same material for as many 
blight, maize dwarf mosaic (MDM), and charcoal diseases as possible in the same year. 
rot. 4. Test the best sources of resistance exten-

Large field disease screening nursenes at one sively at additional locations and under diffe
or more locations where a number of important rent environments.
 
diseases occur naturally is ideal. This permits 5. Sources of resistarc-.r should be stable across
 
breeders to select for severa! diseases sin'ul- locations and envil::mnents.
 
taneously. 6. Recombine best sources of resistance, even
 
i;i sy×as, we piUnt !arg; disease screening- among karly generation sources. Select pa

-brc(:c'iiqg nurserias .n!', ,uroid areas of south rents o complement each other, and at the 
Texas where usually a large number of interna- same time select for agronomically superior 
tionally important diseases occur. Nearly every traits. 
year we observe excellent development of grain 7. Pathologists and breeders must Work cooper
mold, downy mildew, head smut, zonate leaf atively. 
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1, .C!mtaeils of weituln 

Disease 

C"-'.Aji , 
Downy Mildew 
Charcoal Rot 
Anthracnose 
Maize Dwarf Mosaic Virus 

fHux Smut 
Er p' 
Fusarium Head Blight 
Fusarium Stalk Rot 
Rust 

I..,)f Blight 
.L-,, Spot 

(. 4 Spot 
SSuipe 

Toble 2. Summary of Inh 

Disease 

Grain Mold 
Downy Mildew 
Charcoal Rot 
An;.ri;,e. 
Mai'-e Dv, l Mosaic 

Head Smut 
Fusarium Head Blight 
Rust 
Leaf Blight 
Sooty Stripe 

Zonate Leaf Spot 
Grey Leaf Spot 
Bacterial Stripe 
Periconia Root Rot 
Acremonium Wilt 

N = Natural, A = Artificial. 

welhuMm disese prabloms. 

Genetic nature of host-
parasite interaction 

Gerno--
General and specific 
General 
Intermediate 
High 

General and specific 
General 
General 
General 
Intermediate 

Intermediate 
Giufnal 
3."rtcSa! 


Gpneml 


Degree of genetic 
vulnerability 

Low 
Intermediate -High 
Low 
Intermnediate- High 
Irerrnediate 

High 
Low 
Low 
Low 
Intermediate 

Low 
Low 
Low 
Low 

u.'r-relsutance and screening tediniqum on some i:&,aes of wrghum.c 

Inheritance pattern 

Intermediate-dominant 
Dominant 
Recessive 
Dominant 
Dominant and recessive 

Dominant 
Intermediate 
Dominant 
Dominant 
Dominant 

Intermediate-recessive 
Recessive 
Recessive 
Recessive 
Recessive-? 

Screening technique* 

Field IN* & A*)
 
Field. laboratory
 
Field (N & A)
 
Field (N & A)
 
Field (N & A), laboratory
 

Field IN & A). laboratory
 
Field (N & A)
 
Field
 
Field IN & A), laboratory
 
Field
 

Field
 
Field
 
Field
 
Field, laboratory
 
Field (A), laboratory
 

8. 	Breeder must be able to rate for disease availability of sources of resistance, and screening 
resistance. procedures, is given below. They are grouped 

9. 	 Pathologists must work in breeding material, under each disease, as follows: 

10. 	 Both must work in the field and look for 1 = Nature of inheritance of resistance 
resistance. 2 = Specific pathogen differences 

A summary of sorghum diseases, describing 3 Sources of resistance 
inheritance of resistance, pathogen specificity, 4 = Screening procedure 
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Tabl 3. Some so.hums wfth e4mase ro.stance (most Identified and seMctad within Texaa-a fewtwfWby XX= T and ohms). 

Sorghums resistant to head smut
 
White Kafir (P1 46770) ° 


Lahoma Sudangrass*
SC 324-12 (IS 2861 der)* SC 325-12 VIS 2462)

SC 33-14 (IS 12553) 
 Tx430TAM 428 IS 2403C (SC 103)
Early Hegari (SA2811 IS 12658C (SC 167) 
Spur Feterita (FC OW11 IS 2508C (SC 4141FC 8927 (D.Wh. Milo? TAM 618"* 
Tx30480" 
 Tx7000 (Caprc.k)0
Tx 399 (Wheatnd)" (other convened lines)
 

'Also resistant under needle inoculation.

Low ;evt of field infection (stable so far). 

Sorghurns resistant to anthracriose in USA
 
Brandes" 
 MN 960 (SC 972)"

Rio (IS17459) 
 SC 326-60lS 3758 der) " 
IS 7173C (SC 283) SC 748-5iS 3552 d9r)°°
 
SC 328-14 (IS8263C)" TAM 428 
Tx430 
 Tx623
 
IS 2403C (SC 103) IS12612C (SC 112)
IS 1261-C (SC 110) IS1309C(SC 322)*
IS 3574C iSC 239)* IS 7778C(SC 389)
IS12573C (SC 17)" IS 12615C (SC 124)0
IS2816C (SC 120)0 
 IS7382C (SC 344)0 
IS 12677C(SC 186)0 IS7254C (SC566)

SC 490-14E (IS 6392C) SC 60-14E (IS2569C) ° 
SC 37-14E (IS 12557C)- SC 589-14E (IS 6338C) ° 
IS 2508C (SC 414) Many other resistant in USA 

Also resistant in Brazil (1 yeerl, 
Also resistant in Brazil (several years). 

Sorghums resistant to downy mildew 
0L3 (India source)* IS 12541C (SC 21)
Tx430"° 
 IS12543C (SC 23)

SC 170-6-17** 
 IS12557C (SC 37)
°°  
CS 3541
 IS12558C (SC 38)
°
IS 2816C IS12608C (SC 108)
 
IS2508C* 
 IS12609C (SC 109)

SC 972-11 (MN 960) IS 12646C (SC 155)
IS 1335C (SC 418) IS12649C iSC 158)

IS 2573C (SC 64) IS12657C (SC 166)

IS 2462C (SC 325) IS 12658C (SC 167) 
IS2482C (SC 311) 
 IS 12685C (SC 224)
IS2685C (SC 692) 
 IS12611C (SC 111)

IS3452C (SC 780) 
 IS12612C (SC 112)

IS3553C (SC 575) 
 IS12617C (SC 126)

IS3579C (SC 425) 
 IS12618C (SC 127)
 

Continued
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Table 3. coan? e, 

Sorghum resistant to downy mildew 

IS 4ISC (SC 4913) IS 12628C (SC 137)
 
I, 7()Y3C (SC 726) IS 12632C (SC 141)
 
IS 12158C %SC984)
 
IS 12522C (SC 2)
 
IS 17533C SC 13)
 

Co'wened lines (IS-C nurrbars) above with h~gh levels of field reisirce to primarily race 1 in Texas. Some likely 

suscCpb z to race 3, but ma',ny r,-tYet Is!'edt 

Kn,,wn to be ;orace'eis';;t3 slio 
*" rcae 3.,',on t, ,ssusceptb!e to 

Sorihorns resistant to zonate leaf spot 

SC 326-6 (IS 3758 der) 77CSI (IS2930 x !S 3922) 
R 1880 (SC 5.99 x SC 134) SC 330-9 (IS 8187 der) 

Soighums resistant to Fusariurn head blight 

SC 599-6 (R 9188) (IS17459 der) SC 599-6 (R 9247) (IS17459 der) 

SC 630-IIE (IS 1269 der SC 650-11E (IS2856 der) 
GPF"-148 (CSV 5) 

Sorghums resistant io grey leaf spot 

R 1880 (SC 599 x SC 134)77CSI OS 2930 x IS 3022) 
CV 54 TP5RBO-*330
 

SC 748-5 (IS3552 dE1 
 SC170 (134x170) 

GPR-148 (CSV 5) B 1887 (599xi34) 

Sorghums resistant to grain mold 

SC 279-14 (IS7419) IS 7254C (SC 566) 

SC 748-5 (IS 3552 der) SC 630-11E (IS 1269 der) 

SC 650 -11E (IS 2856 der) IS9530 

SC 719-11E (IS 7013 der) (Brown) SC 170-6-17 
IS 2327
CS 3541 
E 35-1
IS 2328 


Sorghums resistant to charcoal rot 

SC 599-6 (R 9188) (IS 17459 der) SC 599-6 (R 9247) (IS 17459 der) 

IS 12568C (SC 56-14) 
SC 170-6-17 (IS 12661 der) 

SC 56-6 (IS 12568 der) 
R 1584 (SC 56 x SC 170) 

SC 35-6 (IS12555 der) B4R (BTx406 x Rio) 

1790E (SC 56 x SC 33) 1790L (SC 56 x SC 33) 

1778 (SC 56 x SC 33) NSA 440 

Sorghums resistan! to rust 

SC 326-6 (IS 3758 der) 
IS2816C (SC 120) 

SC 599-6 (IS 17459 der) 

TAM 2566 
IS 12666C (SC 175) 
SC 748-5 (IS 3552 der) 

TAM 428" Tx 623 

* Slow rusting 

Continued
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w4e 3. Clooiud 

SC 326-6 (IS 3758 der 

SC 599-6-10 (iS17459 der) 

SC 414-12 (S 208 der) 


SC 326-6 (IS 3758 der) 

iS 12658C (SC 1671 

IS 6882C (SC 320) 

SC 325-12 (IS2462 der) 


011. 01.2. QL3. 014. QL114 

Tx398 (Martin)"" 

Tx399 (Wheatlar.dl.° 

(Many other Iines)(.. 

Sorghums resistant to sooty stripe 

013 
Redlan 
940 (Niger ,,atI
 

Sorghums resistant to leaf blight 

IS 8337C (SC 574)
 
IS 1335C (SC 4181
 
IS 7254C (SC 566 14)
 
R 6956 (326xi03)
 

Sorghums resistemt to MDMVP 

Rio Reaction.. 
Ro 	(IS 17459) 
IS 12666C (SC 1751 
1AM 2566 
IS 2816C (SC 120) 
IS 12612C ISC 112) 
IS2548C (SC 2281 

Lines tolerant or having Rio reaclon in the USA are generally iolerant to Venezuela virus 
° Resistant to infer.ton 

Tolerant 
"Some field resistance but infected plants severely damaged 

Grain Mold and Weathering 

1. Some dominant, some overdominant in F, 
hybrids, some intermediate, 

2. 	 Fusarium moni/iforme and Curvularia lunata are 
the principal pathogens. Many fungal species 
are associated with weathering or the post-
maturity grain deterioration phase. They differ 
in importance based on location, and stage of 
maturity of the grain when infection takes 
place, 

3. 	Only a few good sources of resistance (but
there are distinct heritable differences) 
(a) None completely resistant. 
(b) Brown seeded (hign tannin) lines are gen-

erally more resistant than nonbrown. 

4. 	Field (natural and inoculated). 
(a) Rate for overall grain mold and grain

weathering -delay harvest-plant so that 
rain or wet conditions occur at or after 
maturity. Rate for overall discoloration, 
amount of evident mold, and deterioration 
(including sprouting) of the grain. This 
rating obviously involves more than early 
season grain mold infection as such, but 
most types selected this way also show 
grain mold resistance under inoculation 
techniques. 

(b) Inoculate in field with specific pathogens. 
(c) Water spray or sprinkler mechanisms in 

the field to create a wet environment to 
enhance grain mold. 
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Downy Mldow 

1. 	Dominant (field reaction). 
2. 	 Some differences, e.g., India vs USA. Three 

pathotypes in the USA. 
3. 	Several resistant lines under field conditions in 

Texas. Only a few are resistant under artificial 
coridial inoculation, or in India under natural 
conditions. OL3 is immune. 

4. 	Field and laboratory, 

Charcoal Rot 

1. Recessive-few intermediate, 
2 No known differences in pathogen 
.3. Few line5 with good resistance. 

(a) None is completely resistant if high yield-
iig and severe moisture stress occurs 
during grain development. 

(b) 	Problems of relationship with grain yield, 
late maturity, and time of stress. Plants 
must be predisposed by moisture (and 
heat) stress in later stages of grain de-
velopment before they are susceptible. 

4. 	 Field (moisture stress late)-natural and arti-
ficial (toothpick inoculation). In Texas, screen-
ing is part of our lodging and drought stress 
nurseries. We rate for senescence during the 
late grain development stage when plants are 
under moisture stress, and this accurately 
predicts their response to charcoal rot. Non-
senescent types possess better charcoal rot 
resistance. 

Anthracnoso 

1.Dominant 
2. 	 Some changes have occurred in th, USA. 

(a) Isolates from Puerto Rico are possibly 
different but this may be due to environ-
ment. 

(b) Brazilian isolates are definitely different 
from those in the USA. 

(c) West African isolates differ from those in 
the Americas. 

3. 	 (a) Very few resistant inBrazil (but a few good 
sources, most of which are also resistant in 
the USA). 

(b)Several resistant in the USA. 
(c) Major differences inhost reaction in West 

Africa, USA. and Brazil. 
4. 	 Field-natural and inoculated. 

Mz Dwarf Mosaic Virus (MDMV) 

1. 	Several reactions. 
(a) Tolerant reaction (e.g., Martin)--dominant 

over "red leaf" (e.c,. Redlan, Tolerant lines 
take virus but ari niot affinicd adversely. 
Red leaf development is dependent on cool 
temperature. 

(b) Rio reaction- susceptibility is dominant 
over "toerant" and "red leaf" reactions. 
Plants are severely mottled, chlorotic, and 
stunted, but do not have typical "red leaf". 
Mottling remains in older leaves. Most 
lines with Rio reaction have low incidence 
under field conditions, but can have high 
incidence when inoculated with high inocu
lum pressure in the field. Reaction is not 
temperature dependent. 

(c) 	Venezuela strain susceptibility is dominant 
over tolerance, red leaf, and Rio reactions. 

(d) 	OL (Krish source) is dominant overall (not 
infected). 

2.Significant differences. 
(a) Argentina and Australia-somewha! diffe

rent from MDMV in the USA. 
(b) Venezuelan strain (of sugarcane mosaic 

virus)--differs from MDMV in the USA 
based on host reaction. 

3. 	 (a) CL (Krish source) is immune; one of the 
few sorghum lines resistant to infection. 

(b) 	Many sorghum lines are tolerant. 
(c) Several have the Rio reaction, e. g., IS 

2816C (SC 120), IS 12666C (SC 175), TAM 
2566, Rio and several sweet sorghums. 

4. 	 Field (natural -greenbug and corn leaf aphid 
vectors-and hair brush inoculation) plus 
laboratory. 

Head Smut 

1. Dominant (some intermediate and recessive). 
2. 	 Rapid changes in pathogen in the USA 

(sources have broken down). 
3. 	Several resistant lines, 

(a) 	Not known if they will hold under thick 
populations. 

(b) 	Some appear to have stal_:lized general 
resistance. 

(c) 	May be few to several major dominant 
genes. 

(d)Are many modifier genes. 
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4. 	Field 4r' agaland artificial) plus laboratory.
Inoculation breaks dowi some lines that are 
resistant in the field. 

Covered Kernel Smut 

1. 	Dominant, 
2. 	 Many raceG. 
3. 	Many restant lines. Easily controlled with 

seed treatment. 
4. 	Laboratory-Mix spores with seed. 

Loose Kernel Smut 


1. Dominant. 
2. 	Two races. 
3. 	 Many resistant lines. Controlled with seed 

treatment. Side branches or ate tillers some-
times smutted evenfungicides were used.though seed treatment 

4. 	 Laboratory. Some problems in getting infec-tion. 

Long Smut 

Not present in Western Hemisphere 
1. 	Unknown. 

2. 	 Unknown. 
3. 	 Some resistant lines reported.
4. 	Field. 

Ergot (sugary disease) 

Not present in Western Hemisphere
1. Inheritance unknown. 
2. 	 No known differences in pathogen. 
3. 	Some resistance reported. Resistance related 

to heavy pollen shedding. Sterile plants highly 
susceptible. Male steriles in hybrid seed pro-
duction are often vulnerable if not pollinated 
soon after flowering. 

4. 	Field inoculation. 

Fuserium Head Blight 

1. Intermediate 
2. 	 No evidence of major differences in pathogen.
3. 	Only a few lines with good resistance. 

4. 	F~a.c(natural and artificial). 
(a)Artificial (infected toothpicks in peduncle) 

overcomes much of the field resistance. 
(b) Natural the best. but hard to screeii,

because plants must be at correct stage of 
growth (late grain development appears to 
be the most susceptible stage), and must
have correct environment. Disease usually
develops at or near mvw*Ity and may be 
difficult to distinguish froin naF.ural drying
and colonization by saprophytic fungi. Inter
nal reddening of the pith is the best 
diagnostic tool. Marbling of pith due to 
anthracnose is distinct from Pith discolora
tion due to Fusarium. 

Fusarlum Stalk Rot 
Not much known. Often occurs when moisture 
stress is followed by wet conditions at ormaturity. Enters 	

near 
at 	nodal areas. Resistance toFusarium head blight and Fusarium stalk rot may 

be related. 

Rust 

1. 	Dominant. 
2. 	Some differences in host reaction between 

Texas, Puerto Rico, and Mexico. but may be 
due to enviro-iment. New race suspected inLouisiana, USA. 
(a) Rio, TAM 2566 rust in Puerto Rico butdevelop very little in the USA. 
(b) Slow-rusting types such eis TAM 428 and 

SC 170 derivatives hold up well in Mexico. 
3. 	Several resistant lines-distinct sources of
 

resistance. Slow rusting trait is useful.
 
4. 	Field. 

Leaf Blight 

1. Dominant. 
2. 	 No known differences in pathogen. 
3. 	Only a few lines with good resistance. 
4. 	Field-natural and inoculation plus laboratory. 
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FREDERuiSEN. R. A. 1982. Disease problems in sorghum. 
1. Dominant. These Proceedings: ICRISAT. 
? No kncwn differences in pathogen. 
3. 	Several sources. FREDERIMSEN, R.A., and RowNow, D.T. 1980. Breeding 
4. Field and laboratory. for disease resistance in grain sorghum. Pages 137 

167 in Biology and breeding for resistance to arthro
pods and pathogens in agricultural plants. Proceedings, 

Rough 	Leaf Spot International Short Course inHost Plant Resistance, 22 
July- 4 Aug 1979, Texas A&M University, College 

Little known, but there are some distinct differ-	 Station, Texas, USA. 

ences in susceptibility under field conditions. 
TAR, S.A. 1962. Diseases of sorghum, sudangrass, and 
broom com. Kew. Surrey, UK: The Commonwealth 

Mycolcgic3l Institute.Zonate Leaf Spot 

1. Intermediate to recessive. 	 WiLLAms, R. J., and RAO, K. !., 1981. A review of 
2. No known differences in pathogen. 	 sorghum grain moulds. Tropica! Pest Manageri~a, 

3. 	 Only a few resistant-none completely resis- 27:200-211. 

tant. WiLL"s, R. J. FREDERIKSEN. R. A., and GIRARD, J. C. 
4. 	 Field- somewhat maturity related. Generally (eds). 1978. Sorghum and pearl millet disease Kdentifi

plants become more susceptible after flower- cation handbook. Information Bulletin No. 2. Patan
ing and near maturity. Also, sterile plants are cheru, A.P., India: ICRISAT. 88pp. 
less s-usceptible. 

WILLIAMS, R. J , FREDERIKSEMJ, R A., MUGHOGHO, L. K., and 
BENGTSON, G. D. (eds.). 1980. Sorghum diseases, a 

Groy Leaf Spot world review. Proceedings of the International Work
shop on Sorghum Diseases. ICRISAT, 11-15 Dec 

1978. Hyderobad, India. Patancheru. A.P., India: ICRI1. Recessive. 
2. 	 No known differences- some location varia- SAT. 469 pp. 

tion in symptom expression. 
3. 	Only a few resistant-none completely resis

tant. 
4. 	 Field-somewhat related to grain develop

ment. Sterile plants are less susceptible. 

Bacterial Stripe 

1. Recessive. 
2. 	 No known differences in pathogen. 
3. 	 Some very susceptible when others have little 

if any damage. 
4. 	 Field-related to spacing as end plants or 

nonbordered plants may have much stripe. 

Bacterial Streak 

1. Recessive to somewhat intermediate. 
2. 	 Not known. 
3. Some resistant lines. 
4 Field. 
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Session 5 Genetics and Breeding
 
for Improvement
 

R. G. HenzelP Discussant-1 

I once read that the objective of a discussant is to 
disagree as often as possible with the principal 
speakers in order to stimulate animated discus-
sion from the floor. This I am decidedly uneasy 
about doing when one considers the eminenve of 
the speakers. And of cours ., one of the speakers, 
Dr. Keith Schertz, was ry =,jor professor. 

However, let me press on by first discussing 
the papers by Dr. Fred Miller. N. G.P. Rao, and B. 
S. Rana dealing with the use of temperate-tropical 
crosses and on tropical adaptation, and by Mr. 
Bhola Nath on the population breeding technique. 
These topics on the availability and utilization of 
the germplasm are of the utmost importance to 
breeders-they in fact comprise breeding. It is 
particularly imprnr,;-,nt at this point in time because 
I believe that brFA,.Jers are dealing with a genetic 
yield plateau in grain sorghum at least in the 
Western world. Last night Iwas interested to hear 
Mr. Quinby express a similar opinion about the 
prehybrid period, 

There is no doubt, however, that grain yields 
realized by farmers have increased during the 25 
years sii.ce the advent of hybrids and that 
breeders can ci,;;m at least a part of the credit for 
this increase. However, I believe that most, if not 
all, of the prlion we can assign to breeding 
involves the ir,,,:orporation of genes for characters 
that indirectly affect yield; characters such as 
insect and disease resistance and later maturity in 
environments where later maturity can be sup-
pow,,d. (Height is a qua;itatively inherited trait that 
could be, but has not been, used to date except 
maybe in the tropical regions-height per se does 
affect yield.) Our breeding over a very long period 

Sorghurr Breeder. Hermitage Reseach Station. War-
wick. Queensland. Austrailia. 

of time has had little or no positive effect on the 
many quantitative genes that affect yieldI 

The way by which breeders can lift sorghum 
off this apparent yield plateau are of considerable 
concern. I believe the answers lie in o'.r closer 
attention to the setting of objectives, to our 
breeding methods and to the judicious use of the 
v-3st array of genotypes available to us. In ess
ence, if our objective is yield we should consider 
the variation we have for yield itself as well as the 
variation in yield caused by variation in such traits 
as disease and insect resistance, height, and 
maturity. Our breeding methods should be de
signed to deal with this quantitatively inherited 
trait-I suggest that the population breeding 
techniques involving recuirent cycles of selection 
and recombination are the most efficient in this 
respect. Our utilization of the available germplasm 
should be such that we maximize the genetic 
variation for yield itself without significantly de
creasing the yield level of the selected population. 

On the point of our utilization of the variation 
found in the tropical (tropical in that they are tall 
and photoperiod sensitive) genotypes, .find it 
disturbing that Drs. Rao and Rana in the firstpart 
of their paper are less than optimistic. They 
propose that the simple alteration from tropical to 
temperate by altering the height and maturity 
genes has other more profound physiological 
effects. As a result, they consider that the two 
groups are so different that the taxonomists 
should be called in and recombination of desirable 
attributes from each is "difficult if not impossi
ble." This is disturbing because the majority of 
genotypes available is "tropical." However, the 
results quoted in the latter part of their paper 
happily do not bear testimony to their earlier 

pessimism. Elite lines such as CS 3541, 148/168, 
PD 3-1-11, 36A, and 296A, which I believe are 
widely used in Indian hybrids, have all come from 

1982 Sorghum in the Eighties- Proceedings of the Intematlioel
International Crops Research Institute for the Semi-Arid Tropics 

Symposium on Sorghum, 2-7 Nov 81. PatLncheru, A P, India Patancheru, A P Irdia. ICRISAT 
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temperate-tropical crosses, and in addition resist-
ances to diseases, insects and Striga have been 
found and utilized, 

Dr. Miller in his papc. bits his usual optim-
ism with respect to the beneficial utilization of 
tropical germplasm. He outlined the TAES-USDA 
conversion program and listed 36 important plant 
characteristics obtained from the program. He 
considered that the products of the propram are 
having and will have a dramatic effect on the 
sorghum industry, 

Dr. Miller's paper also raised the question of 
tropical adaptation- adaptation with respect to 
relatively high grain yield in the tropics of photo-
period-insensitive genotypes. We have data in 
Queensland that indicate that hybrids based on 
ATx623 exhibit the tropical adaptation characteris-
tic there too. This type of tropical adaotation has 
very important implications because of the vzst 
potenti;zi for improvement of sorghum for the 
tropics. Tx623 was selected from a cross be-
tween CK-60 and a SC 170 selection. CK-60 is not 
tropically adapted and SC 170 is a product of the 
TAES-USDA conversion program-a case of the 
beneficial use of exotic germplasm. 

The cause of this type of tropical adaptation is 
of obvious interest. Miller's implication that it is 
caused by a low base temperature (for germina-
tion) is open to debate. His argument as to how 
sorghums, native to the tropics, evolved low base 
temperatures is logical, but surely tropical adapta-
tion as in the ATx623 hybrids would arise in spite 
of their low base temperatures. It seems to me 
that their relatively high yields are due largely to 
their relatively later flowering (height and some 
disease resistance may also be involved). For their 
later maturity to occur they have to be less 
sensitive to higher temperatures, at least with 
respect to phenology. Maybe it is a lack of tem-
perature response that is the cause of the tropical 
adaptation. 

I suggested above that the population breeding 
approach may be a more effective breeding 
method to deai with quantitative characters such 
as yield. The method's effectiveness is well 
established in maize but we need results in 
sorghum. In this respect the paper on population 
breeding isof interest. Mr. Bhola Nath's excellent 
paper relating the obviously well planned ICRISAT 
program contains some superficially very promis-
ing results from (a) Doggett's Uganda program 
where 3 cycles of S,line selection resulted in a 
75% increase in yield of the population which 

then outyielded the best local varieties Dobbs and 
Serena, (b)Thailand, where the yield of NP3R was 
increased by 50-70% after 3 cycles of selection, 
and (c) ICRISAT where one cycle of S, line 
followed by 2 cycles of S,line selection resulted in 
45 and 30% yield increases in two populations 
which then had yields ccmparable with the hybrid 
CSH-6. 

Such increases are fine where they are accept
able but the point is that if the increases were due 
to these qualitative characters, similar increases 
could likely have been obtained by the easier 
conventional breeding approach. We need some 
positive results from selection practiced for yield 
unaffected by the qualitative characters which 
indirectly affect yield and in populations which 
start at an acceptable yield level. I believe these 
results will be forthcoming. 

A point that needs emphasizing is that the best 
breeding method may well be a combination of 
the population and conventional approaches 
where possibly the population approach isused to 
accumulate the quantitative genes into lines 
which, if necessary, coild be fine tuned for the 
qualitative characters by the conventional 
methods. 

Apomixis is potentially a very powerful tool for 
the utilization of heterosis particularly in countries 
where the seed produtction industry is not active. 
However. for apomixis to be useful it needs to be 
obligate or nearly so and stable over environ
ments, the diploid embryo sacs need to be 
produced in such a way as to maintain heterozy
gosity, and the genetics governing its expression 
need to be simple so that when superior hytbrids 
are bred, apomixis is easily incorporatpd into 
them. When those requirements are considered, 
the future for apomictic sorghums is not en
couraging. 

Drs. Murty, Rao, Kirti, and Bharathi's paper 
reflects this situation and is avery honest account 
of the present situation and future prospects. The 
paper is excellent in that it leads us through the 
nature of apomixis in sorghum, the difficulties 
encountered in its study and suggestions as to 
how it could possibly, even in its present state, be 
used, e.g., their "Vybrids." Surely, however, the 
future is not without hope when one considers 
the tremendous potential of the character, the 
progress made in the development of techniques 
used in its study and the fact that very few of the 
vast array of sorghum genotypes have been 
studied so far. Breeders will look forward to 
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hearing of th progress made in the i980s. 
Drs. Schertz and Pring in their paper on the 

cytoplasmic-genetic sterility systems in sorghum 
reemphasized the importance of diversity of both 
the nmuxeus and the cytoplasm lit only in hybrids 
but also in varieties. The extensive use of the 
diverse germplasm from the world collection has 
been atremendous boost in helping to remove us 
from the perils cf a narrow nuclear genetic bcase. 
As they point out. considerable progress has also 
been m de, mainly in the USA and India, in 
idenWi.'.,ng (identifying both with the usual sterility 
restuoation method and also with the interesting 
and time-saving electrophoretic separation of 
cytoplasmic potyps:ptides) diverse cytoplasms
diverse at least in ,espect of the conditions so far 
imposr' on them As they point out, the presence 
of thcm diver~a cytoplasms allows additional 
nuclear div.ity as well. For example, some 
genotypes which rcstore male fertility in the A, 
cytoplasm do not in the A, cytoplasm, i.e., they 
can be ussd as lemales. Also, most if not all 
genotypes which are partial restorers in the A, 
cytoplasm are nonrestorers in the A, cytoplasm 
-this is particularly important in cases where B 
lines (nonrestorers) are required from a BxR cross. 

Breeders have an important responsibility to 
keep abreast with developments in the field and 
to utilize the cytoplasmic diversity available to 
them. 

An obvious need now is an understanding of 
tne genetics of these new systems. Indeed the 
published information relating to the presently 
used A, cytoplasm certainly does not explain the 
situation and this brings us to Mr. Quinby's paper. 
!n a typical piece of original thinking, he has 
proposed a simple model to explain the cytoplas
mic, genetic sterility systems, and apomixis in 
sorghum. I do not intend to discuss the details of 
the model but merely to emphasize that there is 
now a model against which data. as it is collected, 
can be fitted. In so doing the model will be verified 
or modified accordingly. 
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Session 5 Genetics and Breeding
 
for Improvement
 

M. Ricc4 111* Discussant-2 

First of all, I would like to congratulate the authors 
of the papers of this afternoon for their excellent 
presentations and coverage of the field. 

The papers by Drs. Murty, Rao, Kirti, and 
Bharathi did an extremely good job of presenting a 
comprehensive review of apomixis in the sor-
ghum plant, of the progress made so far and of 
the problems that need to be solved before this 
phenomenon can be utilized in one of the most 
spectacular goals of plant breeding, i.e., the 
fixation of heterosis. They have drawn attention to 
the formidable difficulties encountered in this 
field; from the practical standpoint, the most 
important seem to be its lack of stability and the 
hardship in achieving obligate apomixis. We must 
remember that during the evolution of all annual 
crops produced for seed there has been an 
intensive selection for reproductive normality; it is 
not rare, then, that apomixis is found with a very 
low frequency in the sorghum species. However, 
the results presented here are encouraging and 
we should feel optimistic and look forward to the 
time when both general and specific combining 
ability will be fixed and fully exploited as the 
efficiency of selection permits. 

In considering the need to avoid in sorghum a 
major catastrophe, like the one that occurred in 
maize in the 70s when all cultivars having male-
sterile cytoplasm were severely damaged by a 
virulent strain of Helminthosporium maydis, the 
papers presented by Drs. Schertz and Pring and 
the one delivered by Dr. Quinby are extremely 
interesting because they summarize the effort to 
identify new male-sterile cytoplasms, and to 
understand the interactions between genes and 

Head of Plant Breeding, PROTINAL C.A., Valencia, 
Venezuela, and Professor of Genetics and Plant 
Breeding, Facultad de Agronomia, Universidad Central 
de Venezuela, Maracay, Venezuela 

cytoplasm in the sex expression of sorghum. The 
availability of new sources of male sterility and of 
new cytoplasms not only represent a guarantee 
against possible epidemics (Schertz 1975), but 
also a tremendously important tool to explore new 
heterotic combinations for the increase of yield 
and stability. New alternatives for the "old" 
sterility system caused by the interaction of 

-"milo" cVtoplasm and "kafir genes, that is being 
used to produce almost all of our present sor
ghum hybrids, can now be considered. Since the 
first new discoveries in the early 6C.- in India, 
Africa and the U.S., many male steriles nave been 
isolated in different groups or races of sorghum. A 
number of them seem to be of different nature, as 
shown by both test crosses and DNA analysis. 

In spite of the progress achieved in the last two 
decades, it is essential that additional information 
is gathered to fully understand the genetics and 
physiology of sex expression in sorghum for its 
possible agronomic application. Theories on the 
action of sex expression genes and the interac
tions among themselves and with different cyto
plasms, on the chemical and hormonal effects on 
the sexuality of the sorghum plant, and on 
incompatibility and apomixis have been proposed 
in the paper by Dr. Quinby. An effort has been 
made to assign a particular genotype-cytoplasm 
combination to a number of sorghum cultivars. 
This presentation suggests to me that there is still 
another very important phenomenon within the 
so-called flowering abnormalities which deserves 
considerable attention, i.e., head blasting. 

Head Blasting 

This trait is similar to the one that Ayyangar and 
Ponnaiya (1939) have described as florets at the 
tip of the panicle that were mere whitish scales. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
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but, in our nurseries, the atrophied portion may 
extend to more than half, and in severe cases to 
the whole, panicle. Barren-type sterility was also 
noeticed by Jaisan and Drolsom (1972) who 
suggested that this character is controlled by two 
pairs of genes. 

From the practical standpoint, head blasting 
causes considerable losses in hybrid sorghum 
seed production. It is less severe in the temperate 
areas than in the tropics where one can notice up 
to 	70% loss of grain in the field due to blasted 
florets. 

After observing the occurrence of this phe-
nomenon in the tropics during the last 13 years, 
one can conclude that the following components 
must be dealt with in studying this trait: 
1. A genetic component, since some A lines (Kafir 

3197, Redbine, Redlan, Texioca, TAM 618, KS 
23, KS 24, OK 12 and Combine Sagrain) are 
much more susceptible to blasting than others 
(Martin, Wheatland, Tx 621, Tx 622, Tx 623, Tx 
625, Tx 2758, Tx 2759 and 1391) under many 
different environments. 

2. A cytoplasmic component, since head blasting 
is observed in male-sterile (A lines), but not in 
their fertile counterparts (B lines), 

3. 	 An environmental component, since the 
amount of blasting in a particular A line may 
vary drastically under adifferent set of environ-
mental conditions. 

Head blasting has been frequently associated 
with moisture and heat stresses (Wilke and 
Rosenow 1976). In our nurseries, head blasting 
has been observed even without any moisture 
stress and/or during the mildly warm months of 
December and January. ft looks like this trait is 
much more complex; strong interactions seem to 
take place among the different components. An 
understanding of this phenomenon is essential for 
hybrid sorghum seed production in the tropics and 
it is hoped that in the coming decade, with 
increasing international cooperation, it will be 
clarified, 

Breeding Sorghum in the 
Tropics: Tropical and 
Temperate Adaptation 

The presentation by Dr. Miller has drawn attention 
to several basic facts about the sorghum plant 
that are essential to its breeding for improvement, 
His hypothesis that adaptation to different regions 

of the world might be due to differences in the 
base temperature of the different cultivars and 
that a measurement of such base temperature 
could be used in predetermining areas of geog
raphical adaptation, is extremely interesting. 

In order to develop a global sorghum improve
ment program, I would like to add a few more 
factors for consideration in this meeting: 

Different Environmental Conditions 

An understanding of the different environmental 
conditions of each country, which cannot be 
described only in terms of its latitude, tempera
ture and rainfall pattern, is essential. Within the 
so-called "Tropical Grassland" (between 231/2°N 
and S latitudes), the natural area of adaptation of 
sorghum, there is an enormous array of different 
environments in which different sorghum types 
have evolved with specific adaptation. A sorghum 
cultivar may show a very different growth pattern 
when it is moved, for example, from Venezuela to 
Nicaragua, from there to Puerto Rico, from there 
to Mexico and from there into South Texas, even 
if all these sites are regarded to be within the 
tropical climatic type. Generalizations of broad 
adaptation of sorghums are often misleading. One 
could explain the success of some U.S. hybrids in 
certain subtropical areas of Mexico and Brazil on 
the basis of latitude similarities, but as one moves 
closer to the Equator, the same hybrids appear 
quite unacceptable, especially those that are 
known as first and second cycle U.S. hybrids. 
Downes (1972) suggested that the oecrease in 
grain production of standard U.S. cultivars when 
grown in the tropics is due to an adverse effect of 
high temperatures to which they are exposed 
between emergence and floral initiation. 

Having spent most of my life in tropical Amer
ica, I shall discuss briefly only those environmen
tal factors limiting yields in the area between 130 
Nand Slatitudes which show specific and unique 
interac'.ions among climate, diseases, insects, 

weeds, soil and sorghum utilization. Therefore, it 
is important that tropical adaptation be identified 
in situ. 

Tropical adaptation in sorghum has been de
fined in Texas as "the ability to produce high yield 
when planted in short days, and grain fill occurs in 
longer days and hot nights." This definition would 
describe better a subtropical type of adaptation as 
the one needed in South Texas or Northern 
Mexico. As we get closer to the Equator, day
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length and temperature during planting and grain 
fill are about the same. 

Within th. tropical latitude and elevation,i.: 
one can find regions with a long r: 'v,,season, 

semi-arid areas, locations with only one rainy 
season per year (sometimes ,cc _,,ing during the 
longer days and sometimes during the shorter 
days), and wi!t.two rainy seasons per year. 
Outside a pariiv::hr z.onr P cultivaro! adaptc;ioT; 
.nay be either too late or too eady; therefore; 
sorghums of proper maturity must be utilized in 
each case. Within those areas, a large part of 
sofi'i zre very acid, high in exchangeable alumi-
nurr; and show low fertility and -water holding 
capacity (for example, the "cerrado" in Brazil and 
ho ,.vestem part of Venezuela). Some diseases 

ame ;-,idjspread throughout regions of high humid-
i;/: r;st, grey leaf spot, zonat leaf ;pot, Helmin-.".,ri gemleaf blight, charcoal rot, Fusarium, 

anthracnon. , grair; molds. Others are specific 
to certan -rc: s: sornhom downy mildew and a 
new oru!t.o.V limited to Venezuela 
(Ric;'%,i 1 ;9.d, perhaps, Northern Brazil (Shar-
ve!he 1975) to hich a . n:number of elite lines 
from Tex,-,- cf suscep!'. ior e,r ,,L,Tx 2536, 
Tx 430, Tx 2723, Tx 2728, Tx 2737, Tx 2744, Tx 
2748, SC 170-6-17) with susceptibility being 
dominant over resistance. Some insects are 
widespread in their distribution (fall armyworm, 
midge, stem borers, -,,,,w'worms)while others are 
restricted to certain le.:igns (for example, Platy-
lellus costalis, Miridae, Hemiptera, a grain ucing 
insect observed by the author this year iHVu.ne-
zuela). The absence of a winter season and the 
,r .eceof wild sorghurns (S. arundinaceum,S. 

halepense, S. verticilliflorum and many cn, sses 
among them) that serve as alternate hosts umake 
disease and insect problems much more evc.e in 
the tropics than in temperate zones. Fall army-
worm, for o,.mpe, c,m,, m.; a very serious 
pest, and ts;;" the crop must sprayed several 
times, resistance to the phytotow'i" reaction of 
certain insecticides is necessary. It has been 
found that resistance to phytotoxicity of a com-
mon insecticide is recessive tc L.usceptibility 

(Riccelli 1971). Local and migratory birds may be a 
problem in some areas but not in others. 

Breeding objectives in the tropics should, by 
necessity, depart from traditional patterns estab-
lished by plant breeders working in other parts of 
the world. On the other hand, when a sorghum 
bi-m-der is located close to the Equator, he can 
screen and utilize in his crosses almost the whole 

germplasm available since every sorghum entry 
will flower within a reasonable amount of time. 
Furthermore, he can get up to three generations 
per year in the field at the same location. 

Thirteen years M sorghum breeding in that part 
of the world has resulted in high yielding cultivars 
that meet specific requirements of adaptation. 
Some can take full advantage of a long rainy 
season and m,,'!re at the beginning of the dry 
season, whiie others are earlier and better 
zdL,!si. to locations of low rainfall or erratic 
rainfall distribution. With no intention of stating a 
precise order of importance, the following are 
traits shared by the best cultivars developed 
independently in Venezuela and Colombia: 

1. Photosensitivity and ability to grow and flower 
6 to 10 days later than standard U.S. hybrids.
This factor contributes substantially to yield 
increases (Dalton 1967). 

2. Higher tolerance to low pH. 
3. 	 Improved water-use efficiency or ability to 

withstand moisture stress and resume growth 
after a new rain. 

4. 	Height between 1.7 and 1.9 m with dense leaf 
canopies. This would be unacceptable in the 
U.S., but it is necessary in the tropics, on one 
hand, to hold weeds in check because of their 
luxuriant and rapid growth and, on the other, to 
obtain maximum yields. Inspite of thls height, 
they do not lodge because of their strong stalk 
and root systems and, contrary to what is 
commonly believed, mechanical harvest is 
feasible. 

5. 	Semi-open pjoicles and brown grains. 

Although selection for brown seeded sor
ghums has not been intentional, it seems that 
the presence of tannins contributes in some 
way to tropical adaptation. 

6. 	 High tillering potential and ability to produce a 
ratoon crop when feasible. 

7. 	Resistance to the new virulent strain of SCMV, 
charcoal rot and anthracnose. 

8. 	Weathering resistance. This trait is essential 
because maturation and harvest may take 
place during unexpected rains. It has been 
observed that preharvest seed germination is 
very low in these cultivars, a fact that confirms 
the results by Harris and Burns (1970). 

9. 	 Bird resistance. Damage by parakeets and 
dickcissel (Spiza americana), amigrant sparrow 
that breeds in summer in the Great Plains of 
the U.S., has been a perennial problem which 
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has taen carefully studied (De Grazio and 
Besser 1974). 

In 	 Armero, Colombia, (40 N), the Colombian 
varieties Ica Nataima and Prosemillas, the Col-
ombian hybrids rropi,,: 4 and Tropical 9, the 
Venezuelan varieties Guarico ar.i Monagas and 
the Venezuelan hybrids Chaguauias 2 and Cha-
gt.aramas 3 show good adaptation and high yields 
t.,houghout the year, while in Maracay, Venezuela, 
(11°N) all of them show good performance during 
the long rainy season that occurs under longer 
days (12 hr 30 min), but behave poorly under 
irrigation during the dry seasor when daylength 
approxirnat,,,s 11 hr 30 min. When planted in 
South Tcx.3, the same cultivars took more than 
100 days to flower. 

It is worth mentioning that when a tropical 
adapted cultivar is used to pollinate a temperate 
male-sterile line, the resulting hybrid is also 
tropically adapted. This is the case of the four 
hybrids mentioned abo'e. 

Keys to Profitable Graln Production 

The real needs and prbjlems of each country 
must always be ..ert in focus. Priorities in 
breeding for improv' m;rn;. must be identified in 
each country,, High yieI. .;r,' J stability are univer-
sal goals, but others are quite specific. For 
example. Striga resistance is important in Africa 
and Asia, but no! in Central or Sou.h America; 
intercropping with sorghum is important in Central 
America, but not in Ncrih or South America; 
photoxensitivity must be avoided in the temperate 
zones, but is sometimes needed in the tripics 
where more flexible planting dates are required 
(Webster 1975). Adjusting length of maturity to 
match critical stage3s of crop dnvelopment is one 
of the most formidable tasks facirg a tropical 
1-r.eder. However, in the semi-arid regions of the 
tropics, where early varieties are needed, photo-
period insensitivity is required. 

As far as grain quality and culinary acceptability 
are concerned, we must first distinguish between 
those countries which use grain sorghum for 
feeds or any other industrial purpose (U.S., 
Argentina, Brazil, Venezuela, Colombia) and those 
which use grain sorghum for human consumption 
(Central America, Africa, Asia). Within the coun-
tries of fhe first group, we roust distinguish 
between those where brown seeded sorghums 
are unacceptable (U.S.) and those where they are 
not discriminated against (Venezuela, Colombia). 

Final breeding pr2<I-;cts are differerit in each ca -. 
In 	 ;,'rgentina, Colombia and Venezuela, brown 
sorghums have been very successful and are 
preferred by farmers because of some grod 
agronomic traits, hiyh yield potential, insensitivity 
to low pH,weathering, mw i:s and bird resistance, 
low preharvest seed germination and ratoonabil
ity. In the tropical humid lowlands, white and 
yellow sorghums have been disappointing so far. 

In Venezuela, grain sorghum is produced mainly 
by cattlemen, not by farmers. After harvesting the 
grain, cattle graze on what is left of the sorghum 
plant. The "stay-green" or nonsenescence trait, 
an abundant leafage and high stem sugar content 
are very important characters in this case. 

Some unique farming systems have been 
adopted in response to unique climatic require
ments. There are areas in the tropics where heavy 
iains start ,ucdenly after a long dri seasor, ard 
from there on, it may rain aimed,, every day. 
Planting large areas becomes dilficuit because 
farm machinery cannot work in the mud. One 
practice adopted by almost 100% of the grain 
sorghum producers in Venezuela is to carry out a 
light seedbed prepe-ration, broadcast the seed by 
a fertilizer spreader and disk it under immediately. 
In this way hundreds of acres can be planted daily 
at the very beginning of the rainy season. Sor
ghum cultivars that are pman , d in this way must 
respond favorably to the ¢.k:wV;ing requirements: 
1. 	Seedlings must emerge with vigor even if 

seeds had been disked too deeply under the 
;and .urface. This character is quite common in 
Ir.
,r.)ical cultivars as has been reported by Miller 
(1377).
 

2. 	 Plants must have a good tillering capacity, with 
tillers flowering at the same time as the main 
stem, to make up for those plants missing due 
to an uneven planting. 

3. 	 Plants must be taller than usual and form a 
dense canopy tc achieve better weed control 
since no tractor can er.er the field after 
planting, and cultivation is impossible. The use 
of herbicid& sprayed from helicopters or small 
planes is not always effective. 

4. 	 Since mech.nical c uhivation is impossible, 
plants miuit d v.:1op agood root system, even 
in acid sni!s,;.,nJ astrong stalk to avoid lodging. 
Lodging resistance seems to be hiihly corre
lated to nonsenescence (Rosenow 1977) 
which is a very desirable character where 
sEover is used after the grain is harvested. 

Most of the sorghum breeding in the past has 
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been done in the U.S. At the beginning, the 
germplasm in this country had a narrow base, but 
it has become incre'.7ingly richer through the 
conversion of exotic photosensitive inioJuctions 
(Stephens et al. 1967). In recent years an effort 
has been made both in India and the U.S. to 
improve sorghums according to a global scheme 
which will benefit a larme number of counries 
around th -,orld. working in the tropics 
should realize that thcy iave an excellent oppor-
tunity to select from the Tropical Bulks released 
from the Conversion Program instead of using 
finished !ines selected in Texas with emphasis on 
short and early plants. Each Ticical Bulk should 
contain an array of maturities and heights to fit 
many different tropical environments. However, 
in many agriculturally underdeveloped countries 
there are relatively few breeders; they must also 
take care of seed prodution, certification and 
kl ;,nsion. Interdisciplinary teams sometimes are 
toJtiy absent. Incipien, national programs need 
the support and significant contribution from 
international institutions to become more efficient 
and useful. However, results of research will be 
meaningful only when they are successfL_!ty ap-
plied by the farmer. In this sense, production and 
distribution of cartified seed plays a major role. 
However, hybrid sorghum seed production in the 
tropics is limitei and faces many problems. We 
thought that the bet answer to the problem 
would be to develop v.,ll adapted open pollinated 
varieties since their cd can be produced more 
easily. Some F,selections from crosses between 
E-75 (IS 8622), a variety from Uganda, and SC 
103-C, and between E-75 and CS 3541 were 
tested this year for the first time and outyielded 
every imported hybrid except one. In Colombia, 
where international companies locally produce 
seeds of hybrids developed in the U.S., two open 
pollinated varieties are planted in more than 60% 
of the total sorghum acreage. 

Social and Economic Structure 

An understanding of the social and economic 
structure of each country must exist. Although it 
would scem too simplifying, for the purpose of 
this discussion one could classify any country of 
the world into one of the following four classes: 
1. Rich and agriculturally developed (example: 

the U.S.) 
2. 	 Rich but agrcu'turally underdeveloped (exam-

pIe: Venezuela and other OPEC countries) 

3. 	 Poor but agriculturally developed (example: 
several countries in South America, Southern 
Europe, Africa, and Asia' 

4. 	Poor and agriculturally underdeveloped (many 
countries in Central America, Asia, and Africa) 

Countries belonging to the first class have 
invested substantially in agricultural research, can 
afford to undertake basic as well as applied 
research and move the findings from the experi
ment station to the farmer. Hybrid sorghum seed 
production is feasible and there is a surplus to 
export to other countries. Maximu. i yields are 
attained through effective utilization of the en
vironment and the best adapted heterotic com
binations. 

Countries in the second class can also afford 
research and can buy all kinds of technology and 
equipment, but results remain in the experiment 
stations. For example, in my own country tropical
ly adapted hybrids have been developed that, 
locally and in Central America, have outyielded 
any other hybrid developed elsewhere, but seed 
production of these hybrids has encountered 
many difficulties because of poor farming sys
tems. In spite of the availability of very modem 
seed processing plants, grain sorghum production 
is carried out using a number of hybrids that 
international companies have poured in without 
any previous local testing in a number of cases. 
Very often these cultivars show very little tropical 
adaptation. Even those with a wider range of 
adaptation are easily outyielded by some tropical 
hybrid combination. Again, high yielding and well 
adapted varieties can still be the answer where a 
developed agriculture has not been reached yet. 

The economies of countries belonging to the 
third class have been based traditionally on a solid 
and well developed agriculture. Any little progress 
that is made is easily applied by the farmer. They 
can take full advantage of international coopera
tion. The almost miraculous increases in yield of 
wheat in Mexico, India, and the Near East and of 
rice inColombia (the "green revolution") are good 
examples. 

Countries in the fourth class can afford to 
undertake only very modest research programs 
and even if they can get help from international 
collaboration, the results very rarely are fully 
utilized by the farmer. In this case, also, high
yielding and well-adapted varieties could be the 
initial goal of the sorghum breeder. 

The majority of agriculturally underdeveloped 
countries have a tropical climate. Their main 
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advantage for improving quantity and quality of 
food production is a full 12-month growing sea-
son, if water is available for irrigation during any 
dry period. Sorghum cultivars should be de-
veloped to fit any planting date throughout the 
year. 

Finally, there are countries where sorghum 
production is feasible only because their govern-
ments are subsidizing it (present price in Vene-
zuela is U.S. $ 0.15/Ib). In this case production 
can increase only to the point where domestic 
needs are satisfied. Thereafter, they cannot ex
pect to be able to export any amount of grain 
unless productivity increases dramaticallv and 
prices become competitive in the international 
market. This can only be achieved if cultural 
practices are improved and high yielding cultivars 
are developed. 

Closing Remarks 

In spite of all the existing problems pointed out in 
this discussion, we must recognize that in the last 
decade a tremendous amount of work has been 
done in order to find a practical solution to each of 
them. Undoubtedly, we heve advanced a lot and. 
even if there is still a great task to be accom-
plished ahead of us, we now have a much closer 
picture of what needs to be done in the next 10 
years. 

Plant breeders are now asked to incorporate 
increased insect and disease resistance into 
modern cultivars as well as specific traits to fit the 
environments and the needs of each country. This 
carries a formidable responsibility, particularly forthe low income countries in the tropics. In these 

host resistanc etho countries, andrspecifics.adaptsorghum cultivars to insecticides. I. Genetic resistancecountries, host resistance and specific adaptation 
are the only keys to profitable production since, on 
one hand, pesticides are expensive and the daily 
rains wash them away before they can be 
effective and, on the other, financial, biological 
and chemical resources (for example water, lime, 
fertilizers) and farm machinery to modify the 
environment, are quite limited. Plant breeders 
must then develop cultivars that can resist ortolerate the adverse soil and climate conditions. 
thlertey mu als sk n cmoate con. 

shorten the time required and make cheaper the 
development and testing of varieties, lines and 
hybrids. 

Sorghum improvement in the 1980s is linked to 
the imagination, ingenuity and diligence of the 

sorghum breeders working around the world. We 
must strive for increased production and ptoduc
tivity because such increases are essential if 
world hunger is to be avoided. 
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Session 5 Genetics and Breeding 
for Improvement 

Discussion 

de Wet 
I suggest that care should be taken in introducing 
gametopfnytic apomixis into breeding programs 
as a means of stabilizing hybrid or selected 
genotypes. In my experience with apomixis, 
both apospory and diplospory, sexual and asex-
ual pathways to seed production are not genetic 
alternatives and operate simultaneously in the 
same genotype. This leads to a substantial 
amount of genetic recombination through sexual 
reproduction. Both the sexual and asexual 
female gametophyte are usually able !o function 
sexually or develop parthenogenetically. The 
offspring of a gametophytic apomict may there-
fore include diploid and haploid matern3l genoty-
pes, as well as diploid and triploid "hybrid" 
genotypes. Seeds harvested by the farmer may 
therefore differ substantially in genotype com-
bination from samples obtained from the plant 
breeder or commercial producer. 

Another danger in apomictic seed production 
involves differential selection against particular 
gene combinations within the hybrid or adapted 
population that may contribute to overall yield 
stability. 

Jain 
Mr. Bhola Nath's work on population improve-
ment procedures will be of great interest to the 
statistical geneticists who need some real world 
examples of such work. I have always chal-
lenged my students to search for examples 
where quantitative genetic theory has helped a 
breeder. They are hard to find, but now a large 
number of selection experiments and some 
computer simulation work have been reported. I 
believe these have made it feasible for develop-
ing theory for guidance, and not for simply a 
posteriori analyses of data. Gains with multiple 
trait selection and the rates of desired recom-
bination should be goals of this theoretical work. 

Niangado Oumar 
Can Ihave the results of comparison of different 
methods of selection used for the improvement 
of populations? 

Bhola Nath 
We have not made comparisons of different 
recurrent selection procedures ourselves. The 
conclusion drawn from Hallaeur's paper indi
cates that all methods are almost equally effec
tive. As our program is production-oriented, we 
did not put our priorities on theoretical a!pects. 
We expect such studies will be undertaken at 
universities. 

Blum 
Percent gain per cycle is used as a measure of 
selection efficiency in population breeding. Since 
gain by selection for yield is dependent on base 
population yield level, do we have a measure 
(coefficient?) that will express percent gain in 
relation to yield of the base population? 

Bhola Nath 
We have given the grain yields of different cycles 
along with the percent gains per cycle. Not only 
that, we have also included the grain yields of 
different cycles of populations along with the 
released variety and hybrids in India for compari
son. I am not aware of any other parameter 
(coefficient) for measuring progress. 

Goud 
M35-1A and M31-2A are indicated as Cemuum 
dochna and Cemuum races respectively. Both of 
them are sister lines of the same cross. Is there 
any evidence of differences in the mitochondrial 
DNA fractions of these two cytoplasms? I feel 
both of them belong to the durra type rather than 
the Cemuum type. 

Schertz 
We do not have information from our studies on 
the differences between M35-1 and M31-2 
cytoplasm. Nagur and Menon indicated that they 
were different. Tripathi found no difference in 
sterility response. 

Webster 
Recurrent selection of parents of hybrids should 
increase their yields. It should be possible to 
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approach the F1 seed size and this needs more 
attention. Seed size is one of the factors which 
affects yields of hybrids, 

Parvatikar 
Breeding for various traits like drought tolerance, 
improved nutrient utilization, pest and disease 
resistance, Striga resistance, etc., has been very 
rightly emphasized in almost all the Sessions till 
now. Breeding for such traits appears to be a 
good and fairly lasting solution for these prob-
lems but we could look for some other lines of 
work also to solve these problems. As indicated 
by Dr. Quinby the genes responsible for height 
operate by the regulation of auxins and gibberel
lins in the plant body. 

Our own experiments have shown that exoge-
nous application of cytokinins (kinetin) to the 
panicle of sorghum has resulted in increases of 
up to 50-60% in the grain yield (mobilir-tion and 
enhanced uptake of nutrients). My suggestion is 
that exogenous application of growth regulators 
(inhibitors and promoters) and the stimulation of 
enzymatic activityaind the like, could be resorted 
to, though these have certain limitations. At 
present, the difficulties (limitations) for such 
studies appear to he the lack of personnel for 
such work and more so, the facilities provided
for them. 

Balasubramanian 
In view of differing patterns of agricultural 
technology and the environment associated with 
it,
is it worthwhile to test sorghum cultivars for 
disease resistance across locations? Is it not 
good enough to breed for disease resistances 
which arq location specific? 

Rosenow 
I believe it depends on the extent of the area of 
responsibility of the breeder. If one has interna-
tional responsibility, then broad based screening 
is essential. If one is breeding for one location for 
a local area, then screening in that area only may 
be entirely sufficient. Worldwide, there are good 
reasons for screening across locations, namely 
for the identification of stable resistance and for 
finding different biotypes of the organism. 

Balasubramanian 
How best can we rely on the glossy character to 
select for shoot fly resistance when it was said 
earlier that it is a fading character after the 
seedling stage. 

Agrawai 
According to the information which we have on 
glossiness, it appears that it has a very close 
linkage with shoot fly resistance and works as an 
indicator trait. However, these results need 
further confirmation. In case these results hold 
true in future it can surely be utilized as a 
selection criterion for shoot fly resist3nce. In 
such a situation we have to simply identify 
glossy plants from early segregating populations 
and later purify them. After deriving homczygous
lines under diverse backgrounds, their resistance 
can be confirmed under varying fly pressures 
over seasons and locations. 

Weibel 
I would like to make a strong case for backcross 
breeding. When we have something good we 
can build on it. There are examples of success 
such as the head smut and MDMV resistant 
combine 7078 lines, the diease resistant com
bine kafir-60 lines, and the greenbug resistant Tx 
2536 lines. I could have made a greater contribu
tion if I had bred a Redlan with combined 
resistance to diseases and insects. I suggest to 
you young breeders, do not be stamped into 
complete dependence on population breeding
which is not yet proved. The pedigree and 
backcross methods of breeding have brought us 

this far and they should not be discarded. In fact,the backcross method could be used more
extensively. 

Nagur 
I would like to make a few comments on the 
presentation of Dr. K.Schertz. In his studies, he 
has used one of the two male-sterile lines of 

M35-1 developed in India. They have different 
backgrounds. One was identified and developed 
by Dr. N.G. P.Rao as a spontaneous male-sterile 
mutant in M35-1. The second one was de
veloped when the identified spontaneoL' male
sterile mutant from AS 9018 "lrungu Cr., ." 
belonging to Sorghum dochna was crossed and 
backcrossed to M35-1 at Koilpatti, Tamil Nadu, 
India. 

, oelieve Dr. Schertz has used the male-sterile 
M35-1 that was developed by Dr. Rao. But Dr. 
Scherz presumed that he has been using the 
one wito dochna cytoplasm, since he (Dr. 
Schertz) obtained the description of the M35-1A 
male-sterile line from my studies. 

As already mentioned by Dr. Schertz,l could 
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classify the si× male-sterile cytoplasms into the 
four groups-CK 60A in th first group, M35-1A 
(dochna cytoplasm) and G1 into the second 
group, VZM1A and VZM2A into third group and 
M31-2 into the fourth group. 

Dr. Schertz brought out in his presentation the 
necessity to study the effect of different male-
sterile cytoplasms on the expression of different 
agronomic traits. I have studied the effect of 
different male-sterile cytoplasms on a common 
genome, looking at the expression of agronomic 
traits, and differences were found among the 
four groups of male-sterile cytoplasms used. 

The differences in the effects between male-
sterile and fertile cytoplasms and between two 
fertile cytoplasms were also studied and signifi-
cant differences were observed for the express
ion of agronomic traits. 

As already poinvm;d out by Dr. Schertz, there is 
every necessity in the future to give cognizance 
to the specific type of cytoplasm used in 
breeding programs in order to derive maximum 
benefits. 

Colleagues have enquired about the origin of 
the male-sterile line G 1A since it is being 
variably identified as G 1A and G 2A. In 1957, I 
identified spontaneous male-sterile plants in the 
line G2, a rabi season yellow grain variety, and I 
crossed the male-steriles with the pollen of G 1 
(asister line of G 2) for want of G 2 pollen. G 1 
could maintain male sterility, and I continued 
backcrossino it with G 1.It was established as G 
1A (Nagur et al.1965). G 1A has G 2 cytoplasm 
and the nuclear factors of G 1. (Nagur, T., 
Narasimhamurthy, K., and Partharasarathy. 
1965. A note on the male-sterile yellow grain 
Jowar. Andhra Agricultural Journal 12(5): 183 
-184.) 

Gebrekidan 
A lot has been said on the importance and utility 
of population breeding. However, the Texas 
Program, which has made considerable prog-
ress, has utilized mostly conventional breeding 
methods. Can anyune comment? 

Miller 
In Texas, we use both methods (concepts) of 
qualitative and quantitative genetic manipulation. 
I subscribe to Dr. Weibel's comment. My prog-
ram is based on pedigree and backcross breed-
ing almost entirely. I have populations in which I 
store a wide base of genetic diversity. This 

popu!ation cuncept is used to identity sources of 
resistances or the quailty factors needed. These 
are then added to the pedigree or backcross 
breeding program. We are nut involved in popu
lation improvement systems. We do subscribe 
to the use of both methods but find that 
conventional pedigree and beckcross methods 
contribute most toward our objective. 

Maiti 
We have consistently observed that a simple 
morphological trait like glossy is related to a high 
level of tolerance to shoot fly as well as 
resistance to seedling drought. Therefore we 
should examine the feasibility of incorporating it 
into elite breeding lines. 

Agrawal 
Before we capitalize on this trait, we should try 
to examine its role on multiple resistance more 
critically and confirm our existing results. 

Maiti 
In collaboration with K. E. Prasada Rao we have 
screened 21 000 germplasm lines for the glossy 
trait. Although glossy lines mainly originate from 
the Deccan peninsular (India) region, there are 
some lines from other taxonomic and geographic 
groups. 

Rana 
The glossy trait and its association with shoot fly 
resistance was reported two decades back. The 
glossy trait conditions the nonpreference to 
oviposition. The trait is expressed due to a low N 
content in the leaf. Selections of glossy types 
have been made. As far as trichomes are 
concerned, some susceptible lines also have 
trichomes. Perhaps resistance is expressed due 
to the interaction of trichome with some other 
traits rather than trichome per se. 

Maiti 
I agree with you, but people have mentioned it 
casually. Theo a traits have not been used to my 
knowledge in the screening of germplasm. 

Rana 
When simultaneous selection is practiced for 
resistance to several insect pests in early segre
gating generations, what resistance level could 
you recover for each insect in the next genera
tion? Did you notice the gene erosion for yield 
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and other economic characters? What hreeding 
method do you use to develop resistant lines? 

Agrawal 
At ICRISAT we try to expose early generation 
segregating materials to a low pressure of 
various insects and diseases in a pesticide-free 
area to eliminate highly susceptible types. Selec-
tions are continuously tested with increasing 
insect pressures as the generation is advanced. 
During this period, selection pressure is applied 
only for one insect at a time. When the material 
is sufficiently good. it is tested against othe, 
insects and diseases. In this way, some prog-
enies are found to have reasonable levels of 
resistance for more than one trait. Several shoot 
fly resistant lines have been found to possess 
resistance to stem borer and other insects, 

The best answer I believe is the adoption of 
the population approach for simultaneous incor-
poration of several resistant traits, 

Shinde 
In the F2 population of tall x dwarf sorghum 
crosses the frequency of dwarf segregants 
remain exceptioilly low and the segregation 
pattern of tall and dwarf plants do not conform to 
the allelic system of height genes reported by 
Quinby in temperate sorghum. Is there a diffe-
rent genetic system for height genes in tropical 
and temperate sorghums? 

N. G. P. Rao 
I have had a similar experience. I therefore feel 
that the allelism for height genes between 
temperate and tropical dwarfs needs to be 
tested. 


Miller 
There seems to be confusion resulting from 
differences observed in India (and other tropical/ 
short day growing areas) and the temperate USA 
between height and maturity inheritances. There 
must be some realization that photoperiod sensi-
tivity can completely mask or hide the influences 
of these important traits (height and maturity), 
Data by Miller and Quinby (Crop Science 1968) 
and Miller et al. (Crop Science 1968) explain the 
influences of photoperiod. If photoperiod sensi-
tive materials are crossed to these identified 
genotypes and such crosses are grown in the 
short days (of less than 12 hr) the inheritance can 
be seen. But if the crosses are grown in longer 

days (more than 12 hr) the photoperiod sensiti
vity completely masks the expression of the 
genes. It must be kept in mind that one must be 
able to observe materials in both daylengths 
(less than 12 hr and greater than 12 hr) to fully 
understand what is going on in height and 
maturity. With this understanding one can relate 
the correlation of height and maturity to yie!d and 
yield components. 

Jotwani 
Glossy trait' has been suggested as a marker for 

selecting shoot fly resistant lines. However, 
every resistant line may not have the glossy 
character. There are now glossy lines which 
possess moderate levels of shoot fly resistance. 
Pale yellow color of leaves and glossy character 
are generally associated with oviposition non
preference. Some of the lines showing anti
biosis may be nonglossy. Thus by selecting only 
the glossy character we may lose some lines 
possessing antibiosis. 

Agrawal 
I agree with your comments. At this point of 
time, we need to confirm further the isefulness 
of the glossy trait as an indicator for shoot fly 
resistance in breeding projects. Our results 
indicate that the correlation between shoot fly 
resistance and the glossy trait is not perfect. The 
association between the glossy trait and oviposi
tion nonpreference could he due to the presence 
of trichomes. I agree with your last comment. 
But if I look at our breeding material, the 
proportion of nonglossy types is really very low 
and I feel that losing a small. proportion of 
resistant nonglossy genotypes may not be very 
important, particularly if we are able to transfer 
resistance faster and more effectively using the 
glossy trait. What we are doing is to find easily 
identifiable, tightly linked, simply and highly 
heritable traits correlated with resistance, i.e.. 
major genes which are much easier to handle 
and transfer than minor genes. At this stage we 
cannot say that glossy is the only trait which is 
associated with shoot fly resistance. Its real role 
still has to be critically examined. 

Bapat 
Dr. Rao reported limited progress with temper
ate x tropical crosses in single crosses, back
crosses and double crosses. Do you think that 
some other breeding method like population 
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breeding with reciprocal recurrent selection will 
be more efficient in getting better segregants? 

N. 	G. P. Rao 
In crosses involving the "tropical and temper
ate" sorghums, once the necessary corrections 
are made for height and maturity, the population 
breeding approaches may be rewarding. If we 
want to start with the original tall or dwarfs 
as base populations, disruptive selection ap-
proaches may be more rewarding. 

Shinde 
Nowadays there is a problem of female sterility 
in sorghum. This aspect is very important from 
the seed industry point of view. 

Mushonga 
What method of population improvement would 
you advocate for developing countries for the 
immediate results which will benefit the farmer? 

Bhola Nath 
Depending upon the resource availability, one 
could use either mass selection or S, testing. 

Safeeulla 
Have we explored the possibility of collecting 
resistant sorghum germplasm in disease hot 
spots? At least for major diseases? What is the 
possibility of a few persons working in different 
countries in this direction? 

Rosenow 
I am not aware of any international effort to 
collect disease resistant germplasm in disease 
hot spots. Regarding persons working in this 
direction, I believe this would be a very good 
idea. At least, persons do;ng collections now 
should be familiar with the major sorghum 
diseasrs to be able to note their presence in the 
area where they aie collecting and, if possible, 
select some types with resistance. 

Goud 
The phenomenon of apomixis is suggested to be 
due to stru.-,,ral chromosome hybridity. We 
have obsermed apomixis in different crosses in 
M35-1 x IS84 and BH4-1-4 x IS 84. If structural 
h'/bridity is the reason for apomixis we should 
expect the same mechanism to operate in all 
cases where apomixis is observed. Dihaploid 
nuclear fusion is suggested as one of the mech

anisms of apomixis. What type of embryosacs 
are developed in sorghum-whether monospo
ric or bisporic-and what is the frequency of 

such parthenogenetic seed development? 

U. 	 R. Murty 
While it is possible that structural hybridity per se 
might have caused apomixis in R473, it may not 
be the rule. It is more likely that structural 
hybridity causes cross sterility and has secon
dary effects on apomixis. Dihaploid production 
could result in sorghum from three processes: 
(1) second division restitution, (2) synkaryogene
sis or automixis in the egg apparatus, and (3) 
synkaryogpnesis or automixis in the antipodal 
cells. The embryo sacs are of the normal 
monosporic polygonum type. 

Ibrahim 
Under Salielian conditions where it is difficult to 
get good production with locals, I think that we 
should not expect miracles with new varieties. 
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Foreword 

In October 1971 in Hyderabad, India an international symposium on sorghum was 
held which examined and reviewed the then scientific, production, and nutrit;onal 
knowledge of sorghum as a crop and as a human food. 

Almost exactly 10 years later, ICRISAT hosted Sorghum in the Eighties-an 
international symposium sponsored by USAID Title XII Collaborative Research 
Sup!,.on Program on Sorghum and Pearl Millet (INTSORMIL); the Indian Council of 
Agricultural Research (ICAR); and the International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT). 

It was felt by the organizers that because so much knowledge and information 
had been attained in the intervening 10 years, scientists should meet again. 
Consequently, 245 scientists from 37 countries attended the Symposium from 2 
to 7 November 1981 at ICRISAT Center near Hyderabad. They examined and 
evaluated the achievements made in the last decade, discussed the current 
problerns, and made recommendations for future research and other activities. 

The participants showed a critical awareness of sorghum's role as an important 
cereal for food, feed, construction rm'Aerial, and fuel in the developed and the 
developing countries. On a world production and utilization basis, sorghum -anks 
fifth after wheat, rice, maize and barley. About 90% of the total production a,.d 
90% -fthe harvested area are located in 12 countries in Asia, the Americas, 
Africa, and Oceania. 

Sorghum is one of the miin staple food grains of the world's poorest people, 
particularly in the semi-arid tropics (SAT). Over 55% of world sorghum production 
is in the SAT. Of the total SAT production, Asia and Africa contribute about 65%, 
of which 34% is harvested in India. Matters of considerable concern are that 
sorghum production is growing more slowly than population and that the food 
situation in parts of Africa is rapidly deteriorating. 

Situations such as these clearly indicate that more socioeconomic factors will 
need to be taken into account to guide and influence the direction of future 
scientific research on sorghum. The deliberations and discussions during the 
Symriposium on factors related to sorghum and its environment, including climate, 
insects, fungi, and birds; the genetic resources; breeding tor improvement; 
production technology; food quality and utilization; and the socioeconomic issues 

showed that many studies will still have to be made to further unravel the 

potentialities of this cereal. Sharp notice has been taken of research fields where 
there has been little progress in the last 10 years. 

A main value of the Symposium has been to determine work priorities for 

ICRISAT and the national programs in the.SAT, and to emphasize the need for 
continued cooperation with other institutions. Sorghum in the Eighties has been a 

rewarding Symposium which has not lost sight of the basic objective to increase 
the yield and production of better sorghum to feed people. 

I believe that the Proceedings of Sorghum in the Eighties will be a prominient 

benchmark for our future studies and perspectives on sorghum in the next 

decade.
 

L.D. Swindale 
Director General 
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Cropping Systems with Sorghum 

R. W. Willey, M. R. Rao, M. S. Reddy, and M. Natarajan* 

A. ;s simplest, a cropping system can be a single 
crop, but most farmers grow more than one crop. 
Inthe developing tropics, for example, the farmer 
may have to grow several crops to satisfy 
different dietary requirements, to spread labor 
peaks, or to spread risks caused by the vagaries of 
weather, pest attack, or market fluctuations. Ttus 
a cropping systems approach must recognize that 
the farmer often has to optimize returns from a 
combination of crops and that the overall produc-
tivity of the whole system is as important as the 
productivity of any individual crop. 

A major factor determining overall productivity 
is the efficiency with which the cropping system 
uses the basic growth resources, especially those 
that are limiting. This will depend not only on the 
efficiency of the individual crops that make up the 
system but also on how well these crops comple-
ment each other in time and space. Thus specific-
ally considering sorghum systems, overall produc-
tivity will depend partly on the efficiency of the 
sorghum crop itself and partly on how well 
sorghum fits in with other crops. 

It is not within the scope of this paper to 
discuss the efficiency of the sorghum crop in any 
detail, but it is worth noting that compared with 
many other crops sorghum is inherently very 
efficient. It emerges quickly and produces a 
relative!y rapid ground cover, is efficient at using 
limited amounts of water and nutrients, and has a 
C. photosynthetic pathway and ahigh crop growth 
rate. This is illustrated by some dry-matter accu
mulation and light interception patterns of sor-
ghum compared with groundnut and pigeonpea 
(Fig. 1). 

This high efficiency of the sorghum crop sug-

Cropping Systems Agronomists, Farming Systems 
Research Program, ICRISAT. 

gests that complementary resource use between 
sorghum and other crops is most likely to occur in 
those systems where the peak growing periods of 
sorghum and the other crops do not coincide. 
Clearly, such temporal differences are achieved 
where the other crops are grown as quite sepa
rate ones either before or after sorghum. As will 
be seen later, these systems can be very produc
tive and a major factor contributing to their 
success is the availability of short season sor
ghum genotypes; in fact, from the cropping 
systems viewpoint the importance of these 
genotypes lies not so much in their higher yield 
potential as in the increased time and opportunity 
they provide for other crops. But temporal effects 
can also be achieved in intercropping systems 
where there is at least some temporal displace
ment between sorghum and its associated crops, 
and such systems will be discussed in some 
detail. It will also be seen that even where 
temporal differences do not occur, there are some 
intercropping systems where sorghum is able to 
complement other crops to achieve better spatial 
use of resources. 

Types of Cropping System 

The cropping systems considered in this paper are 
briefly defined here and are then discussed in the 
following sections. 

Intercropping 

This can be defined as the growing of two or more 
crops on the same piece of land at the same time. 
The sowing or harvesting times of the crops can 
differ, but their growing periods overlap. The 
essential characteristic of this system compared 
with the systems listed below is that there is 
competition between the crops. 

Crops Research Institute for the Semi-Arid Troplcs. 1982. Sorghum in the Eighties: Proceedings of the InternationalInternational 

Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P.. India. Patancheru, A.P. India: ICRISAT.
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Figure 1. Dry-matter production (a) and light 
interception (b by pigeonpea, sor-
ghuni, and groundnut as a function of 
days from sowing. 

Sequential Cropping 

This is a sequence of sole crops where one crop is 
sown after the harvest of a previous crop. It is 
usually understood to be a sequence within one 
cropping year. The terms "double-cropping" and 
"triple-cropping" are often used to denote se-
quences of two and three crops, respectivdy, in 
the same year. 

Relay Cropping 
This is where a second crop is sown into a 
standing first crop shortly before harvest. The 
system is distinguishable from intercropping be-
cause the period of overlap (usually 2-3 weeks) is 
too short for the occurrence of any significant 
intercrop competition. 

Ratoon Cropping 

This is where a second crop is grown by cultivat-
ing the regenerating stubble of a first crop. 
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Rottional Cropping 

This refers to cycles of crops over a number of 
years. 

Intercropping 

The efficiency of intercropping systems are most 
assessed in terms of their land equivalent

ratio (LER) which is defined as the relative land 
area that would be required as sole crops to 
produce the yields achieved in intercropping.Though defined in terms f land area, this also
indicates the relative yield advantage of intercrop

ping; thus an LER value of 1.20 indicate3 that 
intercropping outyields s,!e cropping by 20%. It 
must be appreciated, however, that this indicates 
the relative increase in yield achieved by intercrop
ping compared with growing the same compo

crops at the same tim !t separat ny. While 
this may be the coniparisoimost often required,
it can sometimes be desirable in the broader 
cropping systems context to compare intetrop

ping with different crops and different systems. 
Examples where this is appropriate will be given 
later. 

One of the major reasons for higher Vields from 
intercropping is that the component crops are able 
to complement each other and make better 
overall use of re5ources when growing together 
than when growing separately. As emphasized 
earlier, the greatest scope for complementary 
effects is usually when there are temporal differ
ences between the crops and thus it is largely on 
the basis of broad temporal categories that the 
different intercropping systems are considered 
below. 

Intercropping with Lone-season Sorghum 
With the long-season, photosensitive sorghums, 
temporal complementarity between crops is often 
exploited by growing them with an earlier matur
ing intercrop. A well documented example of this 
is the millet/sorghum combination of N. Nigeria 
where it is estimated to occupy 18% of the mixed 
crop area (Norman 1972). Generally, millet is 
sown at the very beginning of the rains and 
sorghum is sown a little later. In experiments at 
Samaru, Andrews (1972) showed that this system
could give yield advantages of 50% (i.e., LERs of 
1.50) and up to 75% greater monetary returns 



than sole sorghum. If a row arrangement of 1 

sorghum: 2 millet were adopted, a reasonable 

crop of cowpea could be grown after the millet 

and between the rows of sorghum, and monetary 
more thanadvantages could be increased to 89% 

the sole sorghum. In a later study, Andrews 
also possible to(1974) showed that it was 

into thisintroduce an improved dwarf sorghum 

system and so gain the benefits of higher sor-

ghum yields. 
Baker (1979a) reported further work on this 

system and emphasized the need for high popula-

tions of each component crop. In fact, high 

optimum populations have often been suggested 

for intercropping combinations with large tempor-
ineffect the earlyal differences between crops; 

maturing crop requires a high population to make 

efficient use of early resources, and the later 

maturing crop requires a high population to make 

efficient use of later resources. Baker also high-

lighted afurther feature of these systems which is 

that total resource use may be further improved 

by including yet a third crop of complementary 

growth pattern. Thus Baker showed that total 

could be increased by including aproductivity 
maize crop that matured after the millet but 

before the sorghum, though there was some 

sacrifice in sorghum yield, 
In Central America, an early maturing maize 

crop is commonly grown with long season sor-

ghums; Anderson and Williams (1954) described 

this system in Honduras avid House and Guiragos-

sian (1978) reported its prevalence in Guatemala, 

Honduras, El Salvador, and parts of Mexico. In 

these areas, rainfall vaiies between 1000 and 

2000 mm, falling between May and October, but 

there is a distinct bimodal distribution with little or 

no rainfall in August. The crops may be sown 

together but more commonly the maize is sown 

at the onset of the rains and the sorghum is so":vn 

3-4 weeks later. In some areas an intercrop of 

beans may also be added. Maize matures in 

August or September and the tops are then 
drying and harvesting inbroken over to await 

November. Sorghum is harvested in December. 

The importance of the sorghum in this system lies 

in the fact that, despite the high average rainfall, 

there is considerable risk of drotght be,.ause of 

the variability of the rainfall, the steep slopes, and 

the poor moisture-holding capacity o the soils. In 

good years maize is used for the family and 

sorghum for poultry, but in bad years, when the 

maize fails, sorghum is used as human food. In 

addition to this stability aspect, substantial yield 

advantages over sole cropping have been re

ported and breeding efforts are currently directed 

to improving sorghum specifically for this system 

(Clara 1980). 
A combination of maize and beans is also used 

for intercropping in long-season sorghum in the 

highlands of Ethiopia (Gebrekidan 1977) where 

rainfall ranges from 800 to 1000 mm in a bimodal 

pattern. Sowing is done about April, in the short 

rains. Maize is harvested early for green cobs and 

fodder, followed by beans at the beginning of the 

long rains; sorghum is harvested in December 

after the long rains. No yield details for this 

have been reported, thoughthree-crop system 
Gebrekidan (1977) has shown advantages for a 

two-crop system of beans with sorghum. 

Many other crops have been reported as 

intercrops with the long season sorghums, e.g., 

chat (Catha edulis) and sweet potato in Ethiopia 

(Gebrekidan 1977), benniseed, roselle, groundnut. 

and niger in Nigeria (Yayok 1981; Baker 1978), and 

cowpeas in many West African countries (Stoop 

1981).Two of the West African systenis llustrate, 

first, the wide range of objectives that the farmer 

may have in terms of 1he proportion of sorghum 

he requires and, second, how signi;icant yield 
be achieved without jeoparaizimprovement can 

ing these objectives. In the sorghum/groundnut 

system the farmer sows predominantly a ground

nut crop with only a very sparse stand of 

sorghum. Clearly in this situation the valuable 

groundnut crop is the important component of the 

system, but Baker (1978) has shown that worth

while increases in sorghum yield can still be 

achieved without significantly sacrificing ground

nut. In contrast, the cowpea/sorghum system is 

usually a full stand of sorghum with only occasion

al plants of cowpea. In this situation the staple 

cereal is the vital component but again it has been 

shown that cowpea yield can be usefully in

creased without sacrificing the cereal (Serafini, 

personal communication). 

Intercropping with Short-Season 
Sorghum 

With Later-maturing Crops 

With the short season sorghums, large temporal 

differences between the component crops are 

achieved by using the sorghum as the earlier 
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maturing crop. This situation is typified by the 
sorghum/pigeonpea combination that is particu-
larly important in India and also occurs in East 
Africa. In both these areas the sorghum is usually
regarded as the main component; in fact in India, 
the traditional objective is to produce a "full" yield
of sorghum with some "additional" yield of 
pigeonpea. The farmer achieves this by sowing
several rows of sorghum and "nly occasional 
rows of pigeonpea. While this safeguards the 
sorghum yield, however, it severely limits the 
pigeonpea contribution and thus yield advantages 
are low. 

Figure 2 shows the growth patterns of an 
improved sorghum/pigeonpea situation where 
the pigeonpea was sown in every third row but 
the population of each crop was maintained at its 
full sole crop level by reducing within-row spac-
ings. The dry matter accumulation of intercropped 
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Figure 2. (a) Dry-matter production by sorghum 
and pigeonpea in sole and intercrop 
systems as a function of days from 
sowing; (b) light interception by sole 
pigeonpea, sole sorghum, and com-
bined intercrop as a function of days 
from sowing. 

sorghum was only slightly less than sole sorghum
and grain yields were similar at 4240 and 4500 
kg/ha, respectively. Thus, despite the high sown 
proportion of pigeonpea, an almost full yield of 
sorghum was achieved by maintaining the full 
sorghum population. 

Figure 2 also shows that although the pigeon
pea compcnent suffered considerable competi
tion during the period of sorghum growth, it 
partially compensated later 3nd was finally able to 
producn a diy matter yield equivalent to 53% of 
the sole crop. Moreover, bec3use the sorghum 
competition :drgely suppressed the eariy vegeta
tive growth of the pigeonpea, tae harvest index 
was increased from 22% in sole cropping to 30% 
in intercropping; thus the intercropped pigeonpea 
seed yield was a very considerable 72% of the 
sole crop. 

It must be emphasized, however, that these 
particular figures were obtained from deep Verti
sols which have a very high moisture holding
capacity and which in the Hyderabad situation 
have a potential growing period of about 6months: In this situation it is important to corn
pare the intercropping system with other possible 

systems such as sequential or relay systems, and 
such comparisons will be made in a later section.
On lighter soils, however, there is usualy little orno opportunity for sequential or relay cropping and 
although intercropped pigeonpea yields are usual
ly less (40-50% of sole crop yields on Alfisols at 
ICRISAT), in these situations the yield advantages
indicated for intercropping (e.g., by the LER) are 
genuine yield increases over sole cropping.

Sorghum is also found inteicropped with other 
long-season crops. In Maharashtra state in India a 
typical traditional pattern is several rows of cottonwith a strip of two to three rows of sorghum and 
pigeonpea, either in separate rows or mixedwithin the row. With the introduction of improved 

genotypes of cotton there has been a move to 
sole cropping though studies have still shown 

advantage of intercropping. Thus with
Lakshmi coton and CSH-6 sorghum, Prithvi Raj et 
al. (1972) showed intercropping yield advantages
of more than 30% for row arrangements of 2sorghum:2 cotton or 3 sorghum:2 cotton; 
moreover both these intercrops gave higher 
monetary returns than either sole crop. 

Sorghum is also one of the cereals intercropped 
with cotton in Nigeria, though the cotton cash 
crop usually suffers considerable competition, 
because it is relegated to much later planting than 
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the staple cereal. Baker (1979b) has shown that if concentrated largely in India. Early experiments 

both crops are planted early, then profits can be examined low proportions of sorghum to maintain 

increased. In Northeast Brazil, perennial cotton is high groundnut yields and yield advantages were 

invariably intercropped during its first year, usually relatively small (John et al. 1943; Bodade 1964; 

with maize and cowpeas or beans. With the Lingegowda et al. 1972). More recent experi

increasing interest in sorghum in this area, early ments have included high proportions of sorghum 

studies have suggested that sorghum would be and advantages have been as high, or even 

equally suited to this system (Lira et al., 1978). higher, than with soya (Singh 1977-48%; 

From the nature of its growth pattern, castor Tarhalkar and Rao 1981-57%; Rao and Willey 

would also seem to be a suitable intercrop with 1980a-38%). Some of the earliest intercropping
 

sorghum but the maximum advantage reported studies in Africa (Evans 1960) also examined quite
 

has been 27% (Rao and Willey 1980a) and several high proportions of sorghum and showed very
 

studies have shown less advantage (Freyman and large advantages up to 61%.
 

Venkateswarlu 1977) or none at all (Reddy et al. In Northeast Brazil, Phaseolus beans and cow

1965; Chowdhury 1981). These disappointing pea are commonly grown with maize, and recent
 

results seem to be because castor is very studies have examined these two legumes with
 

susceptible to competition from the sorghum and, sorghum. Yield advantages have been quite prom

unlike pigeonpea, it does not have the ability to ising (20-25%-Mafra et al. 1981) and current
 

compensate, especially in the new, short sta- evidence suggests that, from the point of view of
 

tured, earlier maturing genotypes. However, one crop complementarity, sorghum will prove to be
 

recent study (Chinnappan and Palaniappan 1980) as suitable as maize in these systems.
 

has shown substantial monetary advantages from Sorghum/chickpea, grown as a postmcnsoon
 

a three-crop system of sorghum, castor and crop in several ICRISAT experiments, has given
 

blackgram. Sorghum has also been tried with only moderate yield advantages of 15-20%. One
 

banana (Randhawa and Sharma 1972), sugarcane particularly interesting feature of these experi
(Zende and Patil 1972) or cassava (KKU-Ford ments, however, has been thr, evidence of a
 

1977) but in all these experiments sorghum was beneficial shading effect on the chickpea, in
 

the subsidiary crop and results were considered agreement with studies c;ried out by the pulse
 

disappointing because yield of the main crop was physiologists using artificial shades.
 
reduced. Combinations of sorghum with other cereals of
 

similar maturity can be quite commonly seen in 

farming practice but these situations have 
With Crops of Similar Maturity 

attracted little serious study. Early ICRISAT experi-

Intercrops with a maturity similar to sorghum ments (Rao and Willey 1980a) reported advan

include a range of low canopy legumes (soya, t3ges of 29%, 18%, and 18% for maize, pearl 

groundnut. Phaseolus beans, cowpea, or chick- millet, and setaria, respectively, when grown in 

pea) and other cereals (maize, pearl millet, or alternate rows with sorghum, but Haizel and 

setaria). With soya, many experiments have been Twumasi-Afriyie (1977) found no advantage in a 

carried out in India, where the emphasis has sorghum/maize combination in Ghana. More re

cently, studies at ICRISAT have examined sorusually been on the sorghum. A summary of a set 
of 18 of these (Rao and Willey 1979) reported ghum/pearl millet combinations with a range of 

yield advantages of 22% (96% sorghum and 26% genotypes of each crop. Though yield advantages 

soya) from a 2 sorghum~1 soya row arrangement, of more than 30% have been recorded, these 

and 25% (89% sorghum and 36% soya) from effects have still been largely ascribable to matur

alternate rows. Other workers have reported ity differences, despite the fact that these have 

or even higher been very small (a maximum of 3 weeks).advantages of the same order, 

(Bunpromma and Mabbayad 1978- 23%; De and However, there was some evidence that height
 

Singh 1981-36%; Singh 1977-43%). In the differences may have contributed to a small
 

USA, Wahua and Miller (1978) reported advan- extent.
 

tages of only 8% and 11% when a soya intercrop To summarize these rombinations with crops
 

was grown with adwarf or tall sorghum genotype, of similar maturity to the sorghum the quite large 

respectively, yield advantages with many of the combinations 

Sorghum/groundnut research has again been indicates the possible importance of spatial com
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pigmentarity in intercropping. In particular, the 
large advantages with some of the legumes 
(notably soya and groundnut) compared with the 
small advantages with other cereals emphasizes 
the benefits that might accrue due to major
morphological or physiological differences be-
tween the crops. Unfortunately few of the sor-
ghum/legume experiments reported have been 
sufficiently detailed to indicate how such yield 
advantages may occur, but some useful pointers 
can perhaps be gained from recent detailed 
studies with pearl millet/groundnut. 

In an experiment with 1 row millet:3 rows 
groundnut, a yield advantage of 26% was 
obtained (Reddy and Willey 1981). Measurement 
of resource use showed some evidence of more 
efficient water use, both in terms of a greater total 
extraction from the profile and in terms of a 
greater proportion of water passing through the 
crop rather than being lost by evaporation. Nut
rient uptake was also greater, the increase being 
proportional to the increased yield; however, 
t-.ough it was useful to note that this greater 
up ake could occur, it was not possible to deter-
mine whether this was a cause or an effect of 
higher yields. But the most striking effect was an 
increase of 26% in the efficiency with which 
intercepted light was converted into dry matter, 
probably because of a complementary effect 
between the C. millet and the C3 groundnut. It 
seems likely that most of these effects could 
equally well occur with sorghum systems. 

A further possible cause of yield advantage in 
these sorghum/legume mixtures co,,'d be a 
beneficial nitrogen effect from the legume, but 
the authors consider this unlikely. This effect is 
extremely difficult to determine in the field, but 
even claims of such an effect are exceptions 
rather than the rule. Moreovar, cooperative stu-
dies with the ICRISAT microbiologists on ground-
nut intercropped with sorghum, maize, or pearl 
millet have shown that even where groundnut 
growth has not been affected, the nodulation and 
fixation have been much reduced, probably be-
cause of shading. 

With Earlier-maturing Crops 

Even with the short-season sorghums, some of 
the very early legumes can provide an intercrop 
that will mature a few wp,,'. Such-,rlar. 
combinations might well benefit from some tern-
poral complementarity as well as the possible 

spatial complementarity discussed above. With 
mungbean, which usually matures in 65-70 days, 
a review (Rao and Willey 1979) of 12 experiments 
conducted in India reported yield advantages of 
31% (100% sorghum and 31% mung) in a 2 
sorghum: 1 mung arrangement 2nd 34% (95% 
sorghum and 39% mung) in an altemate row 
arrangement. May and Misagu (1980) also re
ported very good mung yields (93% in 1 year and 
86% in another, averaged over 20 genotypes) but 
they did not report sorghum yields. With cowpea. 
six Indian experiments (AICSIP 1981) showed 
similar overall advantages (34%) to those with 
mung, though the cowpea proved to be slightly 
more competitive (87% sorghum and 47% cow
pea). Studies in East Africa with a Phaseolus bean 
maturing about 1 month earlier than the sorghum 
showed advantages up to 55% (Osiru and Willey 
1972). 

Some other Aspect of Intercropping 

It is often suggested that intercropping gives 
better control of weeds, pests or diseases. 
Conridering the weed control situation first, there 
is good evidence that this can be improved where 
the intercrop situation provides a community of 
plants that are in total more competitive than the 
individual crops. Thus Rao and Shetty (1976) 
showed that the high populations required to give 
maximum yield in sorghum/pigeonpea also gave 
advantages of greater weed suppression. It has 
also been emphasized that these higher popula
tions and the associated improvement in ground 
cover can give better weed control in other 
combinations (Okigbo 1981). 

But with pests and diseases the situation is 
much more complex. Detailed ICRISAT studies in 
sorghum/pigeonpea have shown that the pre
sence of sorghum increases the incidence of 
Heliothis pod borer on the pigeonpea. but it can 
markedly reduce pigeonpea wilt disease. It is also 
well known that in West Africa sorghum (or other 
cereals) can reduce the thrip incidence on inter
cropped cowpea. These examples illustrate that 
intercropping with sorghum can produce both 
beneficial and adverse effects on pests and 
diseases; and while these may be associated with 
cereals in general rather than sorghum in particu
lar, they are none the less important. 

Because of the poor conditions under which 
sorghum is often grown, a particularly relevant 
aspect of intercropping isthat relative advantages 
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may often be greater under low fertility and/or 
low moisture situations (Rego 1981; Chowdhury 
and Misagu 1981; IRRI 1975; Reddy and Willey 
1980; Natarajan and Willey 1980; Oelsligle et al. 
1975). This is undoubtedly one of the mecha-
nisms that could result in the greater yield stability 
that is often claimed for intercropping and that has 
been emphasized for maize/sorghum in Central 
America (Anderson and Williams 1954) and the 
long season sorghum systems of West Africa 
(Norman 1972; Baker 1978). Recently, a detailed 
study (Rao and Willey 1980b) has been carried out 
on 94 sorghum/pigeonpea experiments in India, 
ranging from rainfall regimes of 408-1156 mm 
and across sole crop yield levels of 310-6200 
kg/ha for sorghum and 274-2840 kg/ha for 
pigeonpea. If crop "failure" is measured as 
monetary returns falling below a given "disaster" 
level, then for an example disaster level of 
Rs.1000/ha, sole sorghum fails 1 year in 8, sole 
pigeonpea 1year in 5, but the intercrop only 1year 
in 36. 

Sequential Systems 

Sequential cropping requires a relatively long 
growing period and in the rainfed semi-arid tropics 
it is not usually possible in the areas with lighter 
soils and/or low rainfall. Thus on the Alfisols of 
India it is only viable on the deeper soils with high 
rainfall, and even then it is probably limited to 
hardy "catch" crops grown after a rainy-season 
sorghum (AICRPDA 1976). But in more favorable 
situations, such as the deep Vertisols, there are 
many reports of short season sorghum crops 
being successfully followed by a wide range of 
second crops (Rao 1975; AICRPDA 1980; Reddy 
and Willey, in press). Studies over a number of 
years at ICRISAT have indicated that productivity 
can be 40-100% greater than traditional single 
crop systems. However, although this degree of 
increased productivity is extremely attractive, 
there can be considerable practical problems for 
the farmer, mainly because of the higher inputs of 
fertilizers, sprays, labor, and managerial skill re-
quired. In particular, the success of the system 
very often depends on a rapid tumaround be-
tween the two crops to ensure adequate moisture 
for establishment and subsequent growth OT ihe 
second crop; but this period is also a very critical 
labor peak for harvesting and threshing the first 
crop. To facilitate this turnaround it would seem 

worth considering the minimum tillage systems 
that have proved possible with sequential sor
ghum systems in developed areas (Nelson et al. 
1977; Camper et al. 1972). 

Sequential systems based on a rainy season 
sorghum crop also raise the dilemma of what the 
optimum growing period of the sorghum should 
be; eadier maturity increases the likelihood of 
good moisture conditions for the second crop but 
it increases the problems from head molds or wet 
harvesting conditions. This is the kind of cropping 
system decision that the authors are currently 
trying to elucidate (in conjunction with ICRISAT 
agroclimatologists) by fitting a water balance 
model (Reddy, in press) to long-term rainfall data. 
Table 1 gives the example of an Indian location, 
Indore, which has 1000 mm of rainfall and which 
is on deep Vertisols with a moisture storage 
capacity of 250 mm. After a 105-day sorghum 
crop, the probability of having sufficient stored 
moisture and rainfall for a second crop is only 51% 
of the years. But, almost half of these years will 
have insufficient showers for ensuring that the 
top 2-3 inches of soil are wet enough for 
germination. Thus despite the apparently favor
able rainfall and soil situation, the probability of 
double cropping at Indore with a 105-day sorghum 
as the first crop is only 27% of the years. 
However, if the sorghum growing period is 
reduced by 2 weeks to 91 days, the probability is 
substantially increased to 60%. At the same time 
the probability of having wet conditions at harvest 
is only increased from 24 to 30%. As a first 
approximation, therefore, the analysis suggests 
an overall advantage for a sorghum of less than 
105 days for this particular location. But the 
moisture criteria tentatively used in the model still 
need further consideration and refinement before 
reliable conclusions can be drawn. On the whole, 
however, the approach would seem to have 
potential. 

The above analysis also raises an important 
point of comparison between these sequential 
systems and a sorghum/pigeonpea intercrop. In 
the latter system the pigeonpea effectively acts 
as a second crop but the difficulties of having to 
establish a crop after sorghum harvest are 
avoided. Not surprisingly, therefore, where there 
are risks associated with establishing a second 
crop, the intercrop is usually a better alternative 
and is certainly much more stable; in fact in the 
Indore example the probability of success for the 
intercrop is 97%. 
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Table 1. Probablsity of ucces of different copping systems at Indore, India. calculated from 37 yOr'
rainfall data using a water balance model (Roddy, In prer).This location has an averqg annual 
rainfal of 1000 mm and Is on deep Verstolls with a mobturestorsga capacity of 290 mm. 

First crop 

Sufficient Wet week at 
moisture harves, 

for growth (>50 mm) 

(%) (%) 

Sequential system 100 24 

(first crop 105-day
 
sorghum)
 

Sequential system 100 30 

(first crop 91 -day
 
sorghum)
 

Relay system 100 24 

(first crop 105-day
 
sorghum, overlap
 
14 days)
 

Sorghum/pigeonpea 100 24 

intercrop
 

(sorghum 105 days,
 
pigeonpea 180
 
days)
 

Other sequential systems have sorghum as the 
secwnd crop. For example, in those deep Vertisol 
areas of India where sorghum traditionally follows 
a rainy season fallow, there can be opportunities 
for adding a rainy season crop (Reddy and Willey, 
in press). In many areas there is also increasing 
interest in sorghum as a crop after paddy rice 
(Hooper et al. 1975; Samphantharak and Sriwata-
napongse 1977; Salahuddin 1977). Indeed, where 
irrigation is possible, sorghum is a component of a 
wide range of double and triple crop systems 
(Leeuwrik and Mahapatra 1970; Naidu 1971; 
Hukkeri et al. 1978; Garrity et al. 1979). 

Relay Systems 

The overlapping of crops by relay cropping ensure 
that the second crop is established before the 
critical labor peak for harvesting the first crop. It 
shortens the total growing period and can be 
especially appropriate where the available grow-

Second crop (or pigeonpea intercrop) 

Sufficient 
moisture 

for growth 
(>200 nm) 

%) 

Insufficient rain for 
establishment (<20 mm). 

even though sufficient 
for growth 

(%) 

Total 
probability 
of success 

%) 

51 24 27 

73 13 60 

73 13 60 

97 97 

ing period is just too short for a sequential system. 
It can also provide the advantages of an earlier 
sown second crop without the disadvantages of 
an earlier maturing first crop. For example, in the 
Indore situation described above, a relay system 
where a second crop was sown 2 weeks before 
the harvest of the 105-day sorghum crop would 
give the same increased chance of success as the 
sequential system based on the 91-day sorghum 
crop; it would not, however, incur the additional 
harvesting problems associated with the 91-day 
crop. Successful relay systems have been re
ported where horsegram or pigeonpea have been 
the rela' crops after sorghum (AICRPDA 1978), 
and where sorghum itself has been the relay crop 
after maize (ICRISAT 1980).

Unfortunately, relay cropping can be a difficult 
system to operate in farming practice. It can be 
difficult for the farmer to sow the relay crop into 
the standing first crop unless hand sowing is 
being practiced, and there is also a danger of 
damaging the seedlings of the relay crop when 
harvesting the first crop. 
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Rzaaa Systems 

The importance of ratoon cropping has been 
reported in a number of countries (USA-
Plucknet et al. 1970; Worker 1961; Australia 
-Parberry 1966; India-Ambastha and Jha 
1955; Mandal et al. 1965). Much has been written 
on the practical management of ratoon crops but 
this paper will deal only with cropping systems 
implications, 

Considering first of all the system of two 
consecutive grain crops (i.e., a "plant" crop and a 
"ratoon" crop), the major advantage of ratooning 

is that it avoids having to sow the second crop. 
This saves on the cost of cultivations and seed, it 
reduces labor demands at acritical postharvesting 
period, and in the rainfed situation it avoids the 
risks associated with sowing the second crop. 
Because the ratoon crop gets a particularly rapid 
start and also matures earlier than a normal plant 
crop, the system also has the advantage of a 
shorter total growing period requirement. 

The disadvantagu of this system, however, is 
that the ratoon crop usually produces a lower yield 
than a sown crop. At ICRISAT, recent studies 
under favorable moisture conditions and over a 
wide range of genotypes have given ratoon yields 
of about 50-65% of the plant crops. Thus on yield 
considerations alone, the ratoon system is unlike-
ly to compete where good sequential or relay 
systems are viable alternatives. In the rainfed 
situation its niche is probably the production of a 
low cost "partial" second crop where moisture 
conditions are insufficient for a full second crop. 

But sorghum's ability to ratoon allows the 
possibility of a wide range of other systems 
where one or more of the crops are taken for 
fodder. In India, systems have been described 
where an irrigated fodder crop has been grown in 
the summer season and followed by a ratoon 
grain crop during the rains; compared with a 
normal rainy season crop, the earlier maturing 
ratoon crop gives a greater opportunity for tradi-
tional postrainy season crops of cotton (Mandal et 
al. 1965; Shanmugasundaram et al. 1967) or 
wheat (Pal and Kaushik 1969). A rather different 
system is where a rainy season plant crop is cut 
for early fodder (about 45-50 days) which then 
has the effect of delaying the maturity of a ratoon 
grain crop until the drier conditions after the end 
of the rains (Sanghi and Rao 1976). The danger of 
shoot fly attack is probably the greatest drawback 
to these fodder/grain systems. 

Where irrigation is possible, systems with two 
or three consecutive ratoon crops have been 
described (Plucknett et al. 1970; Hussaini and Rao 
1966; Rojas 1976). 

hotational Systems 

Many of the general principles of rotations, such 
as the maintenance of fertility or the control of 
soil-tome pests and diseases, are no more 
applicable to sorghum than to other crops and this 
will not be dealt with here; neither will the special 
problem of Stniga since this is being covered 
elsewhere in this symposium. But one aspect not 
covered elsewhere is the depressive effect that 
sorghum may have on the yields of following 
crops. 

Some commonly suggested causes of this 
depressive effect are the depletion of nutrients 
and moisture, and the locking up of available 
nitrogen by microbial action in breaking down the 
carbon-rich stubble. But while there is good 
evidence that these factors are often involved, 
there are instances where fertilizers and irrigation 
have not eliminated the effect. The suggestion of 
toxic exudates from the sorghum stubble has 
always had a mixed reception among scientists. 
though recent work has shown very convincing 
evidence of excessive production of phenolic acid 
that can certainly affect crop growth (Ganry 1979, 
personal communication). 

But whatever the cause of the effect it has 
been reported with a frequency difficult to ignore; 
it has been reported in USA, India and Africa, and 
on a very wide range of crops (sorghum itself, 
wheat, oats, barley, cotton, chickpea, pigeonpea, 
and groundnuts). Its effect seems to be greater on 
cereals compared with legumes. Thus poorer 
wheat yields have been reported after sorghum 
than after maize (Myers and Hallsted 1942; 
Dunkle and Atkins 1944; Quinby et al. 1958; 
Singh and Singh 1966; Laws and Simpson 1959). 
especially where wheat has been sown immedi
ately after the sorghum rather than in the follow
ing year (Myers and Hallsted 1942), or where 
rainfall has been low (Laws and Simpson 1959). 
Lower cotton yields have been reported after 
sorghum compared with pearl millet in South India 
(Ayyar and Sundaram 1941), or compared with 
fallow or lobia in the Sudan (Burhan and Mansi 
1967; Roy and Kardofani 1961). Recent ICRISAT 
studies on pigeonpea, chickpea or sorghum 
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grown after maize compared with sorghum genotypes will ultimately be grown in competition 
showed very drastic reductions of 49-87% in 1 with another crop. For this system much more 
year (which the authors consider must have consideration needs to be given to the identifica
involved some phytotoxic effect) but only moder- tion of desirable plant characters and the formula
ate reductions of 10-15% in another 2 years tion of appropriate screening procedures. 
(Fig. 3). Unfortunately, intercropping systems are 

Further work on this subject would seem to be almost infinitely variable, and the sorghum 
desirable. In the meantime it should be recog- genotype required is likely to vary according to the 
nized that in some cropping systems the net nature of the associated crop and the exact way 
contribution of the sorghum crop may not be as the crops are combined. This can be illustrated 
high as its own yield indicates because of lower with reference to two types of intercropping 
yields in subsequent crops. systems. The first is where the sorghum isgrown 

as a very high proportion of the system and it is 
the dominant crop. This is typified by the sorgum/

Genotypes for Specific pigeonpea combination in which, as seen earlier,
Cropping Systems the sorghum is grown at its full sole crop 

population and the objective is to produce at least 
It is often stated that genotypes should be 90-95% of a sole crop yield. In this system, it is 
selected specifically for the systems in which they particularly easy to predict how a given sorghum 
are to be grown. While this is no doubt true, it gerotype will behave since it virtually behaves as 
does not necessarily mean that different systems a sole crop. Moreover, because of the dominance 
have very different genotype requirements. Some of the sorghum, it is not difficult to predict that 
systems may have little in the way of special pigeonpea yield will be increased as height and/or 
requirements beyond the need for an appropriate maturity of the sorghum is decreased, and this 
maturity period, and this presents no particular has been v,erified in field studies. Thus this 
conceptual or technical difficulties. But the not- system represents one of the simpler situations 
able exception to this is the intercropping system where the desired plant characters, the sorghum 
where genotype selection must recognize that intercrop performance, and the performance of 

1977 Mean of 1978 and 1979 

Sorghum 
3- Sorghu[m- After maize 

After sorghum Sorghum 

2-

Chickpea 
Chickpea 

>1 

P!~ lea/a/. eope 

0 1 - -M 11 
-79% -87% -49% -14% -10% -11% 

Depression inyield (%) 

Figure 3. Yield of postrainy-season crops after a rainy-season crop of maize or sorghum (ICRISA Tdata). 
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:31: cccp cn u!l be dmfned at least in-sociatc-
broad t, ><;. CZ, "hzrefore, that thiscan bep rui, 
system presen.s (Ni sp er'! Froblems and there 
may even be little need for selecting within the 
intercropping situation itself, except perhaps in 

the final s ;! evaluation. 
,e other 11. .4ystem is where sorghum is 

grown as a sm' proportion of the system and 
th.. , is much mrrore of a two-way competitive 
inteiac,:6 , , 3tween the crops. This is exemplified 
by a sorghum/cowpea combination currently 
being examined at ICRISAT, and in which the 

.arrangemer -' simple proportional one of 1 row 
ser,*hum:2 rows cowpea in 45 cm rows. In this 
s.ii-Ation the sorghum behavior is usually quite 
different from that in sole cropping in that it 
responds to its lower population by increasing 
yield rp ;Jant; ideally this response should 
produce .noc appropriate balance of competition 
and some degree of comp4,;,nentarity with the 
oowpea. At the present state of intercrcpping 
knowledge these effects are extremely difficult to 
predict. Thus it seems inescapable that if breed-
ers seriously wish to produce sorghum genotypes 
suitable for this type of system, some screening 
will have ;,..L uone in the intercropping situation 
it-.i!! , This can require considerable resov;rrs, 

r ,ially when interactions with different 
genotypes of the associated crop h-ave also to be 
taken into account. A possible approach, which 
applies both to sorghum and its associated crop, 
is *o-t in the early stages of selection, when 

gL-ne,. p i:1.,nbers ligh, screening cou'd be 
doi ,-. " t a , genotype of tio 4ther 
crop. When a few of the more promising genoty-
pes of each crop have been identified, these can 
then be examined in combination. 

A further feature of inteiast in the ICRISAT 
sorghum/cowpea studie? is the attempt to iden
tify the importance of i ,:J, Adual plant characters. 
This is being done by examining a large number of 
sister lines that differ in such characters as height,siste line thatof 
maturity, or canopy strucfture, but which other

wise have a relatively homogenous genetic back-
ground. It is hoped that this will allow the effects 
of each character to be isolated from the con-
founding effects of other characters. 

References 
AICRPDA (All India Coordinated Research Project for 

Dry4and Agriculture). 1976 and 1980. Progress reports. 
New Delhi: Indian Council of Agricultural Research. 

AIICRPDA. 1978. Progress report. Bhubaneswar: Orissa 
University of Agriculture and Technology. 

AICSIP (All India Coordinated Sorghum Improvement 
Project). 1981. Progress report 1980-81. New Delhi: 
Indian Council of Agricultural Resaarch and Cooperat
ing Agencies. 

AmiBAsTHk H. N. S., and JHk, I. B. 1955. A.,essing 
ratooning potentialities of the strains of sorgjhum for 
fodder. Indian Journal Dairy Science 8:135-142. 

ANDERSON. E.. and WlUiAMs. L. 0. 1954. Maize and 
sorghum as a mixed crop in Honduras. Annals of the 
Missouri Botanical Garden A!:213-221. 

ANonREws, D. J. 1972. Intercropping with sorghum in 
Nigeria. Experimental Agriculture 8: 139-150. 

ANDREWS, D.J. 197" hesponses of sorghum varieties to 
intercropping. Experimental Agriculture 10: 57-63. 

Ayen, V.R., and SUNDA AM, S. 1941. A brief account of 
the studies on the harmful after-effects of cholam crop 
on cotton. Indian Journal of Agricultural Sciences 
11 :37-52. 

BAxER, E.F.I.1978. Mixed cropping in northern Nigeria. 
I. Cereals and groundnuts. Eyperimental Agricu4ure 
14:293-298. 

BkxER, E.F.I.1979a. Mixed cropping innorthern Nigeria 
Ill. Mixtures of cereals. Experimental Agriculture 15 
:41 -48. 

BA', E.F. I 1979b. Mixed cropping innorthern Nigeria. 
II.Cereals and cotton. Experimental Agriculture 15:33 
-40. 

BoOADE. V. N.1964 Mixed cropping of groundnut ,,nd 
jowar. Indian Oil Seeds Journal 8:297-301. 

BUNPROMmA. K., and MABsAYAD, D. B. 1978. Eff,_cts of 
plant population density and nitrogen fertilizer appica
ticr9 on sorghum-soybean intercrop. Philippine Jnumal

Crop Science 3: 221 -227. 

BURHAN, H. 0., and MANsi, M. G. 1967. Rotaon 
responses of cotton in the Sudan Gezira. 1.The effect 
of crop rotation on cotton yields. Journal of Agricultural 
Science 68:255-261. 

CAMPER, H. M., GErr'in, JR., C.F., and LoopE, K. E. 1972. 

Double cropping following winter barley harvest in 
Eastern Virginia. Agronomy Jousnal 64:1-3. 

CHINNAPPAN, K., and PALANiAPP., S. P. 1980. Multi-tier 

487 



cropping in ca!,. Indian Journal oi Agricutu, Scien-
ces 50 :342-345. 

CHOWOHURY, S. L. 1981. Recent studies in intercropping 
systems on the drylands of India-some thoughts, 
some results. Pages 299-305 in Pioceedings, Interna-
tional Workshop on Intercropping, ICRISAT, 10-13 Jan 
1979, Pataorheru, A.P., India: ICRISAT. 

CHOW HURY, M. S., and MIsANGu, R. N. 1981. Sorghum/ 
chickpea intercropping trial at Morogoro. nzania. 
Pages 217-221 in Proceedings, International Work
shop on Intercropping, ICRISA", 10-13 Jan 1979, 
Patancheru, A. P., India: ICRISAT. 

CLARA, R. 1980. Sorghum improvement in El-Salvador 
(mimeo). Training Program, ICRISAT, Patancheru, A.P., 
India. 

DE, R., and SiwcH, S. P. 1981. Management practices for 
intercropping systems r"ages 17-21 in Proceedings, 
International Worksh , on Intercropping, 1CRISAT, 
10-13 Jan 1979. Pata.-,heru, A.P., India. ICRISAT. 

DUNKLE, P. B., and ATKINS, I. M. 1944. Experiments with 
small grains and other crops. Texas A;,;cultural Experi-
ment Station Progress Report 892. 

EVANS, A. C. 1960. Studies of intercropping.l. Maize or 
sorghum with groundnuts. East African Agricultural and 
Forestry Journal 26:1-10. 

FREYMAN, S., and VENKATESWARLU, J. 1977. Intercropping 
on rainfed red soils of the Deccan plateau, India. 
Canadian Journal of Plant Science 57: 697-705. 

GARRIrY, D. P., HARWOOD, R. R., ZANDSTRA, H. G., and 
PRICE, E. C, 1979. Determining superior cropping 
patterns fo; small farms in a dryland rice environment; 
test of a methodology. IRRI Research Paper Series 
No.33. 11pp. 

GEBREKIDAN, B. 1977. Sorghum-legume intercropping in 
the Cherchev Highlands of Ethiopia. Association for the 
Advancement of Agricultural Sciences in Africa 
(AAASA) Journal 4:39-46. 

HAIZEL, K. A., and TWUMASi-AFRYIE. 1977. The agronomic 
significance of mixed cropping.2. Maize interplanted 
with sorghum. Ghana Journal of Agricultural Science 
10: 87-98. 

HOOPER, J. R., Ross, V. E., and MCCLOUD, D. E. 1975, 
Double cropping rice under natural rainfall in central 
Luzon, Philippines. Proceedings, Soil and Crop Science 
Society of Flnrida (USA) 34: 162-167. 

HOUSE, L. R., and GUIRAGOSSIAN, V. 1978. Sorghum in 

centfal and souti America (Onmeo), :CRISAT, Patan
cheru. A.P., India. 

HUKKERI, S. B., KULKARNi. K. R., and SHARMA, 0. P. 1978. 
Production potential of foodgrain crops grown in 
intensive cropping sequences with adequate inputs. 
Agricultural Situation in India 33: 289-291. 

HUSSAINI, S. H., and Pwo, P. V. 1966. Studies on spacing
and ratooning of CSH-1. Sorghum Newsletter 9:33 
-35. 

ICRISAT (International '.i".,*ps Research Institute for the 
Semi-Arid Tropics). 1j81%. Annual Report 1978-79. 
Patancheru, A.P., India: ICRISAT. 

IRRI (international Rice Research Institute). 1975. Pages 
339-341 in Annual Report for 1975. Los Banos, 

Laguna, Philippines: IRRI. 

JOHN, C. M., SESHADRI, C. R., and BHAVANI SHANKER RAO, 
M. 1'43. Mixed cropping of groundnut. Madras Agri
cultura! ,Journal 31: 191-'&,,a. 

KKU-FoRo. 1977. Pages 25-39 in Annual Report, KKU-
Ford Cropping Systems Project. Faculty of Ag-ici"'..e, 
Khon Kaen University, Khon Kaen, Thailand. 

LAws, W. D., and SIMPsorJ, B. J. 1959. Grain sorghum in 
farming systems for the Blacklands. Hoblitzella Agricul
tural Laboatory, Texas Research Foundatio,, Renner, 
Texas Bulletin 8. 22pp. 

LEEUWRIK, D. M., and MAHAPAT-. I. C. 1970. Production 
potential of various multiple crop sequences in diffe
rent agro-climatic regions in India. Presented at the 
Seminar on Breeding Sorghum for Higher and Sus
tained Productivity, Ind;an Agricultural Research Insti
tute, 28 July 1970, New Delhi. 

LINGEGOWDA, S. K., SHANTIVEERABADRAIAH. S. M., INAMDAR, 

S. S., PRrTHvi RAJ, and KRISHRAMURTHY, K. 1972. Studies 
on mixed cropping of groundnut and hybrid sorghum. 
Indian Journal of Agronomy 17 :27-29. 

LIRA, M. de A., FARIS, M.A., ARAuJo, M. R. A. de. 
VENTURA, C. A. D., and MANGUEIR.. 0. B. 1978. 
Intercropping of sorghum, maize, perennial cotton and 
cowpea. Pesquisa Agropecuaria Pemambucana (Re
cife, Prazil) 2: 153-163. 

MAFA , 3. C., LiRA, M. de A., ARCOVERDE, A. S. S., 
ROBERIO, G., and FARIS, M. A. 1981. Studies on the 
intercropping of sorghum and corn with phaseolus 
beans (Phaseolus vufgaris)and<cowpea (Vigna uonquicu
lata). Pages 46-51 in Proceedings, Internation, W;\ork
shop on Intercropping, ICRISAT, 10-13 Jan 1979, 
Patancheru, A.P., India: ICRISAT. 

488 



MAD[.t. l. C., VIDYABHUSHANAM, R.V., and SnTHANJW, 
V. 1965. Ratooning inhybrid sorghum gives more food
 
and fodder. Indian Farming 15: 30-31. 


MAY. K. W.. and MISANGU, R.1980. Genotype evalua-
tions and ir; !h r's for adapting plant material for 
intercropping. Pr:nEd at the Second Symposium on 
Intjicropping in Semn-And Areas, IDRC-University of 
Dar Es Salaam, 4-7 Aug 1980, Morogoro, Tanzania. 

MYERS, H. E.. and HALLSTED, A. L. 1942. The comparative 
offect of corn and sorghums on the yield of succeeding 
crops. Proceedings, Soil Science Society of America 
7:316-321. 

NA uu, B. A., . National demonstrations on jowar-
based rotL :;n - !an Farming 21:42-46. 

NATAP.'.;.%r4 1.1., tid WILLEY,R. W. 1980. Some studies 
on t'o- of moistue availability on intercropping 
yield aau -i:r'' Presented at the Second Symposium 
on Intercrotping inSemi-Arid Areas, IDRC-University of 
Dar Es Salam, 4-7 August 1980, Morogoro, Tanzaria. 

NELSON, L. R., GALLAHER, R.N., BRUCE, R.R., and HOLMES, 
M. R. 1977. Production of corn and sorghum grain in 
double-cropping systems. Agronomy Journal 69:41 
-45. 

NoRMAN, D.W. 1972. An economic survey of three 
villages in Zaoa Province. II.Input-output relationships. 
Ahamado Bello University, Samaru, Nigeria. 

OELSLIGLE, D.D., MCCOLLUM, E.E., and KANG, B.T.1975. 
Soil fertility marz'3ement ir,tropical multiple cropping. 
In Proceedings, Multiple Cropping, Symposium, Amer-
ican Society of Agronomy Annual Meting, 24-2.9 
August, Knoxville, Tennessee. 

OJGBO.B. N.1981. Evaluation of plant interactions ano 
productivity in complex mixtures as a .isis for im-
proved cropping >,. ein design. Paes t55-179 in 
Proceedings, lntein.'inal Workshop on Intercropping, 
ICRISAT, 10-13 Jan 1979, Patancheru, A.P., India: 
ICRISAT. 

OsiRu. 0. S.0., and WLLEY, R. W. 1972. Studies on 
mixture'3 of dwarf sorghum and beans (Phaseolus 
vufi )with aparticular referenco to plant population. 
Journal of Agricultural Sciences, Cambridge 79:531 
-540. 

PAL, M.- and KAuSHIK, S. K.1969. A note on ratooning of 
sorghum in northern India. Indian Journal of Agronomy 
14:296-298. 

PARSEiRY, D. P. 1966. Multiple harvests of irrigat. 
sorghum in northern Australia. Journal cf the Australian 

Institute of Agrikl,;ltural Sciences 32 :44-48. 

PLUCKNETT, D. L.,EVENSON., J. P., and SANFOnO, W. G. 
1970. Ratoon cropping. Advances in Agronomy 22: 
285-330. 

PanHW RA, B. K., GOWDA, L., KA.jJAI, N. B., and PATIL, S. 
V. 1972. Mixed cropping of hybrd jowar and cotton
 
gives higher profits. Current Research 1 :18-19.
 

QUINBY, J.R.. KRAMER, N.W., STEPHENS, J. C.,LAHR, K..... 

and KARPER, R.E. 1958. Grain sorghum production in 
Texas. Texas Agricultural Experiment Station Bulletin 
912. 

RANOHAWA. G.S., ar-1 SHARMA, C.B.1972. Possibilities of 
intercropping in banana. Pages 326-327 in Proceed
ings, Symposium on Multiple Croppirg,7-8 Oct 1972, 
Haryana Agricultural Unive-sity, Hissar, India. Indian 
,.Sciety eiAgronomy, New Delhi. and Indian Council of
 
Agricultura! Research, New Delhi.
 

RAO, N.G.P.1975. Sorghum production program. Indian 
Farming 25: 7-14. 

RAO,M. R., and SHETTY, S. V. R. 1976. Some biological 
aspects of intercropping systems on crop-weed ba
lance. Indian Journal of Weed Science 8:32-43. 

RAO, M. R., and WILLEY, R.W. 1979. Sorghum in rainfed 
intercropping systems. Presented at the Golden 
Jubilee Symposium, 24-25 Feb 1979, Sorghum Re
search Station, Parbhani, India. 

RAo, M. R., and WILLEY, R.W. 1980a. Preliminary studies 
of intercropping combinations based on pigeonpea or 
sorghum. Experimental Agriculture 16: 29-39. 

RAO,M. R., and WILLEY. R.W. 1980b. Evaluation of yield 

stability in inteicroppirg: studies with sorghum/ 
pigeonpea. Experimental Agriculture 16:105-116. 

REDDY, S. J. (in press). A simple method of estimating
 
soil water balance. Agricultural Meteorology.
 

REDDY, G. P., RAO, C. S., and REEDY, P. R. 1965. Mixed 
cropping in castor. Indian Oil Seeds Journal 9:310 
-313. 

REDDY, M. S., and WILLEY, R.W. 1980. The relative 
importance of above and below ground resource u'; ;, 
determiniioj yield advantages in pearl millet/groundnut 
intercropping. Presented at the Second Symposium on 
Intercropping in Semi-Ard Areas, 4-7 Aug, University 
of Dar es Salam. Morogoro, Tanzania. 

REDDY, M. S., and WILLEY, R.W. 1981. Growth and 
resource use studies in an intercrop of pearl millet/ 

489 



glouRdnirt. Field Crops Research 4:13-24. 

REDDY, M. S., and WILLEY, R. W. (In press). Improvedcropping systems for the deep Veisols of the Indian
croig stempics Exritheaeel Verislfte da 

REGO,(.J. 1981. Nitrogen response studies of intercrop-
peo sorghum with pigeonpaa. Pages 210-216 i 
Proceodings, International Workshop on Intercropping, 
ICRISAT, 10-13 Jan 1979. Patancheru, A.P., India:
ICRISAT. 

RoJs, E. A. 1976. Agrnomic aspects of dcuble176.Agroomicaspcts 
cropping in east central Nebraska. Dissertation Ab-
stracts International B 36: 3717. 

ROJA, E.A. f doble 

Roy, D. K. D., and KAFIDOFAm, A. Y. 1961. A study of 
long-term rotation effects in the Sudan Gezira. Journalof Aricltualciene 5 : 87-92.sugarcane 
of Agricultural Science 57:387-392. 

SALAHUOOIN, A. B. M. 1977. Sorghum improvement in 
Bangladesh. Presented at the International Sorghum 
Workshop, 6-12 March 1977. ICRISAT, Hyderabad, 
A.P., India. 

SuwAwHAaJC. K., and SRIwATANAPONGSE, S. 1977. Sor
ghum research in Thailand. Presented at the Interna
tional Sorghum Workshop, 6-12 March 1977. ICRI-
SAT, Hyderabad, A.P.. India. 

SANGHi, N. K., and RAO, Ch. H.1976. Ratooning for grain 
and seed production in red soils of Hyderabad. All India 
Coordinated Sorghum Improvement Project. 

SHANMUGASUNOARAM, A., THANG/VELU, S., MYLSAMY, V., 
and SURESH., S. 1967. Successful ratooning of hybrid 
jowar in Madras State. Indian Farming 17:29-31. 

SINGH, S. P. 1977. Intercropping and double cropping 
studies in grain sorghum. Presented at the Internation
al Sorghum Workshop, 6-12 March 1977, ICRISAT. 
Hyderabad, AP., India. 

StNGH, K.. and SINGH, A. 1V"6. Studies on correcting after
effects of sorghum. Journal of Research (Ludhiana) 
3:135-141. 

STOOP, W. A. 1981. Creal-based intercropped systems 
for the West African semi-arid tropics, particularly 
Upper Volta. Pages 61-68 in Proceedings, Internation
al Workshop on Intercropping, ICRISAT, 10-13 Jan 
1979, Patancheru, A.P., India: ICRISAT. 

TARHALKAR, P.P., and RAO, N.G. P.1981. Genotype-plant 
density considerations in the development of an 
efficient intercropping system for sorghum. Pages 
35-40 in Proceedings, International Workshop on 

Intercropping, ICRISAT, 10-13 Jan 1979, Patanchoru, 
A.P.. India: ICRIStT. 

WAHUIA, T. A. T., and MILLER. D. A. 1978. Relative yield
totals and yield components of intercropped sorghum
and soybeans. Agronomy Journal 70:287-291. 

WORKER, G. F. 1961. Double cropping vs continued 
cropping of grain sorghum at the Imperial Valley Field 
Station in 1961. Sorghum Newsletter 5: 8. 

YAYOK, J. Y. 1981. Crops and croping patterns of the 
savanna region of Nigeria: The Kaduna situation. Pages69-77 in Proceedings, International Workshop on 
6necr in PcRis, 10-13nan 1979 P o n 
Intercropping, ICRISAT, 10-13 Jan 1979, Ptancheru,A.P., India: ICRISAT. 

ZENDL G. K, and PATIL, . . 1972. Intercropping in 
sugrc an r . s 3972 1 in ininMaharashtra. Pages 320-321 in Proceed

ings, Symposium on Multiple Cropping, 7-8 Oct 1972, 

Haryana Agricultural University, Hisser, India. Indian 
Society of Agronomy, New Delhi. and Indian Council of 
Agricultural Research, Nemv Delf'r. 

490 



Crop Management 

M. D. Clegg* 

The general methodclogies of crop management, 
as currently carried out in the various countries of 
the world, are extremely variable. This is because 
there are many environments with farm sizes 
ranging from less thls-, 0.5 hectare (Harwood and 
Price 1976, to farm sizes that are in excess of 

300 hectaes (Schertz 1979). Regardless of farm 
size, the goals of farmers are to produce max-
imum crop yields by managing the farming sys
tem so that environmental stresses are minimal to 
the growing crop. 

According to Zandstra !1377), yield is a functini 
(f) of management (Q) and environment (E): 

Sf(j, I) 

The symbol M4includes the consideration of the
nclues cnerlatinchoiesymo v the esth-

choice of gety, the p of plant establish-aocedure 
ment, arrangement intime and space, fertilization, 
pest control (weeds, insects, and disease) and 
harvesting. The symbol icludes the land (soil 
characteristics), climate variables (rainfall, day-
length, solar radiation, and temperature) and 
economic resources (power, labor and cash), 
Throughout this symposium most, if not all, of 
these variables will be addressed, 

Beca 'rop entmanagem encompasses 
these many variables this paper will be directed to
various cultural practices or considerations which 

have developed in the last decade. Furthermore, it 

will be necessary to discuss practices peculiar to 

both large farms (high mechanization) and small 

farms (little mechanization). In many cases the 
principle of the cultural practice will apply to 
either. 

'Associate Professor, Department of Agronomy, Insti-
tute of Agriculture and Natural Resources, The Univer-
sity of Nebraska-Lincoln, Lincoln, Nebraska, USA. 

Present Considerations 

Largo Farms 

The number of crops grown on large farms are 
few. In many instances only one crop is grown 
because of the characteristics of the environ
merits. This results in highly specialized farming. 

Variety Selection 

New high-yielding hybrids are continuously being 
released by commercial seed companies. Resist
ance to insects and diseases, seed quality, as well 
as climatic stresses are considered in the develop

ment of the new hybrids. Farmers choose hybrids 
which are adapted to their areas from these 
companies. 

Seed of hybrids sold to farmers is processed to 
insure a high qua!-tj p.,dct. Processing includes 
sizing, fungicide treating and packaging. Because 
seed size varies considerably, the number of 
seeds per bag are indicated allowing the farmers 
to plant the correr' amount of seed per unit area. 

A recent inrovation is to protect the seedlings 
from herbicide damage by the application of a 
chemical protectant, which allows the use of 
higher concentrations of herbicides for weed
control with less risk of seedling injury (Bumnside 
et al. 1971; Spontanski and Buside 1973; Ellis et 

al. 1980; Nyffeler et al. 1980; Henken 1981). 

Plant Arrangement 
Variability of plant height, leaf direction, leaf 

number and leaf size exists in grain sorghum. 
Proper spatial arrangement is needed for each 
genotype in an environment to balance the 

radiation load for maximized yields and efficient 
water use. With irrigation or favorable environ
ments, maximum radiation can be intercepted for 

International Crops Research Institute for the Semi-Ad Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 

Symposium cn Sorghum, 2-7 Nov 81, Patancharu, AP. India. Patancheru, A.P. India: ICRISAT. 
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utilization because water is available for con-
tinuous transpiration and minimal heat and water 
stress. Intorception of radiation can be increased 
with narrow rows and high plant populations 
(Clegg 1971). This is a practice which is used to 
obtain a more equidistant plant arrangement in 
order to optimize water use (Richie and Bumett 
1971; Blum and Naveh 1976; Meyers and Foale 
1981). As conditions become more arid, the 
radiation load is reduced by lowering plant popula-
tion and widening rows, and by using a more 
rectangular plant arrangement, to optimize more 
efficient water use (Blum and Naveh 1976; Meyer 
and Foale 1981). 

The greatest problem with narrow rows is that 
mechanical cultivation is difficult and weeds need 
to be controlled eady. However, adequate weed 
control can be obtained using herbicides (Burn
side 1977). 

Surface Mulch 

Reduced tillage systems which leave residues on 
the soil surface are gaining favor because of 
better moisture conservation, improvement of soil 
physical properties, and soil erosion control. 
These systems also reduce tillage time and 
minimize a delay in planting due to inclement 
weather (Lane and Gaddis 1976). 

In the more arid areas, ecofallow and no-till 
fallow are becoming popular (Greb and Zimdahl 
1980; Peterson and Fenster, in press). These 
systems depend on contact and preemergence 
herbicides to control summer weeds. With ecofal-
low, some tillage is required for late summer 
weed control and reduction of residues to facili-
tate planting (Peterson and Fenster, in press). 
Benefits of these systems are many. Loss of soil 
by wind and water erosion is reduced (Lane and 
Gaddis 1976; Good and Smika 1978; Peterson 
and Fenster, inpress). Increased water infiltration, 
and reduced evaporation thereby, results in in-
creased water storage. Further, increased mois
ture occurs in environments where winter snow is 
common. The residue allows for increased snow 
catchment and the stubble al!ows for more 
efficent snowmelt storage (Nordquist and Wicks 
1976; Good end Smika 1978; Peterson and 
Fenster, in pres). In environments which are 
marginal for continuous cropping, a wheat-maize 
or sorghurn-fallow-wheat cropping sequence was 
succesgful as compared with the conventional 
sequence of wheat-fallow-wheat-fallow. This was 

because enough moisture was stored using these 
no-till or limited-till systems (Nordquist and Wicks 
1976). 

There are several problems inherent with leav
ing residues on t.e soil surface. The geatest 
problem is the need for special planting equip
ment (Peterson ana Fenster 1981). Soil tempera
tures are reduced (Nordquist and Wicks 1976; Lal 
1978; Unger 1978) with a temperature difference 
of 5.5°C (Good and Smika 1978). This lowering of 
temperature delays the time for soil to reach 
favorable temperaturef- for seed germination (Un
ger 1978) and requires earlier maturing varieties or 
hybrids since planting may be delayed (Nordquist 
and Wicks 1976). Herbicides used for weed 
control may result in carryover problems (Peter
son and Fenster, in press). 

Biological Nitrogen 

Fertilizer, especially nitrogen which is required in 
large amounts, has been readily available in the 
past at economical costs. Nitrogen costs have 
increased considerably resulting in the considera
tion of using cropping systems which include 
biological fixed nitrogen. Maizo realized approxi
mately 90 kg/ha nitrogen following soybeans in a 
maize-soybean rotation (Shrader et al. 1966). 
Sorghum grown continuously over a 4-year period 
with no applied nitrogen yie!ded an average of 
4600 kg/ha as compared with a sorghum yield of 
6551 kg/ha when grown in rotation with soy
beans with no applied nitrogen. The yield level 
attained by sorghum in the rotation system was 
equivalent to 76 kg/ha applied nitrogen (Clegg 
1981). This would indicate that a significant 
amount of biologically fixed nitrogen can be 
obtained from cropping systems. Other benefits 
of changing crops are that they aid in controlling 
insect pests and diseases, and with soybeans the 
fields are in excellent condiiion for a no-tillage 
operation. 

Mechanization 

The labor requirement and the number of farm 
workers have declined in the Great Plains of the 
USA as a result of fewer but larger farms and the 
development of larger tractors and machinery 
(Lagrone 1979). A farmer can easily till or plant 
100 ha per day. 

Irrigation has developed on marginal land with 
leveling and the use of center pivot irrigation 
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systems. Maize has generally been grown on 
developed lands because of its response to 
irrigation. However, increased irrigation has re-
suited in the lowering of the water table. This will 
result in the near future in acreages being shifted 
back to dryland farming (Lagrone 1979). 

Small Farms 

Numerous crops may be involved with small 
farms. In a study by Norman et al. (1979), the 
cropping area included 29 crops of which 60% 
were cerea!s (sorghum and millet), 24% grain 
legumes, and 6% other crops. This resulted in 230 
different crop mixtures excluding planting pat-
tems and population densities. Sixty-two Bang-
ladesh farmers used three cropping systems 
consisting of one, two, or three crops per year 
with different combinations of crop varieties for 
19 different cropping patterns (Hoque and Rah-
man 1981). Thus, small farm agriculture can be 
very complex. 

Variety Selection 

The majority of small farms are in the developing 
countries. Because of limited resource;, farmers 
select and harvest seed from their fields which 
are either local varieties or higher yielding im-
proved varieties. Thus, most developing country 
programs are involved with variety development 
(Patanothai 1975). In Egypt, a high-yielding im-
proved variety, Gizza 114, is predominantly grown 
by the farmers. A new improved variety, Gizza 15, 
is being introduc-d. They have a continuing 
maintenance and development of varieties as well 
as hybrids in their program. They also maintain 
foundation and registered seed of the improved 
varieties (Anon. 1981c). 

Plant Arrangement 

The general principles governing plant arrange- 
ment for small farms are similar to those for large 
farms, i.e., balan-ing the radiation load for maxi-
mized yields and efficient water use. However, 
with small farming the use of numerous crops in 
different combinations allows not only for spatial 
arrangement but arrangement in time. Intercrop-
ping, mixed cropping, relay cropping, sequential 
cropping and rotations are all systems which allow 
for plant arrangement in space and time. 

Great interest has been directed towards these 

systems. Several symposia have dealt with the 
various aspects of multiple cropping (Multiple 
Cropping, 1976, ASA No 27; Cropping Systems 
Research and Oevelopment for the Asian Rice 
Farm- 1977, IRRI; Cropping Systems Confer
enc1b, T(pI). Allen et al. (1976) and Trenbath!, 
(1916) presenet: '0asic information needed for the 
cultural systems ind Unger and Stewart (1976) 
provided informduon and materials for production. 

Although there is much interest in developing 
new cropping sys; ms, generally there is not 
enough thought directed to management. Sor
ghum schemes in Southeast Asia failed because 
harvest operations occurred during a period with 
expected rainfall of 25 mm per week (Harwood 
1977). Failure of improved cotton over traditional 
cotton occurred because the improved cotton 
required more labor, and its culture conflicted with 
the weeding of their food crops (Norman 1980). 

The greatest advantage of indigenous systems 
is that they are well adapted and require a low 
level of management (Krantz and Dart 1977). 
However, a study by CIMMYT of the acceptance 
of new technology where new technology had 
been introduced for at least 5 years showed 
adoption existed and decisions could be explained 
by the biological and economic circumstances of 
the farmers (Anon. 1981a). 
Biological Nitrogen 

Unavailability of nitrogen, a major plant nutrient, 
becomes a major constraint for good crop produc
tion in developing countries because of the 
general lack of economic resources. Legume 
crops are traditionally used in many cropping 
systems for their nitrogen fixation benefits or 
through the sparing effect on the availability of 
nitrogen for the associated crop in the crop 
mixture (Krantz and Dart 1977). Many studies 
show combined yield advantages of mixed cereal
grain legume cropping systems (Vorasoot et al. 
1975; Wahua and Miller 1978; Natarajan and 
Willey 1980a, b; Mohta and De 1980). Wahua and 
Miller (1978) could show no evidence that sor
ghum actually gained nitrogen from the associ
ated soybean crop. 

Other benefits of cereal-grain legume systems 
are the reduction of insects and diseases, and 
furnishing _ protein source for human nutrition. 

Mechanization 

There is a high labor requirement for small farms 
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(Nuweke 1960). Periods which require intense 
labor (planting, harvesting) often cause labor 
shortages and result in reduced crop yelds. 
Therefore, adequate planting and harvesting 
machinery for the Asian rice farmer are being 
developed (Anon. 1.381b). 

Developing machinery for many cropping sys-
tems is not difficult. Some modification of existing 
machinery will suffice. The difficulty arises when 
mechanizing the operations of mixed cropping 
systems which traditionally have depended on the 
use of hand tools (Erbach and Lovely 1976). 

The economics of buying machinery is a serious 
constraini. In many cases, the rvost of a machine is 
not in proportion to its size. A ;mall tractor has 
essentially the same building requirements as a 
larger tractor. 

Mechanization can result in unemployment 
(Erbach and Lovely 1S76) and can cause serious 
problems. Howevei, studies comparing animal-
powered farming with traclor-powered farming 
showed that although the mechanized farm had 3 
lower total labor requirement the amrount of hired 
labor was greater than the traditional farm (Anon. 
1981b). 

Future Considerations 

There are many opportunities for improving crop 
production and management. Variety and hybrid 
improvement with respect to general adaptation, 
grain quality, insect and disease resistance will 
always be a major objective. This is probably a 
technological improvement which is most readily 
accepted by farmers. However, there are areas 
which require specific adaptation. Certain soils are 
either deficient in certain minerals or have toxic 
levels. Brown and Jones (1977) have been able to 
obtain plants which grow well on soils deficient in 
iron, zinc and copper or at toxic levels of aluminum 
and manganese. The possibility of selecting nit-
rogen efficient genotypes exist (Maranville et al. 
1980). Stress tolerances to high and low tempera-
tures as well as droight are necessary. 

Water is a resourre which is becoming scarce 
in many areas because of well-irrigation reducing 
the water table at a higher rate than the normal 
recharge. Maiz is usually grown because of its 
responses to irrigation, but the development of 
sorghums with high yields with limited irrigation 
could result in stabilization of water for these 
areas. 

Minimum tillage systems retain considerable 
amounts of residue on the surface resulting in 
insulation and reduced soil temperatures at nor
mal planting periods. This is especially serious in 
northem temperate areas. Selection of genotypes 
with cool tolerance for germination and emerg
ence is needed (Nordquist and Wicks 1976). 
Minimum tillage for water conservation, erosion 
control and improved soil characteristics should 
be considered for some add lesser developed 
countries. Similarly with the introduction of any 
new cropping system, a definite procedure for 
testing and selecting adapted genotypes is 
needed. In many cases, unique cultural proce
dures should be adopted in a breeding program. 
For example, the Egyptian farmers begin to 
harvest the lower leaves of sorghum and maize 
for forage soon after anthesis. This can continue 
until only a few leaves remain. This operation 
could easily be adopted in a breeding program for 
selection of improved varieties. 

Biological fixed nitrogen may be one of the 
more productive areas for research. Traditionally, 
cereaHa-gume cropping systems have been used 
for the nitrogen fixing benefit of the legume. 
However, the exact mechanism involved for the 
cereal crop response is not known. Research 
should be directed to understanding this re
sponse. There are also associative nitrogen fixing 
systems which are unique to grasses (Dobereiner 
and Day 1975; and Singh et al. 1980) which 
should be explored fully. 

Mechanization of crop production operations is 
necessary when labor becomes limiting or expen
sive. To mechanize requires capital and larger 
farming units which are usually main constraints 
in developing countries. Development of im
proved mechanized systems to reduce labor 
requiremen.s and accelerate cultural operations 
seems plausible in place of a machine for every 
farmer. As an eyemple, the Egyptian farmer 
harvests and bundles wheat by hand and then 
transports the bundles to a central area for 
threshing with a small engine powered thresher. 
The grain is then cleaned by winnowing. This 
harvesting operation could be improved by mod
ifying a smll readily available forage cutter for 
harvesting. A custom or cooperative combine 
could be used as a stationary machine for 
threshing and cleaning the wheat in one opera
tion. The combine could easily be moved from 
one farmer's field to another. This system will also 
allow shortening the time between harvest and 
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Sorghum Seed Production and Distribution 

K. R. Chopra 

Grain sorghum (Sorghum bicolor, (L.) Moench] is a 
staple food of a large section of the population in 
India and Africa. It is also extensively grown in the 
United States, parts of Central and South Amer-
ica, China, Pakistan and to a lesser extent in South 
east Asia. the USSR, and Europe. Although India 
has the largest area in the world sown to 
sorghum, it ranks second to USA in production. 

Sorghum is primarily used for human consump-
tion in developing countries and for livestock feed 
in developed countries. As with consumption, the 
production techniques vary greatly. 

Most farmers in developed countries are edu-
cated. They have acquired improved human skills 
and managerial abilities. They practice efficient 
scientific agriculture and possess means to ac-
quire new technology quickly. They are cognizant 
of the fact that no agricultural practices can 
improve the crop beyond the limits set by the 
seed, hence they mostly use seeds of high 
yielding and adapted hybrids for planting. 

To cater for the enormous seed needs of the 
farmer-consumers, a specialized industry largely 
operated by commercial firms has developed to 
produce, process and market hybrid sorghum 
seeds. 

The developing countries can be grouped into 
two distinct seed categories. First, there are those 
where research has developed superior hybrids 
and/or improved varieties and the necessary 
infrastructure to systematically produce and distri-
bute quality seeds although most farming is yet at 
subsistence level. Government departments and 
private seed companies through their extension 
agencies have convinced some of the farmers to 
plant improved seeds and use scientific cultivation 
technology. Thus the farmers have been bene-
fited and there is a slow but steady switch-over to 
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improved seeds. Second, in many developing 
countries, the farmers save their own seed for 
next year's planting. These farmers are mostly 
illiterate and slow to adopt new technology. The 
technical know-how and infrastructure to multiply 
hybrid seeds is nonexistent. Limited quantities of 
improved variety seed is multiplied by govern
ment agencies and distributed free or at hiqhly 
subsidized prices. 

A seed program capable of providing farmers 
with good quality seed is essential to a nation's 
agricultural development. To be effective, such a 
program must be carefully tuned to the nature of 
farming in the country. As complex multi-cropping 
and intercropping systems are introduced, reliable 
seed supplies become more important. Fegular 
supplies of seed of new crops and improved 
varieties should flow to farmers through an ever 
enlarging pipeline. Further, if the seed p.-agram is 
to succeed, the seed must be consistently better 
than the seed produced by the farmers them
selves. 

The seed program is, therefore, to be organized 
with the objective of planning, producing and 
making available to the farmers adequate quanti
ties of high quality, genetically stable and pure 
seed of improved and adapted varieties, free from 
seed-borne parasites, and at a reasonable price. 
Seed production is thus a specialized and exacting 
task requiring standard conditions and proper 
supervision at different stages of production. 

The type of seed production program to be 
developed in a country depends mostly on the 
social, economic and political circumstances of 
the country. The type can be official, semiofficial, 
cooperative, private, or a combination of these. 

In most advanced countries, the seed enter
prises are in the private sector. Many seed 
companies, some even multi-national, compete 

with each other to produce and supply seeds 
mostly of sorghum hybrids or of improved 
varieties. Many have created strong research 
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programs to evolve closed pedigree hybrids. All 
have developed trained manpower and have 
created infrastructure to prc.duce, process and 
market their seeds. Emphasis is on producing 
gocd quality seeds. They also develop and supply 
applied cultivation technology most suited to 
exploit their hybrid's optimum genetic potential. 
Most farms on which the seed is produced are 
large, and production techniques are highly 
sophisticated and mechanized. 

In developing countries, most seed programs 
are started with government participation and/or 
through technical assistance from international 
agencies. The Food and Agriculture Organization 
is providing technical and financial assistance to 
many seed programs in Asia, Africa. and Central 
and Latin America. USAID also collaborates in 
many developing countries through the Interna-
tional Agricultural Development Services based in 
New York and provides financial and technical aid. 
Most of these collaborations are with recipient 
governments and do not encourage development 
of a seed trade in the private sector. 

Wherever feasible it is desirable that parallel 
development of seed trade both in government 
and private sector should be encouraged. A fair 
competition among them will ensure timely and 
adequate supply of quality seed to farmers. 
Development of the seed industry in India is an 
excellent example where governmental and pri-
vate seed agencies compete with each other to 
meet the farmers' seed needs. In a short span of 
just 15 years, over 50% of the area sown to 
sorghum during the kharif season is planted with 
hybrid seeds. Another example is the develop-
ment of the Kenya Seed Company. Started by a 
group of progressive farmers some 25 years ago 
to grow quality hybrid seeds for its own needs, 
the company now meets the total seed demands 
of most crops of the entire country. It also grows
hybrid seeds of many crops under contract solely 
for export. Although the company's majority
shares are now owned by the government, it is 
managed on a commercial basis by competent 
technically qualified personnel, with reasonable 
profit as its motto. 

Seeds are multiplied on government, coopera-
tive or private seed farms in most countries, 
Where land holdings are small, seed villages are 
developed. Viable seed units are created by 
encouraging small seed farmers to undertake 
multiplication of only one kind and variety. The 
seed farmers learn production techniques quickly. 

With proper advice and guidance, they can and do 
produce quality hybrid seeds. Cheap and abun
dant human and animal resources are mostly used 
in field and plant operations. 

Infrastructure and Resources 

Adequate infrastructure in terms of trained tech
nical manpower, physic.s! facilities and financial 
resources is necessary for successful sorghum
seed production. The seed enterprise irrespective 
of whether it is in developed or developing 
countries, in the public or private sector needs 
senior technical managerial staff to plan produc
tion targets, arrange basic seed, identify suitable 
production areas, arrange field equipment, de
velop seed processing facilities, and impart seed 
production training. They are also responsible for 
developing a suitable package of practices such as 
the ideal time of planting, plant density (row and 
plant spacing), amount and time of weedicide, 
fertilizer, pesticide and water application, and for 
distinguishing morphological characteristics of 
varieties, or both parents in hybrids, to facilitate 
proper roguing and timely harvesting. 

The objective is to realize maximum seed yield 
per hectare and to maintain high standards of 
genetic and physical purity. It is easier to adopt 
the above practices where the seed agency is 
producing seed on its own or leased farms 
because all the operations are conducted by its 
own trained technicians. But most of the seed the 
world over is produced under a full procurement 
contract system with progressive farmers. The 
field operations are thus the responsibility of the 
farmer-seed grower. He needs to be guided in 
seed production techniques. Trained supervisors, 
who advise the seed growers and imbibe in them 
the concept of quality and ensure that all field 
operations, particularly timely roguing, are per
formed, are an integral part of any seed program. 
Their responsibility increases when seed produc
tion is undertaken with subsistence level, unedu
cated farmers in developing countries. 

The seed enterprise requires finance for physic
al facilities such as offices, land, equipment for 
field operations and processing facilities, for 
recurring costs such as salaries of the staff and 
expendables such as fertilizers, pesticides, and 
packing materials, and to pay the farmers the cost 
of seed procured from them. The actual invest
ment will depend on the quantity and kind of seed 
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to be produced and the nature of facilities that are 
developed. The capital investn;imt is usually much 
higher in the market oriented i.-conomy because 
the shortage and high cost of human resources 
demand mechanization and automation. The fi-
nance may be received as a govemment grant, 
loan frmm institutions responsible for rural de-
velopment and/or from commercial banks. 

Research Responsibility 

Agro-research scientists working in the universi-
ties, plant breeding stations and international 
research centers cooperate to maintain a con-
tinuous flow of superior hybrids and improved 
varieties to replace the existing ones. The super-
iority may be for yield, resistance to pests or 
diseases, ability to withstand environmental 
stress or any other trait of economic value. In 
advanced countries, many private seed enter-
prises have also created research facilities and 
thus share the responsibility to evolve better 
sorghum hybrids and varieties. They do not 
disclose their pedigree and thus enjoy a monopoly 
on the production and sale of their seed. 

In most developing countries, the responsibility 
to develop, test and release superior hybrids or 
varieties is entirely that of national research 
institutes. International research organizations 
such as ICRISAT also supply improved variety/ 
hybrid trials and assist developing countries to 
plant and identify superior adaptable types. These 
are of open pedigree and any agency in the public 
or private sector can produce their seeds. 

Seed Classes-Their 

Maintenance and Increase 

The objective of seed production is to build a 
strong chain of multiplication of the various seed 
classes. Three stages of multiplication recognized 
in seed certification are: 

1. Breeder's seed 
2. Basic (foundation) seed, and 
3. Commercial (certified) seed. 
Breeder's seed is the first multiplication stage 

after a new superior variety or hybrid has been 
officially released, notified and recommended for 
cultivation. The responsibility for the increase of 
this seed class is usually with the originating 
breeder or his station. If the variety/hybrd has 

been developed through the ccoperative efforts 
of a national or international research project, the 
coordinator nominates the breeder or breeders 
who will be responsible for breeder seed multipli
cation and supply within each country. Incase ofa 
hybrid, the male sterile line (Aline), the maintainer 
line (Bline) and the restorer line (Rline) compdse 
the breeder's seed. 

Breeder's seed of maintainer line, restorer li~n 
and variety are multiplied in a small plot, either 
under complete isolation or by controlled pollina
tion usually on a university or research farm. The 
male-sterile line is increased by planting in an 
isolated plot A and B lines in alternate sets of rows 
(frequently 4: 2 or 6: 2 A and B lines respectively). 
Each plant is examined at the vegetative, flower
ing and seed ripening stages for trueness-to-type 
and seed-borne diseases. The breeder and his 
staff ensure that the seed meets the highest 
standards of genetic purity, as one off-type plant 
will give rise to hundreds of such plants in the 
subsequent multiplication stages. Maximum care 
is taken to avoid all chances of mechanical 
mixtures during harvesting, threshing, cleaning, 
grading, packing and labeling of this seed class. 

The general s'indards and specific require
ments of breeder's seed are frequently not 
stipulated by most official seed certification agen
cies in the world, possibly because the authority 
competent to label breeder's seed is the originat
ing/nominated breeder himself and he is beyond 
the purview of the certification agency. Hcrwever, 
the breeder's seed must be field tested before it 
is released as a source for basic seed multiplica
tion. The field test may be jointly conducted by the 
breeder and the seed certification agency. 

As a matter of policy and convenience, adequ
ate quantities of breeder's seed to last for 3-4 
years should be multiplied at one time. The extra 
seed can be retained as a buffer stock for any 
sudden rise in demand or increased projected 
requirements. It wi!l also avoid errors that tend to 
arise with frequent handling. Variations which 
tend to develop from delayed segregation, muta
tion, outcrossing, genetic drift or selection bias of 
the breeder will also be minimized. A suitable cold 
storage facility should be created at the research 
station to store the planned carry-over stock. 

Basic (foundation) seed is frequently produced 
from breeder's seed. It is not necessary that 
production of all basic seed be from breeder's 
seed. As long as trueness-to-type is maintained it 
can be produced from existing basic seed. Gener
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ally one would go back to breeder's seed after 
every 3 or 4 increases. Basic seed is multiplied at 
the university seed farms or at the research farms 
t' seed companies under the supervision of 

dsee :;.pi:cialists. This seed class is usually 
certifie. oca,;e it is used for the production of 
certified commercial seed. b:-I seed lots 
J"lould be f;.J tested for ;rri purity before 
sale. The multiplication of the basic seed class 
should not be re:;,ricted to govem!n-tal agencies 
only. Free competition in its multiplication be-
twcen the public and private sector should be 
encouraged to ensure adequate and timely sup-
plies of seed with desirable genetic purity. A 
planned carry-over to the extent of 50% of this 
seed class is essential to safeguard -; :!'; future.t 

failures from natural calamities or adverse agro-
climatic conditions. Suitable cold storage facilities 
should be provided at production centers for 
storing the basic sebd. 

In advanced countries the maintenance and 
increase of the breeer and basic seed of closed 
pedigree hybrids is usually the responsibility of 
the parent seed stock multiplication departments 
within the seed companies. These de.-,c .Kments 
are manned by qualified breeders and seed 
specialists. Many organizi.uns in advanced coun-
tries also have made a business of producing and 
selling basic seed primarily of open pedigree 
hybrids. 

In order to have sufficient quantities for the 
production of commercial seed, it may sometimes 
become necessary to introduce another class 
between the basic and commercial seed multipli-
cation stages, particularly when multiplying seeds 
of sorghum varieties. This is known as registered 
seed. This seed class is usually produced on 
government seed farms or by experienced seed 
growers contracted by public or private seed 
companies. The production is supervised by 
trained seed technologists. 

Commercial (certified) seed is proauced from 
basic (foundation or registered) seed. This is the 
seed sold to farmers to sow their crop. Commer
cial seed is refer;c' to as certified seed if it is 
produced accordiniu to prescribed standards 
which ensure trueness-to-type, germination per-
centage and seed purity. Certification is usually a 
voluntary process and may not be used by 
experienced companies having careful ccol of 
their production. In such cases farmers pu;cnase 
seed, paying more attention to brand name than 
to the certification tags. 

In advanced countries, most of the -mmercial 
sorghum seed is grown by private seed com
panies. Either they lease the land of farmers and 
carry out all operations themselves or they enter 
into a preagreed procurement contract where the 
farmer is responsible for all the cultivation opera
tions, and roguing is handled by the company's 
trained technicians. Most seed farms are large. 
Mechanization is convenient and economical. end 
the company has control over operations whic 
determine the genetic and physical quality of th 
seed. 

In developing countries, the certified commer
cial seed is produced either on large government 
farms or under contract with numerous small but 
progressive farmers. All field operations on gov
ernment farms are handled by the salaried staff. 
Since the element of incentive is usually lacking, 
many field operations are not completed on time, 
which not only reflect on n,!ed yields but also on 
its genetic and physici qu7.Iity. Since government 
seed multiplication programs usually enjoy hidden 
or direct subsidies, they are able to attract the 
farmers by selling theh ted cheaper. 

The farmers with small land holdings either 
form themselves into a seed cooperative or enter 
into a procurenent coniract with the public or 
private sector seed companies. The seed com
panies are usually better organized. They hire 
competent technical staff who are conversant 
with advanced production technology and thus 
help their seed farmers in harvesting high acre 
yield while ni'ntaining the high standards of 
purity. They create strong seed promotion, mar
keting, and after sales service departments, and 
they provide efficier and quick after sale ser
vices. They establish their brand image and 
farmers prefer to buy their seeds. 

Problems in Seed Production 

After superior hybrids have been bred they are 
evaluated inyield trials and large-scale farmer field 
trials before release. Most of the seed produced 
at research 7-,nters for evaluation trials is through 
hand pollinations. A systematic study on the ease 
of production in furmers' fields under various 
agroclimatic ronditions should be done bolore a 
hybrid is rrleased for commercial planting; 
however, this is seldom done. It is left to the seed 
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producing agencies to obtain information on 
) nays to flowering of each parent to ernnure 

syn-t.honization in the sued field; (b) the pm.,to-
vensit;,,ity and/or thermu.s:nsitivity of the two 
prIents in v.irious agrocli-nmtes, which may dif-
ferentially influence the tirne to flower, and 
(c) the length of the period of receptivity of the 
female parent, and information on flov.er charac-
teritics, such as, length of style (sometimes the 
pistil may not emerge from the floret hence very 
poor pollen receptivity). 

There are genetic problems whicO a seed 
producer faces, e.g., the pollen parent may be a 
shy pollen producer; absence or poor develop-
ment of female floral parts in some florets due to 
genetic reasons; large variation in seed size and 
germinating value of seed from he me panicle; 
and very poor keeping quality c, :'-ed. 

These problems can be illustrated from experi-
ence in the production of sorghum secd in India. 
Inorder to successfully produce F1 seed, synchro-
nization of flowering of both the seed and pollen 
parent is essentiat, i.e., '.he pollen should be 
avc-:;'?.,',le to fertiize the stigmas of the seed parent 
wh~ ~they become receptive. The first sorghum 
hybrid released by the All India Coordinated 
Sorghum lmprovem'rnt Project was CSH-1. The 
male and female parents of this hybrid have more 
or less the same maturity, the height of the two 
parents is also similar and seed production has 
L.en very successful. There were numerous 
problems in multiplication of seed of the second, 
third and fourth sorghum hybrids released. 
Although these hybrids possessed a high yield 
potential and better grain quality, they had to be 
discontinued becaise sc,,- production was 
almost impossible. Th6 male -,rent of CSH-2 was 
almost two feet shur'er than the female parent,
hence the pollen could not reach the ,:t~ijnas of 

the seed parent. The st'le of the female > ,itof 
CSH-3 arnd CSH-4 would not come ot of the 

florets resulting in very poor seed setting. 
The fifth hybrid released, CSH-5, has a very hgh 

yield potentiai but its male parent flowers be
tween 15-20 days earlier than the female parent 

thus nocessitating staggered plantings. Further-

more, the panicle of the female parent is very 

large, causing variation in seed size and germinat-

ing capacity. Moreover, the seed of this hybrid 

deteriowates fast in storage. There is a problem of 

poor development or even absence of fem3lo 

floral parts in certain florets from the sane panicle 

in the recently developed sorghum hybrid CSH-9. 

Quality Contr6c 

(i~uality control, volu61.ry or compulsory, is an 
integral part of any sr3d program. Seed that is 
sold to the famier consumer should conform. !o 
certnin standards of genetic identity and purity, 
should be free from inert matter, obnoxious 
weeds and see-bome diseases, should be of 
high germinaing capacity and possess the ability 
to establish vigorous seedlings. Most of the 
anriculturally advanced countries have legislation 
governing quality of seeo bz"d to farmers. Even in 
developing countries where 3 beginning in orga
nized seed trade has been nade and farmers 
depend on outside agencies ior their seed sup
plies, seed legislation has beei enacted to safe
guard their interests. The law may provide for 
compulsory certification by a recognized agency 
anJ prohibit the sale of seed to farmers unless it 
conforms to certain minimum standards. It must 
be truthtully labeled, i.e., the seed should be sold 
in contaivers clearly jeclaring the name, kind and 
variety of seed, its purity, germination, and other 
crop seed, weed seed and inirt matter percen
tages. 

In most developing countri;.s wher.: the farmer
consumers are illiterate, compulsow c',-,fication 
of seeds may initially be necessary to maintain 
their quality. Seed certification is a specialized and 
responsible job. Most decisions affect someone. 
When £E;,.d is rejected, the seed grower is a 
heavy loser. If seed which does not conform to 
standards is certified, 311 buyers of that seed will 
suffer. Therefore, the certification requirements 
should be detinite, adequ'te and realistic and they 
should be adhered to equitably and with firmness. 
This job becomes easier if the certification age;icy 
is inoependent from the agencies producing and 
selling seeds, and also from the agency enforcing 

the seed act. 

Ifolation Requirement 

Isolation in terms of seed production refers to 

separation of t:o seed crop by a specified 

distance in all directions from all sources of 

pot oantial contamination during the growing period 

of the crop, especially flowering. For want of 

pertinent research data, seed programs in most 

developing countries have arbitrarily adopted the 

isolation distances that are tsed by the developed 

countries They should in fact be fixed for each 
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region cfter a careful study of factors which 
contribute to contaminatic-n such as wino velocity 
and direction of wit d at (lowering, natural barriers, 
insect activity, size of seed field, pollen shedding 
capacity of the male parent, etc. There is a re3l 
need to conduct experiments and come to some 
definite conclusion for each seed class and for 
each climatic zone. 

ROgUing 

Although it is expected that the basic seed lots 
supplied for certified commercial seed preIuction 
are field tested for genetic purity, off-type roants 
do appear. They may be delayed segregates, oui-
crosses, mutant or volunteer plants. The origina- 
ting breeders should describe in detail the distin-
guishing morphological characteristics of a newly 
rele.%sed variety or parents in the case of a new 
hybrid. During the process of multiplication from 
breeders lbrough commercial seed, they help 
producers and certification inspectors to identify 
ard)remove off-types and thus raintain genetic 
purity of the variety or hybrid. The seed producing 
agency specialists should train the seed farmers 
to identify and remove all off-type plants at the 
vegetative, flowering and seed ripening stages. 
Maintainer line plants from female parent rows 
should also be removed daily during flowering. 

Seed Harvesting and Processing 

The procedure for harvesting the seed parent is 
more or less the same for all seed classes. 
Harvesting should begin only after the final 
(preharvest) inspection has been undertaken to 
remove leftover off-type and diseased earheads. 
Although sorghum seed is highest in quality when 
it attains physiological maturity, i.e., aoout 30% 
seed moisture, harvesting at this stage is possible 
only if the facilities for a,.ificial drying and 
threshing are available. Seeds harvested at this 
stage have a better appearance, are vigorous, 
have greater resistance to mechanical injury 
during drying-processing, and give increased 
yields. 

Harvesting can be done with a combine or by 
hand. In the case of varietal multiplication, corn-
bine harvesting and threshing can be fast and 
economical but is possible only on large-size plots 
and is usually recommended only for the commer-

cial seed class. The comb~ne should be thoroughly 
cleaned before use. In most developing countries, 
includirg India. harvesting is done by hand at 
about 15% seed moisture. Panicles are sun dried 
for 2-3 days and threshed under bullock or tractor 
wheels. This does reflt on the physical quality of 
the seed and reduces its germination and storabil
ity but these are the cheioest, most readily 
available and most wide, sed methods. 

Regardless of the class of seed, specific proce
dures have to be folloved when two parents are 
involved (multiplication of A-line or hybrid seed). 
The restorer or maintainer rows are harvested 
first, threshed, stored, or sold. The technical staff 
of the producing agency and/or seed certification 
agency inspect the field for lodged or broken male 
panicles or plants of diseased panicles in the 
female parent rows and then give permission to 
harvest the seed parent. 

The breeder's seed should ba threshed with a 
small-size seed thresher at 12% seed moisture. 
These threshers can be e,.Lily cleaned thus 
a-voiding chances cf mechanical mixtures. The 
breeder or his associate can also examine each 
head before putting it through tie thresher. Since 
the breeder's seed will usually be multiplied once 
in 4 years, mechanical injury to seed, which can 
reduce viability and vigor in storage, should be 
avoided. 

The threshing of basic seed should be done on 
medium-size, power-operated threshers. The 
identity of each lot should be separately main
tained through proper labeling and the seed may 
be stored in bulk or in new gunny bags until 
further processing. 

After harvest the seed contains various admix
tures which have to be eliminated before sowing. 
The sped is cleaned and graded to remove inert 
matter, undersized, broken or shrivelled seed, 
treated with an insecticide to provide protection 
against stored grain pests and a fungicide to 
protect against soil fungi on planting, then 
weighed, bagged, and stored until sale. 

Seed Distribution 

The channels of seed distribution for a private 
seed company are often different than the ones 
available to the public or government-run com
pany. The efforts of the former are directed to 
establishing its brand image-the brand being a 
guarantee of its quality. The seed company slowly 
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enters into new areas, plants demonstration plots 
and organizes farmer field days. Farmers the 
world over are shrewd and the most effective way 
to convince them is by the factual field demon-
stration of the superiority of the new product 
against the variety or hybrid that they are already 
growing. Once convinced they usually stick to that 
brand and even convince their neighbors to use it. 
Thus a seed company creates a more or less 
permanent market. 

For distribution of seed, the private seed 
companies use the following chain on a commis-
sion basis: 

Area 
Distributor (wholesaler) Usually a whole state 

or province or divi-
sion. 

Usually a district,Subdistributor 
a orRetailer Usually taluka 

block or group of 
villages. 

Farmer-dealer or Usually 1-3 vilages. 
farmer service centv.r 

The retailer collects indents from each of the 
farmer dealers and then passes them to the 
subdistributor who in turn pools his requirement 
and sends it to the distributor. The company 
usually gets indents from all its distribuiors well 
before the ensuing planting season. In many areas 
the company often sells seed direct to the 

as mers through its retail depots or in weekl/ 
village markets. Usually all village farmers fre-
quently visit the village cigarette and soft drink 
vendors. The Kenya Seed Company has efficiently 
used them for retailing seed. 

In those countries where the seed programs 
are totally managed by public agencies, the 
distribution is also mostly through established 
govemment channels, such as block extension 
centers or village cooperative societies. The ex
tension staff is responsible for convincing farmers 
to use improved certified seed. Often seeds are 
"sold" free or at subsidized prices. 

In the countries where both the public sector 
and private sector companies compete, the for

mer usually enjoys the benefits of direct or hidden 
government subsidies They have the additional 
advantage of the free use of availab!a govemment 
distribution channels. Usually the private sector is 

more effective wherever free and fair competition 
is permitted to prevail. Since it relies heavily on its 
brand image, it ensures that the seed sold meets 

the highest stendards of purity, t creates an 
efficient after sates service system and is able to 
attend quickly to all complaints and thus retain its 
clientele. Above all it delegates authority for spot 
decisions which often finalize the deals in their 
favor. 

Training Needs 

Training is an important part of every seed 
program. Planners, senior executive staff, super
visors or technicians working at any level in a sned 
program should be well trained to perform their 
job responsibilities efficiently. Fu-ther, they 
should keep abreast with new innovations in their 

field to enable them to continuously improve their 
performance. 

The training needs of the market-oriented eco
nomy may be different from tse of the subsist
ence level economy. Thus training programs 
should be developed to suit the practical needs of 
each country. While the training needs of the 
technicians may be met through short courses of 
3-4 weeks duration, or through in-service train
ing, the managerial and supervisory staff may 
need specialized comprehensive training of 2-4 
months duration. Seminars or workshops of 4-6 
days duration may be adeq*jate for planners and 
senior executives. 

Many intemational organizations have prepared 
excellent material for such training courses. FAO/ 
SIDA and CIAT regularly organize training courses 
for the benefit of seed programs of the developing 
world. They have prepared excellent guidelines, 
slides, film strips, etc., to make training programs 
meaningful and o';ective. 
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The Mechanization of Millet and
 
Sorghum Production in Southern Mali
 

Mmmadou BA, Dramane Zerbo and Ti66ouradli Dirra* 

The Malian economy, which is characterized by an 
itinerant agriculture and which is not well ad-
vanced, today involves more than 85% of the total 
population either directly or indirectly. It was not 
until 1928 that Sub-Saharian Africa received 
assistance and then it was only in Mali where the 
first attempts were made to introduce animal 
traction machinery. Shifting agriculture, a practice 
which exhausts soils and as a result needs large 
areas permitting a long fallow, is experiencing a 
real transformation today, because of animal 
traction equipment and techniques. 

Description of Project Zone 

Pr'ojec Zone 
The Project zone is called South Mali ("Mali Sud") 
(Fig. 1). It spreads over three administrative 
regions, between 140 north latitude and the 

Upper Volta borders,Guinean. Ivory Coast and 
The area is 96 000 sq. kilometers. This region 
represents 8% of Mali's territory and 33% of the 
area where rainfed agriculture is practiced. 

The Population of South Mall 

(1.5 million inhabitants) 

This represents one quarter of the country's 
population-96% are rural, the rest live in towns 
of average importance. There are about 140 000 
families involved in farming, mainly coming from 
the following ethnic groups: Bambara. Bobo, 

* Technical Director, Compagnie Malienne )our le Dbve-
loppement des Textiles (CMDT); Technical Director, 
Agricultural Machinery Division; ane. Chief of the 
Division of Research cn Farming viz;ems, respective-
ly, the South Mali Project. 

Minianka in the north and northeast, Malink6 in 
the south and southwest. One shotid note that 
there are a certain number of Fulani. 

The Climate 

The climate and soils of South Mali are appropri
ate for a variety of crops. The climate is sudano
sahelian in the north and sudano-guinean in the 
south. The average annual rainfall varies from 700 
mm in the north to 1400 mm in the south and is 
concentrated in a rainy season from May to 
October. The temperature varies from 26' to 
31°C. This climate is particularly suitable for 

growing cotton and food crops. 
The soils are light, easy to work and are suitable 

for millet, sorghum, cam, peanuts, cowpea, cot
ton, etc. 

The natural vegetation is that of the savanna 
where the principal species are: Parkia biglobosa, 
Butyrospermum parkii, Acacia albida, Tarnaindus 
indica, and Adansonia digitata. 

A Brief History of Agricultural
 
Mechanization in Mali
 

InWest Africa, the most mechanized farmers are 

to be found in Mali. -heir equipment is made up 

almost exclusively of privately owned animal 
traction machinery. 

Today, everywhere in our fields modem equip
ment and traditional tools such as the "daba" 
(hoe) coexist. Great efforts are made to tip the 
balance in favor of modem equipment. 

Traditional Tools 

The daba is still the best known and perhaps the 
most widely used farm tool. It exists in many 
forms, changing with region. and soil types. 

Tropics. 1982. Sorghum in the Eighties: Proceedings of the Internationa
Intematkxw Crops Ressrch Institute for the Semi-Arnk 
Symposium on Sorghum, 2-7 Nov 81. Patancheru. AP., India. Patancheru, A.P. India: ICRISAT. 
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was soon used with a pair of bullocks. Despite the 
coming of the "Multiculteur" with its plow attach-
ment, farmers still demand the "TM" plow which
f~l~s their needs very well.

At the same time, the early years of the 
introductioi of animal traction techniques were 

difficult, especially the introduction of plow-
veryi ffct, flat introften o by 
ing. In effect, flat plowing was often done by 
going around and around the field in such a way 
that when one arrives in the center of the field, 
foot traffic compacts the field and there is a large 
loss of time which results from the many turns 
and the increasingly short working distances. 
Thus, with the increased efficiency in mind many 
farmers directly plowed up ridges so that soil is 
placed on unworked ground which has negative 
effects on the plant development. While efforts 
have been made to correct this practice, it is still 
observed in certain parts of CMDT's zone of 
action. 

The Star Cultivator 

This is the most popular weeding tool. The 
standard model w"Ijhs 44 kg and has 5 cultivator 
shanks on which -,weeps, scarifiers or ridgers are 
mounted. Rural craftsmen now fabricate many 
similar pieces of equipment which are very often 
quite light. 

The "Multiculteur" 
4 andThis eciuipment is light, weighs only 47 kg, ad 

can carry out a variety of operations with various 
attachments such as a plow copied from the TM 
plow and weeding and ridging tools. 

Farmers in the zone would willingly do without 
the "multiculteur" if they could be regularly 
supplied with the star cultivator at a reasonable 
price. Most often the "multiculteur" is used only 
for weeding and ridging. Many farmers do not use 
the plow, 

The Seeder 


This is a single row seeder with interchangeable 
seed plates, which can be used for cereals as well 
as for cotton and peanuts. This equipment has 
been extended only very recently. Users at this 
time wish that the tool could be made more 
versatile by mounting a fertilizer applicator. 

The Cart 
This piece of equipment has both agricultural and 
commercial uses and it is indispensable to our 
farms. Farmers carry manure, water, purchased 
inputs to the field, and their harvest to the village 
with it. It has many uses throughout the year.

After having tried different types of carts, metal 
wheels with and without a rubber covering, tires, 

metal and wood beds, with or without a traction 
bar, the cart with tires and an axle rated at 1 000 
kg was found to be the best and is practically the 
only one in use today. 

The Organization and 
Means of Activity 

Mali Sud is an integrated development project 
which came about based on the experience of a 
certain number of other development programs. 
The CMDT* which was given responsibility for 
carrying out the project was created in 1975 to 
carry on the work of CFDT which had successfully 
developed cotton cropping in South Mali since 
1952/53. As a rural development organization, the 
CMDT has been given the following activities: 
* 	 Increase the production of cotton fiber, jute, 

and cereal crops particularly millet, sorghum, 
com, and rice by: 
a. 	increasing the use of improved cultural 

methods, 
b. increasing tho area under cultivation. 

a To put aviable extension service, and purchasecredits for agricultural equipment and inputs at 
thedisposit eqfarmes int a 
the disposition of the farmers inthe area.
 

* 	 Improve the methods of animal husbandiy 
integrated inthe farm enterprise.
 

* 	 Develop the capacity to deliver primary health 
care.
 

* 	Assure the training and education of the rural 
pcpulation through literacy training for rural 
craftsmen and young farmers. 
Important results have been achieved to date 

and have made agriculture inthe zone much more 
"modern" than in the past. Traditional subsist
ence agriculture with elementary cultural techni
ques has become incapable of assuring a subsist

'CMDT: The South Mali Project has been entrusted to 
the Compagnie Malienne pour le Dveloppement des 
Textiles. 
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once for a norma(,/ expanding population while 
conser.iing the fertility level of the soil. 

The Bask ExtensiOn Service 

The basic organizational structure of the extension 
service has evolved little since it wis restructured 
in 1960. In effect, it was at that time that the 
Malian Government, drawing from experience 
gained by the agricultural service over many years 
of evaluation marked by -uccess and failure, 
decided to substitute a system of close supervi-
sion for the old system. 

Up to that time, extension programs were 
carried out with a "spread supervision" system, 
that is to say, one supervising agent who was 
responsible for only one crop for 20 PMO-30 000 
inhabitants, 
" The "Zone d'Eipansior, Rurale" (ZER) 

With the new structure, the ZER became the 
organizational un4 actually carrying out exten-
sion activities. It covered 15 000 to 20 000 
inhabitants and it cannot cit across two admi-
nistrative boundaries ("arrordissements"). The 
ZER, made up of many "base units" (Secteurs 
de Base, S.B.), administtred by a technical 
agent who in addition to directing aiid controll-
ing the activities at the S.B level, plays the role 
of moral leader, seeing to it that the modemiza-
tion efforts fit perfectly with the land and 
people. 

* The Basic Units (S.B.) 
The S.B. is the basic unit for extension activi-
ties. The size can vary with local conditions but 
this is limited by the ability to have close 
contact between the extension agents and the 
farmers, and the necessity that this contact 
take place at the farm level. S.B.s normally 
have between 2000 and 3000 inhabitants 
representing 1000 to 1500 ha of cropped land. 

Intervention Modes 

To reach the p'oject's objectives, modernization 
which will bring to the rural masses (populations) 
the possibility of social and economic develop-
ment, must be realized, 

For a long time the fundamental question of 
modernization in African agriculture was posed in 
terms of increasing only the productivity of the 
soil, that is to say yields/unit area. Animal traction 
was considered as an easy means to extend the 
cultivated area without increasing yields. 

This perspective resulted from a sectorial view 
of things that would not be admissible today 
because diverse means and techniques are used 
in a necessarily interdependent way to improve
the entire production system. As a result, the 

question is posed today in terms of raising 
productivity of diverse production factors (land, 
water, labor, and equipment). In many cases, 
most notably in the project zone, modernization of 
the farm enterprise brought about an increase in 
farmer income which in turn encouraged savings 
which favored further investment. 

The necessity of relying on one cash crop to 
justify the effort was understood early and it was 
naturally cotton which was seen as the lever 
which the extension services needed to motivate 
this modernization. Cotton when grown with 
traditional methods only gives meager returns but 
it is very sensitive to improvements in cultural 
practices. It permitted farmers to equip them
selves with farm machinery, animals, and under
take investments such as mineral fertilizers and 
phyto-sanitary treatments. 

A farmer's efforts which favor his cotton field 
necessarily help his other crops: millet and 
sorghum which benefit from residual effects of 
fertilizers, plowing and weeding of cereal crop are 
carried out with animal traction equipment, etc. 
Thus, the farmer generally raises his productive 
potential and his resource base. A considerable 
extension effort was necessary to get the farmer 
started and to make him discontinue the tradition
al methods. 

The conceptualization of extension themes took 
note of two essential facts: 

(i) That it was necessary to respect a good 
balance of crops, 

(ii) That it was necessary to respect the agricul
tural calendar. 

A Good Balance of Crops 

Mali has about 2 million ha where permanent 
rainfed agriculture is practiced on small holdings 
of less than 5 ha (1.8 million ha). About 90% of 
this area is in cereals and the rest in cash crops 
(cotton and peanuts). In the last few years, cash 
crop production, most notably cotton, has been 
increased "u,is:lerably. Normal cereal production 
is estimated a,1 2 million tonn-s per year while 
during the yea,- of the great drought. 1972-74, 
the level was limited to 0.8 million tonnes. It 
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should be understood that workers from the 
extended family cultivate at least one principal 
communal field and in addition there are many 
secondary fields of varying importance which 
have their ow. decision makers who are mem-
bers of the extended family but function indepen-
dently. 

Taking into account actual levels of production, 
it has been noted that in order to conserve a 
production equilibrium, the farms in the project 
zone should respect a minimum ratio of 1 ha 
cotton to 3 ha of cereal, thus: 

0.10 ha cotton/inhabitant 
0.30 ha cereal/inhabitant. 

The results of farm surveys conducted in the zone 
are shown in Table 1. 

A reduction in cereal area/inhabitant could be 
due to the combined effects of a rapid increase in 
population and the drought which has been felt 
throughout the country. Nevertheless it can be 
seen from the table that there is a good relative 
balance of crops except around Koutiala where 
there is an important reduction in area cultivated 
in cereals. This may be explained by the high level 
of oroductivity in this region which has come 
about as a result of the use of proper cultural 
practices. The reduction in area around San is due 
to a restructuring of the zone; in fact the actual 
reduction is less than the table indicates. 

The Agricultural Calendar (Tables 2 and 3) 

The large-scale introduction of cash cropping and 
the increased demographic pressure have quickly 
brought about an important reduction in the area 
as well as the time that can be given to growing 
cereal crops. 

Table 1. Area (ha) per Inhabitant for cotton and 

The project zone is characterized by a single 
short rainy season which has been very irregular 
in the last few years, especially at the beginning. 
The season extends from the end of May to 
September. All rainfed crops must thus be grown 
during this period of about 4 months. Until 
recently millet and sorghum were planted with 
the first rains on unworked soil which the farmers 
would weed later so as not to lose time. Today, it 
has become imperative that millet and sorghum 
cropping be carried out with plowing or ridging to 
be successful even with early seeding. 

These work times come from the IER (Institut 
d'Econu.iiie Rurale), April 1981, and represent 8 
effective hours of work per man day or 10 hours 
of presence in the field which takes into account 
lost time for rest and meals. From the analysis of 
the two systems it is clear that the bottlenecks 
provoked either by increasing the area devoted to 
cash crops or the time invested in cereal produc
tion could not be overcome except by generalizing 
the use of animal traction. The gain of more than 6 
man days during a relatively limited period of time, 
like the time of seeding, isconsiderable especially 
if one takes into account that animal traction 
results in better soil preparation, better root 
penetration due to improved tilth, incorporation of 
weeds and better soil aeration and a more active 
microf!ora. 

The Evolution of Animal Traction 
Equipment in the Project Zone 

The number of equipment units listed in Table 3 
wus used in 1979/80 to seed the following areas 

cereals. 

Cotton Cereals 

Regions 1969/70 1979/80 1969/70 1979/80 

Fana 
Bougouni 
Sikasso 
Koutiala 
San 
Sdgou 

0.12 
0.01 
0.03 
0.13 
0.04 
0.05 

0.13 
0.01 
0.05 
0.13 
0.02 
0.12 

0.35 
0.06 
0.t8 
0.39 
0.68 
0.60 

0.22 
0.08 
0.21 
0.24 
0.18 
0.56 

Average 0.06 0.07 0.37 0.25 
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with improved cropping practices: 
Sorghum/millets 
Corn 
Rice 
Jute 
Cotton 

Total 

118860 ha 
24271 ha 
4604 ha 
3400 ha 

118612 ha 

269747 ha 

The total available farm area in Mi is 6.72 
million ha. Considering that most of the farmers 

Table 2. 	Comparative work time for tri'tonad 

ad anmal tration wth mi" W sor-

CIwm. 

I. Traditional Cropping 

Clearing fields 

SeedingThinning and transp3nting 
Maintenance 
Harvest/threshing/ 

winnowing/tranport 

Total days/ha 

II. Animal 	 Trac jion 
Land prfparation 

Harrow.ng 

Seeding 

1st Weeding

2nd Weeding 2nd 

Ridging 
Harvest 
Threshing/winnowing 
Transport 

Total dayslha 

Number 
of days 

12 
2
4of 

18 

25 

81 

Men Equipment 

4 2 
2 1 
2 -b 
5 1Wedin1=55 1 
5 2
 

10 
15 
2 1 

50 8 

Tale 3. Number of frm implemet uts.
 

Before the 
project 

who have a "Multiculteur" also have a plow, the 
following ratios are possible: 

-Number of plow units 
52 522 + 34 115 = 86 637 

-Area tillable by these units if each plows 
5 ha/unit: 86637 x 5 = 433 185 ha. 

-Number of units which may be placed: 6 720000 - 433 185 
= 1 257 363 

5 
-Use efficiency of existing units 

269 747 0.62
 
433 185
 

The ratio of fields cropped with improved prac
tices and the total number of farms (140 000)
gives: 

269747 
- = 1.926 ha/farm in improved practice

140 000 
This is far from the average levels desired by 

the project which previewed 5 ha in annual cropsw ih 
of which: 

-Cotton : 1.0 ha. 
-Cereals : 3.5 ha 
-Others : 0.5 ha. 

Equipment available per farm 
86637 

= 0.62 or 1.6 farms/plow unit140 000 
The potential area available for expansion would 
be: 

6 72 000 	- 433 185 44.91 ha/farm140 000 

Observations 
A summary of the lessons which may be drawn 

from this 	analysis: 
,* There is an enormous need for equipl.r 'it. 

Project years 

Implement 1975/76 1976/77 1977/78 197879 1979/80 

Plow 37458 36848 44601 48067 52522 
'Multiculteur" 
Cart 

20247 
16532 

23728 
18004 

28 560 
22041 

31 355 
24524 

34 115 
25412 
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e 	The under-utilization of certain equipment 
indicates that some farms are over-
equipped. 

* 	 One equipment unit with a capacity of 5 ha 
takes care of more than two farms. 

e 	The modernization effort needs to be con-
tinued and intensified so that the potential of 
animal traction may be exploited to its 
fullest. 

Particular attention needs to be paid to those 
who receive equipment for the first time. 

Techniques Realized with 

Millet and Sorghum 

While no precise objective was set for the project, 
a particular emphasis was placed on cereal crops. 
The results in Table 4 show the development of 
production practices on these crops. 

Area where techniques were followed should 
be understood to mean that the cereals were 
grown in rotation with cotton. The weeding 
bottleneck which could exist with increased area 
under cultivation as well as grouped early seeding 
was avoided with the use of animal traction 
equipment for weeding. The spread of animal 
traction is an indication of the progress in agricul-
tural modernization. 

The Socioeconomic Context of 
of Mechanization (Tables 5 and 6) 

The agricultural modernization strategy in the 
project zone was originally based exclusively on 
placing imported equipment with a credit system 
which grew up over the years. At first the only 
efforts were directed towards cash sales through 
rural groups. Very early in the experiences volun-
teer farmers, chosen for their receptivity and 
discipline, began to receive interest-free credit for 
2 years to purchase a pair of bullocks and farm 
equipment (plow, weeder, etc.) In return, the 
farmer committed himself to the program of the 
extension service. This system gave excellent 
results and permitted the project to rapidly pass 
on its techniqes to some farmers from whom the 
example spread readily. 

The rhythm of equipment placement has been 
sensibly improved by the creation of a specialized 
credit service, initially with the Bank of Mali 
(1964-SCAER) and later a financially autonomous 
institution in 1971 (SU[ER). 

The purchase of equipment was mats either 
through rural organizations or Rual Development 
Operations (CMDT) in the foliowing forms: 

(a) Cash payment funds received from the crop 
sales (cotton, cereals, animals). 

(b) Money coming from commercial activities, 
a relative who is a bureaucrat, or a member 
of the family who is working away from the 
farm. 

(c) 	Purchase on short-term credit. 
The most common form, excluding timely 

monetary contributions by farm family members 
working temporarily or permanently in other 
sectors of the economy, was, and continues to 
be, 	medium-term credit. At this time this credit 

does not cover traction animals which must be 
purchased on a cash basis. The rest of the 
equipment was subsidized until 1976. 

Because of the quality of statistics available, it is 
dificult to establish a clearly coherent link be
tween the price of agricultural commodities pro
duced with the equipment and the resulting 
production. Nevertheless, it can easily be seen 
that the purchasing power of farmers is being 
eroded. 

Cash payment has become more and more 
difficult because of the deterioratiorn in the sale 
terms. In effect, it can be seen in Tables 5 and 6 
that 996 kg of millet or sorghum in 1977 was 
needed to purchase a plow; in 1980, at the official 
price, one needs 1057 kg. This deterioration is 

more marked for the "multiculteur" whose purch
ase in 1976 required 1266 kg of millet or sorghum 
and today demands 1776 kg, thus 510 kg more in 
5 years. 

As a result of this reduced purchasing power, 
the following strategies permit farmers to fulfill 
their social and civic obligations: 

(1) An increase in the rural exodus, both tem
porary and permanent. 

(2) 	An increase of sales in the free market at 
more profitable prices. 

(3) 	An extension of the area cultivated because 
of equipment loans to nonequipped far
mers. 

In effect, nonequipped farmers can neverthe
less have access to equipment (plow, cart) on 
credit arrangements where the debt is repaid in 
kind, in cash. or with work during weeding or 
harvest. Naturally, the conditions governing the 
loan are defined as a function of the relationships 
between the parties as well as locally accepted 
practices. 
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Table 4. Changes In production and production prM 11975-1NO). 

Before the 
project Project years 

1975176 1976/77 197778 1978/1979 1979/1980 

Total area (est.) (ha) 	 430 000 420 000 450 000 450 000 450 000 
33077 42841 88173 118860Techniques foIlowed (ha) 	 27106 

- 27288 34149 67485 88172of which-plow 
5791 	 20688-seeded 	 - 8692 32 M 

35017-Seeded with seeder (ha) - 4989 9324 21526 
4779 6514-Fert. 14N-22P-12K85-2.5B (ha) - 1 110 2806 

Weeded with "multiculteur" (ha) 36964 33449 40414 70257 83 569 
11 142 27236 49198 54319-Ridged with 'multiculteur" (ha) 27961 

600 700 700 800 850Average ield (est.) (kg/ha) 

TaUe 5. Evolution of the cash prices (CFA) of th, mot Important equipment (FMunit). 

Before the 

project 	 Project years % increase 

1975/76 1976/77 1977/78 1978/79 1979/80 1980/76
 

Plow 31860 45650 47880 52870 52870 168 
"Multiculteur" 40500 80000 83000 88795 88795 219 
Seeder 24975 55500 55500 58010 58010 232 
Cart* 	 44280 60900 60 900 71060 71060 160 

* For wheels and axle rated at 1000 kg; the frame end bed are manufactured by local craftsman. 

TaW 6. Evolution of crop prIc (CFA/kg) to the fanr. 

% increase 

Products 	 1975/76 1976/77 1977/78 1978/79 1979/80 1980/76 

Millet/sorghum 32 32 38 40 50 156 
Paddy 40 40 45 50 62.5 156 
Peanu" 	 40 40 50 60 80 200
 
Cottun 	 75 75 90 90 1V0 147 

Pattems in Agricltural Mechanization important of which are: 
(1) The equipment in question is generally 

Two clear patterns are observed. The first is 

observed with the majority of farmers, particularly 
those who own equipment for the first time. They 
want equipment v hich is increasingly specialized 
and light weight ior many reasons, the most 

fabricated locally and the terms of payment 
are generally more reasonable. 

(2) 	The limited capacity of their traction ani
mals; weakened by their health, and the 
limited availability of forage in the dry 
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season makes these animals incapable of 
working more than a half day especially 
during the plowing period, the most critical 
time of the year. 

(3) 	The equipment/teams are operated as in-
dependent units which increase the free-
dom of action by permitting different activi-
ties to be carried out at the same time. 

The increase in the number of equipment types 
can be interpreted as an indication of the need for 
better adapted and performing equipment at a 
lower cost. 

The second group are those for whom interme-
diate motorization addresses the profitability (pro-
duction) limits of animal traction techniques. A 
simple motorized unit with versatile and depend-
able equipment which performs better than what 
has been used to date is needed. While the effort 
is in its 5th year, intermediate motorization is still 
in the testing phase. In effect, because of 
repeated failures with attempts at motorization, 
the project waited until 1977-78 to begin activi-
ties aimed et bringing about a successful effort of 
this type. 

This activity, which today involves 79 exploita
tions in the Koutiala area, in the center of the 
project zone, is characterized by: 

(a) sophisticated farmers 
(b) animal traction since 1928 
(c) 	 logistic support that is available during all of 

the year 
(d) large cultivated areas. 
At the end of the 1981/82 cropping season the 

agro-socioeconomic parameters of this system 
will be defined and above and beyond this we 
have a tractor and equipment which is viable from 
the point of view of operation and performance. 

Future Orientations 

The effort to transfer technology supposes that 
the conditions for its acceptance are at hand. 
These basic conditions relevant to agricultural 
mechanization can be summarized in three parts: 

a. 	SELF-SUFFICIENCY. When the use of a piece of 
equipment or proCe3s becomes common; this 
is said to be the most important condition 
precedent on the farm. In effect, witi our 
conditions, it is not enough to say that a new 
piece of equipment performs well or is profit
able, but that it also must certainly be able to 
be, within the L)ntext in which it is used, 

supported by a large number of persons 
capable of providing necessary supplies and 
maintenance. 

b. PERFORMANCE. The need for surplus produc
tion for security food stocks has made it 
necessary to put larger areas under production 
and it has as a result, become necessary to 
have more production per equipment unit to 
ensure adequate performance to guarantee 
that the production calendar is respected. 

c. 	 PROFITABILITY. No less important than the 
other aspects and often in fact the limiting 
factor when one talks about important tech
nological innovations which are available. 

It follows tha, one can foresee three steps 
towards increased mechanization in the project 
zone, i.e., light weight animal traction equipment; 
heavier animal traction equipment; and intermedi
ate mechanization. 

Light Weight Animal Traction Equipment 

This step principally concerns those who are 
being equipped for the first time and this is the 
largest group. The equipment is based on the TM 
plow and the donkey cultivator; specialized equip
ment comes in a second phase which should be 
left to the initiative of the farmers. 

The need must be recognized, in a more and 
more important way, to make the equipment 
lighter so that it can be used throughout the 
project zone. One notes a tendency towards 
cheaper traction animals, like the donkey, in place 
of bullocks or even the use of cows or a single 
bullock for work which does not demand a very 

high trdction effort (especially seeding and 
weeding). 

Our figures indicate that there are more farmers 
who purchase a second piece of equipment than 
those who purchase for the first time. This comes 
about because of the price and credit relation
ships. Improved credit is necessary for this type of 
peasant. Particular attention should be given to 
credit for traction animals, the biggest investment 
involved in the expansion of animal traction. 

Heavier Animal Traction 

The increase in the number of traction units in 
certain farms results in an over-equipment and 
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there is nothing left but to look for a better 
performing equipment. The fact that there is not 
any 'heavy type" (multiple row tool bar type) 
animal traction equipment available is aggravating 
the situation. 

Less than aggressive trials of the "polyculture" 
have been made in the area but the farmers were 
able to see the price/benefit relationship. They 
were struck by its performance for seeding, 
weeding and ridging, but they were not similarly 
impressed by its ability to plow. The tractive force 
which it demands and the price made it unaccept- 
able. 

The petroleum crisis and worldwide inflation 
clearly pose the necessity to internalize the heavy 
animal traction phase. This equipment needs to 
be perfected because all that has been tried to 
date has not been satisfactory. We hope that over 
the next 4 years that some equipmer't distin-
guishes itself by its performance in .rials off-
station, with farmers. 

ICRISAT/Mali, as part of its research program, 
has used a number of tool carriers which, when 
used with appropriate cultural methods, have 
shown themselves to be effective and can solve 
the problem of precision seeding and ,;,eeding. 

Working on this basis, "Division du Machinisme 
Agricole" of Mali collaborating with an ICRISAT 
consultant has fabricated different tool carrier 
prototypes of the "Barre-Nolle" type. This to-2l 
carrier has variable wheel spacing from 120 to 180 
cm and has been successfully used for seeding 
and weeding. It is also possible to work on ridges 
as well as on flat ground. Earlier, seeding and 
weeding on ridges was not possible with existing 
equipment. While it Iswell known that weeding is 
the limiting factor for total area cultivated. ,ne 
should also note that existing equipment is not 
adequately utilized for these operations; weeding 
is therefore often done with the traditional daba. 

While some farmers satisfactorily carry out 
interline weeding with the "multiculteur", this 
assumes that the precision of row spacing hi5 
been achieved either by using a seeding rope or 
precision seeding equipment. 

Interms of work time, the seeding and weeding 
operations carried out with the tool carrier used 
are 2 to 3 times as fast as the "multiculteur" 
because they cover 2 to 3 times the surface with 
onc pass in the field. 

The existence today of a reserve of rural 
craftsmen trained and equipped and thus capable 
of bringing the logistic support necessary to 

animal traction makes it necessary to first exploit 
to the fullest the possibilities that this step brings 
before moving to intermediate mechanization. 

Intermediate Motorization
 

While in the 5th year of experimentation, this 
phase is not well understood. It is focused on 
farms which have a great deal of experience with 
animal traction and which have substantial re
venues, i.e., sufficient to make the investment. 

Because of the training and necessary follow
through, farmers were chosen in an area relatively 
close to support the services around Koutiala, 
Fana and Sikasso and governed by the following 
strict criteria: 

(a) 15-20 ha cultivated land plus available 
fallow. 

(b) sufficient family workers (at least &active). 
(c) the desire of the head of the family. 
(d) proven debt worthiness. 
A preliminary study permitted a choice of farms 

which have received a tractor and accompanying 
equipment on credit over 5 years with the 1st year 
deferred but payment in cash thereafter, In 
addition, at the beginning of each cropping year a 
sum is paid in advance for the functioning of the 
machine (fuel, lubrication, spare parts, etc.). The 
farmer pays cash for repairs after the 2nd year. 
The 1st year is considered as a training and 
adapting period. 

Three existing project sections today are re
sponsible for: training tractor drivers, putting the 
equipment in place, supplying inputs, repair and 
maintenance, the control and supervision of the 
agronomic practices of the farmers, and the 
preparations and execution of a work plan with 
the agreement of the head of the farm. 

Given the responsibility, which is difficult to 
pass on in the short term, especially if one knows 
the complexities of motorization, of never going 
beyond one day for repairing an equipment unit, 
the experience shows that there is room for 
improvement. 

Conclusion 

While the agricultural potential of the zone offers 
great potential, the farmers make less and less 
effort to equip themselves because of the price 
structure and the lack of adequate credit. Efforts 
must be undertaken with an emphasis on those 
who equip themselves for the first time otherwise 
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we will assist in over-equipping those who were 
equipped while equipment wvj cheaper. This 
necessitates that one does not allow, to the 
degree that it is f,-.:ible, the prestige that 
iraotorization brings within the village to bring into 
question the order of development steps. In other 
words, it would bo desirable to exploit all of the 
potei.,al of znimal trmction before going onto 
intermediate motorization. 

Rde enC (from Francophone informal sources) 

Rapport d'activit6s CFDT. 1960/1965. 

Rapport annuel CMDT 1979. 1980. 

Cult:o oiotoris~e dans la zone Mali/Sud -rapport 
annuel 1979/1980. 

Bilan do I'enqu6te agricole CMDT 1973/1979. 

Dtermination des coots do production--1cvvril, 1981. 

L'agrieihure et les machines- Optiol- • riA-iterranrn
nes [L&cembre. 1970. 

T-,.,:,ulogies "pert rnates" et ddvelopenmont rural 
-Maurice, O ia; t(vJs Machlnisme Agncole, Tropical 
n* 73/1981. 

L'Afrique de I'Ouest vue par un agriculteur Pierre Vignier 
1961 
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A Strategy to Raise the Productivity
 
of Subsistence Farming Systems
 

in the West African Semi-Arid Tropics
 

W. A. Stoop, C. M. Pattanayak, P. J. Matlon, and W. R. Root* 

Sorghum is the most important rainfed cereal crop 
in the West African Sudanian climatic zone, and it 
is a major crop in the Sahelian zone. Traditional 
varieties are generally tall and photoperiod-
sensitive with maturity durations ranging from 
160 days in the south (Sudanian zone) to 115 days 
or less in the north (Sahelian zone). Average grain 
yields under traditional management vary from 
800 kg/ha in the south to 400 kg/ha in the north. 

For Upper Volta some of the major factors 
underlying these low yields have been reported by 
Stoop and Pattanayak (1980). These factors in-
clude a low and unpredictable rainfall, poor soils 
with low available water-holding capacity, low 
moisture infiltration rates due to a crusting soil 
surface, and generally low fertility. Most tradition-
al farming is based on hand labor, and com-
plementary inputs are often unavailable or to,) 
expensive for small farmers. 

Variation in rainfall patterns and soils in West 
Africa has led to a diversity in traditional farming 
systems. This diversity itself i3 orobably one of 
the major reasons why sorghum improvement 
programs have not yet been successful in intro-
ducing improved varieties at the farmers' level 
despite nearly two decades of researcn efforts. 
This paper discusses the environmental factors, 
rainfall and soil, in the West African Sudanian 
zone, and to a lesser extent the Sahelian zone. 
and the traditional farming practices that have 
evolved in response to this environment. It 
critically discusses the approaches adopted in 
sorghum improvement work in Wesz Africa during 

Agronomist. Royal Tropical Institute, Mauritskade 63. 
Amsterdam (formerly Agronomist, ICRISAT/Upper 
Volta Program), and Sorghum Breeder. Economist and 
International Intern, ICRISAT Upper Volta Program. 

the past 20 years, and analyzes the impact of 
these programs on sorghum cropping in the 
region. Finally, this paper presents strategies for 
sorghum improvement and agronomic improve
ments that may have greater likelihood of success 
in the 1980s. 

The Physical Environment: its 
Effect on Cropping Patterns 

The two major natural sources of variation within 
the semi-arid tropics (SAT) are rainfail--its total 
amount apd distribution over the year-and soils. 
In the West African SAT. average rainfall de
creases from south to north with isohyets more or 
less parallel to the equator. Some data on rainfall 
characteristics in Upper Volta are given in Table 1. 
Similar situations occur in the other West African 
countries of similar latitude. Within rainfall zones, 
various soil types occur, usually linked to a 
specific position in the topography. Shallow, 
gravelly soils are generally associated with upland 
areas, whereas deeper soils (sandy Ioams or silt 
foams) occur on the slopes, gradually changing to 
hydromorphic soils in the lowlands (Stoop and 
Pattanayak 1980). A considerable lateral water 
flow through the soil from upland areas is com
mon and, as a result, the best agricultural land is 
most often found on the lower slo;pos bordering 
rainy-season swamps. 

Some important differpnces exist between 
soils of the West African SAT and the Indian 
subcontinent (FAO/UNESCO 1974). The fertile 
alluvial soils and black clay soils (Vertisols) that are 

found in large areas in India are much less 
tend to -'-c:;- ;ncommon in West Africa and 

isolated patches. Red soils, mostly Alfisols, that 
are common to both continents, appear in India to 

Internatioal Crops Research In3titute for the Semi-Arid Tropics. 198?. Sorghum in the Eighties: Proceedings of the Internatioral 
Symposium on Sorghum, 2-7 Nov 81, Patancheru. AP.. India. Patancheru. A.P. India: ICRISAT. eyv
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contain more clay and considerable amounts of 
illite and montmorillonite (Biswas et al. 1966; 
Kenchenna Gowda et al. 1966). In West Africa 
these soils are generally sandy with some kaolini-
tic clay. Analyses of samples of Kamboinse 
(Upper Volta) soil and Patancheru (India) soils are 
compared in Tr ble 2. These data suggest differ-
ences in cation exchange capacity and exchange-
able cations that make the Kamboinse soil less 
fertile and reduce its water-holding capacity (Tablr, 
3 Pnd Moormann and van Wambeke 1978. 
Available soil moisture contents for many West 
African soils are in the range of 30-100 rim, 
while values of 150-300 mm have been reported 
for India (Virmani et al. 1978). 

In West Africa, where soils generally have a low 
soil moisiure content, farming is: 

a. risky, since a drought period of more than 10 
days during the cropping season can serious-
ly damage the crop; 

b. tied closely to the duration of the rainy 
season, the residual soil moisture being 
exhausted quickly thereafter. Unlike crop-
ping practices in India, growing a pastrainy 

season crop on residual moisture is rarely 
possible in most areas of the West African 
SAT, even on deep Vertisols. 

Superimposed on these nQ.Ir variables of soils 
and rainfall one finds an array of farming systems 
adapted to local %.:nditions,each with its own 
potential and constraints. West African farmers 
have adopted crops and cropping sytems that 
provide minimum risk while exploiting the entire 
duration of the rainy season. In the south, where 
the season is long, various cereal/cereal inter
cropping combinations are common. The actual 
system varies with soil typ (Table 4) and often 
includes the combiration of a short-duration 
piotoperiod-insens;,ive cereal with a full-season 
photoperiod-sensi',ive cereal. Farther to the north, 
the rainy season is shorter and a single photo
period-sensitive cereal (to allow planting with the 
first rains) is often mixed with cowpea as a minor 
crop. The choice of the dominant cereal, sorghum 
or millet, depends on the nature of the soil (Table 
4). A further risk-reducing strategy by farmers is 
the reduction of plant populations in lower rainfall 
areas and on sandy soils. At first the multitude of 

Table 1. Characterization of the rainfall pattern In three major ecological zones In Upper Volta. 

Mean annual Approx. start Duration of 
Ecological rainfall of rainy rainy season Approx no. Peak rainfall 

zone (mm) season (months) of rainy days months 

South Sudarian Zone > 1000 May 5 to 0 80 to 95 July, Aug, Sept
North Sudanian Zone 650-1000 June 4 to 5 60 to 70 July, Aug
Sahelian Zone < 650 July 2.5 to 4.0 40 to 50 Aug 

Table 2. A comparison of soil chemical properties between an Alflsol from Pantsnd'ru" lindis) and one of 
Kamboins6 (Upper Volta). 

CEC 

Location 
Soil depth 

(cm) pH % Clay 
(meq/100 g 

soil) 
Ca 

Patancheru (India) 0-18 6.7 29.6 10.0 6.7 
35-62 6.1 47.0 18.8 12.7 
62-105 6.4 55.2 19.8 14.3 

Kamboins6 (Upper 0-15 6.3 10.2 5.1 2.1 
Volta) 45-55 6.4 26.3 6.6 2.9 

75-85 6.5 32.7 7.7 3.7 

a.Data reported by Singh and Kraniz (1976) 
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Exch. cations 

Mg K 
(meq/1OOg soil) 

1.5 0.7 
2.8 0.6 
2.7 0.8 

0.6 0.2 
1.0 0.2 
1.5 0.2 



systems observable may seem confusing; the 
v.,-iety, however, represents a logical response to 
environmental diversity. It is within this frame-
work that one should examine the merits and 
weaknesses of local sorghums, and into which 
new varieties and technologies need to be fitted. 

Given the uncertain rainfall, and low soil water-
holding capacity. one can seriously question 
whether crop improvement prograrns based pri-
marily on the same high-yielding variety (HYV) and 
input package strategies as used in the Indian 
environment can be equally effective in West 
Africa. Most HYVs require a high plant density in a 
pure stand to realize yield potential. This in turn 
requires a rather dependable soil moisture supply 

and high soil fertility. 
Jha (1980) in a study of fertilizer use patterns in 

India arrived at conclusions on the use of im
proved varieties that have direct relevance to the 
West African situation. Fertilizer use was found to 
be largely explained by the size and certainty of 
returns that in turn were closely correlated with 
rainfall and irrigation density. This fertilizer use 
was greater in the irrigated and high rainfall 
districts and HWs were also most common in 
these same areas. He concluded that, in SAT 
areas with high and more dependable rainfall or on 
soil with good moisture holding capacity, farmers 
will more readily adopt fertilizers and HWs than in 
areas with poor soils. Unfortunately poor soils and 

capacity Insoils domIned by low 11tooffnhite and ,tIo (L,,ntmorhilonticTab" 3. Avellabtewwt-okdin 
activity days (after Moonmann and van Wambake 173.) 

High-activity claysLow-activity clays 
(CEC >24 meq/100 g clay)(CEC <24 meq/lO0 g clay) 


Av. CEC Av. ANC Av. CEC Av. AWC"
 
(rreq/100 g)(meq/t00 g) 
62.8 ± 13.5 	 38.7 ± 19.414.6 ± 3.6 16.5 ± 6 

15 bar water) expressed in percent per 100 g clay.a. Available waterhotding capacity (0.3 minus 

between rainfall zone, sol types, and prmvilng cereal ciroppingsystems Inuse InTable 4. Raatlomlpli 
various aos of West Africa. 

Rainfall zono 
(mm/year) Area 

900-1000 	 North Ghana 

900-1000 South Upper Volta 

900-1000 South Mali 

600-700 	 Central Upper 
Volta and 
Mali 

Start of End of 
rains rains Soil type 

Apr/May Oct/Nov 	 Coarse 
(uplandc 
Coarse 
(low land) 

Apr/May Oct/Nov 	 Sandy loam 

Apr/May Oct/Nov 	 Sandy loam 

June Sept 	 Loamy sand 
(upland) 
Sandy loam 
(lowland) 

Cropping Harvest 
system period 

Early millet 
+ late millet 

July 
Nov 

Early millet July 
+ late sorghum Nov 

Red sorghum AugiSept 
+ late millet Nov/Dec 

Maize Aug/Sept 
+ late sorghum Dec 
Maize Aug/Sept 
+ late sorghum Nov 

Late millet Oct 
+ cowpea Oct 
Late sorghum Oct 
+ cowpea Oct 
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uncertain moisture are the rule in the West 
African SAT except for minor areas with irrigation 
or along river floodplains. 

Sorghum Varietal Improvement 

A great majority of farmers in the West African 
SAT follow traditional farming practices that have 
evolved through generations (Swift 1978) and 
reflect adaptation to the variable environment. 
fimproved varieties and hybrids should be developed to fit these systems if production by

farmers, most of whom are near the subsistence 
level, is to be increased. The failure to have done 
this may explain the general lack of success of 
sorghum improvement programs in the region. 

Results of Sorghum Varietal 

Improvement In WM Africa 


During the early 1960s the Institut de Recherche 
Agronomique Tropical (IRAT) started work on 
sorghum varietal improvement in West Africa 
south of the Sahel. Several promising varieties 
have been developed in Senegal (Mauboussin et 
al. 1977). However. in spite of a well-established 
agricultural research infrastructure as well as a 
regional experimental unit, Sene (1980) believes 
that these varieties and research findings have 
had little impact at the farm level. In Mali and 

Niger. Sapin (1977) and Chanterreau and Mousa

(1977) report that several HYVs have been identi-

fied for use by farmers, but Johnson (1979)

concludes that in Mali local varieties outyielded
the improved ones under moderately superior
management conditions. 

In Upper Volta, Labeyrie (1977) listed a number 
of promising varieties. For :e northern zone, with 
400-500 mm/year rainfall, IRAT S-10 and S-13 
were recommended. However, S-10 has proved
too late and S-13 required precise soil manage-
ment for seedling establishment, with the result 
that neither variety has been geperally adopted by
farmers. For the 650-750 mm/year rainfall zone 
(central Upper Volta) several selected local 
varieties, such as IRAT S-29, Nongomsoba, Belco,
Zalla, and Tioadi, were recommended. But again, 
none is grown on a large scale probably because 
they are not different from or superior to local 
varieties already in use. Other dwarf, partially
photoperiod-sensitive, improved varieties recom-
mended for the same rainfall zone. such as IRAT 

S-6, S-7, S-8, and S-10, also have not been 
adopted becAuse of poor seedling establishment 
or poor grairs quality. In the higher rainfall zones in 
the south of Upper Volta tall, late-duration. 
selected local varieties such as Ouedd6zour6 andGnofing have been relatively more successful, but 
ther improved v;irieties, such as IRAT 271 and294, have not been ,dopted because of poor groin 

quaiity. 

AT Sorghum Improvement
 
Program In Upper Volta
 
ICRISAT sorghum improvement work in West 
Africa started in 1975. During the following years 
a range of elite introductions and local varieties 
have been identified and concepts varietalon 
requirements have been defined (ICRISAT 1980). 

Varietal requirements were considered againstvariations in rainfall (amount, duration, and distribution), soils (their water-holding capacities), and 
local farming practices (type of soil preparation.
planting dates, and fertilization practices) for the 
major zones in Upper Volta. As a result sorghum
improvement and selection of cultivars of three 
broad maturitv durations were initiated. 

a. Long-duration (130-140 days), photoperied
sensitive sorghum ,o be planted at the onset 
of the rains in late May or early June on good
deep 3oils or in low-lying areas where 
residual moisture is assured at the end of the 
rainy season. Presently, only local varieties 
or "improved" locals, outstanding in germi
nation ability, seedling vigor, and drought
tolerance, are available. With judicious selec
tion of progenies from crosses of selected 
locals x elite exotics it may be possible to 
isolate lines with the hardiness of the locals 
and the higher yield potential of the exotics. 
Such work is in progress. 

.	 Medium-duration (120 days), partially photo
period-sensitive sorghurns for planting in the 
600-800 mm/year rainfall zone by the 
second half of June, or 	 in higher rainfall 
zones in case of an early drought, providing 
an additional option as well as a means to 
spread the early-season workload over 
longer period of time. 

c. 	Short duration (less than 105 days), photo
period-insensitive sorghum that 
 can be 
plarted in July in the northem zone, in the 
central zone on shalow soils, and as a "last 
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chance" crop where earlier plantings have 
failed. 

Initially, a major emphasis was placed on 
varieties in the last two maturity groups. Sorghum 
varieties VS-701 (EC 64734-2), VS-702 (ALAD 
324), and VS-703 (2Kx-2Ex21) were extensively 
tested. Though grain yields were superior, germi-
nation and emergence of VS-701 and VS-703 
were unacceptably low under farmers' conditions 
and VS-702 was found to be susceptible to leaf 
diseases. In 1980. SPV-35 (105 days) and E-35-1 
(120 days) were tested with more success. 

sfor Sorghum
Strategies 
Improvement in West Africa 

1n the previous sections the implications of the 
environmental factors (soil and rainfall) for grow-
ing sorghum were discussed. and the recent 
efforts in sorghum improvement were critically 
reviewed. In spite of superior yield performance 
under cxperiment station conditions, improved 
sorghum varieties developed in West Africa hav 
not replaced local varieties and have been re-
jected by the farmers for intrinsic shortcomings 
(germination and seedling establishment and 
grain quailiy) or because they did not fit into the 
risk-rdducing ,trategies of subsistence farmers. 
We conclude that, to define the needs of im-
proved varieties and technologies and te deter-
mine their relative priorities, the farming1 system 
as a whole needs to be considered, includ'ng not 
only the technical but also the socioeconomic and 
institutional factors on which these systems are 
based. It is in this context that a farming system 
approach (Norman 1974; Hiliebrand 1979; Biggs 
1980) could hclp match breeding goals to specific 
needs of subsistence farmers in the West African 
SAT. 

In view of great diversities in soil and rainfall 
patterns, the aim should be to increase the 
number of options (improved varieties and tech
nologios) available to farmers so that they may 
better cope with these diversities, rather than to 
propose to them a more or less standard im-
proved agricultural system. 

The approach should have three phases: identi-
fication and evaluation, technical research, and 
preextension on-farm testing. These three phases 
are to a large extent interdependent and should 
operate simultaneously, as is the case in the 
ICRISAT Upper Volta proj,,ct. 

Phase 1: Identifflion 
and Evaluation 

Basically this should provide the frame2work for 
most of the subsequent research and testing 
activities. Being the initial phase, its aim should be 
to identify and characterize the major farming 
systins of the region on the basis of: 

a. 	ecological factors (rainfall and soils); 
b. technical factors (crops; technological stage 

of development); 
c. 	socioeconomic factors (availability and cost 

of production factors; smali-farmer produc
tion and consumotion strategies; marketing 
systems; govemment policies). 

For comprehensive and integrated results this 

part of the work should be done jointly by 
socioeconomists and agronomists using informal
type surveys (Byelee ez al. 1980; Br'uce et al. 
1980; Mclntire 1981). to obtain a qualitative 
ovorview of the major systems followed up by 
more intensive studies for a few contrasting 
locations. The objective of these "baseline" sur
veys would be to characterize farming systems in 
areas not previously studied in detail (this may 
include developing a typolony of different types of 
small farm groups) to identify their major con
straints and to nelp define the conditions which 
new varietie.: or technologies must satisfy for 
fairner adoption. 

During phase 1 it may also be possible to 
extract useful varieties and technologies for im
mediate transfer to anothH,, W-ystem (phase 3) or 
for use in the technicai research (phase 2). as 
discussed in the following sections. Thus, during 
the identification phase, efforts should be made to 
collect and describe the local varieties for those 
crops that will be used in crop improvement 
programs in the subsequent technical phase. 

Phase 2: Technical Research 

On the basis of results from phase 1, it should be 
possible to indicate the research priorities for the 
major farming systems in each ecological zone 
with respect to both sorghum improvement and 
agronomy. 

SORGHUM IMPROVEMENT. Several possible breed
ing goals suggest themselves to meet the diversi
ty of sorghum growing conditions in West Africa. 
These strategies include the following activities. 
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a. Transfer of existing local varieties and tech-
niques either within or between zones in the 
West African SAT. For this purpose the 
collection of locai sorghums should be 
tested at several planting dates and at 
several sites which cover the various ecolo-
gical zones. This extcnsi e testing ;sre-
quired to identify specific ad3ptation, pest 
and disease resistance, and yield stability 
under Icte planting-characteristics which 
could be useful in a future crossing program. 

b. Breeding for resistances to yield-reducing 
f3ctors such as diseases (sooty stripe, Hel-
minthosporiumblight, grain mold, charcoal 
rot), insect pests (shoot fly. rroidge, aphids), 
and Stnga, to improve yield stability of local 
varieties. This strategy basically aims for a 
step-by-step approach starting from a low
input agriculture, on low fertility soils (being 
the common situation for most sorghum 
fie!ds). 

c. 	Breeding hybrids and pure-line varieties for 
high yields under high input and high man-
agement while screening advanced lines for 
yields higher than locals evern under low 
input and traditional management. This 
strategy is mainly based on the introduction 
of exotics and screening the progeny from 
exotic x local cultivars. These crosses have 
received the most attention in the past few 
decades, but have rarely been tested under 
low management conditions and have as yet 
made little impact in West African farmers' 
fields. 

d. Breeding for agronomic characteristics to 
better fit improved varieties into existing 
systems. 'Breeding goals may include: 
-varieties with maturity cycles ranging 

from very early photoperiod-ir,7ensitive 
(100 days) to very late photoperiod-
sensitive materials (150 days); 

-great)r tillering in order to allow for a 
lower plant population or for compensa- 
tion of plants lost in early droughts; and 

-greater 	 compatibility with intercrops, par-
ticularly cowpea, by changing plant struc-
ture (for instance plants with fewer and 
narrower leaves). 

AGRONOMY. For many situations in West Africa 
various agronomic constraints appear to be more 
serious than genetic limitations of local varieties 
and will reed more emphasis in the future if the 

merits of improved varieties are to be fully 
exploited. 

Since commercial inputs are expensive and 
often unavailable to most farmers, the major 
agronomic strategy of ICRISAT in Upper Volta and 
Mali has been to exploit to a maximum the 
environmental factors (soil and tainfall) and biolo
gical factors (cropping systems, rotations, and 
plant types). Results of these efforts have been 
presented in several papers (Stoop et al. 1980; 
Stoop and van Staveren 1981). Two key agrono
mic problems are common to many parts of West 
Africa, and need special attention: maintenance of 
soil fertility, and erosion control. The latter, espe
cially, is connected with overextended farms and 
the poor use of animal equipment (repeated 
plowing ard cropping of natural drains). 

Phaf, 3: Preextenslon On-farm Studies 

In many tropical countries there is a rather strict 
separation between r?.search and extension. As a 
result many scientists are not actively concerned 
with the adoption of their improvec varieties and 
technologies by farmers, and tius remain una
ware not only of farmers' constraints but also of 
the possible shortcomings of their proposed 
improvements. Likewise, the reasons for the 
shortfall between yields realized on-station and 
those under farmers' conditions are rarely critical
ly analyzed (ICRISAT 1981). In response to this 
situation many of the International Agricultural 
Research Centers have started to promote on
farm testing in their training (CIMMYT 1978) and 
outreach prorams. 

On-farm t s.ing must involve more thon just 
placing a number of plots in farmers' fields to 
evaluate and demonstrate anew variety or techni
que. Rather, one can distinguish between "on
farm trials" and "farmers' tests". The former 
consists of controlled experiments managed by 
researchers but located on farmers' fields under 
more representative soil, disease, and pest condi
tions than on a research station. The latter, 
"farmers' tests", are not only situated on farmers' 
land but are also managed by farmers who are 
free to modify the recommendations. Such mod
ifications may represent points of conflict with 
other elements in the farmers' operations and, as 
such, are analyzed as farmer-introduced treat
ments. Intensive input-output data are collected 
for the test results as well as for other fields of 
participating farmers in order to place the test 
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results in the more comprehensive context of all 
household farming activities. 

Farmers' tests provide an insight on a range of 
questions that concern the practical utility of new 
varieties and technologies, as follows, 

-What is the performance of a new tochnology 

under a range of farmers' environmental and 

management conditions? 
factors operate under farmers' conditions-What 

that are not seen in the research station? 
-Are there conflicts in the quality, Icn.,ol, or timing 

of resource use with farmers' capacity? 

-What are the financial and economic returns 

compared with alternate activities? 
-Is the technology consistent with farmers' 

consumption goals? 
-What are the consequences of adoptions? 

It is emphasized that the ultimate purpose of 
such farmers' tests should be to feed back into 
the technical research phase a beter understand-
ing of the merits and limitations of the technolo-
gies under development. In this sense, farmers' 

tests should not be viewed simply as final 

preextension screening but as an integral part of 

the technology development process itself. Like-
be an

wise, farmers' tests may not always 

essential requirement for extension as long as 
satisfactory results of on-farm trials are available. 

The farmers' testing phase described above 
was introduced in the ICRISAT Upper Volta 

program in 1980 with cooperation between sor-
ghum improvement, economics, and agronomy 
programs. The white sorghum variety E-35-1 

villages near Ouagadougouwas tested in two 
testsagainst local varieties. Results of these 

helped identify certain limitations of this variety 

under farmers' management and led to modifica-

tionS in research-station screening and selection 
methods. The tests also helped identify condi-
tions in which the improved variety and recom-
mended practices were superior (Matlon 1981). 

An expanded program of iarmers' tests located 
in several agro-climatic zones is being im-

plemented by ICRISAT/Upper Volta during the 
tests being designed as a1980s. These are 

follow-up to village baseline studies already under 

way. This program offers an opportunity for 
collaboration between several disciplines at the 
farm level to help define research objectives. 

thereby reducing the time necessary to arrive at 
improved technologies truly adapted to the needs 

of the West African farmer. 
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Grain Postharvest Technology 
for Developing Countries 

Do Sup Chung and C. W. Deyoe* 

In the past twc decades, considerable emphasis 
has been placed on increasing production of 
cereal food grains to meet the needs of the 
world's growing population. Success has been 
achieved in several parts of the world, as evi-
denced by the "Green Revolution'. However, in 
other regions the rate of grain production increase 
has rot kept up with the rate of population 
increase, 


In 1977 the total worldwide production of grains 
was estimated to be 1.46 billion metric tons. It a 
world population of 4.4 billions and per capita 
need of food grain of 200 kg are assumed, more 
than enough grains are produced to feed the 
world population. However, there is a problem of 
highly unequal distribution of grain supplies. Fur-
thermore, considerable amounts of grain pro-
duced are used for feeding animals and other 
industrial purposes, and do not reach the con-
sumers. 

Postharvest grain losses (physical or weight) 
are estimated at anywhere from 5 to 40% for 
many of the devA:oping countries. At best, these 
figures are rough estimates, and in only a few 
cases are documented studies available to show 
actual measured losses. Inaddition to the quantity 
of grain lost, it is believed that considerable grain 
quality loss is experienced in developing coun-
tries. This is of vital importance to subsistence-
level families because their daily nutritional re-
quirements are extracted mainly from cerea 
grains, 

Grain lost after it has been harvested not only 
loses the mc,netary value of grain and the availabil-
ity of food supply, but also the inputs and efforts 
that have gone into growing the grain. Some loss 
is undoubtedly inevitable but there is much that 

Food and Grain Institute, Kansas State University, 
Manhattan. Kansas, USA. 

can be done to pr'aservy the valuable food grains 
that are producM. Unfor(unately, in many cases 
where production has ii'creased through proper 
uses of improved seeda, fertilizers, water, and 
chemical pest control mea3ures, we have not had 
the foresight to plan ahead and provide proper and 
adequate grain storage facilities, grain marketing 
systems, and other infrastructures to preservs the 
quantity and quality of food grains so that produc
ers and consurmers alike are benefited. 

Let us briefly examine the magnitude of grain 
loss experienced annually in the world. Based on 
the FAQ estimate of a 10% annual harvest loss, 
and the total grain production in 1977, approxi
mately 146 million metric tons of grain are lost. 
This loss would have fed about 730 million people 
or would translate into the loss of about 30 billion 
dollars (based on the average price of $ 200/ton). 
The postharvest grain loE3 should t* a more vital 
concern in developing countries where the 
domestic demand for food grains outstrips 
domestic production because the increased food 
grain imports put a tremendous strain on the 
foreign exchange reserve. 

In developing countries, most of the farmers 
are at the subsistence level and their land i'oldings 
are very small. Quantities of grains held on the 
farms rpneraly range from 70 to 90% of their 
total production, and only 10-30% of the grains 
produced leave the farms for domestic grain 
rnarketing channels. Current grain handling, stor
age and drying methods and facilities employed 
on farms in developing countries are quite inade
quate for the proper preservation of grain. 

Despite these facts, litlle attention is given to 
the improvement of on-farm po7tharvpst grain 
systems in developing countries. It , indeed 
ironic th,' sums of money are spent on increasing 
productii) only to lose a substantial amount of 
the grains produced. 

Therefore, it should be recognized that im-

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties- Proceedings of the International 

Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru. AP. India: ICRISAT. 
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proved postharvest giain systems are a vital need 
in the developing countries. 

Postharvest Grain Systems 

Grain produced flows in a multitude of paths frim 
producer to consumer in developing countries, 
Figure 1 illustrates the complexities that may be 
encountered in this flow. No two countries seem 
to have the same marketing patterns or networks. 
Whatever pathway grain takes from producer to 
consumer, the following functional elements are 
involved in postharvest grain systems: harvesting, 
threshing, cleaning, drying, storage, handling, 
transportation, grading, marketing, processing, 
and utilization. 

Each functional element includes a physical 
facility, its operation and management, and grain 
management. Postharvest grain systems can be 
divided into three subsystems: (a) the farms, 
(b)the commercial operations, and (c)t!he govern-
ment operations. 

Status and Problems 

of Grain Storage 

and Drying at Farm Level 


In developing countries, grain quantities held on
the farm generally range from 70 to 90% of the 

total production. There are of course exceptions. 
However, the general rule is for the major portion 
of the grain produced in developing countries to
be stored on farms. Grain crops are harvested andbe sore onfars.rai cros ae hrvetedand 

threshed almost always by hand except for avery 

few commercial and experimental farms. All crops 

harvested are, in most cases, dried by a natural, 

sun drying method anl stored on the farms at 

some time, whether they are de3tined eventually 

for sales or for on-farm consumption. 


The storage period of grains intended for sales 
may vary from a day to a few months but in manycases the farmer sells his crops at the time of
harvest. Itappears that the main factors influenc-
ing the decision on how much to keep and how 
ingche dhein onh hto eep aIn
much and when to sell are: 

1. The amount of the total ctop harvested. 
2. Availability of alternatives for on-farm con-

sumption. 
3. 	 Storage capacity. 

4. 	Cash commitments (debts, supply of goods, 
etc.) 

5. 	Availability of time and labor at harvest period. 
6. Aveilabiliy of transportation. 
7. 	Weather conditions. 

8. 	Prices.
Grains are stored on the farm in vanc is forms 

of storage generally for periods up to 10 months. 
The different types and sizes of traditional storage 
units are constructed from locally wailable mate
rials such as mud and plant materials. On very rare 
occasions nontraditional materiah; for a grain 
storage such as metal, concrete and brick are 
used. Inmany of the developing countries bags of 
cerea grains are stored within human dwelling. In 
many countries in Africa small quantities of grain 
may be stored in dried gourds or other small 
containers. Sorghum and millet in head are 
stacked on platforms and covered with thatch to 
ward off rain. The size of farm storage units in 
developing countries would range from a few 
hundred kg to a few tonnes. At any rate, farm 
storage in most of the developing countries 
leaves grain supplies vulnerable to insects, ro
dents, birds, and to deterioration due to molds
(high temperature and humidity regions). 

Research is under way in some areas to 
develop improved storage facilities for farm use. 
One of the main weaknesses in develcping new 
types of storage facilities for farm use in develop
ing countries has been the lack of socioeconomic 
considerations. Can the farmer afford to build an 

improved storage unit and is he willing to adapt it? 
With a high cost of improved storage and the
 
absence of reasonable access to market by the

farmer, he may perhaps be better off to absorbthe losses he experiences rather than to invest in 
improvestore 
improved storage.
 

Although there is often an expressed interest,
 
improe farm oage, hasit bc e pr 
improved farm storage, it has become apparent 
that the major emphasis is usuaoy directed from 
elsewhere. Most of the studies on farm storage 
have been conducted and/or financed by multilteral international organizations. Some studies 
have been conducted by individual countries, but 
such studies are exceptions rather than the rule. 

developing countries, removal of excess 

moisture from crops is normally carried out by sunand wind drying. If poor climatic conditions (high 
humidity and rainfall) following harvest make this 
operation impossible or extend the drying period,
quality and quantity loss may be high and rapid. In 
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most developing countries, farmers are forced to 
sell their crops at the time of harvest because 
they lack the facilities for drying and storage. 

Sorghum and millet in head are usually dried on 
platforms of various sizes supported by awooden 
framework raised 3-4 feet off the ground, with 
heads piled to various depths. Rough rice and 
other threshed crops are spread on the mat for 
sun drying. The drying methods used on the farm 
in developing countries are, in general, unsound 
except for economic conside .ition. Considerable 
quantities of grains can be saved and preserved if 
a simple, economic drying method is available 
when sun drying cannot be accomplished, 

The main causes of grain damage and losses 
are the improper and inadequate grain handling, 
drying, and storage methods employed on the 
[arms. Reduction of losses through improved 
facilities has been used as justification for the new 
facilities. However, new facilities in themselves 
will not prevent losses. An equally important 
aspect of safe grain storage is to employ good 
management practices. These include examining 
grains periodically for signs of heating, insects, 
mold, and rodents; good housekeeping and sanita-
tion inand around the premises; cleaning of grain; 
maintaining uiform moisture of grain; and che-
mical pest control measures. However, such 
practices are not well followed on farms becauseof ndestaa lac ofding of rain stoageof a lack of understanding of grain storage 
fundamentals by farmers. On very rare occasions. 
chemical pest control measures are used. Other 
pest control measures used occasionally by far-
mers include ashes, smoke from cooking fires, rat 
guards made of tin cans, and cats for rodent 
control. In spite of the fact that grains are stored 
under adverse conditions for proper grain preser-
vation, individual farmers in developing countries 
are taking reasonably good care of grain during 
storage because they need this food supply until 
the next harvest, 

In addition to the problems mentioned above, 
the first links in the movement of grain off the 
farm into major marketing channels, "first collec-
tion points", are often missing in developing 
countries. The existence of poor postharvest grain 
facilities at the farm level is perhaps not the main 
drawback, but rather the lack of development of a 
marketing system, i.e., roads, transport facilities 
grading systems, market news, etc. Other prob- 
lems that exist in developing countries are the 
lack of technical personnel familiar with posthar
vest grain technology, and the very sporadic 

existence of government organizations or other 
institutions responsible for the development of 
improved cn-farm postharvest systems. 

With a very few exceptions, there exist virtually 
no formal programs or concerted efforts by 
govemments of the developing countries for 
developing improved postharvest grain systems. 
However, it is encouraging to note the recent 
establishment of the Southeast Asia Cooperative 
Postharvest Research and Development Program 
(SEARCA) by the five ASEAN countries. This 
program is administered by high level administra
tors from each of the five countries and is 
responsible for formulating improved postharvest 
grain systems for Southeast Asia. The SEARCA 
technical team is supported by various donor 
agencies (i.e., IDRC, USAID, Rri, CSIRO, etc.). 

In addition, there exists the Group for Assist
ance on Systems relating to Grain After Harvest 
(GASGA). GASGA members are: 

The Food and Agriculture Organization, UN 
(FAO). 
L' Institute de Recherches Agronomiques Tropi
cales, France (IRAT). 
The International Development Research Cen
tre, Canada (IDRC). 
The Food and Feed Grain Institute, Kansas 

State University, USA (FFGI).The Tropical Products Institute, England (TPI). 

International Institute of Tropical Agriculture, 
Nigeria (IITA). 
Deutsche Gesellschaft fur Technische Zusam
menarbeit, Germany (GTZ). 
Koninklijk Institute voor de Tropen, Netherlands 
(RTI). 
Commonwealth Scientific and Industrial Re
search Organization, Australia (C 'IRO). 
Each GASGA member institution is actively 

involved in technical training and conferences, and 
appropriate technology development for posthar
vest grain systems in developing countries. Under 
a cooperative agreement between the Food and 
Feed Grain Institute, FFGI, Kansas State Universi
ty, and USAID/Washington, FFGI has been pro
viding technical assistance on grain storage, 
drying, processing, marketing, and agri-business 
development for many developing countries. 

Suggestions and 
Recommendations 

Interest and concern for these postharvest prob
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lems have arisen only in recent years. While many 
countries have not yet recognized the importance 
of improving the postharvest grain system for 
reducing grain loss and improving the efficiency of 
operations, intemational agencies and organiza-
tions are becoming increasingly aware of this 
problem. Possibly the strongest support for a 
coordinated postharvest program came from the 
Jnited Nations Resolution of September 1975, 
calling for a 50% reduction in postharvest food 
losses by 1985, and the cooperation of all coun-
tries in attaining this objective. Recognition of its 
importance alone is not enough; rather, there 
should be a strong and long-term commitment by 
the governments with sufficient allocation of 
resources and concrete efforts through coopera-
tion, coordination and communication by many 
concerned groups (i.e.. government, scientific 
community, private sector, producers, intemation-
al agencies, etc.), in order to have successful 
postharvest grain technology programs. 

The following suggestions and recommenda-
tions for improving the postharvest grain systems 
in developing countries are given, based on our 
observations inmany developing countries and on 
the paper, "Priorities for Action in Grain Posthar-
vest Loss Reduction" prepared by GASGA mem-
bers, (FAO, IRAT, IDRC, KSU and TPI): 

1. Institutional Development 

As mentioned in the preceding section, in general 
the governmental organization solely responsible 
for improved grain postharvest systems in the 
developing countries is virtually nonexistent. It is 
important that all postharvest planning and activity 
should be closely integrated and coordinated, 
Therefore, it is suggested that a postharvest 
division or section be established within the 
ministry of agriculture, 

A technical support unit is also essential to the 
planners in postharvest systems. Such a unit will 
require a cadre of special staff experienced in 
postharvest technology, marketing, training and 
extension. Adaptive research and training prog-
rams are also essential for the development of 
improved postharvest systems in the developing 
countries. These can be best achieved through 
the establishment of a postharvest research and 
training center attached to an agricultural college 
or the ministry of agriculture. While the above 
technical support unit can be initiated with the 
assistance of donor agencies and foreign experts, 

it should, as soon as possible, be staffed at all 
levels by local personnel and be financed from 
local funds. In this way, continuity of effort and 
local experience can be obtained for the backup of 
the long-term plans and programs. 

2. Training 

The unavailabil;ty of adequately trained and experi
enced manpower is one of tl,, majr constvaints 
in developing improved grain postharvest sys
tems in developing countries. The development of 
well trained individuals for grain postharvest areas 
is a complex and time-consuming process. It will 
require many years before well trained teams of 
agronomists, entomologists, ecor.1mists, en
gineers, agricultural chemists, microbiologists, 
food technologists, nutritionists and extension 
workers are available to provide the coordinated 
leadership necessary to improve grain posthar
vest systems in developing countries. Foreign 
advisors can assist concerned nationals to start 
the training program, but in the long run only 
competent professionals from the country itself, 
who know its environment, history, traditions and 
values, will be able to develop and maintain the 
programs. 

There is a basic need for training programs in 
postharvest technology directed toward farmers' 

training institutes, extension services, and agricul
tural colleges. Graduate-level training in the grain 
postharvest technology is necessary for the 
ectablishment of a cadre of professional staff. 
Perhaps, the greatest need is the establishment 
of in-country training aimed at the lower groups of 
staff of government agencies, inspection and pest 
control services, extension services, etc. 

Many donor agencies are active in providing 
training for graduate and senior level staff in 
technical institutions in their own countries and in 
assis*tng in-country training programs. Research 
and training institutes in both developed and 
developing countries must cooperate to devise 
better and faster methods of delivering the 
r6quired training to the developing countries. 

3. Adaptive Research and Development 

From the preceding section, it is evident that the 
adaptation, development, and transfer of technolo
gies for the improvement of current grain handling, 
drying, storage, and processing practices in the 
developing countries are definitely needed. 
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The first concern of research and development 
programs should be the utilization of the present
knowledge in the location. The next requirement 
is for research into specific local problems which 
are not answered elsewhere. It is essential to 
establish a balanced research program to provide 
a base for short-term research and an adequate
research environment to train local graduates and 
technicians. Eventually persons best equipped to 
solv he problems, for example, in India are the 
Indians. Each country's problems ere separate
and distinct and even though the basic technical 
aspects of the grain postharvest systems are the 
same in each of the countries, there are definite 
values in solving one's own prblems. Also, the 
importance of establishing and maintaining a 
positive link between research and extension 
efforts should be recognized, and close coopera-
tion and communication between international 
research organizations and/or technical universi-
ties in the developed countries, and the research 
organizations in the developing countries, should 
be actively sought. 

Any developments in grain postharvest technol-
ogy should not only be technically sound but also 
socially and economically sound so that they can 
easily be adapted in a given developing country. A 
few priority areas for researci activity are outlined 
below: 
* 	 Extensive surveys on grain quality and quantity

losses under various traditional grain storage 
methods on farms with a standardized loss 
assessment methodology. 

* 	 Investigation to improve best types of current 
traditional storage facilities and methods. 

* 	 Investigation to develop a simple and effective 
nontraditional type of storage facility by consid-
ering climate, locally available materials, type of 
storage, level of tecinology, etc. 

* 	 Investigation to develop drying systems that 

will be suitable for the subsistence level 

farmers. Special consideration should be given 

to the reduction of energy costs, by improving
thermal efficiency of dryers or by research intothew r fcen of ders.Efort esehno b new sources of energy. Efforts should be 
made, in particular, to maximize the use of 
agricultural by-products such as straw, chaff, 
husks, etc. 

* 	 Investigation to develop effective pest control 
methods. 

* 	 Investigation to develop small threshers which 
can be carried from farm to farm or to the field, 

and can thresh efficiently under normal local 
conditions. 

e 	 Investigation to develop small cleaners which 
can clean grains 9fficiently under normal local 
conditions. 

9 nv 
sigtion to develaie an inexpen

sive wthod to determine grain moisture con
tent with reasonable accuracy and precision.

* 	Investigation to develop a simple grain grading 
method. 

e Investigation to improve nutritional levels in 
rural areas. 

9 Investigation to improve cereal processing 
methods and equipment, adaptable to present 
technology and social patterns. 

* 	 Investigation to develop agribusiness iirms or 
agricultural processing industries near the rural 
area (e.g., grain processing, feed mills, rice 
mills, agricultural implement manufacturing 
firms, agricultural supplies and service shops, 
etc.). 

* 	 Investigation of the des-gn and location of 
suitable grain collection stations that will allow 
farmers reasonable access to the markets. 

4. Extension 

Shoriage of extension staff in the developing
countries is another constraint in the establish
ment of improved grain postharvest systems. 
Existing agricultural extension services are almost 
entirely directed to problems of production. Most 
personnel employed in extension services have 
little knowledge of the grain postharvest field. 
Therefore, it seems essential that training in 
postharvest technology should be given to those 
extension workers who are in direct contact with 
farmers 

Finally it is hoped that the importance of 
improved grain postharvest systems is recog
sysems ipdevepn ontri iosidredtosystems indeveloping countries is considered to
be an integral part of the overall improvement of 

sorghum in the eighties. 
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Session 6 Prod on Technolgay 

R. V. Vidyabhushanam* Discussant-1 

Sorghum, espvially inthe traditional areas of Asia 
ard /rica. is usu.iy grown in harsh environ-

avel managemrit in traditional 
drylnd subaismte I.,riculture ir th-ese countries 
is poor. In recur5, considerable empiiasis is 
being given insieral of the doveopin countries 
to evolve superior genot'.,res ca-pi;--Je of giving 
high yields. This is quite imp.r :ant in India which 
has the largest area scim to sorghum in the 
wordd. The attempt has been total transformation 
to stable and high i.;s of product;rmn. This 
necessitates evolving new production technolrgy 
capable of realizing the full yield potential from 
new genotypes. 

men:. !tL oF 

Cre~'!rg Systems 

In .ri;diional dryland agriculture, the prctice of 
r,niz.:.d ,-,3ppin9 is extensively folloevad snd. v+.s 
io cover risk against unpredictable saonal cordi. 
tions. The cultivation of early nizaring h,,: 
yielding hybrids and varieties of sorghum was 
foundi to r duce vulnerability to c-dverse ,;eaonal 
cwnditions thereby leadin. t.) stabQ and,,) hiir 
p;oJ'.+e'ity. Inthis context, the croppin. Zy',OrMS 
evl;ed should be able to (a) furnish beter risk 
cover in subnormal years and greater profitability 
in neomnal yea,3, (b) enrich cereal diets and soil 
frtifity through incorporation of legumes in the 
sy,:tAm, and L:)improve land-use efficiency and 
increase overall productivity. 

Evolving appropriate cropping systems for inter 
and sequence cropping situations suited for the 
short and early maturirj .janotypes has oeen an 
integral part of the strategy for enhancing produc-
tion and productivity of sorghum lands in India. To 

Project Coordinator (Sorghum), All India Coordinated 
Sorghum Improvement Project, Hyderabad. A.P.. 
India. 

this effect, a large number of studies have been 
cmrried out during the past decade in the All India 
Coordinated Sorghum Improvement Project and 
the All India Coo'linated Research Project on 
Dryland Agricu'turc-i. Tho results from these stu
dies clearly mo.&'roted the profitability oi iho 
s hil;hi.,mirt~ecr.ppig systems with di,,b 
r-t legumes (pc, np x . cowpea, greeng n, 
groundnut. s Gicl, In terms of mw ;eta.y 
returns, t e ir ,se ranged fio; o 50% of 
the sole cotp ide~p .,ndin upon ti, I aia- andh aid 
intercrop. The sorghum-pigec;,g-fc, m w3i& 
found to be the most pofi t.,ti combina~iei. 

Dr. Willey and his cz en:'jus in thar p rnr 
sorghum-based crrgz>i,,r .yslerns h sci;iu 
reviewed the wof. ,cn,:; in varioui counlrl:. t is 
evident frv;,, their rcspi'i:s portunizies for 

indcd unjmitud. Bidlas yisd'4 i, svv,".. 
al od'r, i r, intfti::;1i, 7 i ,ve Wv, 
listed. F' ihad3, orihe incluaicn oi tood lepurvzs 
oilseed crops in the cropping sys.rris wi.i 
sorghum is extremely important in view of -.he 
acutp deficit the country is facing for pulses arJ 
r]Jb>, oils. Apart from increasing thcr ,io .Juion 
of these scarce comm-: iu,-s, ,he btntcial 
effects of nitrogen fixnlkirm by iegurnez; is ao an 
important consideration. It I;.,however, i(Vi^intV 
to note that subr.antiat n,3fii~s ;m nitrogen 
ii,,'ion 1'%,groundnut c"ukd not be observed from 

"FfRSAT su.d that detailedstudies. It is sugq 
stunies be undertv!.en to r,':rtify thii b ,-6ficial 
effects of nitrc.ur, fixilkmn frov varioi sorghum
legume combiiPations. The -sibiliy of sorghum
chickpea intercropping in the postmonsoon (rab) 
season deserves to he furlhlr explored. 

The finding thct in zihigh rainfall, deep Vertisol 
situation like Indore, the mobabilty of taking a 
successful second z;eL'rice crop is only 27%. is 

revealing. The reason attributed for this low 
probability is the nonavail.,bility of adequate soil 
moisture ;n the surface layers. This aspect needs 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighti".: Proceedings or the InternatiorW& 
Symposium on Sorghum. 2-7 Nov 81, Patancheru, A.P., India. Patanchtru, AP. India: ICRISAT. 
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to be investigated further to devise some tillage 
methods to conserve the moisture in the surface 
layers, because there is a vast potential for a 
second crop in this area if short-duration sorghum 
hybrids arv-eventually cutivated on a large scale. 

Opportunities for taking a ratoon crop exists 
now with the introduction of short-duration, 
photoperiod-insensitive hybrids. Slow senesc-
ence and quick regeneration are the advantages 
of these hybrids. The observation that ratoon 
crops yield only about half of the planted crop is 
applicable to situations where moisture is limiting. 
Under adequate moisture situations or where one 
or two supplementary irrigations can be provided, 
yield comparable with the seed planted crop can 
be realized, 

The suggestion made in the paper that genoty- 
pes suitable for intercropping be identified or 
bred, taking into consideration the desirable plant 
characters, is very appropriate. This applies to 
both sorghum as well as to the intercrop, 

Seed Production 

Seed production is the crucial link in crop improve-
ment programs through which superior genoty-
pes developed by the plant breeders reach the 
farmers. The main purpose of the seed industry is 
to generate adequate quantities of good quality 
seed of high yielding hybrids and varieties. 

Dr. Chopra in his paper presented a compara-
tive account of seed production aspects in de-
veloped and developing countries and posed 
some of the problems faced by the seed growers 
in the developing countries regarding sorghum 
seed production. I wish to highlight ionie of the 
important features of the organizational system 
and growth of the seed industry in India. 

Ar ,)rganized seed industry on commercial lines 
came into existence in the mid-sixties with the 
release of hybrids of sorghum, maize, and pearl 
millet. At present, India has the largest seed 
industry in the developing world. Indeed the 
growth of the commercial seed industry in the 
country is phenomenal. Seed is produced and 
distribuied both by public and private agencies 
and a healthy competition exists between them, 
which is ideal for the rapid gre Nth of the industry, 
The estimated annual production of certified seed 
of sorghum hybrids is of the order of 12 000 
metric tons. 

Seed production with sorghum hybrids is con-

centrated in some favorable areas along with 
some other isolated pockets, mainly in the penin
sular region of the country. Seed production is 
being taken up both under rainfed conditions in 
the monsoon season and with irrigation in the 
winter-summer seasons. Several thousand small 
and big seed growers are involved in the produc
tion of hybrid seed. By and large, they are 
receptive, and acquire the necessary technical 
skill, to carry out seed production programs 
effectively. 

A number of problems are encountered in the 
production of hybrid seed some of which have 
been referred to by Dr Chopra. They include the 
adequate and timely supply ,f breeder's and 
foundation seed, nicking and low germination 
problems in some hybrids, and matters associ
ated with seed certification regarding isolation, 
etc. 

At present, the situation on production and the 
timely supply of breeder'j and foundation seed is 
somewhat critical due mainly to the frequent 
failures to obtain expected yields in the seed 
plots. To overcome this difficulty, the suggestion 
made by Dr. Chopra to create buffer stock of 
breeder's seed to last for 3-4 years is very 
re!evant. As regards foundation seed, two iinpor
tant decisions taken recently by the Government 
of India would go a long way towards eliminating 
these shortages. The first relates to the removal 
of restrictions to organize foundation seed prog
rams by the private seed companies to meet their 
own requirements, and the second is to permit 
stage II multiplication of foundation seed. 

The problem of nicking in the production of 
certified hybrid seed is bound to exist because 
production is attempted in variable seasons and 
climatic conditions. While it is possible to over
come this problem under irrigated conditions by 
staggered plantings and agronomic manipula
tions, such alternatives are not possible in rainfed 
situations. In the irrigated fields, seedlings are 
raised in nurseries and transplanted at an appropri
ate time. This has proved to be highly successful 
in the case of the CSH-5 hybrid where there is a 
major nicking problem. This procedure has other 
advantages such as a lower seed rate, better 
shoot fly control, and more uniformity of crop 
stand and expression. 

The problem of grain mold is rather acute in 
many seed production areas due to the preva
lence of humid conditions. They frequently reduce 
the germination of seed rendering it unfit for 
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certification. Fugicidal spray schedules have been 
found t be very effective in minimizing the 
pI-: .Am rj, iower germination. 

A ot n-;r work still needs to be done in the 
a'w of sw! technology to make seed production 
a more attractive proposition. The success and 
opu- ,;ity of a hybrid depends as much on its yield 

potential as on the easy producibility of seed. It 
shouid be the constant endeavor of plant breeders 
to develop hybrids that have minimum seed 
production problems. 
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Session 6 Prodction Technology 

L R. Houul Discussant-2 

An important use of sorghum is as an intercrop, 
There are numerous combinations: sorghum in 
maiza in Central America, sorghum in cowpeas in 

Brazil, sorghum in millet in West Africa, and 
sorghum in pigeonpea in India, serve as earr-
pies. Beside space relationships theto is concern 
about modification of the plants themselves, 
usually in terms of plait height and maturity. This 

is a debatad issue; an erzmple will help. There is 

a situation in India where there is interest in the 
dry sowing of scglum and pigeonpea belo;e the 
monsoon rains. It is valuable if the sorghum crop 
can be harvested in mid September as the 

pigeonpeas begin to expand; however this is a 

period of expected rainfall resulting in the weath-
ering of . sorghum grain. It may be possible to 

use a fv,-.;turing type vwilh ,rect le..ves and/or 
long ,- .c<ds bi tween upperns lesivv to 
reducc:zmptition witm th,, peo &s. 

Thom, i- concem both for the pzct, i, mer of 
limited means and in producing adequate food to 

meet demands. The cn i'of a two-pronged 
thrusit directed at a rapid i-.:ase 'n production in 

areas of less moisture stre;,: while contributing to 

improved production capability of the poor farmer 

in climatically harsher areas was mentioned and is 

of interest at ICRISAT. In addition, the concern for 

increased production in alieady highly developed 
agricultural situations was recognized and is 

important to our concern about availability of 
adequate qjntities of food. 

I have been impressed by the precision of 
sowing gained with some tractor-mounted plan-
ters and the resultant effect on stand. This heavy 
equipment moves the soil rather than being 
moved by the soil; so, for example, seeds can be 
placed at a desired depth, seed, fertilizer, soil 
insecticides, and herbicides can be placed pre-

Principa! Plant Breeder and Leader, Sorghum Pmoqram, 
ICRISAT. 

cisety and uniformly, and uniform interrow spac
ing permi ;y cultivation. It would seem that 
scme co,-cpts from this kind of tractor-drawn 
equipment couid be adopted to simple anim!
drawn iis. The addition of simple guage wheels 
to codsol depth of sowing, rolling disc planter 
show.s to ; rather than drag through the soil, 

some fo;n; of press wheels to firm soif c:,J the 

seed; guide discs to reduce side sip, and a 

marker to better judge interrow distince may be 

adopted to existivig farmer equipmenX'. The vwtue 
of animal-drawn toci cafriers ''; recognized and 
their effective use dmonstra','ed. A clo,,er lo .kat 

the possibility of improving yet simpler equipment 
is questioned. 

Weed control is undertaken in many areas by 

hand pulling or the use of a simple hand tool. An 
improvement in methods of weed control would 
permit more timely weeding at lower costs. 
We.W;s can be a major constraint to production 
and their control deserves more attention, particu
lady in the developirng countries. 

The concept of minimum tillago has evolved in 

developed countries. A problem has been slower 
warming of the soil following the cold winter, 
there being as much as 5°C difference between 
fully tilled and minimum tilled fields. This may be 

of interest in tropical areas where soils are 
frequently very hot at the time of sowing. This is 

an aspect of the general problem of stand 
establishment, the concern for which has been 
mentioned. 

The idea of using sorghum to conserve water 
for irrigation in areas where the water table is not 
being adequately recharged is interesting. The 
concept of protective irrigation in India developed 
years ago. The concept of sorghum as a water 
efficient plant could be important in a range of 
situations where water availability is limited. 
Effective policies to help ensure water use in this 

way are important to this consideration. 
The importance of biological nitrogen, and 

Intematiornl Crops Research Institute for the S jm-Afid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
ICRISAT.

Symposium on Sorghum. 2-7 Nov 81, Patanchetu, A.P., India, Patancheru, AP. India: 
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cautions in its promise, have been mentioned, 
Surely, this will be an interesting and important
research area in the lS0s. 

At this symposium we have been primarily 
concerned about food. Farmers in India using high 
yielding hybrids have found the processi;w, of 
stover into hay different and more comp'!:-', -1n 
with traditional varieties. There is an opporiuny 
to improve the value of sorghum stover .shay as 
part of our reseai'ch. This could involve nutritional 
im :'.-. ent of the plant as well as piocessing 
prD,
r.;,, 

-, concept of improved mect inization of 

,rr',~displacing some farm labor but resulting 
in an increase in job op -;-unity is valuable. So 
frequently there is conce:n about techniques that 
displace labor. This concept of labor-saving and 
labor-efficient devices should not be overlooked in 
a transitional situation that could finatly lead to 
increased job opportunity. 

The importance of crop management on eyperi-
rnent stations has been mentioned. The import-
ance of this is obvious but frequently overlooked, 
Many well trained scientists fail to s-.:;asatisfac-
tory conditions of field research. 

.norV.int to concepts of crop management are 
those of pest manr. m; t. Early sowing of 
sorghum in the monso: :;-son in India will avoid 
the shoot fly; large --ea -o,.ng of varieties with 
the same maturity at the same time has been 
demons*rated to assist in control of the midge; 
and modification of crop maturity and d.; of 
sowing may help to avoid crop depreztation by 
birds. The destruction of crop residue to removc 
ihe ,.,rry-over of stem borer is another among the 
runoerous possible examples. The corsiderations 
of interaction of crop management on pest control 
should be included in crop production research 
activities. It may also be valuable in areas where 
midge is known to be a problem to encourage 
large area planting of earlier varieties and hybrids 
at the time of release, 

Extension services are frequently condemned 
for lack of effectiveness; less often is the ques-
tion asked about developments from research 
that are useful to extend. The use of animal-drawn 
machinery in southern Mali, and of seeds of 
high-yielding varieties and hybrids in India over the 
last 15 years are examp!es of a response by 
farmers to something of value to them. In both 
situations an entreprenurial group in the farming 
community comes forward and in fact creates 
demand for an even greater input-such as the 

use of tractors in southern Mali. That farmers in 
traditional situations will effectively respond to 
new technology useful to them as wel! as apply 
pressure on government for a change in policy 
and availability of inputs needs to be more widely 
recognized and understood. 

The argument that the development in southern 
Mali rests on the production of contoi. a cash 
crop, is relevant in that it provided -. is to 
generate income. It :s significant that . rs in 
the project area also used their equipm.:, and 
better management procedures to irmiptove sor
ghurn yields. la fact, the project targets three 
times the area in cereals as compared with 
cotton. It is likely rh : with suitable crop technolo
gy in better v,,,*I, areas such as southern Mali, 
yield retuirns - er- can be sufficient to 
cause the , ;,ni i, those catalyzed by 
cotton. The concept of aq..;tun increase in yield 
is recognized as one possible way to generate 
change.
 

Where does the farmer turn for help? What can 
the extension man or researcher tell a man 
farming a low-lying waterlogged area when there 
is no community system for drainage? New 
machinery can be developed but who produces it 
and who ensures quality standards? Some such 
activities are extension oriented, some are project 
.'Wiented, and some require government regula
tion. The question of where the farmer can turn 
for effective technical information and support is 
an important question for the eighties, 

The concept of quality seed as an important 
component of developed agriculture is recognized 
but all too frequently without adequat, conviction. 
This can in part arise from a frustratior in the 
absence of the ramifying infrastructure rnquiied. 

The largest most successful seed enterpric'; in 
tne world exist where competition and pro. 
incentive are important motivating forces. Govern
ments interact to maintain some regulation of 
companies but they are not involved in competi
tive seed production and marketing activities. 
There are currently countries where superiority of 
sorghum hybrids has been demonstrated and 
these are likely to increase in the 1980s. Opportu
nities for private company operation varies but of 
basic importance is a conscientious study by 
governments into ways of efficiently producing 
and marketing quality seed. Independence of the 
seed production and quality control aspects is 
important. The role of qua:ity control, research, 
and extension as functions of government and of 
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seed productro by ;,,,t-z-rTous independent 
apncies . ,ccnid,,ration. Regional imrket-
ing of hy,:id .s;dmay well be aviable 7,ernative, 
particutarl, in ,ris of Africa. 

A see-2d hat. developd in India over the 
last 20 y.iras-this system warrants careful 
study. A probiem has been inadequate quantities 
of hybrid seed. Aside from policy issues important 
to this prol:I. m, are the constraints in the actual 
,h:jUuct;in ol seed. ifit;:: difficult to achieve nick 

'the simultaneous flowering of btWh parents) in 

the production field, seed y a. a low. The 
problems contrit,!ting !) ni,.: ! b so i hut 

this requires tiri, delayin , 
seed stoCK. 4, hyt-',ri,- , ,.-UC
ers may nr., -atzmrpt vie n of ead of 
hybrids where nick is a prob!,- . . ,:.,,Juclion of 
hybrid seed begins in a co,.:n~r, -.Mticuiar care 
should be taken to ensure ecrsy production over 
many possible areas suitable for this activity. It is 
not unrealistic to insist on a test de,-nonstrating 

At ICRIproduceability as a criterion for r ,,:-. 
SAT, as we develop new A-lines ,' cting 

iryas muchsister A-B !i ,,at range in ,ai r:;-

as 10 days. T- idea is to n A;- t.on it the 
A-line to rn,,'i flowerin ,'ih Ptn,e in 

production fieids. Other tichni(iu,: .n b de

veloped to improve nick in hyb;7:U ,' 2 d production 
fields and these developments should be encour
aged. 

Maintenrwce of type is a matter of concern. 
Breeders. developing new hybrids shoula accept 
the responsibility of insuring type in nuclear seed 
an,r breeder's seed. Without this, the hope of 

ma! .aining type in foundation and commercial 
pcduction fields is poor. Certification, and a 
v;gorous determination to maintain certification 
standards at all stages of seed development, will 
contribute to the quality of seed that the farmer 
buys. 

The importance in a country, where there is 
interest in hybrids, in recognizing major differ
ences in production and marketing of hybrid vs 
variety seeds cannot be overemphasized. The 
production of hybrid seed offers avaluable oppor
tunity for quality control and for extension in 

sucencouraging better farming practices. The 
cess or failure to make an impact with hybrid seed 
der.-.nds on the program evolved. At aminimum a 

should take the time to study carefully thecc ntr 
Sed ;idustry where it is established and to 
modiy and adapt concepts to local conditions. 

The issue of technical assistance in establishing 

a seed indyi:, m .- w'here do people 
go for hep t,;i i.;v.periH,,ful look at some 
of the iuncofthj.-, ,n .ds Corporation 
in India is workhwtiz 

The issue of po'tharv t technology has been 
considered from modificz.ion of traditional means 
to rather sophisticated systems. The need to be 
aware of and to res.pond to changes due to 
increased urbanization in the 1980s as related to 
seed proc'ssing, storage, transport, and market
ing requires our attention. 
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Session 6 Production Technology 

Dis ssion 

Norman 
ICRISAT is to be cngratulated for taking a 
leadership role in intercropping work thereby 
helping to make iesearch in this area a respect-

oeccp ,vc scientists. Dr. Willey has 
:i ,y,; ihwre' possible advantages of inter-

crovirpin in iif'vg Lind oFoductivity. Have 
VD,; O: - the ..... of intercropping to 
in_,a,.. se ,*JodLz:.ivi of labor at critical 
ic;t neck penrods? V c,.1t Africa, intercropping 
is commonly p bV farmers with labor 
rather than land fim;tWions. Productivity of their 
labor input during th,. critical weeding period is 

incrf,;Tc-J by growing crops in mixtures rather
stands. (Facto2.. :ontributirig to this a to 7,,,than a3 ;o th a n d s as .(Fo~ e sta ontib uing to his 

are increments in gross yie!d per hectare through 
growing the crops together, i.e., LER I -and 
higher . per hai.e., millet plus sorghum 

come ,Jin millet or u sole crops 

--Wich r:y reduce weed problems). The 

potential f,_ improved techniques for intercrops 

in laboir ccrce areas, particularly for farmers 

using hawd tools, is great. This is especially the 

cse when yields of improved technologies for 

,..Psorghum are not spectacular thereby often 

resulting in a decrease in the return per unit of 

labor input durinq the critical period compared 

with the traditional sorghum technology. A corn-

plementary intercrop would in.such interaction 
per unit area and per unithelp increase the rrt.n 

Lbor thereby helping the adoption of im
of 
pr.',>,1J yield-increasing sorghum technol.gief. in 
I'Ab carce areas. This has in fact hanp-,ed in 

psn,, of ncrthern Nigeria where 1,;; cycle 
SK9 !2 sorghum is often grown by larmers in 
mxturs with short cycle traditional millet. In-
cidentally some of Andrew's work indicates that 
ar imral traction is possible with intercrops. In 

order to got the labor factor into designing and 

analyzing improved technological packages, it is 
necessary to pay increasing attention to work at 
the farm level, 

Willey 
We have not specifically looked at intercropping 

productivity per unit of labor input, though we 
are awa;e of your work on this aspect. As with 
any c:opping system, it is obviously logical and 
useful to examine productivity agains2 any re
source that is particularly limiting. For most 
operations (e.g., cultivations) labor inputs are 
unlikely to be greater for one hectare of iner
cropping than for one hectare of sole cropping, 
and for important weeding operations they can 
be less. The higher productivity per unit area 
from intercropping will thus often give higher 
productivity per unit of labor input. 

HouseHos
In term s of yield .varietip~s develo ped at IC R IS AT 

Center have not really contributed as compared 
to locals when both are grown on f;; z, fields 
in drought prone areas of West R V;e are 

,
making an effort to use h,.tercsi.; 'c: to 

6 ,t- inobtain an increase in yields. Th,,, 

hybrids but the available inform'hia -, ' :..,,; ts 

that in dry areas this is not an e., joi<.\Wu are 

looking at the possibility of sorghum synthetics. 

The West African types are very cp.:,.".n-headed 

and natural outcrossing may be sufficient. Bhola 

Natn at ICRISAT is beginning to use ms3 and rns, 
to build .i composite that a farmer can use 

1-.erility remaining in the population. Wewith the 
in what opportunities mayare also 

Balasubramanian 
Dr. Willey made an interestinig .M.ervation that 
nitrogen fixation of groundnut in intercropping 
with sorghum was reduced. Was it due to 
reduction in plant size or due to fewer nodules? 

Willey 
Plant size, nodule number, nodule weight, and 
fixation rate can all be reduced in intercropping 
but the point I was making was that our 

found that wheremicrobiologists have even 

plant size is not reduced, fixation rate often is. 
Current evidence is that fixation is preferentially 

0C "MN.etoa1 
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reduced because of shading compared with 
normal physiological prozesses. 

Niangando Ouni,.7 
In our ex _ om c ghum-millet interrop-
ping with cov,, , x e, .;)s.nce of grain produc-
tion from co,,xi observed. Have you 
noticed a similar i '-non during your re-
search. Is it a varietal or phVsiological question? 

Willey 
This is ri ,c.m we have observed here so I 
czncz , though I know this can be a 
ptb-orn vi'h cowpea under dense cereal stands 
in "Vst Alria. 

El Mohamane 
The seed is the input by which, at present, the 
small farmer can benefit from the scient);Ic
advancement at the least cost. Unfort-.-. . ., 
man-y farmers are still expecting seeds < 5,;'h 
yiekiing varieties. This is because the breed.cs 
do not see to the outcome of the varieties they 
have developed, and improve them as much as 
possible on the fields. What is urgently required 
is that the breeders folkow up the varieties to the 
farmer's level to give him all the guarantee that 
he needs. 

Ryan 
I raise this more as a puzzle to think over rat her 
than a question. Wiy do many farmers in India 
shift from intercrmpping to sole cropping when 
they adopt high yielding varieties of sorghum?
Perhaps it is to take advantage of sequential crop 
opportunities that shorter duration high yielding 
crops allow on deep Vertisols. Perhaps exten-
sion services are not used to extending intercrop 
technologies which Dr. Willey's work suggests
have economic superiority over sole crop. 

Willey 

Whatever m:."! be the reasons, intercropping 

docs not , miiate anvantages with high yir. ding 

cultivars. lne othp, factor that further compli-

cates is thae in Indi, nybrids are often associated
 
with high inputs, and there is a belief th . under 

high inputs use. intercropping does not give 
worthwhile advantages. There are mmny studies 
on this in recent years, it is true that the relative 
advantage may be less with higho;"inputs. Ifona 
gets a 40-50% advantage under stress, on~y 
20-30% rm ay be obtained with high inputs, but 

the point is ,hI of-:4000 kg at high i..,pts is 
a great daA h- '.n ah~n t40% of 503 low 
inputs in terms of actual yiekdzr it-ms. 

Gunasekera
 
There is work ;r .,-t c..n; th,
hat farmers not 
only maximi -;P; , minimized variabil
ity. Itmmy rc. : i,, "n dol oF, which 
fVrrn'TOni-hs.v, , b*r ,n , but cplana

comm.ne- forn Africn scientist. on this 
aspx., -. &,, fr;,mers given up intercropping in 
Africa urner it.h input use as in India? 

Nicou 
In today's meeting, the interr-jopping systems
intercropping, sequential cropping, cc.) have 

bc in much discussed. But we have f Xn 
i .t much monocropping is still carri, il out in 
West Africa and especially in Sahelian ;ee&ics oy 
4Go to 600 r-mm ra:nfall. The farmer practiccs ,ely 
cropping only when he saws cowpea a month 
before the millet harvesting. This is done in order 
to exhaust the water reserves which remain in 
the boil. We have the impression that we know 
all about cropping techniques and even about 
sorghum fertilization. No one has commented on 
Dr. Clegg's paper. It summarize: the general 
impression which results from this symposium.
We think that all problems can be solved through
varieties resistant to everything and intercrop
ping which ,ables the cereal to take up the 
nitrogen iromi ihe legumes (which has not been 
demonstra-ed). But we forget that if one makes 
a rt rat more prouluctive, it consumes more of 
the ;oil resourcos and thus impoverishes the 
sol. It is known alr ady that Sahelian soils are 
poor. If we wv-z o produce more without 
wishing to give rno,- inputs, we are heading in 
tie long run towards an impoverishment of the 
environment. When the soil is so poor that 
sorghum does not grow well, I do not think that 
we can increase the production through miracle 
varieties, without utilizing the essential good 
agronomic techniques. 

Stoop 
I would like to add a little to what Dr. Nicou has 
said. The West African soils are very poor in 
fertility and have a low cation exchange capacity
(<7 m eq/100 g soil). Research by IRAT and at 
Samaru have shown that the regular application 
of chenical fertilizers decreased soil pH to a 
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-
.,1where crop production wt,,, 
;,-,--.I Sci~jtis in. be of xhii 

'-ciJ 

:. aware 

Tr~~i.r ir''iw ,W;-t ruggestions durrg 

. ,,: . ,bo: use
feV.Or for higher 

:f:ica. Cormri.::;'oI,: is particularly Z 
prot-l, ba iuse cf the nr: vailability of lirn,.in 
mnet of cou,.the West African nn. 

Nianp; -d 
Our y -,7-.i grou;M. showed that 
excessive f : ; deterior-nt." ,he soils. In 
tradiional agwkxil ,ure, a balance was maintained 

whio our modenm techniques are destroying this 

balance. Trr.lional techniques contribute to the 

buildup ol v.;1 rasources. We tend to forget the 

importance of crop residues in the soil which the 

traditional techniques conserve. 

Webster 
It is very important in order to improve the life of 
the peasant farmer to first study his farming 
practices and constraints. Then one will be in a 
position to make suggested changes. 

Singh 
In the All India Coordinated Sorghum Improve-
mnt Project we have observed that if the 
traditional long-duration cultivars in the khanff 
£e22on are changed to 90-95-day maturity 
cultivars, we can go for double cropping of 

theVerfisols by growing safflower or chickpea ir, 
instead of single cropping aspostuainy season 

practiced at presrint. The possibilities of harvest-

ing kharif sorghum at physiological maturity can 
of seeding the secondalleviate the problem 


crop.
 

Iagey tmore 

I agree that early maturing genotypes and 
harvesting at physicrical maturity re impor-
tant concepts that can increase the probability of 

taking a second crop. Inpractice of course there 

often has to be a compromise between these 

factors and problems (e.g., head molds and wet 
conditions) associated with early harvesting. 

Tarhalkar 
In a sorghum-groundnut intercropping system, 
sorghum is usually the dominant crop and 
groundnut suffers from sorghum competition. In 

your opinion, what are the ways of improving the 
groundnut yields? 

Willey
If a full sorghum yield is req.i , . ..... on oni.. 


the groundnut can only t . o certain 
extent. e.g., by widening ot vir~i of sorghum 
rows. Where a partial sorghum tir is acccpt
able, groundnuts seem remarkatty nble to rpo
duce a good yield without suffering too u h 

competition. 

Parvatikar 
Intercropping in winter sorghums has not been 

touched by Dr. Willey. although Dr. Vidyabhusha

has said that chickpea has been tried. In 

Kamataka pigeonpea, chickpea, safflower and 

other rabi crops are being tried. 

nam 

Willey 
In general. research on intercropping on ctorad 
soil moisture during the postrainy sc-.,crn sug
pasts a rather lower advantage than that 
ubtained from many rainy season situatiorna. But 
that lower advantage may still be useiul: for 
example, we have found an advantage of about 
15-20% with sorghum/chickpea. It is of in
terest that the less frequent occurrence of 

and itsintercropping in the postrainy season 
lower advantages are usually attributed to a 
more stable environmental condition that is not 
dependent on rainfall. 

Umat 
What is an ideal cropping system with sorghum 

for a poor farmer working with marginal soils 

under low rainfall? 

Willey 
It is difficult to answer this satisfactorily without 

information of the situation to which you 
are refering, but it sounds as if an ideal system 
would be sorghum with a hardy, drought tolerant
intercrop. If there is usually a little residual 

itre It tere sum arlite idual
 

moisture left after the sorghum harvest, the ideal 
intercrop would be pigeo,'ipea, otherwise an 

be h bet ter.eaer r ino w 

Dusseini 
Density of millet and groundnut affects the yield 
of each crop in intercropping; the bigger the gap, 
the worse is the yield. What is your experience 
regarding yield of the above crops in sole and 
intercropping? 
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MiKa/groundnut intercropping at 1 millet: 3 
groundnut row arrangement has been found to 
give about 50% of sole millet yield and 75% sole 
(,oundnut yield; this produces an intercropping
-'.;r-?ntage of 25%. The yield proportion howev

can vary depending on the ralative proportion 
t,he component crops. Millet has a wide 

Vtekd-population plateau and as such its yie!0c maynot be affected by small changes in plant
population. But r.s in groundnut dpfinitely
affects its performance and can reduce the 
overall intercropping advantage. 

wi Ai to make a comment on biological nitrogen
fAk,, that Dr. Clegg has referred to in his 

prescn;-tion. The tests conducted at several 
locations in the All India Coordinated Sorghum
Improvement Project indicate that Azospinillum
is more efficient than Azotobacter in fixing
nitrog:-n. In the rainy season there was fixation
 
of ;:irogen ranging from 
 20 to 40 kg N/ha.
Ho<yzver, this c.ffect was not observed in the
 
postniny season probably due to the lack of
 
sufficiefnt moisture.
 

Another kind of biological nitrogen fixation is 
thsoigh legumes in intercropping. At te Indian 
Agricultural Rnv arch Institute, New Delhi, we 
observed that ft.dder cowpea would benefit 
sorghum in in-icropping in fho same season 
and also leave ieidu3i benefit lu the following
wheat crop. The residual benciM from peanut or
intercropped cowpea equivialent to AO kgwas 
N/ha. However, no s-,ch effects were observed 
with soybean. 

544 



Session 7
 

Food Quality and
 
Utiization
 

Chairman: L. Munck Rapporteurs: D. S. Murty 
V. SubramanlanCo-Chairman: J. F. Scheuring 



Sorghum Dry Milling 

R. D. Reichert* 

In many devo!oping countries sorghum grain is 
traditionally processed by the very laborious and 
time-consuming mortar and pestle pounding 
method. This process was partially mechanized by 
the introduction of small grinders in many villages. 
The trend recontly has been toward th, construc-
tion of larger, centralized facilities which have the 
cx.:bility of cleaning, dehulling and grinding of 
grain. By the year 2000 it has been estimated 
(Miche et al. 1980) that if only 20 to 40% of all 
sorghum produced is processed, some 1000 
-8000 medium, capacity industrial plants (3500 
tonnes/yr) woud be required in Africa. During the 
last 10 years a qreat deal of activity has been 
focused on the davelopment of these village and 
industrial-scale systems, particularly in countries 
in Africa. Development agencies such as the FAO 
and IDRC. governmn it institutions, universities 
ind especially private i ustry have been very 
W.tivaiy involved in is area. 

ZoGhum grain is processed to remove the 
fiLbous and often highly colored pericarp and testa 
layers and to reduce the remainder of the seed to 
flour. Often the peripheral layers also contain 
anti-nutritional constituents such as tannins. Inthe 
traditional mortar and pestle method, and most of 
the mechanical methods, much of the germ is 
often retained with the endosperm. 

Efficient mechanical dehulling of sorghum has 
been one of the major problems in the develop-
ment of sorghum procatssing facilities and this is 
an area where most sorghum milling research has 
been concentrated in the last 5-10 years. The 
various technologies which have been used to 
dehull sorghum (or could potentially be used) have 
been categorized and include: (a) roller-milling 
equipment and peeling rolls, (b) rice-dehulling 

• National Research Council of Canada, Prairie Regional 
Laboratory, Saskatoon, Saskatchewan, Canada. NRCC 
Paper No. 19711. 

equipment. (c) abrasive-type dehullers, and 
(d)attrition-type dehullers. Many of the machines 
in the last two categories have been developed 
specifically for sorghum and similar grains. Appro
ximately 40 dehullers or dehulling methods are 
reviewed in this paper, the majority (22) being 
abrasive- or attrition-types. The main objective is 
to record the major principle of operation of each 
dohuller (as far as this information is available) and 
its application to sorghum or a similar cereal. 
Several commercial- or pilot-scale mills in Africa, 
most of which have ben erected within the last 
decade are also describ 3d. Also discussed is the 
development of equipment for predicting the 
milling quality of plant breeders' samples. 

Since private industry is actively involved in 
sorghum milling research, much of this informa
tion was obtained from unusual sources (adciertis
ing bulletins, annual reports, proceedings and 
intemal reports). Hence, some of the information 
is incomplete. Undoubtedly, some dehulling or 
mill systems have been overlooked. Other 
aspects of dry milling not covered here (e.g., grain 
grinding, air classification, degermination, milling 
products and utilization) have been amply de
scribed by others (Hulso et al. 1980; Hahn 1970). 

Dehulling Equipment
for Sorghum 

Application of Roller-Milling Equipment 
or Peeling Rolls 

The first attempts to dry mill sorghum were made 
on wheat-milling machinery because of the ready 
availability of the equipment and the expertise of 
the individuals involved. Investigators have used 
the B~hler mill (Badi et al. 1976; Jones and 
Beckwith 1970; John and Muller 1973; Shepherd 
and Woodhead 1969-70; Perten 1977b; Ander-

Internatiorma Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposiun on Sorghum, 2-7 Ncy 81, Patanchenu. A.P., India. Patancheru. A.P. India: ICRISAT. 
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son 1969; Shepherd et al. 1970-71), conventional 
roller-milling equipment (Hahn 1969; Crawford et 
al. 1942; Goldberg et al. 1946; Shoup et al. 
1970a), the Miag Multomat experimental flour mill 
(Shoup et al. 1970b), Brabender Quadrumat Sr. 
and Jr. mills (Rooney and Sullins 1970; Maxson et 
al. 1971; Badi et al. 1976). the Maxima mill 
(Raymond et al. 1954), and a wheat semolina mill 
(Pilon et al. 1977). The general consensus appears 
to be that roller milling is not very appropriate for 
sorghum because the product does not have 
consumer acceptability (for example, in Senegal, 
Chad and Sudan) and because production costs 
are relatively high due to a low extraction rate 
(Perten 1977b). The gray color and speckiness of 
the flours also limit the usefulness of roller milling 
(Hahn 1969, 1970) 

An abrasive, peeling roll was developed by 
Shoup et al. (1970b) to dehull tempered sorghum. 
A yield of up to 89% of peeled grain was obtained, 
which is probably close to the maximum possible 
yield. Weinecke and Montgomery (1965) have 
used the same principle. The Tropical Products 
Institute, London, has recently developed and 
tested a sorghum peeler in Sudan (D.A.V. Dendy, 
personal communication). The SOTRAMIL pro-
cess uses abrasive rolls to obtain extraction rates 
of 65-75% (millet) after hammer milling (Adrian 
et al. 1975). In the SEPIAL process, conditioned 
grains are peeled by the action of paddles in an 
apparatus with a vertical axis. Then by vigorous 
rubbing in a brushing machine a protein-rich 
fraction (aleurone plus adjacent layers) and decor-
ticated grain is produced (Adrian et al. 1975). The 
latter two processes have mainly been applied to 
millet. 

Application of Rice-Milling Equipment 

Since rice dehullers and polishers have been used 
on rice for many years, a detailed description of 
the principle of operation of these machines is 
available elsewhere (Borasio and Gariboldi 1979). 

The Ce Co Co dehuller (Ce Co Co, huo Boeki 
Goshi Kaisha. P.O. Box 8. Ibaraki, Osaka 567, 
Japan) has been used to dehull te-npered sor-
ghum in the National Research Council of Canada, 
NRCC, integrated milling process (Ai:derson and 
Burbridge 1971; Anderson et al. 1977,. Shepherd 
et al. (1970-71) and Kapasi-Kakama (1977) also 
used the Ce Co Co to dehull sorghuvi successful-
ly. Three models of the machine are available with 
throughputs c, 4,0-840 kg per hour of sorghum 

and power requirements of 5-10 hp. 
Viraktamath et al. (1971) tested three types of 

rice-milling equipment: a rice huller (ahorizontal 
ribbed rotor), a Gota machine (a horizontal trun
cated cone), and a Dandekar-type rice mill (a 
vertical inverted truncated cone rice polisher). 
Only the latter produced satisfactorily dehulled 
sorghum from the tempered grain. 

A Squiers rice huller, consisting of a solid-cast 
rotor with several bars surrounded by a screen 
provides abrasive action as the grains rub against 
the rotor, screen, and one another. Anderson et al. 
(1969) used this dehuller on tempered sorghum 
followed by impact milling and sieving. 

A Satake rice whitening machine (Satake En
gineering Co., Ltd., Tokyo, Japan) has been tested 
by Robinson Reunert Ltd., Thora Crescent, Wyn
berg, Sandton 2199, South Africa and good result3 
were apparently obtained (personal communica
tion). 

An Engleberg rice huller or similar dehullers 
have been tested (Raghavendra Rao and De
sikachar 1964) and are used in several West 
African countries (e.g., Ouagadougou, Upper Volta 
and Bamako, Mali). The machine consists of a 
ribbed rotor rotating within a slotted screen. 

Ingeneral, many of the rice dehullers, particular
ly those like the Engleberg type do not work w'll 
on sorghum probably because it is much softer 
than rice. Private industry and others have there
fore resorted to the development of other types of 
dehullers, especially the abrasive- and attrition
types. 

Abrasive-type Dehullers 

Abrasion-milling employs carborundum or other 
abrasive surfaces mounted on a vertical or hori
zontal rotor to progressively abrade the outer 
layers of the grain. Some of the rice dehullers 
mentioned in the last section also operate on this 
principle. 

Bavaria Record 

Etablissements Rohr (11, rue Jacques-Duclos B.P. 
19, 95204 Sarcelles CEDEX) distributes three 
types of Bavaria Record machines. The dehuller
scourer type is sold in eight models (A to H)With 
machine lengths varying from 110 to 227 cm. The 
weight varies from 230 to 500 kg, with through
puts (on wheat) from about 450 kg/hr for the 
smallest model to about 1800 kg/hr. In these 
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machines, abrasive elements 3re mounted hod 
zontally on an axis and these function to remove 
hull and beard particles from rye, wheat, etc. A 
brush-type machine is available in four models (A 
to D) and operates like the dehuller-scourer. The 
abrasive-elements are replaced by a brush-type 
cylinder mounted on a horizontal shaft. Machine 
weights vary from 175 to 230 kg and throughputs 
range from 600 to 2000 kg/hr. A combined 
dehuller-brush type machine has both abrasive 
elements (2/3) and brush-type cylinders (1/3) 
mounted on a horizontal rotor. 

Wondiergrain J, ybee 

of the Wondergrain Javbse 

'uhukr .'Jaybee Engincring 'ty, Ltd., 227 
Hinf.:s Mail 168, Dandenong, 

fh' ,.brasive o 

'ox[-i,,y,
Vic-toria 3175, Australia) is provided by four metal 

di~iks with abrasivo materin' glued to both iac'es 
(i;1. ii=::: dis!", rovm ut 2.40 rpm on a 
hoizont;_i! iai within an c "':onc'. Ksket made 

oa : crecri h b at an 

ailiroximate speed o,' 20 rpm in o direction 
opposit;0 that of ths disks. Fim.,s Pnss through 
the mc(ao sreen oi thc bassket and ;u.,e aspirated 
into c-c,icmoHe. A belt of cornpressc! air keeps !he 
holes in the screen clear of fin,s. The front panel 

of the basket serv:es as the dooi for exiting grains. 
The machine is use- on o,L';tch basis. Munier 

(1980) found that with wheat, es tile load was 
incrcased from 12 to 20 kg, thk yirld ,ui;reased 
from 80.7 to 61.8% after 3 rin of dahoiln3i. When 
the retention time of a 12 kq sample was varied 
from 30 sec to 2 min 30 sec, th yield decreased 
from 95 to 76%. 

EFQc M164 atiwere 
Eurafric M-1i4 

The abrasive action of the FAQ Eurafric dehuller 
(distributed by Societe Comia-Fao S.A., 27, Bd de 
Chateaubriant, 35500 Vitre, France) is provided by 
a rubber cone rotating within an emery coated 
enclosure (Fig. 2). Tho distance betwe.n the cone 
and the emery surface is variable and depends on 
the size o the grain. Following dehulling, the light 
bran :rnd dust are removed by a screening 
ai.'::;artus. The larger bran particles are removed 
by air aspiration. 

Thce major variable affecting the degree of 
d hulling is the number of times the grain is 
passed through the machine. The distance be-

tweer tr e cone and the abrasive surface seems 
to be r.4 -Iecondary importance. After six passes, 
Munice t" 3Cs) found that the yield of wheat was 
66.7%. ,, millet, using three passes the through
put was ii the order of 150 kg/hr. 

Decomatic 

The abrasive action of the D),comatic dehuller 
(Fig. 3) rmanufacture>d by Be'nhard Keller AG, 
Herostrasse 9, CH-f048 ZODrich, Switzerland. is 
provided by five polishing disks mounted on a 
vertical rotor (G). Grain flows from the glass 

cylinder over a cona (A)wich distr;butes the grain 
evenly into the decoilication space. The polishing 

disks (E) rotate within a cylinder of perforated 
shopt-metal (C). Two decortication cylinders (D) 
are located lengthwise to th metal cylinder 
providng a mechanism whereby the degree of 
do-coitication can be adjusted. To separate the 
fins from the dehulled grains, a strong current of 
air enters at (D)and blows the fines through the 
screen and finally into tho air exit (J) and to the 

ventilator. All around the millstones, at the base of 
the scr,,:n:n, thsre -ro ,inv'ral segment-like sliding 
vnuvn:, which , . from i!,e outside by 
rnicometea sc wv.' This adjustmnnt regulates 
dhe thrcugiiput. Fol 'oving doconircation, grains 

leave the rneciine throughn de dischrge channal 
(L). The maw,:inP is driven by a 20 hp clectric 
motor (H)thruo;.h a V-belt drive (K). The machine 
dehulls a variety of ccsh, and legumes and 
Munier (1980) reported .hat 47 machines had 
b ern installed in five countrie3s. 

Pcron et al. (1)78) testezd (he Decomatic on 
.,icrlum and found a negative, linear relationship 
between the throut..hput (kg/hr) plotted on a log 
scale and the decordcation rate. Throughputs 

dccreased at lower rotor speeds. The 
number of broken kernels increased linead, with 

the decortication rate. At lower rotor speeds, the 
number of broken kernels was dramatically re
duced. The rapid reduction of fat, ash, and protein 
content at low rotor speeds suggested that the 
peripheral layers of the seed (germ, pericarp, 
aleurone layer) were removed more efficiently 
than at high rotor speeds. Most of the relation
ships found by Perten et al. (1978) are probably 
applicable to a variety of abrasive-type dehullers. 

Vertical Shelling Machine Type.270 

This dehuller (Fig. 4) manufactured by F.H.Schule 
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Figure 1. Schematic diagram of the Wondergrain Jaybee dehuller. (Adapted form Munier 1980.) 

GMBH, D-2000 Hamburg 26, West Germany is carrying with it fine partii .. The fine particles are 
similar in principle to the Decomatic. Seven emery carried through the perforations of a cylindrical
disks (B), one tapered and six cylindrical, rotate on metal screen (C), into a separation chamber (F)
a vertical shaft. The granulation of the discs and are finally removed via a discharge pipe (G).
becomes finer from top to bottom. When the feed The manufaciurer claims a throughput of a 200 
gate (A) is opened, grain enters the working -1800 kg of sorghum per hour. A 25-hp electricchamber, where the disks (B3)provide the abrasive mator drives the machine which weighs 1125 kg.
action necessL ;y "o graduIMy abrade the seeds. 
Throughput is ;r-ulated t,1 an adjustable dis- Dehullers 
charge gate (E). A- fan (D) draws air through the
hollow shaft from the top d' iie machine. This air The PRL dehuller manufactured by Nutana 
passes through the spaces between the emery Machine Co., Saskatoon, Canada, and Ackroyd
disks and through the materia& being dehulled, Construction Ltd., Toronto, Canada, icsulted from 
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Figure 2. Schematic diagram of the FAO Eurafric dehuller. (Adapted from Munier 1980.) 

extensive modification of the George Hill grain 
thresher (Reichet 1977). The abrasive action is 
provided by 13 carborundum stones (30.5 cm in 
diameter x 3.2 cm thick) or 27 resinoid disks (30.5 
cm in diameter x 0.64 cm thick) mounted on a 
horizontal axis (Fig. 5). When the feed gate is 
opened, grain flows from the hopper into the body 
of the machine. Fines generated by the action of 
the abrasive surface are taken off by the fan and 
are eventually bagged at a cyclone. Dehulled grain 
exits via an overflow outlet. Throughput is ad-
justed by regulating the feed gate and the 
adjustable gate on the overflow outlet. Through-
puts with sorghum were about 300 and 550 kg/hr 

at extraction rates of 70 and 85%, respectively, 
when a stone speed of 1050 rpm was used 
(Reichert and Youngs 1976). Using a softer 
sorghumn, throughputs in the order of 900 kg/hr 
were obtained with a stone speed of 1300 rpm 
and an extraction rate of 72% (Oomah et al. 
1981a). 

The PRL dehuller was modified at the Rural 
Industries Innovation Centre (RIIC) in Botswana to 
process grain in either a continuous or batch 
operation. The modioied machine (PRL/RIIC) is 
presently manufactured by RIIC, Nutana Machine 
Co. and Ackroyd Construction Ltd. The PRL/RIIC 
dehuller has a hinged door at the bottom of the 
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machine, which is used during batch operation to 
release the dehulled grain. The dehuller is similar 
to, but smaller (30.0 x 63.5 cm) than the PRL 
dehuller and contains 13 carborundum stones 
(25.4 cm in diameter x 1.9 cm thick). When 
operated continuously under field conditions the 
machine can process up to 3000 kg in 8 hr. 

The PRL mini dehuller, also available from 
Nutana Machine Co., is operated on a 7-kg batch 
basis (Fig. 6). It is useful in a laboratory situation or 
in 3 village setting where it performs a service 
function. Carborundum stones or resinoid disks 
(25.4 cm indiameter) provide the abrasive action. 
Grain is simply loaded into the machine, the cover 
plate (A) is locked, and the disks (B)or stones are 
rotated at 1500-2000 rpm for 1-5 min. The 
dehLlled grain plus bran are dumped into the 
emptying chute (C)by rolling over the body of ;he 

L- machine and unlocking the cover plate. Grain and 
bran are subsequently separated using eithrr air 
or a sifter. The machine requires a 4-hp motor. It 
has been successfully applied to cereal grains and 
grain legumes (Oomah et al. 1982). 

UMS Dehuller Type DVA 
This dehuller, distributed by United Milling Sys
tems, 8 Gamle Carlsberg VEJ, DK-2500 Valby, 

Figure 3. 	 Schematic diagram of the Decomatic Copenhagen, Denmark, provides an abrasive 
dehuller (Bernhard Keller AG litera- effect by the action of double-edged, interchange
ture.) 	 able knives (E)mounted on a vertical rotor (Fig. 7). 

Bran 

F Emery 
*disc 

\ °m .Grain 

ab 
1535 

Figure 4. 	 (a) Schematic diagram of the Vertical shelling type 270 machine (dimensions in mm); 
,'b) magnified view of the working chamber illustrating the air and bran flow. (F.H. Schule 
GMBH literature.) 
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Figure 5. 	 Schematic diagram of the PRL de

huller. 

enters the 	machine at (A) and a verticalGrain 
screw conveyor (C), attached to the lower part of 

the rotor (B), moves the grain upward into the 

dehulling chamber (D). The distance between the 

knives, mounted in the upper part.of the rotor, and 

a stationary perforated cylindrical screen (F)deter-

mines the rate of dehulling. Fines are blown 

through the screen, while tne dehulled grains are 

taken off at the top outlet gate (H). The throughput 
is regulated by means of counterweights (G) 

attached to the outlet gate (H). The manufacturer 
2000 kg/hr ofclaims a throughput of up to 

a 30 hpsorghum. The machine is powered by 

motor and 	weighs 447 kg. 

Palyi-Hansen BR 001-2 

This unit consists of a multiple combination of 

rotating disks, each one consisting of a side with 
and a side havingabrasive corrugated blades 

perforated abrasive blades with openings (Rasper 

1977). The disks are mounted on ahorizontal shaft 

Figure 6. 	Photograph of the PRL mini dehu'ler 

and are hollow to enable the air to flow under 

pressure through the perforations in the abrasive 
housed in 	 a perforatedsurface. The disks are 

metal drum through which pieces of bran are 

blown. Rasper (1977) reported that the machine 

was in the early stages of testing and, to date, the 

progress of its development is not known. 

BOhler-Miag Types DNRH, DSRD, 
MHV, DSRH, MKDA 

B(hler-Miag (9240 Uzwil, Switzerland) is involved 

in the problem of dehulling sorghum (Wyss 1977). 

However, very little information is available on the 

application of the five abrasive-type dehullers they 

manufacture. 
The horizontal hulling machine (type DNRH) 

provides abrasive action with emery rings in a 

fixed sieve-plate cylinder mounted on a horizontal 

axis. A 15 hp motor gives throughputs ranging 

from 250 to 1000 kg/hr at rotor speeds between 

800 and 1600 rpm. The machine is used mainly or, 
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Figure 7. Schematic diagram of the UMS dehul-

ler type DVA. (United Milling Systems
literature.) 

barley, although other cereals and legumes can 
also be dehulled. 

In principle, the vertical whitener-pearler
machine (type DSRD) is similar to the Vertical 
shelling machine type 270 (Fig. 4) but the con-
struction is somewhat different. The machine has 
been used for whitening of brown rice and for 
dehulling leguminous seeds, barley, and kiln-dried 
whoie oat groats. 

In appearance and dimensions, the D~corti-
queuse (type MHV) is very similar to the Decoma
tic (Fig. 3). Five emery wheels provide the 
abrasive action. 

The polisher (type DSRH) is used for intensive 
pearling or polishing, particularly of rice. A special 
rotor mounted on a horizontal shaft within a 
hexagonal mantle provides the abrasive action. 

A rotor with special disks provides abrasive 
action to dehull com in the D6cortiqueuse a mais 
model MKDA. 

Strong-Scott Series 235 HullerCoprtvSude 

This dehuller manufactured by Sullivan Strong-
Scott Ltd., P.O. Box 872, Winnipeg, Canada, 

determine the degree of dehulling. Bulgur, pot 
barley and pead barley are commonly produced 
with this machine. 

Attrition-tVW Dohullsrs 

The term attrition dehulling is generally applied to 
a mill in vihich the dehulling takes place between 
two disks of sleel or stone rotating in a horizontal 
or vertical plirne (similar to a plate mill). One of the 
disks may be stationary and either of the disks 
may be modified with a variety of impact or
cutting surfaces. 

Palyi Cornpact Mill 

This machine, originally distributed by United 
Milling Systems, provides the dehulling action by 
two attrition plates (one stationary and one fixed)
fitted with saw-tooth blades (Fig. 8). The distance 
between the plates is adjustable providing vari
able extraction rates. After the grains leave the 
plates, they pass into a cylindrical head where a 
drum rubs the grains against a cylindrir-si metal 
screen. By adjusting the distance between the 
cover plate and the extended edges of the metal 
screen, it is possible to vary the retention time in 
the ',ead. The dehuller is powered by a 7.5-hp
electric motor. Fines pass through the screen. de 
Man et al. (1973) tested the machine and modifi
cations of it,and obtained excellent rp.sults on 
sorghum and millet. However, Reichert and 
Youngs (1976) fouiid that the throughput was 
relatively low (70 and 140 kg/hr at extraction rates 
of 68 and 83%, respectively) and that the dehull
ing efficiency was relatively poor. 

UMS Dehuller Type DHA 400 and 600 

United Milling Systems now distributes larger
scale and improved versions of the Palyi compact
mill. The DHA 400 and 600 operate on 15 and 
30-hp motors, and the manufacturer claims 
throughputs of 800 and 1400 kg/hr, respectively. 
Extraction rates were not specified. 

Comparative Studies 
Perten et al. (1974) reported on a collaborative 
study of dehulling and grinding equipment for 
sorghum and millet which was carried out be
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Figure 8. 	 Schematic diagram of the front view (left)and side view (fight) of the Pafri corn pact mill. 
(Reichert and Youngs 1976.) 

tween 12 laboratories or manufacturers of milling HGT) and a laboratory barley peader (Strong-Scott

equipment in 10 countries. Participants were sent SS) was more efficient than attrition-type dehull

up to 50 kg of grain and were asked: (a)to dehull ing (Palyi Compacl mill-PCM). Sorghum was 

the grain to an extraction between 75 and 80%, progressively dehulled with all machines. Color 

(b)to report methods and equipment used, and (c) measurements of the flour (indicative of pericarp 

to submit a sample of dehulled grain. The results removal) were used as a criterion for judging 

of those participants who met these requirements efficiency (Fig. 9). To produce flour which was 

are given in Table 1.Criteria used for choosing the comparable in color to a traditionally proxessed 

best dehuller included throughput and equipment product, 21 and 23% of the kernel was removed 
with the SS and HGT, respectively, whil- 44%considerations, power consumption, cost, kernel 

the PCM. An excessivecracking, purity judged mainly by ash, fat and fiber 	 was removed with 
amount of kernel ,racking with the attrition-typecontent, and color. The best results with respect 

to purity were obtained with the Vertical shelling 	 dehuller was one explanation. Another was that 

machine type 270 and the Decomatic. The latter the sharp saw-tooth blades of the latter dug 
and removed relativelywas chosen for installation in the FAO/FRC pilot 	 deeper into the seeds 

flour mill in the Sudan, which is described later in 	 more of the endosperm. Throughput, kernel 
cracking, equipment considerations, and cnemicalthis paper. 

Reichert and Youngs (1976) demonstrated composition of the dehulled grain (Reichert and 
were also used to compare thequantitatively, using a red pericarped sorghum Youngs 1977) 

variety, that abrasive-type dehulling inan industrial dehullers. 
speccarborundum-stone dehuller (Hill grain thresher- In a similar manner, using an Agtron 

555 



Tabb 1. Ccsof oWuA 

Dehuller 

Eurafric M-164 
Sohier-Miag pmototpe 
Decomatic 
Vertical shelling 
machine type 270 

Palyi Compact mill 
Speaf 

Whole sorghum 

daiwukni uts ons ftirhum gram (Pttma t a& 1974). 

Chemical nmposition 
Extraction Kernel 

rate cracking' Color' Ash Protein Fat Fiber 
(%) 


80 
75 
78 
80 

78 
76 
-

a. Weight percentage less than 2 mm. 
b. Lower numbers represent lighter coDlors. 

0.4-

0 

0.3-
~Facilities 

0.2-

S 

0.1

0 10 20 30 40 50 60 70 
%Kernel romoved 

Figure 9. 	 Comparative rate of flour color ira-
provement (reflectance measurement 
at 450 nm) as a function of progres-
sive dehulling with laboratory (e), 
commercial abrasive-type (17), and 
attrition-type dehullers (9). Horizontal 
line represents a traditionally accept-
able flour. (Reichert and Youngs 
1976.) 

trophotometer to measure flour color, Oomah et 
al. (1981a) showed that the PRL dehuller equip-
ped with resinoid disks and the PRL/RIIC dehuller 
equipped with fine-grit stones were more efficient 
than the HGT equipped with coarse-grit carborun-
dum stones. To produce the same acceptable 
color, the yield was 12 to 15% lower with the HGT 
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(%) (%) (%) (%) (%) 

54 >37 1.2 12.9 2.9 0.9 
15 >37 1.3 13.0 2.7 0.9 
24 >37 1.1 12.8 2.6 0.7 
8 35.1 0.9 11.6 1.9 0.4 

41 >37 1.1 13.0 3.1 1.1 
10 >37 1.4 12.6 2.8 1.3 
- >37 1.7 12.8 3.9 2.3 

than with 	the PRL or PRLIRIIC dehuller. 

Intermediate and Pilot Scale 

Sorghum Processing
in Africa 

The last 10 years have 3een a proliferation of
village and industrial-scale systems for processing 

sorghum grain. Countries in Africa have been the 
testing site for many of these developments. 

Sotramil: Zindor, Niger 
This mill. which has acapacity of 5400 tonnes per 

year, is equipped with a model-G Bavaria Record 
dehuller (approximately 1.1 tonne/hr) and one 
attrition-type Sepial wet (500 kg/hr) dehuller 
(Miche and Feillet 1980). Besides sorghum, wheat 
is also processed by simply grinding and sifting of 
the whole grain. The Sepial dehuller is apparently 
not functional and has been abandoned. At one 
time it had been used for fermented-millet flour 
production. 

Sentenac Mill: Dakar, Senegal 

This mill includes receiving, cleaning, dehulling. 
storage, and grinding equipment and has an 
hourly capacity oi 2-3 tonnes (Mic(ha and Feillet 
1980). Dehulling is accomplished with a Wonder
grain Jaybee dehuller operating on a batch basis. 
The mill processes wheat, maize, sorghum, millet, 
and dry legumes. 



Somdla F : IOr, r Vota 

This mill is also equi e)d with a Wondergrainl 
jai we dehuller (Mch and Foillet 1980). 

Mauguri and Kaduna 	F-: Nigeria 

began operation in
The Maidugun mill, which 
1973, has been extensivelyioerddm. in IDRC 

1976; 1980). 
e.; 1980). 

publicas beenoextnsively ,n A 
publications iAnon. 1976; E tman A 

otherpreleaner ttrfly removes sgranes as 
foreign m;;ttter frown the grain. A PfRL de.hur and 
aJocob,:'.i pulverator are used to dehull anJ grind 
the grai-.-,. respectively. Most hammer and plate 
mills produced an acceptable Ik. . but the Jacob-
son model was found to be super because it did 
not become clogged as did many oiher grinders. A 
flour sifter is included in the mi0l aithough it was 
found that simply changing the 5creens in the 
hammer mill produced an acceptable flour. Of the 
various sifters that were testcd, a Kason Centri-
Sifter was preferred because a has a relatively 
simple, horizontal, one-screen design. It producos 
only two fractions of flour whereas vertical sifters 
that are commonly used to sift "eat flour 
produce many more fractions and a,. unnecessar-
ily complex. 

The Kaduna mill is similar to the Maiduguri mill. 
However, two PRL dehullei:z are used for dehull-
ing and another two are plann~ed. Some of the 
equipment used in these nils, or similar equip-
ment. is also in operation in Tanzania, Ghana, 
Senegal, and Sudan. 

Pitanne, Kanye and 
Gabane Mills: actswana 

Yaciuk (1980) have described theForrest and 
of three types ofdevelopment and rationale 

milling systems, i.e., commercial milling, service
miling an srvie/ illng whch reomercal 

milling, and serviceicomrnercial milling, which are 

being accomplished at Pitsane, KanyeThe corn-andGabane. respectively, in Botswana. 

merical mill at Pitsane was instigated in 1977 by 

the Botswana Agricultural Mrketing Board with 

the assistance of the IDRC. Grain is purchased ir 
bulk from farmers or from a depot and then 
dehulled (two PRL dehullers) and ground (Jacob

sen model) in a continuous fashion. Four to five 
tonnes of good quality flour are produced per 

The flour and bran fractions areworkday. 
weighed, packaged and sealed and transported to 

retail traders for sale to their customers. The daily 

capacity of the machinery is in the range of 2500 
kg. The flour produced by the mill sold extremely 
well. However, the bran could not be absorbed by 
the region quickly enough. As a solution, a feed 

mill was erected in 1978 which inz-rporated the 

bran fraction into a packaged potiry feed. 
established in

The service mill at Kanye was 
1979 by the Rural Industries Innovation Centre, 
RIIC, on the basis of a survey in the Pitsann area, 
which showed that most farmers preferred flour 

produced from their own sorghum. In this opera
t;on, customers bring grain to the mill (10-70 kg), 
the grain is dehulled and qround for a fee and then 
both flour and bran are returned to the customer. 
The mill is equipped with a PRL/RIIC dehuller, a 
grinder, a scale, and a motor. Neither a cleaner nor 
a sifter were required for the conditioiis in 
Botswana. Throughput of the mill, usually 1500 
-30(N3 kg/day, is dependent upon the demand. 

In late 1979, a second mill was established by 
RIIC at Gabane, which accomplished both service 
and commerical milling. The PRL/RIIC dehuller is 
cpcrated on a continuous basis (commerical 
milling) from 8:30 a.m to 1:00 p.m, and on a batch 
basis in the afternoon to accomplish the service 
milling function. It has acapacity of approximately 
1400 tonnes of grain per year operating on one 8 
hour shift for 250 days per year. Very efficient use 
of manpower and equipment is attained using this 
system. A grinder, scale, and motor are also 
'ncluded in the mill. 

In support of the sorghum milling industry the 
RIIC has developed a package for those interested 

in buying a mill, which is described in the booklet 

"The machine that dehulls and grinds sorghum for 

us" (Eisener et al. 1979). All equipment except the 
hammermill and engine are manufactured and

d alsaotsw ana t esupp l by enin 
supplied by RIIC in Botswana. The RIIC also 

training session to familiarizeprovides a 3 nweek about the millingmill owners and operators 

installation, mechanical, and business manage

ment skills. A film and the publication "An end topudn"(ata :8)dsrb h iln 

pounding" (Eastman 1980) describe the milling 

are used in Maiduguri, Kaduna,systems which 

tion is provided on plarning and evaluation of a 
mill including detailed cost estimates. 

FAO/FRC Pilot Flour Mill:
 
Khartoum, Sudan
 

The main objective of this mill is to demonstrate 

that imports of wheat, which are approximately 
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200 000 tonnes annually in the Sudan, can be 
reduced by industrial-scale processing of sorghum
(Perten 1977a). The mill is located at the Food 
Research Centre and has an hourly capacity of 
about 400- 500 kg. The mill, constructed by the 
firm Schule (Hamburg, W. Germany), is divided 
into three sections-cleaning, decortication, and 
grinding (Perten et al. 1979). The cleaning section 
includes an intake hopper, elevator, cleaner, 
purifier, dry stoner, dust collector, and tempering
unit. Decortication and grinding are accomplished 
with a Decomatic dehuller and an attrition-type
Asima progress mill, respectively. The grinder is 
adjusted to run at its highest rotor speed of 1?3 
m/sec with the smallest gap (1.0 mn) between 
the rotor and stator to obtain the finest flour. The 
grinder givcs a very fine flour without sieving
(average particle size diameter less than 100 
microns) and has a throughput of about 400 kg/hr.
For research purposes the mill also has a stone 
mill, a centrifugal sieve for separation of grits from 
bran, and a centrifugal sieve for sieving flour to the 
desired particle size. 

Tempering or conditioning of sorghum was 
abandoned since it decreased throughput, in-
creased the amount of broken kernels and in-
creased the fat and ash content, as compared
with dry processed grain (Perten et al. 1978).
Furthermore, tempering of sorghum provoked
growth of micro-organisms which impaired the 
stabilit, of the milled flour. 

A rice-like Droduct (Pearl Durra) was produced
with the Decon,,mic dehuller by lowering the 
stone speed. White colored sorghum varieties 
dehulled to an extraction level of 60-70% pro-
duced an excellent product. In the Sudan, the 
common quality measure for Pearl Durra or 
sorghum flours is the color grade, white colors 

being preferred. 


Assessment of Dehulling/ 
Milling Quality with 
Laboratory Equipment 

Sorghum varieties differ immensely in their de-
hulling and milling quality. Dehulling times in the 
traditional mortar and pestle may vary from only
11 min for a 2 kg batch to as long as 28 min (J. F. 
Scheuring, personal communication). Varieties 
with short traditional dehulling times are much 
preferred. Similarly, yield of dehulled sorghum
grain from mechanical dehullers may vary from 

85 to 90% for a vitreous-seeded, chalky variety to 
as low as 55% for a floury endosperm, testa
containing variety. Several sinail-scale milling de
vices have recently been develored to test plant
breeders' samples for these quefity parameters.

Normand et al. (1S65) used a laboratory tangen
tial abrasion mill, originally developed for rice by
Hogan et al. (1964), to remove successive 
peripheral layers from sorghum. The machine 
consists of a single abrasive disk rotating horizon
tally with a sample cup held in position over its 
surface. 

Barley pea~lers or similar machines (Wooneyet 
al. 1972) have frequently been used to dehull 
25-200 g quantities of sorghum (Anderson et al. 
1959; Rooney and Sullins 1969; Reichert and 
Youngs 1976; Mustafa 1978). The machine con
sists of a single carborundurn stone (often 15.2 
cm in diameter and 3.8 cm thick) or wire brush 
rotating within a cylindrical metal screen some
times covered with rubber. In some investigations 
the rate of fines removal with the carborundum 
stone has been consider,d as an index of grain 
hardness. 

The disadvantages of the barley pearler is that it 
is relatively cumbersome to use, it requires a 
relatively large sample size and it only processes 
one sample at a time. 

Oomah et al. (1981b) have described the 
application of the tangential abrasion principle in 
the development of a multi-sample dehulling
device (TADD). In this machine (Fig. 10), a 25.4 
cm diameter carborundum stone (a) mounted 
horizontally directly beneath the sample cups
(b) provides the abrasive action. Most fines 
escape beneath the cups and are blown into a 
collection bag (c) by an internal fan. Following
dehulling of 5-25 g for up to 4 min the dehulled 
grains are removed from the cups by a vacuum 
device (d) which also separates any residual fines 
from the grains. The dehulling headplate (e) is 
exchangeable, allowing up to 12 samples to behulled at one time. An abrasive hardness index 
(AHI) based on the rate of abrasion and an 
extraction rate based on flour color measurements were developed to assess the sorghum 
dehulling quality. 

Shepherd (1979) has modified a Udy cyclone
sample mill, normally used for grinding seeds, so 
that 5-25 g samples of grain can be dehulled to 
extraction levels of 80-90% in 2 min (Fig. 11).
Seeds are introduced into the funnel (a)and the 
impeller blades (b)move them into contact with 
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Figure 10 Photograph of the TADD used to predict dehulling quality (Oomah et al 1981.) 

the abrasive ring (c) positioned on the periphery of 

the chamber. Fines are blown through a perfo-

rated metal screen (d) and into the collector (e). 

After removing the screen, dehulled grain is 

blown into a second collector Impeller blade 

speed, which can be controlled fI, number of 

blades, and surface grit size of the abrasive ring 

affect the decortication (Shepherd 1981a). 

Shepherd (1981 b) has used staining techniques to 

determine the degree of decortication. 

Conclusions 

The need for mechanical processing systems to 

replace traditional hand pounding methods has led 

to much activity in this area in the last 10 years 

Much of the research has concentrated on the 

development of suitable dehulling equipment for 

sorghum, since other aspects of milling this grain 

(cleanng, grinding, etc I have been much less 

proulematic Most of the work described in this 

chapter is only in the development or early 

application stage. Therefore, on the basis of only 

very limited data on dehullers and some complete 

milling systems. it is very diffic jlt to make many 

solid recommendations. Detailed publications de 

scribing new mills and the application of new 

dehulling equipment to sorghum grain are re

quired Such reports should include throughput, 
power consumption, maintenance requirements, 

a detailed description of the machinery, cost. and 

data on the efficiency of dehulling in terms of fat, 

ash, and color reduction and other nutrient losses. 

Parameters affecting the throughput or efficiency 

of dehulling shouLId be studied and results at a 

number of extraction levels should be reported. 

Ideally, comparative studes of dehullers yield 

the most valuable information It is essential that 

the same variety and lot of sorghum be used in 

such studies since the performance of dehullers is 

markedly dependent on the characteristics of the 

grain For example, throughputs can vary by a 

factor of 2 or 3 between a soft and a hard 

sorghum variety Comparative studies need to be 

conducted to optimize the abrasive surface in 
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4ehullers to permit the most selective removal f 

hull layers and to maximize the yield of the edi'ale 

product,
The quality criteria desired in the final flour r, ust
Teccualitte deia si thin ial fl mur 

be accurately defined so that millers can modifv or 
operate equipment with these objectives in mind. 
For example, low lirid content is a desirable flour 
attribute since it decreases the problem of rancid-
ity. However, the germ must be removed to 
reduce the fat content and this has an adverse 
effect on the nutritional quality of the flour. 
Obviously, storage and nutritional studies need to 

be undertaken to determine the optimum level of 
gemi removal. 

Plant breeders should consider adopting small-

scale milling equipment to insure the develop-
ment witon andse millieqimeof varieties with desirable traditional 

mechanical processing characteristics. Ultimately, 
it may be possible to even select varieties which 
require little or no dehulling to produce acceptable 
flour. 

References 

ADRIAN, J., GOUSSAULT, B., ARNAL-PEYROT, F., and SAMSON, 
M. F. 1975. Techniques of milling millet and sorghum, 
and protein value of semolina and flours (in French). 
Bulletin de la Societb Scientifique d'hygibne alimen
taire 63: 250-264. 

ANDERSON, R. A. 1969. Producing quality sorghum flour 
on wheat milling equipment. The Northwestern Miller 
276:10-12, 14-15. 


ANDERSON. R. A., and BURBRIDGE, L. H. 1971. Integrated 
process for dry milling grain sorghum. The Northwest-
ern Miller 278: 24-28. 

ANDERSON, R. A., CONWAY, H. F., and BURBRIDGE, L. H. 
1977. Yield and chemical composition of fractions from 
dry milling of high-lysine grain sorghum. Cereal Che-
mistry 54 : 855-856. 

ANDERSON, R.A., MONTGOMERY, R. R., and BURBRIDGE, L. 
H. 1969. Low-fat endosperm fractions from grain 
sorghum. Cereal Science Today 14:366-368. 

ANONYMOUS. 1976. Maiduguri mill project-grain milling 
and utilization in West Africa. IDRC-TS 2. Ottawa, 
Ontario, Canada: International Development Research 
Centre. 

BADi, S.M., HOSENIEY, R.C., and CASADY, A. J. 1976. Pearl 

millet I.Characterization by SEM, amino acid analysis, 
lipid composition and prolamine solubility. Cereal Che
mistry 53: 478-487. 

BoRAsio. I., and GARIBOLDi. F.1979. Illustrated glossary of 
rice-processing machines. FAO Bulletin 37. Rome, 
,o.0v: FAD. 95 pp. 

CRAWFORD, 0. C., HAMERSMA, P.J., and MARLOTH, B.W. 
1942. The chemical composition of some South African 
cereals and their milling products. Department of 
Agriculture and Forestry, South Africa, Science Bulletin 
No. 20. 

DEMAN, J. M., BANIGO, E.0. I., RASPER, V., GADE, H., and 

SLINGER, S. J. 1973. Dehulling of sorghum and millet 

with the Palyi compact milling system. Canadian 
Institute of Food Science and Technology 6: 188-193. 

EASTMAN, P. 1980. An end to pounding. IDRC-152e. 
Ottawa, intario, Canada: International Development 
Research Centre. 

EISENER, N., MACFARLANE, C.. and SCHMIDT, S. K. 1979. 
The machine that dehulls and grinds sorghum for us. 
Kanye, Botswana: Rural Industries Innovation Centre. 
32 pp. 

FORREST, R.S., and YACIUK, G. 1980. Sorghum milling-a 
new agro-industry for Botswana. IDRC Manuscript 
Report 30, Ottawa, Ontario, Canada: International 
Development Research Centre. 32 pp. 

GOLDBERG, L., THORP, J. M., and SUSSMAN, S. 1946. A 
survey of vitamins in African foodstuffs. V. The 
thiamina content of processed cereals and legumes. 
South African ,Journal of Medical Science 11 :121 
-134. 

HAHN, R. R.1969. Dry milling of grain sorghum. Cereal 
Science Today 14: 234-237. 

HAHN, R. R. 1970. Dry milling and products of grain 
sorghum. Pages 573-595 in Sorghum production and 
utilization, eds. J. S. Wall and W. M. Ross. Westport, 
Connecticut, USA: The AVI Publishing Co. 

HOGAN, J. T., NORMAND, F.L., and DEOBALD, H.J. 1964. 
Method for removal of successive layers from brown 
and milled rice. Rice Journal 67 :27-34. 

HULSE, J. H., LAING, E. M., and PEARSON, 0. E. 1980. 
Sorghum and millets: their composition and nutritive 
value. New York, USA: Academic Press. 997 pp. 

JOHN, S. W., and MULLER, H. G. 1973. Thiamine in 
sorghum. Journal of the Science of Food and Agricul
ture 24: 490-491. 

561 



JONES, R. W., and BECKWITH, A. C. 1970. Proximate 
composition and proteins of three grain sorghum 
hybrids and their dry-mill fractions. Agricultural and 
Food Chemistry 18:33-36. 

KAPAsi-KAKA A, J. 1977. Some characteristics which 
influence the yield and quality of pearled sorghum 
grain. Pages 21-26 in Proceedings, Sorghum and 
Millets for Human Food, 11-12 May 1976, Vienna, 
Austria. Available from Tropical Products Institute, 
56/62 Gray's Inn Road, London WC1X8LU. 

MAXSON, E. D., FRYAR, W. B., ROONEY, L. W., and 
KRISHNAPRASAD. M. N. 1971. Milling properties of 
sorghum grain with different proJortions of corneous 
to floury endosperm. Cerea; Chemistry 48: 478-490. 

MICHE, J. C., and FEILLET, P. 1980. General information 
about the doghulling of cereals and legumes inAfrica (in
French). Appendix 4 in Comparative evaluation of 
methods and industrial equipment for dehulling cere-
als, legumes, and oilseeds of 61a vrur , eds. J. 
Abecassis, J. Alause, J. Faure, P. Feillet, F.Gibert, J. 
Lallement, J. P. Melcion, M. Munier, P. Tillous-Borde, 
and J. C. Miche. Montpellier, France: Institut de 
Recherches Agronomiques Tropicales et des Cultures 
Vivrieres. 

MICHE. J. C., MUNIER, M., and MELCION, J. P. 1980. The 
dehulling processes of cereals-the concrete case of 
sorghum inAfrica (in French). Appendix 7 in Compara-
tive evaluation of methods and industrial equipment for 
dehulling cereals, legumes, and oilseeds of the world, 
eds. J. Abocassis, J. Alause, J. Faure, P. Feillet, F. 
Gibert, J. Lallement, J. P. Melcion, M. Munier, P. 
Tillous-Borde, and J. C. Miche. Montpellier, France: 
Institut de Recherches Agronomiques Tropicales et 
des Cultures Vivrieres. 

MUNIER, M. 1980. Study of methods and equipment fordehulling of cereals (inFrench). Appendix 5 in Coma 
al ati eals . A ndsix eqiCompa-r e ofnr (in d arn 

rative evaluation of methods and industrial equipment 
for dehulling cereals, legumes, and oilseeds of the 
world, eds. J. Abecassis, J. Alause, J. Faure, P. Feillet, 
F. Gibert, J. Lallemant, J. P. Melcion, M. Munier, P. 
Tillous-Borde, and J. C. Miche. Montpellier, France: 
Institut de Recherches Agronomiques Tropicales etdes Cultures Vivrieres. 

MUSTAFA, A. I. 1978. Sorghum milling-a comparative 
study. Sudan Journal of Food Science and Technology
10: 77-82. 

NORMAND, F. L.,HOGAN, J T., and DEOBOLD, H. J. 1965. 
Protein content of successive peripheral layers milled 
from wheat, barley, grain sorghum, and glutinous rice 
by tangential abrasion. Cereal Chemistry 42 : 359-367. 

OomH,B. D., REICHERT, R.D., and YOUNGS, C.G. 1981a. 
(In press). Quantitative comparison between carborun
dum stones and resinoid disks in dehulling cereal 
grains. Cereal Chemistry 58: 

0OMAH,B. D., REICHERT, R.D., ard YOUNGS, C.G. 1981b. 
(Inpress). A novel, multisample, tangential abrasive 
dehulling device (TADD). Cereal Chemistry 58: 

OOMAH, B. D., REICHERT, R.D., and YOUNGS, C.G. 1982. 
(In press). Abrasive-type dehulling of grain legumes. 
Cereal Chemistry. 

PERTEN, H. 1977a. UNDP/FAQ sorghum processing 
project in the Sudan. Pages 53-55 in Proceedings, 
Sorghum and Millets for Human Food, 11-12 May 
1976, Vienna, Austria. Available from Tropical Products 
Institute, 56/62 Gray's Inn Road, London WCIX8LU. 

PERTEN, H. 1977. Specific characteristics of millet and 
sorghum milling. Pages 47-51 in Proceedings, Sor
ghum and Millets for Human Food, 11-12 May 1976, 
Vienna, Austria. Available from Tropical Products Insti
tute, 56/62 Gray's Inn Road, London WCIX8LU. 

PERTEN, H., POT, R., and ABERT, P. 1974. Etude de la 
mouture du mil et du sorgho. ITA, Dakar, Rapport 
interne 107, Document AGS: Sf/SEN 64/505, Rome, 
Italy: FAQ. 

PERTEN, H., MUSTAFA, A. I., ABERT, P., and BADI, S. M. 
1978. Sorghum milling in pilot plant scale. Sixth 
International Cereal and Bread Congress. Winnipeg, 
Manitoba, Abstract B1-8, Cereal Foods World 23: 
457.
 

PILON, R., SiTTI,A., and ADRIAN, J. 1977. Nutritional 
evaluation of two African sorghums ground using a 
(durum wheat) semolina flow chart (inFrench). Techni
ques des Industries C&r6alires 161 :3-9. 

RAGHAvENDRA RAO, S. N., and DESIKACHAR, H.S. R.1964. 
Pearling as a method of refining jowar and wheat and 
its effect on their chemical composition. Journal of 
Food Sciece and Technology (Mysore) 1:40-42. 

RASPER, V. F. 1977. Palyi's compact system for debran
ning of sorghum and millet. Pages 59-68 in Proceedings, Sorghum and Millets for Human Food, 11-12
May 1976, Vienna, Austria. Available from Tropical 
Products Institute, 56/62 Gray's Inn Road, London 
WCIlX8LU. 

RAYMOND, W. D., SOUIRES, J. A., and WARD, J. B. 1954. 
The milling of sorghum in Nigeria. Colonial Plant and 
Animal Production 4: 152-156. 

REICHERT, R. D. 1977. Dehulling cereal grains and grain 
legumes for developing countries. Ph.D. Thesis, Uni

562 



versity of Saskatchewan, Saskatoon. Saskatchewan, 
Canada. 

1EICHERT, R.D., ard YOUNGS, C.G.1976. Dehulling cereal 
grains and grain legumes for developing countries, 
I. Quantitative crnparis-on between attrition- and abra
sive-we miill. Cereal Chemistry 53:829-839. 

1EICHERT. R. D.. and YOUNGS, C.G. 1977. Dehi iiing cereal 
grains and grain legumes for developing countries. 
II. Chemical composition of mechanically and tradition
ally dehulled sorghum and millet. Cereal Chemistry 
54: 174-1"8. 

3OONEY, L. W., and SULUNS, R. D. 1969. A laboratory 
method for milling small samples of sorghum grain. 
Cereal Chemistry 46: 486-490. 

lOONEY. L. W., and SULLINS, R. D. 1970. Chemical, 
physical and morphological properties of diploid and 
tetraploid Sorghum bicolor (L.) Moench kernels. Crop 
Science 10:97-99. 

ROONEY, L. W., FRYAR, W. B., and CATER, C. M. 1972. 
Protein and amino acid contents of successive layers 
removed [y abrasive miling of sorghum grain Cereal 
Chemistry 49:399-406. 

SHEPHERD. A. D. 1979. Laboratory abrasive decorticating 
mill for small grains. Cereal Chemisiy 56: 517-519. 

SHEPHERD, A. D. 1981a (In press) Laboratory abrasive 
derorlicating mill-influence of machire and operating 
variables. Cereal Chemistry 58: 

SHEPHERD, A. D. 1981b. How a typical sorghum peels. 
Cereal Chemistry 58: 303-306 

SHEPHERD, A D., and WOODHEAD, A. H. 1969-70. 
Sorghum processin )ages 28-39 in Annual Report, 
East African Industriai Research Organization, Nairobi. 
Kenya. 

SHEPHERD, A D WOODHEAD, A H. and OKORiA, J. F. 
1970-71 Sorghum processing Pages 36-58 in 
Annual Report, East African Industrial Research Organi
zation, Nairobi. Kenya 

SHOUP, F. K., DEYDE, C. W, SKOCH, L., SHAMSUDDIN, M., 

BATHURST. J., MILLER, G D , MURPHY L. S., and PARRISH, 

D. B. 1970a Amino acid composition and nutritional 
value of milled fractions of sorghum grain. Cereal 
Chemistry 47 :266-273. 

SHOUP. F. K., DEYOE, C. W.. FARRELL, E. P., HAMMOND, D. 
L., and MILLER, G.D. 1970b. Sorghum grain dry milling. 
Food Technology 24: 1028-1032. 

VIRAKTAMATH, C.S., RAGHAVENDRA, G., and DESIKACHAR, H. 
S. R. 1971. Use of rice milling machinery for commer
cial pearling of grain sorghum (Jowar) and culinary uses 
for pearled sorghum products. Journal of Food Science 
and Technology (Mysore) 8: 11 -13. 

WEINECKE, L. A., and MONTGOMERY, 11.R. 1955. Ex
perimental units now suitable for scale-up to mill size 
production. American Miller and Processor 93: 8-9, 
33. 

Wyss, E. 1977. Millet and sorghum milling. Pages 
111-113 in Proceedings, Sorghurn and Millets for 
Human Food, 11-12 May 1976, Vienna, Austria. 
Available from the Tropical Products Institute, 56/62, 
Gray's Inn Road, London WC1X8LU. 

563 



Industrial Milling of Sorghum for the 1980s 

L. Munck*, K. E. Bach Knudsen*, and J. D. Axtell** 

Ifsorghum growing semi-arid countries are to be 
self-sufficient incereals for food diving the 1980s, 
industrial milling and marketing of sorghum food 
products have to be introduced as quickly as 
possible. However, endeavors to supply rapidly 
growing cities with locally 'j!,wn sorghum come 
up against several severc, c:h;'acles. 

First, in these countries sorghum is a crop for 
the subsistence farmer. There is very little sor-
ghum on the market, in part because of distorted 
govemmental food price policies. In many coun- 
tries, imported cereals an,subsidized and sold at a 
lower price than sorghum. InTanzania, for exam-
pie, a white maize product is currently sold at one 
third of that of grey whole milled sorghum flour, 
even though maize gi,/e.r a good yield in only 2 out 
of 5 years. 

Second, the milling process devis'd for sor-
ghum has been based on traditional wheat and 
maize technologies. Therefore. highiy acceptable 
%,hti, maize and wheat products raxidly ganed a 
iokohdAd on the urban markets, le.',in§ sorghum 
as 6 $.wprestige food crop associated with the 
backwardness of rural areas. Thus even in c.oun-
tries where sorghum as a food has age-old 
traditions, it isnowa&d;3/ regarded as a feed crop. 
However, in the rural areas, locally developed 
techniques such as hand lp-'Qnding for decortica-
tion are still in use anJ preduc:e highly acceptable 
product. In these areas 6oJshum is preferred to 
mtaize. Unfortunately ihese local techniques are 
now rapidly disappearing, and it is therefore 
important to have them documented before it is 
too late. 

Carlsberg Research Lab.;;tory, Department of 
Biotec.hnology, Gamle Cadsborgvej 10, DK-2500 
Copenhagen-Valby, Denmark. 
Department of Agronomy, Purdue University, West 
Lafayette, Indiana, USA. 

Determination of Needs Through
Studies of Local Practices 

Studying local practices is a prerequisite for a 
precise evaluation of the acceptability and nutri
tion of sorghum, and its rolc ;- a mixed food diet. 
Such know' -.ge will contribute to an adequate 
background for the future development of indust
rial processes. Plate 1: c displays selected flour 
samples which are representative of the current 
situation in Tanzania (Eggum et al. 19821 regarding 
sorghum milling. It is seen that the hand-pounded. 
high-yielding variety 2Kx17/B/1 (cc;',parable with 
Lulu D) is by far the most accep.';;:h- sample in 
terms of whiteness. The machine nmiled Lulu D 
sample, processed in a local village mill devised 
for rice, comes next in quality, while th- "nommer
cial Lulu D flour is almost as dark as whci milled 
sorghum. In Tanzania the latter produc;r f:; three 
times as sx>:pensive as maize flour. It goes without 
saying thl, th qu ,tities of sorphum flour scd 
under thes;e cack ,rwnces are extremely srrl!. 
However, the yitJd-improved, short sorghum;
varieties of the Lulu D type (Lulu, 2Kx17/B/1, 
2Kx89 it; Figurr -! are not ideal for hand pounding 
(Eggum et al. i;-! 2). It is seen from the cross 
sections of seedz, in Figure 1 that they are much 
softer than the local Tanzanian hard varieties 
(T300, T236, T261, T295, and p'75), which are 
preferred for hand pounding in t rural areas. If a 
fine Pour of comparable whiteness is desired, 
the modem white varieties yield only .A5out 50%, 
while yields frcwn local types range 4:rm 73 to 
83%. Furthermrnt' , it is seen in Table -!at, using 
hand decorticaeico yields of nutrients (starch 61% 
and protein 44%) are very rv in the modem 
varieties exemplified by Lu!u D. Comparable 
figures for the local varieties are 92% starch and 
75% protein. It is therefore clear that pre'ently 
introduced sorghums are unsuited for hand 
pounding. When decorticated to a yield of 80%, 

International Crops Research Institute for the Semi-Arid Tropics, 1982. Sorghum in the Eighties: Proceedings of the Intemationai 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, AP., India, Patancheru, AP India: ICRISAT. 
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Softness (S%) of Sorghum Varieties from the kandmllllng E'&erlinnt, 

S-30.7-5.7 , T236 .,. S4'7.±21 


2KX17/BI 827,9t5.O T261 

2KX89 S-21.43.7 T295 S85±21 

T300 S13.6±3.4 T275 3.91 

Figure I Photographs from cross scctr,)ns of three vielc-improved varieties-Lulu D, 2Kx77/B1 1, 
2K89-and five toW(al sorgr)wr, soeect,ons from Tanzania-T300, T236, T261. T295. and 
7275 Munc:k et al 7982) Norrr/l ,cidentlignt n a microscope with antiflex cap on the 4x 
00iPc IIve 

Table 1. Milling yield, starch, protein content (% d.m) and Agtron reflectance of raw materials and products 
and final yield of nutrients from locally decorticated sorghum varieties in Tanzania and milled In the 
United Milling Systems (UMS) sorghum milling process (Munck et al. 1982). 
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plate l:a. 	 The sorghum mixture (1) of African origin, which contains mainly a white sorghum 

cultivar, is slightly decorticated in the UMS DVA decorticator(2). The black testa 

layer under the white pericarp is now visible. In (3) the same sample is optimally 

decorticated in the sorghum milling system (Fig.4) also using the UMS DVA de

corticator,efficiently removing the brown testa layer. 

1:b. 	 Micrograph of a cross section of a white sorghum seed from Plate l.*a (1). The pic

ture is taken in a fluorescence microscope with FITC filters. Pigments are seen 

migrating from the testa layer marked with an arrow. The pericarp + testa + the 

contaminated endosperm part have to be removed in the decortication process
(Plate 	 3 1 ). .a 

1:c. 	Comparisonof color of milled products from Tanzania. 

l :d. Dabar sorghum and its products milled in the UMS sorghum milling process,dis 

played in Fig. 3. 



which is a reasonable figure with the current food 
situation in Tanzania, the products will be much 
darker than products made from the local hard 
varieties, and thereby paving the way for competi
tive maize products. 

Hand pounding is hard and tedious work, It 
takes up to i hr to process 2 kg of sorghum. Thus 
there is a ready market for small diesel-driven 
village mills serving individual farmers who bring 
their own batches to the mill. However, in our 
experiment (Table 1) we showed that such a 
technique is just as dependent on endosperm 
hardness as the hand pounding technique. Milling 
of Lulu D in a Tanzanian village mill gave a darker 
flour (Plate 1 :c) than a hand decorticated flour 
from the comparable variety 2Kx17/B/1 and just 
as intolerably high losses of starch and protein as 
the latter (Table 1). 

Nutritional Quality 
of Sorghum Products 

The content of digestible nutrients in low-tannin 
sorghum products is very high compared with 
other cereals (Table 2, Eggum et al. 1982). The 
true digestibility of protein and energy in decorti-
cated grain is 100% and 96% respectively. When 
sorghum is cooked to make "ugali" porridge, 
these values decrease by 8% and 2% respective-
ly. Although the digestibility of sorghum de-
creased through cooking, the values before and 
after cooking, are comparable with the best 
values for other cereals such as wheat, maize, and 
rice. However, the lysine value is very low (Table 
2) and decreases by 40% during decortication. 
Because lysine is the nutritionally limiting amino 
acid in sorghum, the biological value of sorghum 
protein is the lowest of all cereals. By sup-
plementing with lysine-rich foods such as beans 
and vegetables, the high potential of digestible 

protein and energy in sorghum can be fully 
utilized. 

Developing a New Milling
Technology for Sorghum 

The need for a new sorghum milling technology 
has been recognized earlier by the Canadian 
International Development Research Centre 
(IDRC) and FAO. IDRC (Eastman 1980) has 
developed a small batch mill for local machine 
milling of sorghum using carborundum or silicium 
stones. Likewise, FAQ has initiated aprogram for 
sorghum milling (Perten et al. 1978) on an 
industrial scale. This system also relies on an 
abrasive principle. 

Mechanisms of hand pounding are very diffe
rent from those of abrasive milling. In hand 
pounding the pestle causes a mechanical shock 
which generates strong interactive forces in 

between grains as well as between grains and 
equipment. When water is added, large flakes of 
hull material are formed. On the othe; hand, in 
abrasive milling the polishing effect is mainly 
obtained between the grinding stones and the 
seeds and as action of seeds against seeds, 
thereby producing fine bran particles. Abrasive 
milling through kernel breakage causes losses of 
endosperm in the bran fraction. However, hand 
pounding initially produces coarse endosperm 
particles that dwindle during the successive cy
cles of decortication. At the Carlsberg Research 
Laboratory we have developed an industrial decor
tication process aimed at avoiding the disadvan
tages of abrasive milling and incorporating the 
advantages of the age-old hand pounding principle 
(Munck et al. 1982). 

In the new decortication machine (Fig. 2) (UMS 
DVA, United Milling Systems A/S, DK-2500 
Copenhagen-Valby, Denmark) the sorghum ker-

Table 2. Nutritionalquality In rat test of the Improved variety 2Kx17/BI 1(comparable with Lulu D)and the 
hand decorticated grain as well as the cooked product ugall (Eggum at al. 1982). 

Biological 
value of protein 

Lysine 
g/16gN 

56 
47 
49 

2.0 
1.2 
1.2 
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True digestibility 
protein 

95 
100 
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Digestible 
energy 

90 
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Figure 2. The United Milling Systems DVA sor-
ghum dehuller (Munck et a. 1982). 

nels are conveyed by a screw (C) into the 
decortication chmber (D), where a steel rotor 
rotates the grain mass towards the cylindrical 
screen (F). The pressure between the seeds 
during decortication can be controlled by the 
counterweight (G)in the outlet (H). The hulls and 
the endosperm fragments from the cracked ker-
nels are discharged through the screen by an air 
current at high pressure. This fraction-the 
screen flour-is sucked out from the bottom of 
the machinery into a cyclone, 

The first crucial point in the new dehulling 
process is described in Figure 3, where the UMS 
DVA decorticator is integrated into a milling 
system with a capacity of 2 t/hr. This is done in 
order to recover endosperm particles from the 
screen flour. After separating the fine bran frac-
tions from the coarse ones through sifting (A2), 
the coarse fractions are separated by aspiration
into an air sifter (131) producing coarse bran (B2)
and cleaned endosperm fragments (B3). The latter 
could then be milled together with the decorti-
cated kernels (C1) in a milling and sifting section. 
Thus grits and flours of a high yield are produced. 
Products from the various stages in this process 
are displayed in Plate 1 :d. 

The new UMS DVA dehuller can, depending on 
the processing conditions, remove whole 
embryos, which produce sharp-edged d~corti
cated, degermed kernels resembling children's 
milk teeth. This indicates that the UMS DVA 
dehuller produces a small amount of fine endos
perm flour compared with abrasion mills, which 
tend to produce round seeds. Seeds decorticated 
with abrasive stone mills are more rugged on the 
surface and thus appear whiter than seeds from
the UMS DVA decortication, which still have intact 
natural endosperm surfaces. Obviously the rug
ged surface indicates losses of fine particles of 
endosperm. Breakage of kernels does not 3ffect 
yield in the new milling process as much as when 
the abrasive polishing technique is used. The 
reason is that, in the new process, losses can 
always be regained frorn the screen flour, as long 
as the endosperm particles are kept sufficiently 
coarse. For example, grains of Lulu Dmilled in the 
new process (Table 1)yield 78% of decorticated 
grains and 2%of endosperm fragments, render
ing a total yield of 80% with lighter color than flour 
of the same variety milled locally in Tanzania 
yielding about 50%. 

It isalso seen that the yield in the product from 
Lulu Dof the most important nutrients, starch and 
protein, in the new process is 93% and 77%, 
respectively. These figures are comparable with 
the yield from the hand pounded loca: hard 
Tanzanian sorghum varieties and much higher
than the yield of these nutrients in the hand 
decortication of the high yielding Lulu which has a 
soft endosperm. 

From a nutritional point of view, pericarp and
 
testa should be removed in the decortication
 
process, as they contain very small amounts of 
available nutrients (Eggum et al. 1982). They are 
also the main contributors to color in the final 
product. With the new milling process it is 
possible to retain most of the nutritious germ if 
desired, or remove it completely while processing 
sorghum for brewers' grits. 

Utilizing high-tannin sorghums with a thick testa 
layer is very difficult. Tannins are nutritionally 
detrimental as they drastically lower the digestibil
ity of starch and proteins. They are also potent 
carcinogens. In countries in Africa, high-tannin 
sorghum types are mainly used for beer. Plate 
1 : a (1)displays a mixed sorghum sample consist
ing mainly of chalky, white sorghum seeds from 
Africa. Under the white pericarp these seeds have 
a dark testa layer (Plate 1:b). Due to weathering, 
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Cleaning and 2-10% byproduct for feed 
tempering section 

100% cleaned product feed A1 

Decortication 

Ir 	 I 

Screen flour 	 A3 

to centrifugal fine hulls 

1 Isiter A2 
f15-25% hulls for feed 

o Overf low to I	 6 2J
air Bsiter coarse hulls-, 

L------------- --
Decorticated seeds Endosperm fragments 

S, 
 cous-cous (grits) C2 
40-65%


Milling and sifting section 
flour: fine -coarse C3 

20-85% 

Figure 3. 	 Flow scheme for the new industrial sorghum process (2 t/hr) developed at the Carlsberg 
Research Center, Copenhagen. in cooperation with UMS (United Milling Systems, Gamle 
Carlsbergvej 8, DK-2500 Copenhagen. Denmark). The UMS DVA decorticator (Fig. 2) is used 
in this process. Products according to the denotations are displayed in Plate 1:d: (A1)raw 
material, (A2) screen flour from decorticator. (A3) fine hulls from centrifugal sifter, (B1)coarse 
hulls from centrifugal sifter. (82) light coarse hulls from air sifter, (83) heavy endosperm 
fragments from air sifter, (CI) decorticated seeds, (C2) grits, (C3) flour. 

pigments from the testa layer have diffused into 
the endosperm. It is amazing to see how the 
product turns darker when such seeds are slightly 
decorticated in the decorticator [Plate 1 :a (2)]. By 
proper tempering and milling (Fig. 3) a white 
product isobtained at ayield of about 70%. These 
results point to new possibilities for utilizing bird-
resistant high-tannin sorghum types for milling. 
An important task for plant breeders isto improve 
weathering characteristics of such varieties. If it is 
possible to develop high-tannin sorghum varieties 
with stationary tannins that cannot diffuse into the 
endosperm, such varieties could be well suited for 
the milling technology described above. 

However, an adequate control of tannin content 

in milled products from high tannin sorghums as 
well as good cooking quality have to be ser" od. 
These prospects call for a closer cooperb. , 

between plant breeders and milling technologists. 
In fact, plant breeding should be combined with 
the 67velopment of new mills so that varieties 
and piocesses could be bred together. 

References 

EASTMAN, P.1980. An end to pounding. Anew mechanic
al flour milling system inuse inAfrica. Ottawa, Canada: 
IDAC. 

569 



EGGUM, B. 0., BACH KNUDSEN, K. E., MUNCK, L., AXTELL, J. 
D., and MUKURU, S.Z.1982. Milling and ',utriional value 
of sorghums in Tanzania. In Proceedings, International 
Symposium on Sorghum Grain Quality. ICRISAT, 28 
-31 Oct 1981. Patancheru, A.P.. India: ICF;iSAT. 

MUNCK, L., BACH KNUDSEN. K.E., and AXTELL. J. D.1982. 
Milling processes and products as related to kernel 
morphology. In Proceedings. International Symposium 
on Sorghum Grain Quality, ICRISAT, 28-31 Oct 1981, 
Patancheru, A.P., India: ICRISAT. 

PERTEN, H., MUSTA,. A. J., ALBERT, R., and BADi, S. M. 
1978. Sorghum milling in pilot scale. Presented at the 
6th International Cereal and Bread Congress, Win
nipeg, Canada. 1978. 

570 



Evaluation of Sorghum Food Quality 

L. W. Rooney and D. S. Murty* 

Sorghum (S. bicolor L. Moench) is a staple 
commodity in several parts of the world and ranks 

fifth as a cereal crop in terms of production and 
utilization. However, the food quality of sorghum 
has not yet been clearly defined, probably be-
cause it is not used in commercial foods to the 
extent that wheat, rice, and maize are utilized. In 
sorghum consuming a.eas, only limited quantities 
of the product appears in metropolitan markets, 
and there are few if any standards available to 
distinguish grain duality. which is evaluated pri-
marily by subjective criteria such as kernel color, 
appearance, size, and shape. 

Crop improvement programs have become 
increasingly conscious of these factors that affect 
sorghum production and utilization (Murty and 
House 1980), and are attempting to exploit the 
vast genetic resources available to improve sor-
ghum quality. The objectives of quality breeding 
programs in the past were frequently vague 
because selection criteria for quality were ill 

defined or poorly established. Recent!y, however,
made to deviseconsiderable consderbleproresprogress has been mae thasbee deise 

standard laboratory methods to evaluate the 
quality of the finished sorghum products. This 
paper discusses the major sorghum food productsconsumed, reviews information on the extent of 
genetic variation for the preferred food quality


genticvaratinfr te peferedfoo qu-,Ity 


traits, and describes potential methods that couldbe applied insorghum breeding programs. Only a 

brief discussion of sorghum structure, milling, and 
food properties as related to future food uses of 

sorghum will be made as it relates to sorghum 
breeding programs. More detailed presentations 

on these aspects were made in the International 

Symposium on Sorghum Grain Quality, 

* Professor, Cereal Quality Laboratory. Soil and Crop 

Sciences Department. Texas A&M University, College 
Station. Texas. USA; and Sorghum Breeder, ICRISAT. 
respectively 

International Crops Research Institute for the Semi-And Tropics 

Symposium on Sorghum. 2-7 Nov 81. Patancheru. A P. India 

Structure of the Sorghum Grain 

Structure of the grain has an important bearing on 
various processing and food quality traits. The 
structure of sorghum kernels varies significantly 
because of environmenval and genetic factors. 
The shape, size, proportion, and nature of the 
endosperm, germ, and pedcarp, the presence and 
absence of subcoat, and the color of the pericarp 
are all genetically determined. Rooney and Miller 
(1982) gave a complete description of the detailed 
structure of sorghum grain. The caryopsis, or 
kernel is composed of three main parts, the outer 
covering (pericarp), the storage tissue (endos
perm), and the embryo (germ). An understanding 
of kernel structure and kernel properties is e~asen
tial in order to comprehend sorghum quality 
characteristics. We will review briefly the essen
tial parts of structure. 

Pericarp 
The pericarp can be subdivided into the epicarp, 

mesocarp and the endocarp. The epicarp is 

outermost and usually consists of two to three 
outerst and ually conists oftogtoathrecell layers. These cells are long and rectangular in 
shape and contain wax and, occasionally, pig
ments. The mesocarp which underlies the epicarp 

thes Whh es carpmetmay vary in thickness. When the mesocarp is 
thick and contains small starch granules, the 
kerel has a chalky appearance. Pearly sorghums 
have a very thin mesocarp that does not contain 

starch granules. The innermost layer of the 
pencarp is the endocarp, which consists of cross 

and tube cells. The cross cells are long and narrow 

with the long axis at right angles to the long axis of 

the kernel. One of the main functions of cross and 

tube cells is the transportation of moisture. These 

cells are also the breakage points when the 

pericarp (bran in milling terminology) is ramoved 

during milling of the grain. The pericarp varies in 

1982 Sorghum in the Eighties Proceedings of the International 

Patancheru. A P India ICRISAT 

571 



thickness within a remel and between kernels 
within a sample of sorghum. Genetically, the 
presence of starch in the mesocarp is controlled 
by the Z gene (Rooney and Miller 1982). Actual 
thickness of the starchy mesu-arp may be con-
trolled by modifiers since thickness of the starchy 
mesocarp does vary among cuelivars. 

Test" 

Just beneath the pericarp, some sorghum kernels 
have a highly pigmented layer called the testa or 
subcoat. Some sorghum lines contain a partial 
testa that is found at certain places around the 
kernel. The testa also varies in thickness from one 
line to another and from one area of the kernel to 
another. The color of the testa varies among
sorghum lines. Pigmentation is associated with a 
high concentration of polyphenols which appa-
rently differs considerably among sorghum lines 
with a subcoat (Bullard et al. 1980). Presence of a 
pigmented testa is conditioned by the com-
plementary genes B, and B2 (Rooney and Miller 
1982). 


Endosperm 


The endosperm of sorghum consists of the 
aleurone layer, and the peripheral, corneous, and 
floury portions (Fig. 1). The aleurone cell layer
located beneath the pericarp (or testa, if present) 
is a single layer of block-like rectangular cells. The 
aleurone cells have spherical bodies that vary in 
size which contain protein, phytin, minerals, water 
soluble vitamins, autolytic enzymes, and high
levels of oil. They do not contain any starch 
granules. 

The peripheral endosperm is beneath the 
aleurone layer and is an illdefined area consisting 
of the first 2-6 endosperm cells. These cells are 
small and blocky and contain small starch granules 
embecded in a dense proteinaceous matrix. The 
matrix protein is comprised mainly of glutelins 
(alkali soluble proteins) and prolamins (alcohol 
solubie protei ' 

Th ccrneous endosperm (hard, flinty, homy, 
vitreous) located beneath the peripheral endos-
perm has a continuous interface between the 
starch and protein. The starch granules are very 
angular or polyhedral in shape with depressions 
where protein bodies were trapped between 
expanding starch granules. 

The floury endosperm areas have loosely pack-

ed endosperm cells. The starch granules are 
spherical and they are not held together by the 
protein matrix. In addition, small voids occur 
between starch granules and there is relatively
little continuous protein matrix. The air spaces 
alternating with cell constituents diffuse light as it 
passes through the endosperm which explains 
the chalky or opaque appearance of the floury 
endosperm.
 

The relative proportions of the corneous to 
floury endosperm is termed kernel texture or 
endosperm texture. Kernels vary from comeous 
to floury depending upon genotype and environ
mental conditions. Endosperm texture plays a 
major role in determining sorghum quality. 

Grain Processing Properties:

Variation Among

Genotypes of Sorghum
 

The milling properties of the grain, and conse
quently flour quality are affected by the structure 
and moisture content of the grain as well as the 
milling equipment, and grinding technique. Tradi
tionally sorghum was often dehulled before grind
ing into flour and grits. Grain was moistened in the 
mortar and pounded by hand with a pestle. High
endosperm recovery with minimum breakage of 
the endosperm and complete removal of the 
pericarp are desired by consumers. Striking differ
ences between genotypes for dehulling quality 
evaluated by traditional methods have been re
ported (Murty and House 1980: Scheuring et al. 
1982). Those grains possessing a thick pericarp
and highly comeous endosperm produced the 
maximum quantity of decorticated grain without 
breakage, and with minimum effort and time 
required for pounding. Floury endosperm types
and comeous endosperm types with a thin 
pericarp were relatively less desirable for hand 
processing. Conversely, grains combining a thin 
pericarp and comeous endosperm have proved 
acceptable for machine dehulling (Maxson et al. 
1971; Shepherd 1982; Reichert et al. 1982) and 
endosperm recovery was positively correlated to 
grain with amore comeous endosperm. Shepherd 
(1979) and Oomah et al. (1981) developed two 
different prototype laboratory decorticating mills 
which require only 5 to 30 g of grain for dehulling.
These prototype laboratory dehullers could be 
useful to evaluate the milling characteristics and 
food products made from dehulled grains. 
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Figure I Scanning electron photomicrographs illustrating starchy endosperm structure: 
(A) longitudinal half kernel, (B) corneous endosperm area. (C) transition zone between 

corneous and floury endosperms. (D) floury endosperm area SG-starch granule, PM 
-protein matrix, PB-protein body, BG-broken granules. 

Shepherd's technique has been used by Da et al. during the past 5 years and the ground work for 

(1982) to determine the milling properties and t6 continued progress is in place. 

quality of grain from individual F. heads. The Vogel and Graham (1979) have given a detailed 

milling technique clearly showed that sorghums description of the various methods of sorghum 

with thick and thin pericarps differed in ease of consumption in the world. Questionnaires, corres

milling pondence. and field evaluation visits in Africa, 
Asia, and Latin America with various scientists 
have revealed that most sorghum produced for 

Sorghum Food food is consumed in the following eight basic 
methods: 

Considerable progress to define grain quality has 
been made since the early 1970s A great deal of 1 Unleavened bread -roti, tortilla 

interest has been shown and real progress made 2. Leavened bread -injera, kisra, dosai 
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3. 	Thick porridge -to, tuwo, ugali, 

bogobe, sankati
 

4. 	Thin porridge -- ogi, ugi, ambali, edi 
5. 	Steam cooked pro- -couscous, wowoto, 

ducts noodles 
6. 	 Boiled sorghum -soru 
7. 	 Snack foods -popped sorghum 

8. 	Alcoholic and non- -burkutu, busa, ting, 
alcoholic beverages obushera, abrev 

The products are referred to by many different 
names. Considerable variation exists in the exact 
techniques used to prepare products within each 
basic category. Usually, the differences observed 
in the actual preparation from one area to another 
and among households do not affect the quality of 
the grain. However, thick porridges are an excep-
tion. 

Poridges are processed using acid, neutral, and 
alkali conditions (Rooney and Kirleis 1979). A 
sorghum variety with good porridge-making prop-
erties under acid or neutral conditions may not 
have accer-able quality 	when processed with 
alkali (Scheuring etal. 1982; Da et al. 1982). Thus, 
a variety like E35-1 that makes excellent acid to 
in Upper Volta has poor alkali t6 quality in Mali. 

Variation for the 	Preferred 
Food Quality Parameters 

Several workers have evaluated the grain proces-
sing and food quality traits of sorghum cultivars, 
parl;rularty those of recent origin, in comparison 
v,ih traditionally grown cultivars (Rao et al. 1964; 
\ iraktamat et al. 1972; Pattanayak 1977, 1978; 
Scheuring et al. 1982; Obilana 1982; Juarez 1979; 
Khan et al. 1980). Large differences were reported 
among genotypes for various food quality traits. 

Recently, the International Crops Research 
Institute for the Semi-Arid Tropics (ICRISAT) 
carried out International Sorghum Food Quality 
Trials (ISFOT) in collaboration with various scien-
tists in Africa and the Americas using grain 
samples from 25 cultivars grown in each of two 
years. It was found that the genotypes exhibited 
significant variation for quality traits over a range 
of food products (Murty and House 1980). Impor-
tant findings of various sorghum food quality
studies carried out in the past by various-workers 
are summarized below for the major food pro-
ducts consumed in the world. 

Unleavened Bread 

Rod 

In India, sorghum is ground into flour which is 
made into unleavened bread called rotior chapati.
Maldandi-35 sorghum grown in the postrainy
season is the most preferred cultivar for roti 
quality. The kernels of Maldandi are large, with a 
thin white pericarp and an intermediate endos

perm texture. The characteristic size, shape, and
luster of Maldandi grain 	 sets the standard for 
sorghum quality in India. Maldandi types of 
sorghum cost the most in the grain markets. Grain 
from the new improved hybrids has, in general, a 
relatively poor roti quality and demands a lower 
price. 

Consumer cooking trials, laboratory taste 
panels, and standardized roti making procedures
have cunsistently shown 	that sorghum cultivars 
produce rotis with vastly different acceptabilities 
(Rao et al. 1964; Rao 1965; Anantharaman 1968; 
Viraktamath et al. 1972; Waniska 1976; Murty and 
House 1980; Murty et al. 1982a). 

Murty and Subramanian (1902) used a standar
dized procedure to produce roti from different 
sorghum cultivars. Taste 	panel tests using sor
ghum consumers as panelists clearly documented 
that variation among sorghums that had accept
able evident quality existed. Murty et al (1982a)observed that the kneading and rolling quality of 
the dough and the taste, aroma, texture, andkeeping quality of the roti varied among the 
several hundred cultivars studied. Typical variation 
among some pearly white cultivars is presented in 
Table 1. In general, roti made from grains with a 
pale yellow-white color, with an intermediate 
endosperm texture, without a subcoat and with a 
thin pericarp had acceptable organoleptic quality. 
Presence of a tough, leathery pericarp produced 
rotis with inferior texture and flavor. Floury grains 
produced a poor quality dough while waxy grains 
produced a sticky dough and gummy rotis. 

The physical and chemical properties of sor
ghum that significantly affect roti quality are only 
partially understood (Murty et al. 1982a; Subrama
nian and Jambunathan 1982). 

Tortilla 

Tortilla, a form of unleavened bread usually 
prepared from alkali cooked maize, is consumed 
in Mexico and Central America. However, in some 
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Table 1. Rod qualty characters of sorghum culivan with pearly whte grains wth 40-60% coneouo 

Rotio 

Rolling, Color, Taste Texture Aroma Keeping 
Genotype quality quality 

M-35-1 (Check, P.S. Mohol) 22.3 144 1.3 1.4 1.1 2.0 
CS--8 23.0 118 2.0 2.0 1.8 2.2 
Local Market (Maldandi) 23.2 144 1.3 1.3 1.0 1.8 
SPV-101 23.2 144 2.1 2.4 1.5 2.0 
SC-423 22.9 144 2.6 2.7 1.7 3.5 

SC-110-114 22.8 118 2.9 3.3 2.1 3.0 
8272-1 22.9 144 2.3 2.7 1.a 2.3 
M.36116 22.2 143 1.3 1.4 1.0 2.3 
M.36270 21.6 143 2.0 2.2 1.0 3.0 
52-1 22.5 144 1.3 1.6 1.0 1.5 
285 (R. Nagar) 22.3 144 1.3 1.6 1.0 1.5 

SEM 	 ±0.1 ±0.1 0.04 0.04 0.03 0.04 

a. Evaluated by measunng the diameter of the roti obtained by continuous rolling of dcugh from 30g flour with a pin until the roti 
breaks. 

b. 	Based on the scores of a trained taste panel of five members on rotis made from grain samples of the postrainy season harvests 
grown at ICRISAT Center. 1978. Taste, texture, and keeping quality wee scored on a scale of 1 to 5 (1 = good) while aroma was 
scored on a scale of 1 to 3 0 - good). 

c. Al color codes refer to white or pale yellow grades of Munsell's Soil Color Charts (1975). 

countries sorghum or blends of sorghum with 
maize are made into tortillas. Bazua et al. (1978) 
and Khan et al. (1980) found that color was a major 
factor limiting the acceptance of sorghum tortillas, 
Khan et al. (1980) described laboratory methods 
for tortilla evaluation and noted that color of 
sorghum tortillas made from 38 cultivars varied 
from 3 light yellow to dark greenish blown. The 
cooking time and the wet milling properties of the 
nixtamal were affected by grain size, texture and 
structure. Sorghum grains without a subcoat, with 
intermediate texture, colodess pericarp, and low 
polyphenol content produced the best tortillas. 
Sorghum kernels with visually similar characteris-
tics have significantly different tortilla making 
potential (Iruegas et al. 1982; Khan et al. 1980). 

Leavened Breads 

Injiera 

Sorghum is consumed in Ethiopia in the form of a 

thin leavened bread called injera. The grain is 

milled into flour which is mixed with water and a 
starter culture and the mixture is then stored for 2 
to 3 days. Cooked sorghum flour is added to the 
batter just prior to pouring it onto a hot griddle for 
cooking. The thin pancake is flexible, has a large 
number of evenly spaced "eyes" on the surface 
and remains flexible after overnight storage. 

Poor texture is the major factor that limits the 
acceptability of many sorghum cultivars for injera 
(Gebrekidan and Gebre Hiwot 1982). Soft endos
penn types with white or red pericarp, regardless 
of subcoat presence, produced the best injera. 
However, brown sorghums with high levels of 
tannin produced unacceptable injera. Among the 
soft sorghum varieties that appeared the same 
visually, significant differences in keeping prop
erties of injera were observed (Table 2). A high 
yielding sorghum cultivar (Gato-994) fn i the 

Ethiopian Sorghum Program was not gruwn by 
farmers primarily because it produced poor quality 

in/era (Georekidan and Gebre Hiwot 1982). 

Kim 

Kisra is a leavened sorghum bread made from 
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Table 2. In)* quality parameters of selcted sorghums from the International Sorghum Food Quality Trials 

In 1980. 

Injera 

Genotype Grain Softness Colcr Taste General desirability and remarks 

M-50009 Pearly white, soft white very good Trace of bitter taste 
hard 

M-50013 " dry bright white good Tastes and looks like maize injera
M-35052 " dry white 
M-50297 " dry yellowish
CS-3541 dry white 
Market-1 White, hard dry white 
CO-4 Red very soft reddish 
WS-1297 Chalky white very soft brownish 

(check) subcoat present
IS-7035 dry reddish 
IS-7055 Brown dry reddish 

subcoat present
IS-2317 White dry reddish 

subcoat present 

Source: Gebrekidan and Gebre Hiwot (1982). 

whole sorghum flour that is popular in the Sudan. 
In South India, a similar product called dosai is 
prepared. Information on variability for kisra quali-
ty characters among sorghum cultivars is limited. 
The kisra quality parameters of the 25 sorghum 
cultivars from the International Sorghum Food 
Quality Trials was determined (Murty and House 
1980). In general, kisra made from grains with 
cream color and less than 40% of the endosperm 
corneous had the best texture and keeping 
properties. Genotypes with high tannin and phe
nol content were rejected in the consumer tests. 

Thick Porridges 

The use of sorghum to prepare thick porridges 
which are consumed with various sauces, stews, 
and soups is of major importance in Africa and 
India. In general, the porridges can be classified 
into porridge with acid, neutral, and alkaline pH. 
The pH used to prepare the porridge significantly 
affects texture, taste, color, and keeping quality of 
theproduct(Scheuringetal. 1982; Daetal. 1982). 
Alkali pH affects the color and texture of the 
porridge most significantly. Thus, the porridges, 

poor Has maize taste 
poor Dries too fast 
poor Overall poor 

bad Bad aroma and taste but good eyes 
very good Very good 
excellent Similar to teff, excellent 

very good Eyes are as good as teff 
bad Very bad eyes 

bad Bad aroma and taste but good eyes 

for purposes of grain quality evaluation, must be 
divided into three groups. A fourth group would be 
fermented porridges which we will cover sepa
rately. Our current information suggests that acid, 
fermented, and neutral porridge quality are similar 
but alkaline porridges are different. For example, 
E35-1 makes good acid and neutral t0, but alkali 
tM of E35-1 has poor keeping properties. 

Acid Porridge 

Sorghum is consumed in Upper Volta in the form 
of a thick porridge called t6 and is prepared using 
tamarind water, i.e., an acidic pH. Pattanayak
(1977, 1978) reported that the best quality tM is 
produced by the West African local varieties with 
a white pericarp and highly corneous endosperm. 
TO made from introduced cultivars was frequently 
soft and sticky with poor keeping quality. In 
addition, the introduced cultivars had a softer 
endosperm texture, which greatly reduced yields 
of decorticated grain. The comhination of poor 
milling properties with poor tO texture severely 
limits potential production of the introduced 
varieties. We now have sufficient information and 
laboratory techniques to select varieties with 
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Tal"e S. Cultivar differenc*s for acidic t6 quality among visually similar, white and comeous endosperm 

Color Taste Texture Keeping qualityGenotype 

2.7 1 7M-50013 1.8 2.5 
S-29 (Check) 1.8 1.9 1.7 1.8 

SPV-8 1.4 2.0 1.5 1.3 
1.2 2.0 1.13 3.1IS-5758 

IS-5452 2.2 1.7 1.S 3.0 
2.0 2.4CSH-6 1.5 1.7 

SPV-352 1.7 3.0 2.9 2.6 

a. Average of taste panel scores given by six Voltaic trainees on ascale of 1 to 5. where 1 is good (Murty and House 1980). 

Table 4. Var;kllc- for ugal quality characteristics among cultivars with white pericarp and comeous 

Genotype Color appeal Taste Texture Keeping quality 

E35-1 1.5 1.8 1.5 2.0 
1.6 2.4IS-5341 1.5 1.8 

UChV 2 2.4 2.4 2.2 1.8 
16 1.9IS-6928 1.5 2.0 

E-6954 2.0 2.1 1.9 1.9 
2.3 3.4IS-2550 2.0 2.2 

a. Average of independent scores of taste panel tests conducted in1979 and 1980 on a sclae of 1 o 5 (0= good) (Murty and House 
1980). 

good tO quality in the breeding programs. TO 
properties varied considerably among grains that 
had similar visual characteristics (Table 3). 

Neutral pH Porridge 

The use of sorghum flour from dehulled or whole 
grain to produce a porridge without acid or alkali 
addition is quite common. Information on t,6 rT .e 
with water at nearly neutral pH is availab!e 
(Obilana 1982; Boling and Eisener 1982; Miuty 
and House 1980; Akingbala et al. 1981 a,b; i',Auity 
et al. 1982 b). 

Taste panels were conducted on ugali samples 
from 108 sorghum cultivars (Murty and House 
1980), which were prepared using a standard 
procedure. Trha results indicated that the color, 
keeping quality, and texture varied greatly with 
the sample population. A pale yellow or white 
ugali with little tackiness was preferred, although 
a light red ugali was acceptable provided that its 

taste, texture, and keeping properties were good. 
Highly comeous grains were found to yield the 
best ugaliproduct. Grains with a waxy endosperm 
produced a thin product. Desired ugji qualities 

were associated with thick and viscous gel 
properties. Sorghums with similar visual prop
erties differed in ugali properties (Table 4). 

S3nkati. 7 porirdge made in South India was 
made frornmthe ISFQT samples (Table 5). The 
desired quality characteristics were similar to 
ugali. Desiachar and Chandrasekhar (1982) found 
that sorghurns with good quality for making 
porridges produced rotis with poor quality, which 
was similar to the observations in the ISFQT data. 

In Tanzania and Nigeria, some new improved 
varieties have riot been accepted 'or production 
because of either poor endosperm recovery or 
poor porridge making quality (Eggum et al. 1982; 
Obilana 1982). Some of the varieties, which 
matured early, were severely damaged by molds, 
and were too soft to mill. These observations 
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TON3 6. SA,3quaty dwavwho of torghums with vbuay anmw Wre1 p0prte." 

Genotype Color Taste Texture Keeping quality 

M-35-1 1.9 1.8 2.5 2.5 
CSH-5 1.3 1.3 1.7 1.9
M-50009 1.4 1.7 2.0 3.0 
M-50013 1.5 1.8 1.5 1,7
M-35052 1.3 1.8 2.5 2.3 
M-50297 1.6 1.7 1.8 1.8 

a Average scores given by five and sixfarm v :L'ersat two locations, Bhavanisagar and Anantapur (S.India. respectively (replicated 
t ice) on a sale of 1 to 5 (1 = good). (Murty at al1982b) 

emphasize the importance of routine selection for 

food quality in breeding programs. 


Alkaline Porridge 

Alkali from ashes is used to cook sorghum flour 
into tilin Mali and parts of Nigeria and Upper
Volta. The quality of ihe local Malian sorghum 
cultivars for making td is excellent; but nearly all 
exotic sorghums produce poor quality tO (Scheur-
ing et al. 1982). In addition, local Malian varieties 
produce 16 with good keeping characteristic,: over 
a broad pH range while sorri improved varieties 
are extremely sensitive to .1,anges in pH. The 
observations in Mali have .een confirmed by
laboratory studies with Upper Voltaic sorghtims 
(Daet al. 1982). Environmental factors significant-
ly affect the quality of sorghums for use in alkali tO 
(Scheuring et al. 1982). 

Laboratory methods using grain from a single 
head of &,orghumhave been developed foi thick 
porridges (Da et al. 1982). They will permit milling 
quality evaluation as well as evaluation of to 
texture. Scheuring et al. (1982) used a simple 
method based on cooking ground whole grain in 
alkali to produce tO and evaluating tO firmness 
subjectively after overnight storage. 

Thin Porridges 

Ugi is a thin porridge consumed in several 
countries of East Africa. Generally, a cream 
color-A, smooth flowing product with acharacter-
istic orghum aroma is liked (Murty and House 
1980). Ugir.iade from sorghums with asubcoat or 
brown pericarp tasted bitter. Another significant 
variation among cultivars for ugi quality was the 
gelling property of cooled ugi. Good ugi produced 

a highly consistent thick gel after cooling over
night. In general, sorghums with acceptable thick 
porridge quality will make acceptable thin por
ridges. 

Ferimented Prridge 

Many porridqes, ;hin and thick are made by 
fermenting ,;ther whole grain or flour from 
sorghums. -. production h ;. been discussed by 
Obilana (1905j and Akingbala et al. (1981a,b). The 
brown sorghums produced low yields :.riogi with 
,oor organoleptic :Jroperties. White c.- red sor
ghums produced the best ogi, with whika prefer
red. Often, ogi is used as a thick porridge and 
stored where upon its quality parameters effec
tively resemble those of acidic porridgi3. 

Boiled Sorghum Products 

Pearled sorghum kernels are often cooked an.0 
used as a substitute or extender for rice. In Mali, 
coarse grits from a special kind of locz sorghum 
called kinde (margaritiferum) is used fh' produc
tion of rice substitutes. Annam or sor ,Table 6) 
properties of sorgnum cultivars varied consider
ably among genotypes (Subramanian et al. 1982).
In general, a sorghum that cooks, looks, anc 
tastes like rice is preferred. Thus, kernels -,;ith a 
comeous endosperm and white perica.'; are 
preferred. Cooking time ranged from 54 t"., 110 
min while the volume after cooking ircreased 
from 16'0 to 273%. The increase in cooked grain 
volume was positively related to grain density. 
Keeping quality of the soru differed among sc;
ghum samples with similar appearance (Table 6). 
Sorghums with light red pericarp produced 
acceptable product. 
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TAW* 6. QuAlty parameters of soru from cultivs with visualy miar d4ract.rf-tcs." 

Texture Kweping qualityGenotype Color Taste 

M-35-1 1.7 1.2 1.1 1.6 

M-50009 1.5 1.5 1.8 1.7 
M-50013 1.3 1.5 2.0 2.1 
M-50297 1.6 1.8 2.0 1.3 

1.1 1.2 1.2 1.2 
CS-3541 1.1 1.7 1.8 1.9 
Market-1 1.5 2.0 2.0 1.8 

a. Soru samples were evaluated by six farm workers at Bhavanisagar (S. India) on a scale of I to 3 (1 =good). (Subiarnanian etal. 
1982). 

Steam Cooked Products 

Couscous is a granular product made by steam 

cooking agglomerated sorghum flour. It is popular 
in several West African countries. Sidibe et al. 
(1982) reported that a good couscous should 
neither be sticky nor dry. They found that the local 
dagafara sorghums with vitreous grains yielded 
more couscous product per unit of flour than other 
sorghury s, and that the cohesion jnd integrity of 
the granules from dagafara flour were generally 
more desirable. All sorghums that produce 
acceptable tO produce acceptable couscous. There-
fore,selection foro quality may preclude the need 

t dletermn fou curret information is 
required ttability 
correct. 

Sn.k Fooils-
Spe-lal Sorghums 

In India, special sorijhum cultivars have been 
puffed or popped (/yyangar and Ayyar 1936; 
Desikachar 1980). Sorghum lines with excellent 
popping properties and other special uses were 
discussed by Pasada Rao and Murty (1982). 
Generally, the pop sorghums have a low germ to 
endosperm size ratio. T,.hr kernels are small with a 
medium thick white pl.ri, rp and corneous endos-
perm. Popping, althou-;: common in India, is 
seldom used to process sorghum in Africa. In 
India, the popped sorghum is often used to 
produc3 other snacks and in special foods pr-
pared rot children. 

Sorghum Food Quality
Classification 

Data from the 1SFQT has permitted an overall 
evaluation of whether it is possible to breed 
sorghums that have properties which would 
permit their use for almost all sorghum foods. The 
average acceptability scores of the various sor
ghum foods evaluatei in the ICRISAT collabora
tive ISFQT are presented in Table 7. In general, 
varieties like CSH-5, M-50009, Mothi, and M35-1 
which had pale yellow/white grains with 60-70% 
coneous endosperm produced products with 

acceptable quality for all the food systems. The 
effect of local conditions might change the accep

drastically due to grain molds and other 
factors.
 

The specific food qualities of sorghum cultivars 
were related to kernel texture and pericarp thick
ness. Kernels with a thick pericarp and comeous 
endosperm te;xture had the best hand milling 
properties while the floury grains were in general 
rejected. The pearly grain types were not readily 
accepted by consumers using hand milling since 
they requirc. more effort in decortication, but 
they can be, mechanically milled to produce 
excellent products. 

Grains with 60-100% corneous endosperm 
were preferred for the preparation of stiff por
ridges like t0, ugali, bogobo, sankati, and for 
rice-like products. Grains with 20-40% comeous 
endosperm were suitable for preparation of kisra 
and injera. Kisra is mainly produced from ground 
whole grain fermented for about 24 hr. So the 
inability to decorticate floury sorghum is not 
important. A similar situation exists in Ethiopia 
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Table 7. Ovwall accaptabilhy of traditional milling quality and a range of food products made from 25 sorghum cultivars., 

Roei Alkali Acid Fermented 

S. no. Genotype 
Endospermc 

texture 
Milling 
quality 

(1979 
& 1980) 

Tortilla 
(1979) 

Injera 
(1980) 

Kisra 
(1979) 

Ugali 
(1979) 

t1 
(1979) 

t6 
(1980) 

Bogobe 
(1979) 

Bogobe 
(1979) 

Sankati 
(1980) 

Soru 
(1980) 

1 M35-1 3.0 3.0 1.0 1.5 1.5 2.2 1.5 1.0 2.2 - - 2.0 1.4 
2 CSH-5 2.0 1.5 1.0 1.2 2.0 2.3 20 1.0 1.9 1 1 1.0 1.4 
3 M50009 2.0 1.7 1 5 1.5 1,5 3.4 2.5 5.0 1.7 - - 1.5 1.6 
4 M50013 2.0 2.5 1.5 1.5 3.0 2.7 2.5 1.0 2.2 - - 1.0 1.7 
5 M35052 2.0 2.5 2.5 1.5 4.0 28 1.5 1.0 1.4 1 1 2.2 1.6 
6 M50297 2.0 2.0 1.5 3.0 4.0 2.2 2.3 1.0 2.5 - - 1.0 1.7 
7 P721 5.0 5.0 5,0 4.0 4.5 2.5 4.0 5.0 3.0 - - 4.0 2.0 

8 CO-4 3.0 2.0 3.0 4.0 1.0 2.0 2.7 1.0 2.7 1 1 2.5 1.5 
9 P. Jonna 3.0 2,0 3.0 4.0 4.0 2.1 2.5 1.0 3.0 - - 2,5 2.4 

10 Mothi 2,0 1.3 1 5 2.0 4.0 2.5 1.2 4.0 2.2 - - 2.0 1.5 
11 E-35-1 10 2.5 1.5 2.0 3.0 2.1 1.5 2.0 1.1 1 1 2.0 1.6 
12 IS158 iwaxy) 3.0 4.0 30 5.0 43 5.0 5.0 4.0 - - 5,0 2.4 
13 WS1297 4.5 30 4.0 50 1.0 3.8 4.0 1.0 3.7 - - 4.0 2.3 
14 Swarna 2.0 3.0 10 40 1.5 2 7 2.0 1,0 3.5 1 1 2.5 1.8 

15 S-29 1.5 1.0 2.5 25 4.0 2.0 15 1.0 1.2 3 1 2.0 1.1 
16 S-13 1.0 1.5 2.5 2 5 3.5 3.2 1.5 1.5 1.5 1 1 1.7 1.3 
17 IS2317 3.0 4.0 35 4.0 4.5 26 3.5 1.0 2.2 - - 3.0 1.5 
18 IS7035 3,0 4.0 3.5 4.0 3.5 3.1 3.5 1.0 4.0 1 3 3.0 2.5 
19 IS7055 3.5 4.0 40 4,0 4.5 3.4 3.5 1.0 4.2 1 3 3.5 2.0 
20 IS9985 3.5 2,5 1.5 2.5 1.5 2.7 2.5 1.5 1.5 1 1 3.0 1.9 
21 IS8743 3.0 2.0 3.5 40 1.5 33 3.0 1.7 4.0 - - 3.0 2.0 
22 Dobbs 4.0 5.0 5.0 5.0 5.0 4.4 5.0 3.0 3.2 3 3 5.0 3.0 
23 CS3541 2.0 1.7 2.5 2.0 4.0 30 2.5 2.0 2.7 - - 2.0 1,6 

24 Segaolane 2,5 2.0 1.5 1.5 2.0 3,3 2.3 1.7 1.6 1 1 2.0 1.6 

25 Market-1 1,0 1.2 2.0 3.0 4.5 - 1.5 1.5 1.0 - - 2.0 1.8 

a. Data from International Sorghum Food Quality Trials. The original data sources are as follows: Roti-D. S. Murty; Tortilla-L. W. Rooney. A. Iruagas, and G. Vartan; Injes-B. 
Gabrekidar Kisra-H. Pei-ten and S. Badi; Ugzk-D. S. Murty; Alkali t--J. Scheuring; Acid td-S. Do and C.Pattanayak; Bogobo-N. Eisener; Sankai and Szru-D. S. Murty; 
Fermented Bogobe-N. Eisener. (Murty and House 1980) 

b. Original data obtained on various quality parameters of each food product were averaged to give an overall score. 
c. Endosperm texture was scored on a scale o? 1 to 5 where 1 - completely comeous and 5 - completely floury. 



where the sorghum flour is fermented for more 
than 48 hr to prepare injera. Grains with an 
intermediate texture were the most suited for 
producing unleavened breads (tortilla and rott). 
Therefore, sorghums can be grouped into classes 
depending upon texture of the grain similar to the 

USDA wheat classes. The soft sorghums would 
be most desired for leavened breads while the 
berdmoths foruleavned b eaos ul te 
hard sorghums would be the most useful for 
porridgel and rice-like products. he intermediate 
class could be most useful for unleavened breads. 

In general, the brown sorghums with testa and 
spreader genes were unacceptable for all pro
ducts evaluated. The presence of red or yellow 
pericarp did not adversely affect acceptance of 

most of the products as long as taste, texture, and 
keeping quality were acceptable. For example, in 
leavened breads, sorghums w:,th a subcoat made 
acceptable products. The preferred color of por-
ridges is white or yellow, but porridges from red 
sorghums are consumed. Even brown sorghums 
are consumed as porridges in some areas. Thus, 
color is not of critical importance in many of the 
rural food systems. However, color is critical for 
the unleavened breads, especially tortillas. On the 
other hand, if sorghum products are going to 
compete with maize and wheat foods in urban 
areas, a white color is needed for acceptance. 

Effect of Environment 
on Food Quality 

Genotype x environment interactions affect the 
chemical composition, physical properties and 
food quality of sorghum (Hulse et al. 1980; 
Shepherd 1982; Reichert et al. 1982; Rooney et 
al. 1980). It is clear that these interactions must be 
considered in sorghum quality testing programs 
as they are for other cerea.n (Heyne and Barmore 
1965; Juliano 1979). 

Environment significantly affects the quality of 
roti (Murty et al. 1982a), tortillas (Khan et al. 1980), 
and alkali and acid t6 (Scheuring et al. 1982; Da et 
al. 1982). The variations inquality are affected by 
drought, molds, weathering, insects, leaching of 
pigments and other factors. In general, the local 
varieties produced the most uniform quality to 
over different environments while introduced 
varieties varied greatly. The effect is on milling 
properties as well as organoleptic properties such 
as taste, color and texture, (Scheuring et al. 1982; 
Rooney et al. 1980). 

Tests to Predict the 
Quaity of Sorghum 

It would be useful to identify simple phys.,,
chemical tests that could predict the quality ofSuch testssorghum varieties for use in foods. 

have been used effectively for evaluating wheat
 
haebnusdfecilyorvlatgwet 
and rice quality (Heyne and Barmore 1965; Juliano 
1979). A major problem limiting the development 
of quick tests to predict sorghum quality was the 
lack of clearly identified cultivars with good and 
poor quality. 

Amylose 
The amylosa content of sorghum does not vary as 
much as that of rice and has not been clearly 
shown to be related to food quality (Akingbala et 
al. 1982; Waniska 1976; Subramanian and Jambu
nathan 1982). The amylose content of 495 non
waxy sorghum genotypes varied from 20 to 30% 
of the starch in the endosperm. Additional infor
mation to determine the potential value of amy
lose content is needed: but, arnylose content of 
sorghum does not appear to be as important as it 
is for rice quality evaluation. 

Alkali Tests 

A test to predict the color of tortilla and alkali to by 
soaking five kernels of sorghum overnight or by 
boiling for 2hr has been used by Khan et al (1980). 
The color of the cooked kernels or steeped 
kernels was evaluated subjectively by comparing 
with known standards. A variation of this method 
has been used by Iruegas et al. (1982) in Mexico. 
Waniska (1976) modified the alkali spread test 
that has been used successfully with rice by 
applying the alkali to milled kernels of sorghum. 
The method clearly distinguished waxy from 
nonwaxy kernels, but could not make clear 
distinctions among the ISFOT samples. A major 
problem may be the variability in milling damage 
to the decorticated sorghum kernels which 
causes variation in the rate of alkali absorption. 

A number of tests based on gelatinization of flour 
water dispersions followed by measuring the 
consistency of the gel, appear promising but must 
be evaluated more carefully (Murty-et al. 1982c; 
Da et al. 1982). A significant association of 
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swelling power and starch solubility with the 
cooking properties of boiled sorghum was re-
ported (Subramanian et al. 1982). However, the 
correlations are low, and more information is 
required to evaluate the potential of these tests. 

Anylograph Cooking Characteristicsof Starch and Flour 

The amylograph cooking characteristics of sor-
ghum starches and flour have been tentatively 
related to food quality of sorghum (Waniska 19. 5; 
Akingbala 1980). The setback viscosity of the 
sorghum starch and flour was high for sorghums 
with acceptable thick porridge making quality and 
was low for sorghums with acceptable roti mak-
ing properties. Similar observations were re-
corded by Desikachar and Chandrasekhar (1981). 

Flour Particle Size 

The particle size distribution and starch damage in 
a flour affect the quality of the flour significantly. 
Murty and House (1980) studied the flour particle 
size index (PSI) of several cultivars using the 
method of Waniska (1976) .3nd found a range of 
25-80 PSI among genotypes. PSI values were 
affected by grinding and sieving melhods and 
were subject to considerable errors. However, the 
PSI was correlated consistently with the texture 
of the endosperm. Particle size measurements 
are important and should be given a high priority in 
future research in sorghum quality testing proce-
dures, 

Percent Water Absorption 

and Water Uptake 

The amount of water absorbed by the grains after 
soaking them in water for 5 hr at room tempera-
ture has been expressed as percent water absorp-
tion (Murty and House 1980). This parameter 
showed a broad range of variation among various 
grain types and was negatively correlated with roti 
quality. Desikachar and Chandrasekhar (1982) 
found that water uptake of flour was re!ated to 
dough and roti quality. 

Texture Evaluation by Objective Tests 

The single most critical property of sorghum foods 
that affects their acceptance is re!3ted to texture. 
Simple objective methods to measure texture are 

needed and are not readily available. Kecping 
quality is a critical factor that relates to texture 
measurements. The Instron universal testing 
machine has been used to measure texture of t6, 
tortillas, and roti, and the hardness of individual 
sorghum kerne;s (Waniska 1976; Da et al. 1982; 
Johnson et al. 1979). However the Instron is anexpensive sophisticated instrument that requires 
considerable expertise to operate. It is not practi

cal in routine plant breeding programs. But, it is 
extremely useful to determine basic information 
on texture. Then the basis. information can be 
used to develop "quick and dirty" tests that can 
provide screening techniques. 

A few simple tests have been applied to 
sorghum t6 (Waniska 1976; Akingbala 1980; Da 
et al. 1982) such as the stickiness measured using 
double pan balance and soft," -s using a penetro
meter. Both techniques car. . ised to distinguish 
between t6 samples prepared from a single head 
of sorghum. The penetrometer provides a relative
ly low cost objective method which can improve 
upon the use of subjective methods. 

The Hunter Colorimeter, Agtron and other instru
ments can be used to measure color objectively in 
terms of reflectance, "a", and "b" values that 
measure the intensity of the primary colors. The 
instruments are expensive, require sophisticated 
maintenance, constant voltage, and are in general 
impractical in routine breeding programs. An 
effective inexpensive method is to compare the 
color of the product with that of standard color 
charts. Murty et al. (1979) have used the Munsell
soil color charts to describe the colors of roti. A 
standard set of colors representing the range 

observed for the particular food product can be 
purchased inexpensively and easily. The correct 
Munsell plates can be selected by using an 
instiument to determine the range in color values 
for an array of the specific foods, or the soil color 
charts can be compared until the appropriate color 
match is obtained (Rooney and Murty 1982). 

Endosperm Texture and 

Hardness of Grain 

The proportion of floury versus corneous endos

perm in the kernel is called endosperm texture. 
Endosperm texture is related to hardness, milling 
properties and cooking characteristics of the flour. 
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The most common method to evaluate endos-
perm texture is to cut 10 to 20 individual, sound 
representative kernels with a pocket knife. Then, 
the relative proportion of corneous to floury 
endosperm is rated subjectively on a scale of 1 to 
5, where 1 = 81 to 100% corneous. 2 = 61 to 
80%, 3 = 41 to 60%, 4 = 21 to 40%, and 5 = 0 to 
20%. The texture of the endosperm is subject to 
environmental effects; variation among individual 
grains within a sample is common. In some 
samples, 20 or more kernels are sampled to 
secure an average value. Sophisticated laboratory 
facilities are not needed to do this and consider-
able progress can be made by using it in selection 
programs. 

More accurate measurements of texture have 
been made by Munck et al. ( 982) and Kirleis and 
Crosby (1982) who measured the relative propor-
tion of comeous to floury endosperm in individual 
kernels. In Munck's procedure, highly sophisti-
cated equipment is required which limits its 
application to basic research only. The Vicker's 
hardness tester can measure the hardness within 
individual endosperm cells (Munck et al. 1982). 

Endosperm texture is related to various indices 
of grain hardness which have been developed 
using standard milling and sifting procedures 
(Maxson et al. 1971) or, alternatively, by recording 
the time required to dehull a standard quantity of 
grain to a specified level and recording the extent 
of breakage in the recovered endosperm (Oomah 
et al. 1981; Shepherd 1979). Although these 
measurements are subject to errors due to the 
interaction of grain shape with the abrasive 
mechanism, they seem to be quite reliable and 
are related to endosperm texture scores or 
breaking strength measurements taken with the 
Kiya rice hardness tester. Kernel shape affects the 
measurements taken with the kiya tester; flat and 
turtle beaked sorghum kernels frequently give 
erroneously high values (Murty and House 1980). 

Selection Criteria for Breeders 

Crop improvement programs generate a rdnge of 
segregating material by making crosse.3 between 
lines possessing good agronomic characters, dis-
ease and pest resistance, drought resistance, etc. 
These prol.rams are confronted with the problem 
of choosing and advancing families which com-
bine several economic characters, including food 
quality. Currently, there are no clear-cut methods 

to assist sorghum breeders to select for good 
food quality, as there are in wheat and rice 
breeding programs. Breeders in national or region
al programs may select cultivars suitable for a 
particular product, while those in international 
programs may find it necessary to identify culti
vars that are suitable to make a range of foods. 
Obviously, from the review made earlier, for most 
sorghum foods there is no clear identification of 
the physico-chemical properties of the grain that 
can be used to predict preferred quality, although 
several tests of possible significance have been 
reported. Simple tests tailored for laboratory use 
are urgently required to permit rapid progress in 
breeding for food quality in the developing coun
tries. 

An outline of a general scheme for quality 
testing in a breeding program is presented in 
Figure 2. Our experience indicates that consider
able progress in quality breeding is possible by an 
empirical selection of the precise endosperm 
texture, while the food technologists and ci;,m
ists continue research into the development of 
objective physico-chemical quality tests. 

Selection in the F2 generation should be for 
those grain characters which are controlled by 
major genes (Rooney and Miller 1982) such as 
colorless (rryy or R yy?) and thin pericarp (Z-), 
absence of testa (b, b, or b2 b2), endosperm 
texture, and tan plant color (pp-). These characters 
could be selected by subjective methods in the 
field. A laboratory is not required. Where the 
sorghum crop is expected to mature towards the 
end of the rainy season, grain mold resistance is 
an important selection criterion. Grain quality 
characters, associated with the preferred food 
qudlity traits and mold resistance, may not neces
sarily be the same and the best recombinants 
which combine these two characters should be 
chosen. Grain of individual F,selections from the 
off-season crop could be used for laboratory tests 
of KOH color reaction. Since grain quantities 
might be limiting, samples from selections in the 
F,and F,generations might be used either for the 
study of gel viscosit;, or milling and flour quality. 
The evaluation of the qualities of the product per 
se needs to be done only on those entries which 
are selected for improved yield, adaptation, etc. 

It is important that assessments on the food 
product be conducted with grain harvested in the 
main crop season for which the variety is in
tended. Consumer tests at the farmer's level 
should use only the most promising cultivars from 
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Crossing block parents with sources of
 
, good food quality, grain mold and weather

ing resistance, and other yield limiting
 
factors.
 

HybridsF1 

Select for absence of testa, colorless thin pericarp, 
appropriate endosperm texture, medium size and round 
shape, tan colored plant, grain mold resistance, and 
other good agronomic characters including straw 
colored glumes in the field. 

Crop season 	 F2 

Off season 	 Select for the desired grain and glume characters in theF3 
field. Select for a light color reaction of grains with KOH 
in the laboratory. Evaluate % water absorption of grain. 

Crop season F4 	 Select for grain mold resistance in field. Evaluate 
hardness and mlilling quality with small grain samples 
in laboratory. Evaluate gel viscosity. 

Off season p5 	 Evaluate milling quality, flour particle size, and gel 

L viscosity. 

F6 Multilocationaltests in the field. Carry out laboratory 

taste panel studies on the solected 	entries for the 
appropriate food system. 

4, 
Off season F Carry out laboratory taste panel studies on the food
 

7 product.
 

Crop season F8 	 Advanced yield tests-cary out consumer tests on a
 
few selected entries.
 

Figure 2. A proposed scheme for use in a breeding program to select for good food quality. 

rnultilocation tests of yield and adaptation. The Food Technology and 
most preferred local varieties should always be Sorghum Improvement 
included in these tests for comparison. This 
scheme could be modified to suit the major 
otjectivesof any breeding program involved in the Future sorghum utilization can be increased most 
improvement of yield-limiting factors like disease effectively through a combination of innovative 
and pest resistance. new processing techniques along with- the de
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velopment of sorghum varieties with characteris-
tics that will be utilized most effectively in the 
new processes. New milling techniques have 
been developed recently (Reichert 1982; Munck 
et al. 1982). The successful development of small 
mills that will supply stable sorghum products to 
urban consumers will increase the acceptability of 
sorghum for foods. The improved milling proces-
ses will circumvent some undesirable features of 
sorghum and will affect the kernel characteristics 
desired. For instance, the best sorghum for milling 
will probably have a softer endosperm texture 
than currently desired which will save ;n proces-
sing costs because the soft endosperm can be 
more easily broken down into flour or desired 
milled products. 

Effect of Industrial Use 

on Quality Attributes 

In the future sorghum will increasingly be used for 
industrial processing into flour, grits, and other 
products which will be used for production of 
various foods using blends of maize, wheat, and 
other commodities (Rooney et al. 1980; Miche et 

al. 1977). This trend is currently under way. For 
example, sorghum grits are used widely in Mexico 
as an adjunct in the brewing of European types of 
beer (Aldape 1981) and a number of food products 
from malted sorghum are sold commercially in 
South Africa. Recently, in Central America some 
efforts have been made to replace imported oats 
with sorghum flakes as a breakfast food. The 
development and initial testing of "pearl durra" in 
the Sudan looks promising (Badi et al. 1981). 
Thus, although the actual use of sorghum in 
processed products is small, the interest and 
ability to make commercial products is advancing 
steadily. 

The widespread industrial processing and use 
of sorghum will produce increased demands for 
higher quality sorghums, and quality will change 
as consumers adjust and become familiar with 
processed products. Novellie and co-workers 
have successfully scaled up the sorghum beer 
process from a small village process to a large-
scale modem industrial procedure with the pro-
duction in S. Africa of 3 million liters annually, 
which is equivalent to the European beer pro
duced in S. Africa (Joustra 1981, personal com-
munication). The local beer contains a significant 
amount of solids which contribute to the nutrition-

al well-being of the consumer. 
Currently consumers prefer sorghum beer that 

is light pink with a foam on top of the beer. This 
beer is made by using 10% sorghum malt that has 
been soured through lactic acid fermentation, 
which is mixed with 65% maize grits, cooked, and 
then mixed with 25% sorghum malt for convert
ing the starch into fermentable sugars. Then, the 
mash is strained and fermented with yeast for 
2-3 days and drunk while active fermentation is 
occurring. Because 65% of the cereal ingredients 
are maize grits, the beer has a light pink color with 
a slight foam on top. The reason the maize grits 
were used early in the industrial process was 
because inexpensive maize grits were available. 
Now sorghum is much cheaper than maize, but it 
is not possible to switch back to a 100% sorghum 
beer because the color is too dark and there is no 
foam. The population has now accepted the 

industrialized sorghum beer and evidently tradi

tional sorghum beer of yesterday is not as 
desirable. Ironically, projects underway in S.Africa 
currently seek to process sorghon ;nto refined 
grits that will produce sorght,,n beer with light 
color and the foam. Sorghum must be low in fat to 
produce a beer with acceptable foam properties. 
Clearly, similar changes in consumer preference 
will occur in other areas of Africa as industrializa
tion of sorghum occurs. 

Future of Sorehum for Food 

Production of sorghum will remain high and 
probably expand in the future. Breeding of sor
ghum with careful concern for its quality will 
provide a useful grain for the new or modified 
technological processes that will emerge. The 
new processing systems will provide refined 
sorghum and millet products to urban consumers 
which will eliminate much of the daily drudgery 
that isnow associated with postharvest technolo
gy of sorghum. Progress made in the past, 
especially in the last 5 years, is encouraging and 
suggests that in the 1980s we will meet many of 
these objectives. A major reason for our optimism 
is that many young scientists have been trained. 
Hopefully, they will spearhead the efforts to 
improve sorghums for food. Failure to do so will 
be a disaster for the world. 
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Sorghum Nutritional Quality-
Progress and Pr'spects 

J. D. Axtell, Gebisa Ejeta, and L.Munck* 

The aim of this symposium is to assess the 
current status of research on sorghum and to 
discuss prospects and opportunities for further 
research during the decade of the 1980s. Hulse, 
Laing, and Pearson (1980) have recently published 
an extraordinarily comprehensive and thorough 
review entitled "Sorghum and the Millets: Their 
Composition and Nutritive Value." Their introduc-
tion includes the following statement which we 
believe sets the stage for the presentation of this 
paper at this symposium. Hulse et al. (1980) state 
that "Sorghum and the principal millets, apart 
from their use in animal feeds, are the staple 
foods of many of the world's poorest people: 
people whose nutrient suppy is invariably at risk. 
The nutritional quality of the grains should there-
fore be a matter of primary consideration for all 
those working towards their genetic and agrono-
mic improvement." 

We will review briefly the status of current 
research on nutritional quality of sorghum and 
then focus on prospects and opportunities for 
future research. 

Basically sorghum contains just as high levels of 
the major nutrients--starch (68-73%) and pro-
tein (9-14%)-as the cereals which are consi-
dered the most nutrtious. However, three major 
factors complicate the full utilization of this rich 
store of starch and protein. 

First, protein and energy availability is limited in 
some sorghum genotypes by the presence of 

Purdue 
Professor of Genetics, Dept. of Agronomy. 

University, West Lafayette, Indiana 47907, USA; 
ICRISAT Sorghum Breeder, ICRISAT Sudan Coopera-
tive Program. P.O. Box 126, Wad Medani, Sudan; and 
Head, Dept. of Biotechnology, Carlsberg Research 
Laboratory, Gamle Carlsberg Vej 10, DK-2500 Valby, 
Copenhagen, Denmark, respectively, 

polyphenolic compounds (tannins) located primari
ly in the testa layer of the grain. These pigmented 
compounds are just recently being chemically 
characterized (Butler 1982) and are traditionally 
being referred to as "tannins." 

Second, the protein quality of an all-sorghum 
diet is limited by the low lysine content of the 
grain which reflects the high prolamine content of 
the endosperm. If one looks at the essential 
amino acid composition of soighum grain, in 
comparison with monogastric nutritional require
ments, it is obvious that lysine is deficient and that 
there is a great excess of leucine in comparison 
with isoleucine, while there are no major deficien
cies in the other essential amino acids. We will 
discuss two ways of solving the protein quality 
problem in sorghum, i.e., breeding for high lysine 
sorghum and dietary supplementation with pro
teins, for example from legumes. 

Third, there are specific dietary limitations in the 
utilization of cooked and baked sorghum products 
for humans due to factors such as the high 
gelatinization temperature of the starch and the 
high viscosity of the cooked products leading to 
significant problems with regard to acceptability 
and digestion. To cope with these problems, local 
food preparation techniques have been developed 
often relying on specific local varieties. In the 
International Symposium on Sorghum Grain Quali
ty (ICRISAT 1982) this interaction between food 
habits and sorghum varieties was described, for 
the first time, in acomprehensive way. Finally, we 
will also find that processing of sorghum could 
also be beneficial in animal nutrition. 

Tannins 

Butler (1982) has presented an excellent review of 
the biochemistry of sorghum tannins and polyphe-

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81, Patancheru, A.P.. India. Patancheru, A.P. India: ICRISAT. 
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Tale 1. 	 Percent crude pnoein, 96 hr In vitro dry matter dlsoppearancs (IVDM) and Indigestible protein In 

eight sorghum genotypes. 

Indigestible 
Catechin Crude 96 hr proteinGenotypes 	 equivalent protein IVDMD residue 
...... . . . .. . . ... . . . ....-- of dry matter% 

IS0062 	 0.29 13.78 94.8a* 1.13IS0418 0.27 12.11 93.1a 1.62IS8165 4.28 11.26 88.8b 2.80
IS0616 5.93 14,20 83.0c 4.73 

1 Means ina column followed by the same letter do not differ significantly at the 0.05 level of probability using Newman-Keul's test. 

nols and of the effects of polyphenols on sor-
ghum grain quality. We will discuss some of his
basic observations on the interactions between 
tannins and the nutritional value of sorghum grain
in relation to our own 	 research and to the 
scientific 	literature. 

Oswalt first recognized that in vitro dry matter 
digestibility (IVDMD) of sorghum grains varied 
significantly between genotypes, and that the 
catechin 	 equivalent values for tannin content 
were negatively correlated with IVDMD as shown 
in Table 	 1 (Schaffert et al. 1974). This was an 
extremely 	important observation because it ex-
plained the discrepancies 	wHich had previously 
been observed between protein quality and biolo-
gical value in rat feeding experiments. Based on 
the amino acid compositicn of sorghum grain, one 
would predict that the biological value of any
particular 	 variety of sorghum grain would be 
directly proportional to its lysine content. This, in 
fact, is true for low-tannin sorghum genotypes. 
The data in Figure 1,however, illustrate that lysine
is not the first limiting component of biological
value for a group of high-tannin sorghum lines 
from the world collection. There is an important
interaction between tannin content and protein 
quality in sorghum which is not found in any of the 
other major cereals. Cummings and Axtell (1973)
demonstrated this experimentally by feeding 
whole grain and dehulled high-tannin sorghum
grain of IS8260, as shown in Figure 2. Rat growth
is poor for the whole grain IS 8260, with and 
without supplemental lysine. In contrast, dehull-
ing IS 8260 grain improves biological value sub-
stantially, and also allows a significant rat growth 
response to the addition of supplemental lysine. A 
similar technique was used in this study to 
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Figure 1. 	 Relationship of biological value to 
lysine concentration (g'100 g sample) 
in high- and low-tannin sorghum lines 
from the world collection in a 14-day 

from t e inglec pon t.d in 
weanling rat feeding experiment. 

determine 	the quantitative effects of tannins on 
biological value. Using varying proportions of 
high-tannin sorghum grain mixed with its dehulled 
low-tannin counterpart, we were able to provide 
diets containing a range of tannin content that 
were essentially isogenic comparisons. Data from 
this study are shown in Figure 3. 

The protein digestibility and nutritional quality as 
measured by rat weight gain are significantly 
reduced by increasing levels of tannins in the diet. 
We can conclude from Butler's (1982) data that 
tannins bind specifically to proline residues in 
proteins and thus to the storage proteins (the
prolamines) which are rich in proline but poor in 
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Figure 2. 	 Biological value of whole and dehulled 
grain in high-tannin sorghum line IS 
8260 when fed to weanling rats with 
and without lysine supplementation in 
a 14-d2y feeding experiment. 

lysine. Nutritionally this binding leads to interest-

ing effects. Thus in rat trials Eggum and Christen-

sen (1975) found that the protein digestibility was 

reduced but the biological value (BV), defined as 
%N retained in the body of absorl-ed N , increased 
due to ii-derate levels of tannins. This is due to 
the ,elective binding of tannins to the low lysine 
prolamines which then becorme unavailable thus 
improving the amino acid composition of the 
proteins which are left for the rat to digest and 
absorb, finally resulting in an increase in BV. 

It is very important to recognize the tannin 
interaction with protein quality when assessing 
the nutritional value of any grain sorghum variety, 
since failure to consider the biological effects of 
tannins has led to substantial confusion in past 
studies of sorghum nitritional quality, 

Future progress in research on tannins will 
depend on a better understanding of the bioche-
mistry of sorghum tannins and their interaction 
with seed proteins. Detoxification of sorghum 
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Figure 	 Effect of tannin content (expressedas.,. 

catechin equivalents) on the biological 
value of sorghum grain in a 28-day, 
weanling rat feeding experiment. 

tannins by alkali treatment seems cleady benefi
cial, which will be especially useful in animal feed 
utilization. Research on removal of tannins from 
the outer layers of the sorghum grain by decortict
tion and milling will also provide an important 
future soltion to the problem for grains to be 
utilized for human consumption (Munck et al. 
1982). 

Protein 	Quality 

Two genetic mutants, one naturally occurring and 
one induced, n.ve been identified that increase 
the lysine content of the sorghum endosperm and 
improve protein quality of ihe grain. A brief review 
of the origin of these mutants, and recent results 
of experiments on the relationship between im
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proved protein rc-ality and total grain production in 
s;rghum, are ri'. sented. 

Etioplan High-Lyuine Gene 

Sini and Axtell (1973) screened about 10 000 
entris in the Wor' Sorghum Collection and
identified two flouri end-nsperm ",-rieies from 
Ethiopia that contain..d a ;jene that sig'iificantly
increased the level of protein in the grain= and also 
increjsed the lysine concentration of th, ondos-
perm proteins. The screening process involved 
cross-sectioning seeds from each entry to identify
those with flotiry endosperm phenotypes and 
then evaluating grain samples from those 
selected entries for protein and lysine concentra-
tion. Sixty-two floury endosperm lines were iden-
tified, of which' o (IS-i 1167 and IS-1 17Gz ) had a 
significantly hig' ", lysine content than normal 
sorghum. These lines contain approximately 15 
- 17% protein in comparison with normal checks 
averaging about 12% protein The lysii.e content 
of the Ethiopian high-tysine selections is approxi-
mately 3.1% (expressed as percent of protein)
and 0.50% (expressed as percent of sample) in 
comparison with normal sorghum values of 2.0
and 0.26%. respectivel-r Axtell et al. 1974). The 
nutritional quality l he £E., opian high-lysine grain
is also significantly ;;igh , than normal sorghums
in isonitrogenous rat feiding experiments (Singh
and Axtell 1973). It has Lien established that the 
concentration of alcohol-:;oiuble proteins is signifi-
cantly reduced in high-lysine endosperm, relative 
to values present in normal sorghum endosperm
(Jambunathan et al. 1975). 

Utilization of High-Lysine in Ethiopia 

A collection trip was made in 1973 to determine 

whether the high-lysine varieties identified in the 

World Collecticn were being cultivated by farmers 

in Ethiopia. The lines originally identified from the 

World Germplasm Collection were obtained in 

Wollo Province in the central highlands of 

Ethiopia. Farmers continue to grow these 
varieties in mixed plantings of sorghum varieties 
in this area of Ethiopia. A large number of varieties 
similar to the original high-lysine variety was 
collected in addition to an equivalent number of
normal varieties for comparative purposes. Ejeta
(1976) has evaluated the protein and lysine 
content of grain from high-lysine and normal
varieties grown under actual field conditions in 

Ethiopia. Figure 4 illustrates the lysine and protein
concentration in this series of high-lysine and 
normal sorghum varieties. The mean lysine con
centration, expressed as percent of protein, was2.88 for the high-lysine entries and 2.17 for the
normal sorghum varieties irown 'n the same 
environment. Protein values were 15.7 and
11.A%, respectively. It seems likely that the 
high-lysi ne gene has been present in Ethiopia for a 
long period of time, since t'iere is agreat diversity
in panicle morphology, maturity and plant height 
among the high-lysine genotypes collected. The 
farmers roast the heads qf the high-lysie
varieties in the tite dough stage and eat the grain
in mixtures wwr grain from normal sorghum
varieties prcpar i in a similar way. There is a 
general recognition by the farmers that the yield
of high-lysine varieties is significantly less than 
rormal varieties. Gebrekidan has estimated (Table
2) that the high-lysine cultivars grown in Ethiopia
yield approximately 72% of normal check varieties 
(Geb;-kidan, personal cornmunica?;..i). The 
reaso;, given by the farmers :or growing these 
varieti . is that the high-lysino grain has .erior 
flavo and improved palatabili'r when ro.,ted. 

Thc1,. is a good opportunity tc utilize these 
high-lv3ine varieties in African countries as high
protein, special-purpos, sorghum varieties. The 
protein concentration is increased by abOt 30%,
along with the significant increase in protein
quality. The grain from these varieties is recogniz
ably different for marketing purpos.:'s because of 
the somewhat dented kernel phen,"type of the
 
mature grain. The flavor characteristics also
 
appear to make these varieti.,--. quite acceptable
 
for human consumption. We pmpose that these 
Ethiopian h'h-tysine varieties sh),uld 1-.a utilized inrural poptilations as special-purpose !;:: ghums for 
people who have a high protein requirement. It 
should be possible for farmers in rural areas to 
produce an adequate quantity of high-lysine sor
ghum grain on a small section of their farm for use 
as a weaning food and a supplement for pregnant 
women and nursing mothers. It may also be 
possible to develop a marketing system whereby
these grains can receive a market premium when 
sold in the cities. 

Chemically Induced 
High-Lysine Mutant 

Mohan (1975) utilized chemical mutagenesis to 
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Fgure 4. 	 Relatiornship of protein and lysine in normal and higlhtysine sorghum lines colleced from the 
same environment. Circles represent data from dented high-lysine varieties; triangles 
represent data from plump normal cultivars collected in the same geographic region. 

induce a se~and high-hsine gene mutation in 
sorghum. Tha parent line used for the mutagen T"d 2. M~n Url VkI of 12 h h -. , 
treatment was a photoperiod '.nsensitive, three- 9hurn cutdtm and 2 cd& ctifvws 
dwarf sorghum line with r(;latively broad agrono- ovluatW st Ahame1, E€ltlopic. 

oic adaptability. The parent line also had aGri eW hacolorless pericarp and a translucent (wnlieous) Ganyed(/a 
e -Jlo so that pro g ny from th e.mutr -,,n Sog u ty e1 7 19 6sperm M atreatments could be ,screened for opaque mu- , 
kerels over a light box. Selfed seed was treated High-tsine 2.0 2.5 2.3 
with diethyl sulphate (DES) by soaking in a Normal 2.9 3.5 3.2 
solution containing 1 ml DES per 1000 ml of 
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distilled water for 3 hr. The M, plants were grown 
in Lafayette, Indiana, USA during 1972 and each 
head was bagged to ensure self-fertilization. M2 
plants were then grown in Puerto Rico during the 
winter of 1972-73 and each M2 head was again 
ibgqed to ensure self-fertilization. Approximately 
23 000 bagged M, heads bearing M, seeds were 
harvested in the spring of 1973 in Puerto Rico and 
shipped to Lafayette for evaluation. 

Seed from each head was threshed and ex-
amined for opaque kernel segregates ever a light 
box. A total of 445 putative opaque mutants were 
identified and seed trom each segregating head 
was separated into vitreous and opaque classes. 
Both classes of seed from each putative mutant 
head was 	then analyzed for protein and lysin. 
concentration. Of the 445 mutants, only 33 were 
identified that had an increase in lysine concentra-
tion greater than 50%. Plants from each of these 
33 opaque and normal sib seed lots were grown in 
paired rows to evaluate them for any morphologic
al changes associated with the change in endos
perm phenotype. Most of the opaque mutants 
were found to drastically affect e'her plant or 
seed development. Only one of these 33 (P-72 1) 
was found to produce normally appearing plants 
and seeds. The P-721 opaque mutant produced an 
increase of about 60% in lysine concentration. 
The mutart is controlled by a single gene that is 
simply inherited as a partially dominant factor. The 
nutritional quality of P-721 grain is significantly 
higher in monogastric feeding experiments than 
normal sib counterpart grain (Mohan 1975). 

VnScoyc (1979) has examined dry matter 
accumulation during grain development to deter-
mine what effect the P-721 mutant has on grain 
yield potential. Figure 5 presents the mean seed 
weight per head of P-721 opaque and normal sib 
he3ds at periods ranging from 10 to 59 days after 
pollination in a space-planted population. It is 
evident from these data that there is no difference 
in dry matter accumulation until approximately 31 
days after pollination. After 31 days, dry matter 
accumulation in the P-721 opaque line levels off, 
whereas dry matter in thp normal sib line con- 
tinues to accumulate for an additional week, 
plateauing at 38 days after pollination. VanScoyoc 
has also examined 1000-seed weight during grain 
development and his data are presented in Table 
3. Seed weights of the normal and opaque lines 
are similar at 31 days after pollination, but diverge 
at 38 days after pollination. At maturity, kernel 
weight for the opaque line is reduced by 11-14% 

100
- P-721 Normal 

P-721 Opaque 
80

60
-

-
20

0 
0 10 17 24 31 38 45 62 59 

Days after pollination 

Figure 5. 	 Mean increase in seed weight per 
head of P-721 opaque and P-721 
normal sorghum during grain develop
ment in a spa,,-planted population 

relative to its normal counterpart. No reduction in 
seed number was observed, so the difference 
between the lines can argely be accounted for by 
reduced kernel density. The reduction in kernel 
weight is in relative agreement with preliminary 
data from a 1977 four-replicate yield trial at 
147 664 plants/ha showing a 9.4% total yield 
reduction for P-721 opaque compared with its 
normal sib line. 

Yield of P-721 Derived Lines 

The next phase of this sorghum improvement 
program involved the making of hundreds of 
crosses of the P-721 opaque mutant with high
yielding entries from the World Sorghum Collec
tion, with elite lines from the Purdue/AID sor
ghum bret.-ing materials, and wilh individual 
plants selected from genetically heterogeneous 
random mating populations. Emphasis was put on 
incorporating the P-721 opaque gene into many 
and diverse genetic backgrounds to enhance the 
probability for identifying a genetic background 
which was optimal for expression of the P-721 
gene. The pedigree breeding procedure was used 
in handling progenies from these crosses. Early 
generation selections were evaluated for agrono
mic desirability and yield potential at Lafayette, 
Indiana, USA. and for tropical adaptability in 
Puerto Rico. All segregating lines which lacked 
promising agronomic potential were discarded 
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Taba 3. Mean 1000-seed weight of P-n omqe, and Its normal sib ine during grain development In a 

spamin popu i. 

1000-seed dry weight (g)* 

Days afte P-721 
pollination normal 

17 7.625 
24 14.664 
31 18.562 
38 23.164 
45 25.455 
52 24.099 
59 24.881 

Mean of three repicates. 

without attention to chemical evaluation because 
the major objective was to derive high-yielding, 
agronomically desirable sorghum lines in which 
the P-721 gene had survived. Some 197 homozy-
gous opaque F, lines survived and after a final 
screening against lodging, stalk rot, and foliar 
diseases in Puerto Rico, VanScoyoc (1979) tested 
the best 158 lines, 11 elite normal cultivars from 
international trials, and RS 671 for yield (Fig. 6). 
Several of the elite normal lines (the P-954 series) 
have yielded very well in Africa. 

Yields of the 158 P-721 lines and the 11 elite 
normal lineq were divided into three classes: 22 
with low yield, 111 with intermediate yield, and 36 
with high yield. All check lines were in the 
high-yield class. Among entries that yielded above 
8.0 t/ha, the 12 opaque lines and the 7 vitreous 
controls gave mean yields of 8.5 t/ha. Among 
entries yielding above 7.6 t/ha, the mean for 24 
opaque endosperm lines was only slightly less 
than that for the 12 checks (8.1 vs 8.2 t/ha. 
respectively). These data indicate that lines with 
the P-721 opaque gene can yield as well as the 
best normal sorghum cultivars if the gene occurs 
in the proper genetic background. Earlier, Christ-
ensen (1978), by studying a subset of the P-721 
lines in F, breeding lines, also showed that the 
P-721 opaque gene when placed in an appropriate 
genetic background would not reduce grain yield 
potential (Table 4). Because seed weight was 
reduced about 15% by the P-721 opaque gene, 
we speculate that selection for grain yield in P-721 
lines must Pn've resulted in an increase in the 
number of seeds per panicle and/or the number 

P-721 % P-721 opaque 
opaque of niormal 

7.875 103.3 
14.294 97.5 
18.998 97.7 
21.6552 93.5 
21.608 84.9 
21.451 89.0 
21.358 85.9 

of panicles per unit area in order to have main
tained a good yield level (Axtell et al. 1979). It is 
likely that variations in sorghum panicle moipholo
gy allows compensation for reduced seed weight 
by increasing seed numbers per panicle. 

Acceptance of high-lysine sorghum cultivars 
will be limited by problems associated with the 
opaque kernel phenotype. Ejeta (1979) was suc
cessfu'i in identifying several lines with vitreous 
endosperm and high tysine content. Subsequent
ly, these proved to be stable for vitreous endos
perm phenotype and high lysine concentration. 
Also, seed treatments of P-721 opaque, high
lysine sorghum lines with DES resulted in 
mutants with vitreous endosperm and high lysine 
concentration (Porter 1977; Ejeta 1979). Ingener
al, the lines with modified vitreous endosperm 
from both sources had higher kernel weight and 
lower percentages of protein and tysine (Table 5). 
Also, the most vitreous types had the highest test 
weight. 

A replicated yield trial of 35 opaque lines and 11 
normal lines at two locations in Indiana has 
recently been completed. The results are pre
sented in Table 6. The mean grain yield of the top 
three P-721 opaque'lines is similar to that of the 
top three normal checks in the trial. The dye 
binding capacity (DBC) of the high yielding P-721 
derived lines is intermediate between the checks 
and that of the origina! P-721 opaque line. 

Future studies with regard to the food-making 
characteristics of the high-lysine lines will reveal 
new possibilities and drawbacks. Thus we can 
await that the milling quality of the more vitreous 
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Figure 6. 	i-requency distribution of grain yields of F, P-721 opaque-derived lines and elite normal 
cultivars of sorghum. 

high-lysine 	lines previously discussed will have Dietary 	Limitations
better milling characteristics than P-721 opaque
which is poor in milling quality due to its soft- Recently, nutritionists at the Johns Hopkins Uni
ness. versity have conducted a series of experiments 
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Table 4. 	 Means of chenf.;csi and agronomic trats for opaque, heterozygous, and normal gra:n types In 

P-721 derived lines and high-yielding checks of sorghum, 

No. of Dye binding " '1i Yield 100-seed weight 

Genotype or cultivar entries capacity (%i (t/ha) (g) 

P-721 Genotype 
Opaque 300 49.3 12.5 4.7 2.50 

Heterozygous 73 42.5 13.3 4.5 2.89 

Normal 5 39.8 12.9 4.2 2.87 

Checks 
954063 (cultivar) 4 34.0 11.4 5.7 2.58 

RS-671 (hybrid) 4 34.3 11.7 5.6 2.30 

NK-300 (hybrid) 4 33.8 10.9 6.7 2.18 

Table 5. 	 Protein and lyalne contents and 100-kernel weight for vitreous (modified) and opaque endosparm 

kernels from Unes derived from P-721 high-lysine sorghum. 

Lysine 100-kernelEndosperm 

type Protein (%) (% of protein) weight (g)
 

2.56Modified 11.3 2.77 
Opaque 12.6 2.83 2.27 

112.8097.9090.0Modified as % of opaque 

Table 6. 	 Mean grain yield of P-721 opaque derived linos In comparison with normal checks and original 

P-721 paque mutant line. 

Fig Ht'* Yield 
(Days) (cm) (kg/ha) % Protein DBC** 

High-lysine 	entry 
81 145 8472 9.00 35.50851171 


130 8221 9.07 35.00850029 	 82 
155 8158 8.56 34.75851356 	 82 


82 143 8284 8.88 35.08Mean 

Check entry 
85 205 8660 7.68 29.75954206 
81 180 8284 9.32 31.50954062 

140 8158 8.86 29.75954063 	 81 


82 175 8346 8.62 30.33Mean 

125 5585 9.92 42.75P-721 opaque 	 81 

*Fl = Days to flowering.
 
- Ht = Height at flowering.
 

""DBC = Dye binding capacity.
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1"* 7. Compedeon of results from nftruwga b aac 

sorrupodhg data from other eta foods. 

atdim In s"bghum with m y obtaln 

Apparent N balance 

Absorption Retention 

Stool weight 

Wet Dry Stool energy 
% % 

Sorghum 46 14 
Wheat 81 20 
Rice 66 26 
Potato 66 34 
Maize ?.3 27 
Casein 81 38 

involving children in Peru using all staple food 
diets based on gruels made of sorghum, maize, 
wheat, rice and potatoes. Their results indicate 
that whole grain sorghum is "markedly inferior" to 
wheat, rice, potato and maize as a source of 
dietary protein and energy in diets unsup-
plemented with proteins and amino acids fed to 
children. MacLean et el. (in press) thus conclude,
"whole grain sorghum is a bulky and poorly 
digestible source of dietary energy for children." 
Table 7 summarizes the results of 26 dietary 
sorghum periods in comparison with correspond-
ing data from other staple foods. The poor
absorption (46 ± 17%) and retention (14 ± 10%) 
of nitrogen and the high content of energy in the 
stools from sorghum made it, in this experiment, 
a very poor source of dietary protein. Maize was 
intermediate between sorghum and the other 
staple foods in energy digestibility as measured 
by the stool energy. Sorghum was associated 
with a dramatic slowing of the rate of weight gain
in these experiments, which presumably resulted 
from excessive fecal enrorgy losses and as a 
response to inadequate quantity and quality of 
dietary protein. The return to the control diet was 
associated with a prompt resumption of weight 
gain and a rebound in apparent nitrogen retention, 
the latter being furher indicative of protein
inadequacy during the sorghum period. 

All sorghum diets based on sun dried powders 
of traditional Tanzanian food products fed to rats 
(Table 8, Egguni et al. 1982) also display extreme-
ly low weight gains and low biological value (BV) 
of protein as measured in balance trials. Lysine is 
extremely low (2.0%) in the raw material and 
decreases markedly in the hand decorticated 
product (1.2%) while ugali porridge cooked on the 

(g /day) (g/day) (Kcal/day) 

224 
95 
67 

165 
133 
95 

39.0 
13.3 
11.6 
20.3 
26.8 
15.5 

183 
60 
,58 
78 

117 
63 

whole grain seems to be more nutritious (weight 
gain 1.40 g/day) than the porridge from the 
decorticated grain virtually producing zero growth. 
It is seen in Table 8 that the rats could not cope 
with the food intake in the most lysine deficient 
diets indicating an increased strain on the animals. 
However, the protein and en6rgy digestibility in 
these trials were quite high (about 90%). Fggum 
et al. (1982) concluded that the performance of 
the rats on sorghum diets in this trial fundamental
ly was due to the low level of lysinte. Although it is 
difficult to compare feeding experiments from 
different organisms such as rat and man, two 
major factors could be hypothesized to explain 
these results. 

First, dietary factors such as starch/protein 
availability could affect the sorghum digestion 
especially in the experiment with children fed the 
diet as a gruel. Second, the low lysine content of 
these diets would call for supplementation with 
properly balanced protein, e.g., milk. A search was 
made at Purdue for an in vitro system sensitive to 
the digestibility differences between sorghum 
and other cereals. Axtell et al. (1981) found that 
porcine pepsin in vitro shows these digestibility 
differences. The results in Table 9 show that 
uncooked sorghum proteins have a high pepsin 
digestibility (78-100%), which drops toa range of 
45-55% after cooking. It is therefore essential 
that more research be conducted to determine 
the nutritional consequences of local methods of 
preparation of sorghum foods in countries in 
Africa, Asia and Latin America. It is assumed that 
the most sophisticated methods of food piepara
tion would have evolved in areas of the wold 
where sorghum has been used for the longest 
period of time, i.e., the center of origin of the crop 
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Table I. 	 Nutritional quality of the impyoved low-tannin sorghum variety, 2x71/BI1, as processed In 

Tanzania. Rat balance tests w |cdng to Eggum at A1. 19l2. 

Weight Feed Biological 
gain consumed value Lysine 

(g/day) (g/ay) 1%) (g/16g N) 

1. Whole grain 	 1.26 9.7 55.9 2.0 
2. Laboratory ugah whole grain 	 1.40 9.8 55.7 1.9 

6.3 47.4 1.23. Hand decorticated in Tanzania 	 0.55 
4. Ugah from (3)cooked in Tanzania 004 6.1 49.4 1.2 

TAble 9. 	 Effect of temperstue on dgeston of sorghum prowans by patpsn 

Whole kernel* 	 Dehulled kernel" 

Variety 	 Uncooked 

IS-1i1758 high-lysine 	 88.6 
954063 normal 88.9 
P-721 opaque 93.0 
P-721 normal 92.9 

1Percent solubilized by pepsin. Average of duplicate values. 

(Ethiopia and Sudan). Results of pepsin digestibil-
ity studies of some Sudanese sorghum breads are 
now complete and show clearly that local proces-
sing (fermentation to pH 3.8) significantly im-
proves in vitro protein digestibility of sorghum 
proteins. Two fermented sheet-baked sorghum 
products (kisra and abrey) from Sudan gave 
pepsin digestibility values of 65-86% (Table 10). 
In contrast, unfermented cooked gruels made in 
our laboratory from the same flours using the 
Johns Hopkins cooking technique gave pepsin 
values of only 44-56%. Therefore, fermentation 
improves pepsin digestibility of sorghum proteins, 
Experiments on rats with similar diets (Eggum et 
al. 1981) points in the same direction as the in 
vitro studies alt.'ough the differences are less in 
vivo. Thus additio)n of acid to pH 3.8 while cooking 
porridge from Feterita sorghum reduces the drop 
in true digestibility of protein due to cooking from 
13% to nil. Sorghum-based fermented infant 
foods (nasha) are currently being prepared for 
trials with children in Peru and Sudan, in coopera-
tion with Food Research Institute in Khartoum. 

The biochemical basis of the reduced nutritional 

Cooked Uncooked Cooked 

45.3 78.2 41.4 
50.6 81.7 37.1 
56.7 85.7 43.0 
46.4 81.1 40.7 

value of some sorghum-based foods remains 
unknown. One possibility being explored is re
lated to the protein solubility fractionation patterns 
observed in sorghum versus other cereals. Nwa
sike et al. (1979) showed that Landry-Moureaux 

in sorghum comprises a much larger 
proportion of the total prolamine proteins in 
sorghum than in com or pead millet (Tab!e 11). 
Guiragossian et al. (1978) first demonstrated the 
high proportion of cross-linked kafirins (fraCeion Ill) 
in sorghum endosperms from both normal and 
high-lysine grains (Table 12). The possibility exists 
that the cross-linked kafirins in sorghum are 
involved in the formation of compl.xes with 
starch during cooking which then reduces availa
bility to digestive enzymes. It would be extremely 
useful to have a sorghum mutant with reduced 
fraction IIIkafirins to test this hypothesis, but 
none are available at this time. 

It is concluded from our present knowledge that 
monotonous sorghum diets are especially de
trimental to growth and health and need sup
plementation with adequate protein sources such 
as legumes. Pushpamma et al. (1979) demons

fraction III 
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Table 10. Effet of farmentton and tompeabtr on digston of sorghum proteins by peen 
Protein Laboratory 

Variety M, Uncooked" cooked" Kisra* Abrey 

Dabar 8.7 100.0 55.7 65.4 88.2

Tetran 9.0 
 91.4 46.7 76.0 -

Mayo 9.1 73.1 43.6 
 - 71.1 

Protein contents of Djar kisra. Dabar abrey. Tetran kisra. and Mayo abrey were 11.4. 12.4, 10.4 and 8.7%. respectively.
Percent of protein solubilizod by pepsin. Average of duplicate values. 

Table 11. Nltroieg ditribton In the Landlry-Moursaux (ILM) fractons of pead mlleft mei, aod sorghum 

normal whole sea& 

% of total N 

LM fractions Pearl millet Maize Sorghum 

I albumin-globulin 22.3 16.6 10.0

II true prolamine 41.4 38.6 
 15.7

III prolamine-like 6.8 10.1 31.3
IV glutelin-like 9.3 10n.0 4.5
V true glutelin 20.9 20.2 29.3 

Total N extracted 100.7 95.5 90.8
% protein in seed 14.3 10.7 13.5 

trated in experiments with young children that the same or slightly less efficient than the 
sorghum gives an acceptable protein digestibility response from other feed grains such as maize. 
as well as nitrogen retention in mixed diets with With ruminants a definite positive effect is seen
legumes. Tie results were almost as good as with with heat treatment (micronizing) or steam flaking 
a rice/leg:ime mixture. These results indicate that of sorghum grain, again pointing out sorghum's
sorghum contains potentially rich sources of uniqueness in its compact physical structure 
carbohydrates and proteins which can be utilized which for several purposes has to be overcome by
only if proper supplementation with other protein proper processing and cooking. 
sources can be provided. We also know that human populations have 

survived and indeed flourished on sorghum-based
diets for hundreds or thousands of years. TheConclusions and Future difficulties encountered in sorghum utilizationResearch have been counteracted by locally developed food 
preparation practices such as decortication andStudies of the nutritional value of sorghum grain acid and alkaline treatments, fermentation as well 

for human nutrition are only beginning and the as supplementation with other plant products, the 
data accumulated so far are not adequate because nutritional importance of which we are just
too little work has been done with the locally beginning to understand. 
produced food products. The enormous body of In the light of these observations, it is natural 
data from animal nutrition with unprocessed that we should be concerned about the nutritional 
sorghum strongly suggest that, with the excep- quality of sorghum. The more information we 
tion of high tannin grain, the response of swine have on the nutritional quality of sorghum, the 
and poultry as wpil as rats fed sorghum grain is more appropriately can we use this cereal grain in 
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Table It. Mtogben dirton In sorgbhum endopa=rms.* 

Fraction 

Percent protein (g/100 g of endosperm) 
I (albumins and globulins) 
- (kafirin) 

III (cross-linked kafirin) 
IV (glutelin-like) 
V (glutelin) 

Total N extracted, % 

Percent of soluble nitrogen. 

the future, both for feed and food. The incentive 
to increase sorghum production by breeders, 
pathologists, entomologists and others will de-
pend in part on our ability to profitably utilize the 
increased amounts of grain produced. For exam-
pie, if it becomes )ossible to detoxify tannins in 
sorghum grain by inexpensive alk3line treatment 
(Butler 1982), the market for grain sorghum as a 
poultry feed in the Southeastern United States 
will predictably expand, since predatory birds and 
molds are a major deterrent to sorghum produc-
tion in this area. Similar opportunities would exist 
in other pares of the world. This will only be 

possible through detailed biochemical and animal 
luritj6or studies which identify the polyphenols in 

rghum and define the mechanism(s) of their 
anti-nutritional effects. 

Protein quality research needs to be continued 
to determine what level of success is achievable 
without sacrificing grain yield or food grain quality, 
Here a distinction needs to be drawn between 
plant breeding research objectives and plant 
breeding objectives. Protein quality improvement 
in sorghum remains a research objective at this 
time and is not agoal for most developing country 
sorghum breeders to pursue. We remain con-
vinced, however, that in the near future we will be 
able to offer methods for genetic improvement of 
protein quality in sorghum without sacrificing 
either grain yield or food grain quality. A very 
substanial research effort on the molecular gene-
tics of seed storage proteins is in progress 
throughout the world. Based on the knowledge 
and techniques gleaned from these studies we 
are confident that we will ILarn how to manipulate 

Variety 

P-721-Normal P-721-Opaque IS-11167 

12.0 10.6 10.5 
9.0 28.6 2Z.1 

25.1 9.9 10.7 
25.1 15.3 19.0 
6.8 4.1 4.8 

34.0 42.1 42.4 

98.6 97.9 91.4 

plant genes to design endosperm storage pro
teins to better meet human nutritional needs. 

A great deal of research is needed to resolve 
the often conflicting results on human digestibility 
of sorghum proteins. It is imperative that the 
human nutritional evaluation be conducted in 
consort with cc. al chemists and food scientists 
who can duplicate local village procedures used in 
sorghum food preparations. It is also important to 
develop centers for nutritional studies, e.g., in 
Africa, so that the response of African children to 
their own traditional foods can be measured. 

The complementarity of other foods in the diets 
of people using sorghum as the staple cereal 
must also be considered in the overall nutritional 
evaluation. Recently in Egypt we noted that 
fenugreek, a small seeded grain legume, was fre
quently mixed as ground flour with sorghum flour, 
as 5% of the mixture. The fenugreek flour in the 
mixture added elasticity to the sorghum dough as 
much as gluten protein does in wheat dough. The 
fenugreek added significantly to the protein quali
ty of the Egyptian sorghum bread since our 
analysis showed it to contain 28% protein and 6% 
lysine (expressed as percent of protein). If this 
lysine from the fenugreek is physiologically avail
able, it also improves the utilization of the sor
ghum proteins. Expe(.ments are in progress to 
test this point. Certainly many other legumes are 
regularly used as complements to sorghum as 
well as other cereal diets, but we know relatively 
little about their effect on protein and carbohy
drate utilization. Much research is needed in this 
area. 

The high in vitro protein digestibility of the 
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fermented Sudanese kisfa and abrey strongly 
suggest that local food preparation methods have 
evolved which improve the nutritional quality of 
sorghum grain. These results are confirmed in 
vivo in rats (Eggum et al. 1981) but we suspect 
that this result m ay represent only the tip of thewithto te beween 
iceberg with regard to the interaction between 
village processing of sorghum and the nutritional 
value of the prepared foods. Again, a great deal of 
research is needed including nutritional studies on 
humans in the decade ahead. 

The ultimate objective of research on nutrition 
and utilization studies in sorghum is to enhance
the acceptability of sorghum grain as a humanfood, anetoa of sility hi cerean 


,and to increase the versatility of this 
which offers soregmuch potential to people living inthe emi aridf e ld. weons t wo Cert inlthe sem i-arid regions of the w orld .Certainly we 
have gained much knowledge about sorghum
quality during the 1970s, and in our opinion the 
momentum for such studies is increasing. Re-
search is the key to understanding, and under-
standing is the key to further progress in the 
eighties. 
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Sorghum as an Energy Source 

R. E. Schaffert and L. M. Gourley* 

The use of sweet sorghum for energy production, 
principally ethanol production, is discussed. An 
example of an integrated food, feed, energy, and 
biofertilizer system is presented. As sorghum is 
one of the most efficient plants in terms of 
photosynthesis and as sorghum directly produces 
fermentable sugars as well as grain, it is on3 of 
the most deal crops for the simultaneous produc-
tion of energy and food. The industral by-products 
can be used as feed, biofertilizer, fiber, and 
energy. Technology for ethanol production 
adapted from the sugarcane industry can be 
utilized almost directly to produce ethanol from 
sweet sorghum. The additional adaptation of this 
technology for use in a microdistillery allows for 
economical small-unit production in a decentral-
ized industry. Transportation costs are reduced 
and the alcohol is generally consumed by the 
producer. The process can be completely mecha-
nized or not, depending upon the need to gener-
ate jobs and the cost of labor. Production levels 
have been considered and research recommenda-
tions for this decade have been made. 

Energy Crisis 

Since 1973 when the petroleum cartel OPEC, 
initiated a series of price increases and more 
recently with mounting political instability among 
several OPEC members, much emphasis has 
been placed on alternate and renewable energy 
resources and energy independence. Energy 
prices have increased considerably and energy, 

•Sorghum Specialist, Interamerican Institute of Cooper-
and Sorghum

ation for Agriculture, National Com 

Research Center, Empresa Brasileira de Pesquisa 
Agropecuaria (EMBRAPA), Caixa Postal 151, 35700 
Sete Lagoas, MG, Brazil; and Professor of Agronomy, 
Mississippi State Univorsity, P.O. Box 5248, Missis-
sippi State, Mississippi. USA, respectively, 

principally liquid fuels, has been rationed or 
considerably taxed to reduce their use in nearly all 
the petroleum importing nations. This has mod
ified the economies of nearly all the nations of the 
world and has increased food costs in general, 
and frequently reduced food and feed production, 
making it more costly and difficult to feed the 
world's millions, especially the world's hungry. 

Bioma s 

Inmany parts of the world, especially the develop
ing nations, one alternative to the energy crises is 
the production of bioene gy from biomass. Inthe 
tropical and subtropical areas, and to a lesser 
extent the temperate areas of the world, an 
integrated food, feed, biofertilizer, and energy 
production system using sweet sorghums [Sor
ghum bicolor (L.) Moench) and high energy 
sorghums (Miller and Creelman 1980) along with 
other crops appears to be an economical and 
logical response for adequate food and energy 
production. 

This paper will concentrate on the aspect of 
sorghum as a renewable resource for liquid fuel or 
ethanol production and treat to a lesser degree 
some possible integrated food and energy sys
tems. 

Ethanol-A Renewable 
Energy Resource 

Ethanol has been produced by man since early 
recorded history as a constituent of fermentedbeverages. Ethanol as a liquid fuel was used inthe 

earliest automobiles. Henry Ford's early auto
mobiles had carburetors that could be adjusted to 
use either gasoline or alcohol. Since the early 
1900s Brazil has used ethanol mixed with gasoline 
to utilize surplus alcohol from the sugar industry 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81. Patancheru, AP, India. Patancheru, A.P. India: ICRISAT. 
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and during the World Wars ethanol was used in 
place of gasoline, 

The attractions of alcohol for fuel are many. The 
world's oil reserves are concentrated in just a few 
countries, while the potential for producing alco-
hol from energy crops is as widely diffused as 
agriculture itself. Liquid fuel from biomass is a 
renewable resource. Alcohol as a fuel is clean-
burning when used alone and when mixed with 
gasotlne it acts to increase the octane rating. 
Energy crcp,, production and alcohol distillation 
will requir more labor than oil production and 
refining anuid hus aid unemployment problems and 
mass migiation to the cities. Because of the 
transportation limitations of sugar crops, distiller-
ies will be decentralized and dispersed througihout 
the crop production area. 

Alcohol fuel has a powerful political appla to 
governments and the common motorist. 1he 
problem of balance of payments, possible oil 
supply disruptions, and rising gasoline prices 
promote political action toward self-sufficiency. In 
the United States, which has 40% of the world's 
automobiles and which uses half of all the 
gasoline consumed in automobiles, political press-
ures to produce liquid fuels domestically are 
particularly strong. 

National Energy Policies 

Among the countries already producing ethanol 
for fuel, Brazil is the unquestioned leader. Brazil's 

Jan Feb Mar Apr 
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alcohol fuel program was launched in 1975. The 
goal to become self-sufficient in automotive fuel 
by the end of the century has been upgraded to 
the end of the eighties. Government incentives 
include financing to help modernize and expand
existing alcohol distilleries, to build new distiller
ies. and to develop agricultural projects to supply
them with feedstock. The national alcohol fuel 
program is based principally on sugarcane, but 
also emphasizes sweet sorghum and c3ssava as 
distillery feedstock. In 1981/82 Brazil will produce
approximately 5 billion liters of ethanol and the 
target is 11.5 billion liters by the end of 1985. In 
1981 the Brazilian Government officially approved 
the extablishment of microdistilleries with a 
capacity of up to 5000 liters of alcohol/day. The 
government's goal is to install 5000 microdistiller
ies by 1985. These microdistilleries, which func
tion most economically using both sugarcane (6
months) and sweet sorghum (4 or 5 months) (Fig. 
1) for a total of 10 or 11 momns per year, will be 
scattered throughout Brazil arod the alcohol will be 
consumed in the locality ir, whih it is produced. 

The first United States alcohol fuel program 
came with the enactment of the Energy Act of 
1978. This legisl.tion removed the federal gaso
line tax of four cents on every gallon of gasohol, 
provided the a!cciol used in the blend was from 
nonpetroleum sources. Many states have also 
made gasohol tax exempt which when combined 
with the federal exemption amounts to a total 
subsidy of more than $1 per gallon for ethanol 
used as automotive fuel. 

May June July Aug Sept Ot Nov Dec 

Figure 1. Planting and harvesting periods for sweet sorghum and sugarcane in Brazil (CNPMS/ 
EMBRAPA). 
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L So Ds Wmtf,W PrO-Table 1. 
jgdons of Grwaii mnuxlum 6010 t 
poducton I tug U.S. 
•-


1930 1990 2000 
Source (bilions of liters) 

Corn 8.7 3.4 -
Grains, total 14.8 10.6 87 
Sugarcane 

-- 31.4 - 2.6 2.6
Sweet sorghum 	 11.4 
Sweetsorghum____11.4_31A-

Source: U S Departnent of Energy (1979) 

Tal 2. 	 AlcOhl Vk'cd oisaeeO w intM 
Unfted StotwM Snu In I . 

Crop yield Alcohol yield 
per hectare -.er hectare 

Crop (tonnes) (liters) 

Sugarcane (Brazil) 54.2 3630 
Sweet sorghum (U.S.) 46,5 3554 
Corn (U.S.) 5.7 2200 
Cassava (Bv3zil) 11.9 2137 
Grain sorghum (U.S.) 3.5 1362 
Wheat (U.S.) 2.1 773 

Source: Brown (19900 

In ,.antoiry 19PO, the federal government 
aonortw:ei, najor new ethanol o,.als for both 1981 

i',d tl',:i mir. eighties Produci,,y.of ethanol was to 
be increased to 1.89i billion liter:; for fPiel in 1981 
and 7.57 billion lite;-; by the mid-eight es. Since 
corn is the primary distillery fc,dsfock in the U.S., 
this latter goal would expend more than 20 mi!lion 
metric tons of com. 

The U.S. Department of Energy (1979) is 
considering a major shift from corn to sweet 
so'rihurn 	 to produce ethanol (Table 1). For the 
lon..term forecast, it is believe- that sweet 
sor ;hurn could bpcxwoe the domin.i-t energy crop 
in the United Stalet. A total of 5.67 million 
hectares of crop!,dnd could be planted to ,weet 
sorghum, 	which would yield 31.4 billion liters of 
ethanol per year. This cropland w.uld be primarily 
in the Midwestern and the Southeastern Unit-d 
States. 

Many other countries are deveioping natie.ial 
alcohol fuel programs to reduce their balance-of-
payment 	 deficits. Table 2 shows the crop and 

ethanol yields of selected crops. New Zealand 

plans to use sugar of fodder beets as the pimary 
distillery feedstock, while Australia and Austria 
would use wheat. South Aftica and the Philippinf/s 
are planning to use both cwssava and sugarcane 
as rar.,materials for the production of alcohr,, 
Kenya and Sudan are building alcohol distilleries 
that will use the molasses by-product of their 
sugar mills. Thailand plans a flexible agricu tural 
fuel industry that cou i hne adapted to wh.iver 
crop might be in greatest sorplus. These are but a 

few of the countries invoved in alcoho; fuel 
programs. The future is brigit to. Fcrop, such as 
sorghum, that will produce easonable yields of 

alcohol per hectare on margiioal lands with mini
mum production costs. For the present, most 
countries will use surplus crops or divert some 

current crop production to alcohol fuel programs. 
Future programs will bring idle or new marginal 
lands iOito the production of sugar crops. 

Sweet Sorghur-..-A Renewable 
Bioenergy Resow.L e 

Types end Composition 
of Sweet Sorghum 

Sweet sorghum grovs in a wide geo. hic-'! 
rar;e. It can be considered the Sug.-,rcane of the 
temperate zone and it also ha5 a pro'uction 
capacity equal or sup.rior to sugarcane in the 
tropics when considered on a monthly basis. Two 
types of sweet sorghum have been develooed by 
breeders: syrup varietie5 which contain : 
invert sugars in the juice to prevent crystallization, 
and sugar varieties which contain mostly sucrose 
and very little invert sugars in the juice f'-r 
crystallization. Estimated approximate compc.
tions of sweet sorghums grown in the Unitc:!2 
States are shown inFigures 2 and 3 for sugar and 
syrup varieties, respectively. Sugar varieties have 
50% fermentable solids and 301. combustible 
o-ganics white syrup varieties, on the other hand, 
hive 43% fermentable solids and 330/, combusti
bie organics. Trtal biomass yield of syrup varieties 
is about '0% more .,ian that of sugar varieties; 
however, vie wotal siuble solids content of sugar 
varieties is raeater. This difference in production 
and composition may be due to the narrow 
genetic base of varieties evaluated, as the number 
of sugar varieties available is much fewer than the 
number of syrup varieties. Both type, of sweet 
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[907 kg 363 kg 

sorghum 
sta lks 

leaves, IpDnduncle, 
and heads 

___ 

28 gFiber 
dry matter 

Nitrogen products 
Ash 
Ether extract, wax, etc. 
Solubles 

4.5% 
7.2 
2.1 

61.0 
25.2 

100.0% 

(kg) 

12.8 nitrogen products
16.5 ash 

5.9 ewher extracts 
158.6 unattached solubles 
193.8 soluble solid 

1 ,. kgg51.2

fermentable nonformentable 


ssolids 

c2 
Average yields: Tonnes/ha 

Stalks 32.9
 
Leaves, peduncle,
 
and heads 43.6
 

TotaI 46.5 

(kg) 

72.0 fiber
4.1 ash 

15,6 solubles attached to fiber 
91.8 insclubles 

87.7 4.gk
combustible ash 

organ ics 

- Usable for fuel 

Figure 2. Estimated approximate composition of sweet sorghum sugar variuties in the United States 
(Nathan 1978). 

sorghum are equally suitable for alcohol produc-
tion as both sucrose and invert sugars are directly 
fermentable, 

Advantages of Sorghum Biomass 

Sweet sorghum holds a great potential as a field 
crop for ethanol production throughout the world 

because it is adaptable to a wide range of growing 
conditions, unlike sugarcane which can only be 
grown in tropical and subtropical climates. Sweet 
sorghum also has a potential for low unit costs 
because it requires less water and fertilizer than 
does sugarcane. More energy will be recovered in 
the ethanol produced than is used to grow and 
process the crop, that is, it has a net energy ratio 
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Sweet sorghum
 
syrup varieties
 

907 kg 363 k9 
sweat leaves, peduncle, 

sorghum and heads 
&talks 

wae ketierg100.0% 

12T.6 nitrogen produt 
17.8 ash 


135.5 solvi les (unattached) 
7.4 ethor extracts. waxes 

185.3 soluble solids 

121.9 kg 63.4 kg 

fermentable nonfermentable 

sugars and solids 

starches
 

Tonnex/ha
Average yields: 

47.4
Stalks 
Leaves, peduncle, 

and heads 19.3 

66.7
Total 


N itrogen 8.6% 

Ash 7.8 
Ether extract, wax, etc. 2.6 
Solubles 52.1 
Fiber 28.9 

921 fiber 
4.4 ash 

13.4 solubles attached to fiber 

100.4 insolubles 

A-95,9 kg 

combustible 4.4 kg 

organics ash 

7Usable for fuel 

Figure 3. Estimated approximate composition of sweet sorghum syrup varieties in the United States 

(Nathan 1978). 

that exceeds 1.0 (Sheehan et al. 1.978). 
The desirable characteristics uf sweet sor-

ghum varieties for ethanol produc;jn are: 
(1) production of a high biomass yield; (2) high 

percentage of fermentable sugars along with 

combustible organics; (3) comparatively short 

growth period; (4) tolerance to drought stress; 

(5) relatively low fertilizer requirements; 
(6) production of grain for '*dl or feed use; and 
(7) the possibility of complete mechanization. 

Sorghum-A C. Pathway Ptant 

Sweet sorghum is classified as a C,malate-former 
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Ttlle 3. Maximum dry matter producton md maximum growth rates of several crops. 

Dry matter 

production 


Crop (t/ha) 


Napier. 106 

Sugarcane 70 

Sugarbeet 47 

Forage sorghum 30 

Forage sorghum 43 


Sudangrass 33 

Alfafa 36 

Bermudagrass 35 

Alga 44-74 


Source: Loomis and Willams (1963) 

which, along with sugarcane and com, is known 
to have the highest rate of photosynthesis among 
crop plants. The C, pathway of CO2 fixation is an 
auxiliary channel of the primary Calvin-Benson 
pathway (Hatch 1976). Under natural conditions, 
C, plants are not light-saturated, have CO2 corn-
pensation points near zero, lack detectable photo-
respiration, and have an optimum temoerature of 
30-350 C. 

One of the most important features of C, plants 
is their specialized leaf anatomy (Krantz-type) 
which provides the spatial compartmentalization 
required to absorb and fix low concentrations of 
atmospheric CO2 in two separate sets of reac
tions. Atmospheric CO is fixed by the C, pethway 
only in the leaf mesophyll cells while the Calvin-
Benson cycle fixes CO2 predominantly in the leaf 
bundle sheath cells. The net effect in C, plants is 
that they exhibit a very high photosynthetic 
capacity which is about twice as great as that of C3 
plants. Any CO, produced by photorespiration 
must diffuse out through bundle sheath cells and 
then through the actively fixing, but nonphotores-
piring, mesophyll tissue before it could escape 
into the atmosphere and be detectec' by existing 
methods of measuring photorespiraLion. This of 
course leads to greater efficiency ir, utilizing CO2. 

Photosynthetic IEfficency 

The data of Loomis and Williams (1963) in Table 3 
show that sorghum has one of the highest dry 
matter accumulation rates when considered on a 
daily basis. In terms of average growth rate, 

Average growth Maximum growth 
Maturity rate rate 
(days) (gm/m 2 per day) (gm/m 2 per day) 

385 26 
365 18 38
 
300 14 31
 
120 22 
210 19 

160 18 51
 
250 13 23
 
230 14 20
 
300 15-22 28
 

sorghum is exceeded only by napier grass. In the 
data presented by Heichel ,1976), sorghum had 
the highest food energy per unit cultural energy 
ratio, exceeding corn silage, sugarcane and com 
grain. Considering these results, sorghum 
appears to be one of the most photosynthetic 
efficient genera that can be produced in both 
temperate and tropical environments, completely 
mechanized, and utilized on a large scale with 
existing technology for energy production. Un
doubtedly, as more attention is placed on bioener
gy production in the future, more attention will 
a!so be given to sorghum. 

Tchnology and Infrastructure for
 
Producing Ethaol from Sorghum
 

Ethanol from sweet sorghum has been produced 
in pilot runs in several large-scale commercial 
sugarcane distilleries of 120 000 liters per day or 
larger capacity, and is currently being produced 
commercially in several microdistilleries of 2000 
-5000 liters per day capacity, in Brazil. In both 
cases the flow diagram is similar, and two 
processes for microdistilleries will be considered 
here. The differences between microdistillenes 
and distilleries of large-scale capacity are: the 
number of units of roller mi' %. the efficiency of 
extracting sugars, and the efficiency of fermenta
tion and distillation. 

In Brazil, the normal harvesting period for 
sugarcane is from June to November and the 
harvesting period for sweet sorghum is from 
February to May with plantings beginning in 
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October and November (Fig 1). In this case, the 
two crops supplement one another and when 
used together increase the period of industrial 
operation, decrease the unit cost of alcohol 
production, and increase the total amount of 
alcohol that can be produced by a distillery in one 
year. The same equipment is used to process 
both sugarcane stalks and sweet sorghum stalks. 
Consequently, little interest is given to the super-
ior productivity of sugarcane or sweet sorghum 
but rather an economic production of both sugar-
cane and sweet sorghum. 

Sugar Extraction Using Roller Mil s 
A simple flow diagram of a microdistillery using 
roller mills for sugar extraction is shown in Figure 
4. The stalks of either sweet sorghum or sugar
cane are crushed in the roller mills and the sugars 
extracted with the juice. The efficiency of juice 
and sugar extraction depends upon the pressure 
of the rollers and the nuumber of units. When two 
or more units are used, the efficiency can be 

Hot water 

Sweet 
sorghum

Sugarany' 
A Bagasse 

Juice 

improved by using a small amount of hot water for 
imbibition. The efficiency also depends upon the 
nature of the stalk and this will be discussed in the 
section on plant breeding and improvement. The 
untreated juice is mixed with yeast and minerals. 
and is fermented. After the sugars have been 
transformed to alcohol, the beer is distilled to 
92% ethanol for direct use in motors or to 100% 
ethanol to mix with gasoline. The bagasse can be 
burned in the boiler to produce steam or can be 
used for feed, fiber, or as a cellulose feedstock for 
other processes. The stillage can be used as a 
biofertlizer and returned to the soil or used as a 
feedstock in a biodigestor to produce methane 
and biofertilizer. 

Sugar Extraction by Diffusion 

A simple flow diagram of a microdistillary using a 
simple horizontal diffusor for sugar extraction is 
shown in Figure 5. The major difference in these 
two processes is the use of hot water to extract 
the sugar from the stalks in the diffusor. A roller 

Water 

Beer Alcohol 

G 

Beer_ 	 Stillage 

Figure 4. 	 A simple flow diagram of a roller mill microdistillery. A-roller mill, B-boiler, C-yeast 
treatment and distribution tank, D-juice distribution tanks, E-fermentation tanks, 
F-beer-holding tank, and G-distillation column (CNPMS/EMBRAPA). 
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Figure 5. A :nple flow diagram of a diffusion microdistillery. A-forage chopper, B-diffusor, 
C-rollermill, D-boiler, E- yeast treatment and distribution tanks, F-juice distribution 
tanks, G- fermentation tanks, H-beer-holding tanks, and I-distillation column (CNPMS/ 
EMBRAPA). 

mill is still necessary for removing the residual syrup produced per ton of stalks of the syrup 
juice from the bagasse. An additional roller mill types. The total amount and extraction of total may also be placed before the diffusor for greater invert sugars (fermentable sugar) is important for 
efficiency of sugar extraction. The efficiency of alcohol producticn. 
sugar extraction in this process is generally 
greater than 90% and equivalent to large-scale Swee Sorghum Productivity 
sugarcane distilleries. 

The most complete sweet sorghum productivity 

Sweet Sorghum data are from the U.S. Sugar Crops Research 
Station of the USDA at Meridian, Missis,;ippi, theProductivity and Quality Texas Agricultural Experiment Station at Weslaco, 
Texas and the National Corn an4 SorghumSweet sorghums or sorgos for syrup production search Center at Sete Lagoas, 

Re-
Minas Gerais,

have been produced in the USA for over 100 years Brazil. According to Reeves (1976), Reeves et al. 
whereas the technology to produce sugar (suc- (1978), Reeves and Smith (1979), Broadhead et al. 
rose) from sweet sorghum on a commercial scale (1974), Coleman and Broadhead (1968), and 
has been available for only the past 10 to 15 years. Schaffert and Borgonovi (1980), average total 
Research on alcohol production using sweet yields of commercial varieties over locations and 
sorghum is even more recent and for the most years ncimally range from 45 to 60 t/ha and 35 to 
part has been conducted during the last 5 years. 48 t/ha for stripped stalks. According to Schaffert 
Both types of sweet sorghum serve to produce and Borgonovi (1980a) and Reeves and Smith 
alcohol but good types to produce alcohol do not (1979) experimental breeding lines and progenies
need to be associated with high sucrose purity of have been more productive, with yields ranging
the sugar types or the quantity and quality of from 80 to 100 t/ha of sorghum (total pl, ;). 
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Table 4. Comapmlon of Mwk. qualty bMween s t so.gum and a garcae In naMi. 

Trait 


Juice extraction (%) 

Retractometer Brix 

Sucrose 1% juice) 

Invert sugars I% juice) 

Total invert sugars I% juice) 


Source: Schaffert and Boroonovi 

These yields have been 
ranging between 110 and 140 days. Reeves and 

Smith (1979) have reported yields s;urpassing 100 

t/ha fresh weight with longer maturity types. 

Under optimum large-scale field operations, 

Schaffert and Borgonovi (1980b) have reported 

total fresh weight yields exceeding FADt/ha with 

130 to 140 day maturity types. Grain yields 

normally range between 1.5 and 5.5 t/ha with 

average yields between 2 and 3 tha. 

Sweet Sorghum Quality 

Alcohol from sweet sorghum is currently pro-

duced with technology and equipment used to 

process sugarcane and during the next few years 

will probably continue to be processed this way. 

Alcohol or liquid fuel production from biomass in 

the future may include technology to utilize the 
Thecellulose fraction directly in the process. 

discussion here will be primarily limited to the 

parameters dealing with ethanol production using 

sugarcane technology. In Table 4, sweet sorghum 

and sugarcane juice quality are compared. The 

quality of juice from sorghum is slightly inferior to 

ju~ce from sugarcane, but then sugarcane has had 

the advantage of a substantially longer period of 

research than sorghum. 
Schaffert and Borgonovi (1980b) have obtained 

average values of juice extraction (Table 5) using a 

hydraulic press (250 kg/cm for 60 sec) ranging 

from 45 to 76% in a collection of 55 varieties 
originating from the germplasm collection at 

Meridian, Mississippi. Percent fiber in the same 

material ranged from 10 to 27%. The values of 

Brix and total invert sugars were relatively low as 

the material was sampled within a short span of 

time and at different stages of maturity. The 

Sweet sorghum Sugarcane 
(S5o Paulo 

Literature National trials State averages) 

360-600 500-700 600-800 
16-20 14-20 18-21 
10-15 8-16 15-18 
1-4 0,7-7,3 0.2-1,5 

14-20 14-18 16-19 

(1980b). 

with maturity types v3riety Wray appears to be one of the most 

promising varieties for both commercial use and 

in a breeding program. Figures 6-9 demonstrate 

the intorrelationship between the curves of refrac

tometry Brix of the juice, total invert sugars in the 

juice extraction, fiber, and total invert sugar 

extracton for the varieties Wray, Rio, Brandes, 

and CMSTx 623, respectively. In Figures 10-13 

the differences between these four cultivars, 

grown in Brazil, for refractometry Brix, total invert 

sugars in the juice, juice extraction, fiber, and total 
invert sugar extraction are shown. In Figure 13, 

the period for industrial utilization (PIU) forWray is 

much superior to Rio and slightly superior to 

Brandes and CMSTx623. PIU is the period of 

time that total invert sugar extraction of a cultivai 

is the greatest and at an economical level. Wray 

generally has an acceptable PIU exceeding 40 

days, whereas Rio generally has an acceptable 

period of less than 20 days. This difference is not 

due to the quantity of total invert sugars in the 

juice, but rather to differences in juice extraction 

and percent fiber (Fig. 12). Wray is a superior 

variety for both the stalk crushing and the diffusor 

process of sugar extraction. The varieties Brandos 

and CMSTx 623 also have values more desirable 

than Rio. Reeves and Smith (1979) have obtained 

between 2 arid 4% starch in dry stalks of 

sorghum. Smith (personal communication, USDA. 

Texas Agriculture Experiment Station, Weslaco, 

Texas. 1978) has reported similar values of starch 

in the juice extracted from stalks. This starch does 
not interfere in the 'k..;mentation and distillation 
process but could W- i-.,lrolized and c-'nverted to 

simple sugars befor: fermentation. Figure 14 

demonstrates the major potential uses of sweet 

sorghum for food, fiber, fertilizer, ethanol and 

methane gas production. The only phase untested 
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Table 5. Aywgo vakes of Brix, total Invert sugars, Juice extraction, and fiber of selected sweet sorghum 
varisetes grown at Arars, Sio Paulo, Brazil In 1961. 

Variety Brix 

Total invert 
sugars 

1% juice) 

Brandes 
Honey 
Sar 
Rio 
MN 1500 

MN 1048 
MN 1030 
MN 4008 
Wi;liams 
MN 4080 

Wray 
Theis 
Redlan 
Tx623 

16.7 
13.0 
14.7 
16.4 
14.2 

14.1 
15.2 
10.6 
13.5 
14.1 

19.3 
16.4 
10.5 
10.8 

14.7 
11.1 
12.4 
14.2 
11.4 

13.4 
10.0 
10.5 
12.4 
-

16.8 
14.2 
7.4 
7.0 

Source: Schaffert and Borgonovi (1980b). 

r 

(80)20 

€m 

Ui 

CMS X S 618 (Wray) 

Brix 1% juice$ 
Su ar extraction 

S- (01167 

S-6,0 

150 ) 0, 

85 90 95 100 105 

I I I I 

110 11& 120 125 
Days after planting 

Extraction 

(% sorghum stolk) 


63.2 
73.0 
69.8 
57.6 
61.1 

56.5 
47.6 
74.9 
70.5 
45.7 

67.5 
71.5 
67.0 
64.0 

Fiber
 
(% sorghum stalk)
 

12.5 
11.6 
14.8 
16.1 
18.5 

22.0 
25.8 
12.0 
10.1 
26.6 

14.8 
14.8 
13.6 
13.6 

% 80re,06 ) 

-8.0 

- T 

130 136 140 145 160
 

Figure 6. The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety Wray grown in Brazil (CNPMS/EMBRAPA). 

at the National Corn and Sorghum Research 
Center in Brazii is the hydrolysis of the bagasse. In 
the case where this system is integrated with a 
greenhouse system, ) CO, from the fermenta-
tion could be used to increase the CO2 concentra-

tion in the greenhouse. The biofertilizer can also 
be used in a greenhoLse system. Figure 15 
demonstrates an integrated rural energy system 
developed at the National Corn and Sorghum 
Research Center in Brazil that can operate on a 

0 
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Figure 7. 	 The interaction of refractometry Brix and percent total invert sugars in the juice and percent 

fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
(6, 1 	 cto it~somaturity phase for the variety Rio grown in Brazil (CNPMS/EMBRAPA). 
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CMS X 5 623 (Brandes Derivative) 

| 	 Brix J%juice) 

9,0 -

_"10)10 

" 1501 5 

-+ 
. . . . 

so .0-7o " 

510 

85 90 95 100 105 110 115 120 125 130 135 140 145 150 
Days after 	planting 

Figure 9. 	 The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety CMSXS 623 grown in Brazil (CNPMS/EMBRAPA). 

20.0

17.5

-15.0 

ray 

S12.5-

Ua - rndes 
Rio
3 

0 CMSX5S23 
7.5

5.0

01.7-" i I I I I I I I I I I I I 

0 85 90 95 100 105 110 115 120 125 130 135 140 145 150 
Days after planting 

Figure 10. The differences between four cultivars grown in Brazil for refractometry Brix of the juice 
during the maturity phase of production (CNPMS/EMBRAPA). 

ratoon crop would increase this value by 50 representing three types of microdistillnries, one 
-80%. Table 7 shows the production costs of crushing unit, two crushing units and a diffusion 
ethanol from sw-e -ofghum stalks in Brazil in unit respectively. Horizontal and vertical diffusion 
November of 1980 considering two levels of stalk units for microdistilleries are currently being evalu
production and three industrial production levels ated in Brazil. 
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Table . Agdcrkdta and Industa yields of sweet sorghum InBMAil.
 

Agricultural 	 Alcohol yield
yield 

Component 	 (tlha) (liter/t) (liter/ha per harvest) 

Stalks 	 Range 22-66 55-85 1210-5610 
Average 37.7 70 2639 

Grain 	 Range 1.4-6.6 310-370 434-2442 

Average 2.2 340 748 

Total 	 Range 1644-8052 

Average 3387 

Source: Schaffert and Borgonovi (1980b). 

n casts of &zohol fromt swet Future Sorghum Biomass
Tabe 7. ictiod 

sorghum In ora l mlcrodwtills, Research and Development 
November 1900. 

Item 	 US$ Development of Improved Cultivars 

Production costs/ha 	 320 
Cost/t stalks (30 t/ha) 10.67 Insensitivity to Photoperiodism 
Cost/t stalks (40 t/ha) 8.00 One of the factors limiting sorghum biomass 

Cost/I alcohol (45 liter/t and 40 t/ha) 0.22 production in the tropics and subtropics is the 
Cost/I alcohol (59 liter/t and 40 t/ha) 0.20 sensitivity of mos','of the cultivars to photoperiod
Cost/I alcohol (68 liter/t and 40 t/ha) 0.17 ism. This seriously limits varietal management for 

period of 	several months.
Source: CNPMS/EMBRAPA. Caixa Postal 151. 35700-Sere a prolonged harvest 

Two principal souces for insensitivity used in thelagoas, MG,Brazil. 
Brazilian sweet sorghum improvement program 

17.5

u 
iiii
:12.-0. 


* I 	 Wray 

10. 

7.56-ne
 

0I I I I I I I I I I I I I 

85 90 95 100 105 110 115 120 125 130 135 140 145 150 

Days after planting 

Figure 11. The differences between four cultivars grown in Brazil for total invert sugars of the juice 

during the maturity phase of production (CNPMS/EMBRAPA). 
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Figure 12. 	 The differences between four cultivars grown in Brazil for juice extraction and fiber of the 
stalks during the maturity phase of production (CNPMS/EMBRAPA). 
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10.0
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Figure 13. 	 The differences between four cultivars grown inBrazil for total invert sugar extraction of the 
stalks during the maturity phase of production (CNPMS/EMBRA PA). 

are the varieties Wray and Honey. The varieties 
Brandes, Theis, Dale. Homa, and Ramada are all 
very sensitive and the variety Rio is intermediate 
in reaction. 

Disease and Insect Resistance 

Cultivars with good levels of resistance to foliar 
diseases are needed to maintain a high percen-

tage of green leaves until harvest to improve the 
biological value of the bagasse for animal feed. 
The varieties Brandes and Wray have adequate 
levels of disease resistance in Brazilian conditions 
but are susceptible to Cercospora sorghi. Resist
ance or immunity to the sugarcane mosaic virusesis necessary for cropping adjacent to sugarcane. 
Good insect resistance is also necessary, espe
cially resistan .e to the sugarcane borer (Diatraea 
spp). 
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Figure 14. The potential uses of sweet sorghum for food, fibe, fertilizer, ethanol, and methane gas 
production (CNPMS/EMBR~PA). 
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Development of Basic Studies 

Seedling and Initial Growth Rates 

Sweet sorghums are slow starters, they have 
slower growth rates than grain sorghum for the 
first 20-30 days of growth. The factors associ
ated with this trait need to be identified to allow 
breeders to develop fast starters. 

Herbicide and Insecticide Resistance 

Sweet sorghums are generally much more sus-
ceptible to chemical damage than other sorghums 
and grasses. Sources of resistance need to be 
identified for utilization in a breeding program. The 
use of protection agents mixed with the seed to 
give a greater range of herbicide use is also 
needed. 

Growth Curves 

The development of growth curves associated 
with sugar metabolism and accumulation is 
needed as well as studies to determine the 
optimum stalk size for maximum sugar production 
and maximum sugar extraction during the indust-
rial processing phase. Other biochemical and 
physiological aspects of sugar production and 
accumulation also need to be studied. 

Development of Improved 
Management Practices 

Row Spacing and Plant Density 

Optimum plant spacing and density studies need 
to be developed to determine the correct com-
bination of total productivity, stalk size, and the 
the type of industrial processing. Stalk size and 
number are also important factors in manual 
harvesting efficiency. 

Date of Planting Studies 

Regional date of planting trials for adapted culti-
vars are necessary for optimum varietal manage-
ment. 

Mechanization 

The lack of adequate planting equipment neces-

sary for uniform stands isalimiting factor inmany 
of the tropical areas of the world and adequate 
planting and management systems need to be 
developed. Systems of mechanized harvest or 
sem;mechanized harvest compatible with the 
industrial process need to be developed. 

Weed Control 

Adequate weed control systems need to be 

developed. The use of sced protection agents for 
greater herbicide choice and combinations of 
mechanical and chemical control methods need to 
be developed and improved. 

Ratooning 

Production systems utilizing one or two ratoon 
harvests need to be developed. Until recently, 
with the introduction of photoinsensitive varieties 

ratoon cropping was not posc'lYe in the short-day 
tropical environments. Schaffert and Borgonovi 
(1980a) obtained total production of , 16 t/ha 
sorghum in three harvests near Petrolina, Pemam
buco, Brazil with a selection from the v.3riety 
Honey in one year. New cultivars and systems for 
ratoon cropping are essential for efficient varietial 
management. 

Fertilizer Calibrations 

Fertilizer recommendations need to be developed 
for high yielding sweet sorghums where the 
entire crop is removed and stillage and biofertilizer 
may or may not be applied to the soil. Reeves et 

al. (1978) reported a range of removal of potas
sium ;rom the soil varying from 132 to 515 Kg/ha 
for three sweet sorghum cultivars. The phosphor
%isremoved was much less and ranged from 15 to 
37 kg/ha. 

Development of More Efficient 
Industrial Processes 

The most promising s stem for the immediate 
future, using sweet sorghum, is the microdistillery 
with acapacity ranging from 500 to 5000 liters per 
day. These are small cooperative or large farm 
systems where approximately 10% of the crop 
land area in needed for zero petroleum energy 

inputs and where the by-products can be utilized 
on the farm. Additional studies of stillage and 
biofertilizar rates need to be made for optimum 

621 



utilization of these products. Improving the effi-
ciency of sugar extraction, cellulose hydrolysis 
(biodigestor), fermentation, distillation and heat 
transfer is important. Technology for more effi-
cient utilization of ethanol and biogas in farm 
motors is also desirable. The biological values of 
the by-products for animal feed also need to be 
evaluated. Econo mical ,iathods to utilize the 
starch in the extracted juice for alcohol production 
need to be developed for nicrodistilleries. 

Fuel or Food 

or Fuel and Food 


Using energy crops as a source of fuel places a 
new demand on agriculture to produce an adequ-
ate food supply. In the 1980s we will see a much 
larger quantity of agricultural resources being 
diverted to the production of nonfood crops than 
could have been imagined in the 1970s. Food-
exporting countries such as the United States, 
Brazil, Australia, New Zealand, and South Africa 
are actively pursuing programs for the conversion 
of crops into alcohol for fuel on a commercial 
scale. As oil prices increase, distillers will be able 
to increase the price of ethanol and will beccme 
competitive in grain markets. The use of sugar 
crops for liquid fuel will also compete for the 
world's cropland to a large extent. The use of 
sweet sorghum for liquid fuel production does not 
need to be a question of fuel or food but rather an 
option of fuel and food. 

Conclusion 

If the production of large quantities of ethanol for 
fuel from sugar crops becomes a reality, the 

future of sweet sorghums in the eighties and 
beyond indeed looks bright. Sorghum breeders 
must utilize the tremendous genetic diversity of 
this genus and direct breeding efforts toward 
developing improved varieties and hybrids as a 
crop for fuel and agronomists must develop 
production systems for the many industrial op-
tions available for processing sweet sorghum. 
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Session 7 Food Quality and Utilization
 

P. Pushpamma* 

It is a fact that the success of any cultivar at the 
onsumer level depends on several of its charac-

ters, rather than on any single factor. It is 
recognized that until a decade ago, food scientists 
and nutritionists contributed very little to improve 
the postproducti6n system of sorghum, which 
includes storage, processing and utilization. Wien 
we first started the IDRC project in 1974 on 
dryland crops, we were surprised to note that 
thero was hardly any information available on 
storage losses in sorghum, quality characters of 
sorghum foods, and milling quality of sorghum. 
For these areas of sorghum, I feel that this 
Symposium has shown that impressiv6 progress 
has bee:n made recently. 

Tho :;t japer in this session was presented by 
Relchionrt on the present status of sorghum milling 
and future needs. He made an excellent review of 
the various efforts made in improvising and 
adopting rice and wheat dehullers to suit the 
structure of the sorghum kernels. 

A number of the traditional sorghum prepara-
tions require dehulled grain which is obtained by 
pounding, mostly by the wet method. He pointed 
out the drudgery of women in day-to-day proces-
sing of sorghum, who are compelled by the poor 
keeping quality of the flour. This is one of the 
critical factors contributing to the tendency of 
sorghum consumers to shift to more convenient 
grains like wheat and rice. 

Reichert especially emphasized the need for 
developing mechanical milling, i.e., large-scale 
processing units for urban markets, and also 
medium to small size mills fer rural consumers. 
The latter definitely prefer to get their own grain in 
small batches. This applies to wheat and rice in 
rural areas. However, such efforts are consi-
cuously lacking in India, though the problem is no 
less in magnitude. 

Dean. Faculty of Home Science, Andhra Pradesh 
Agricultural University, Hyderabad, A.P., India. 

Discussant 

He also referred to the existing gaps in the 
knowledge on quality required for sorghum flour. 
One of the key issue3 is the shelf life of processed 
flour. Improving the quality depends upon the 
removal of the germ which contains the best 
quality protein. This also raises the question of 
removing the oil and a loss of calories. 

There are other nutritional imp-irtions of pro
cessing which require careful consideration. In 
traditional milling the level of dehulling is adjusted 
to the nature of the grain. This is necessary not 
only to maximize the extraction rate but also to 
retain nutrients. This is especially important as the 
outer layer of the endosperm and the germ 
contain a higher concentration of nutrients. It may 
not be out of place to recall here our experience of 
introducing rice milling: Excess milling of rice for 
better acceptability increased the prevalence of 
vitamin B deficiency in rice consuming areas. 
When this fact was recognized, hand pounded 
rice was introduced into the market as "health 
food" at a higher price as the practice of hand 
pounding was totally replaced by rice mills. It is 
therefore necessary to evalu-,e the dehullers for 
their performance in terms of minimizing nutrient 
losses and also for adjusting the level of dehulling 
depending on the grain. Appropriate biological 
evaluation of grain before and after dehulling is 
necessary as apparent losses may be deceptive 
as in the case of high-tannin varieties. Similarly, 
the calcium content of any variety is reduced in 
milling but availability is increased. 

Regarding the gaps in the quality requirement 
of flour, it may be different for different sorghum 
products. For this purpose, a study of the charac
teristics of the best quality and poorest quality 
grain fo; different products may be useful in fixing 
the rr aximum and minimum acceptable range of 
quality parameters used for flour quality. 

The introduction of suitable dehullers along with 
flour mills will be necessary because: 
0 It reduces the drudgery of women in the 

sorghum eating areas. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Scrghum in the Eighties: Proceedings of the Intemational 
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India. Patancheru. AP. India: ICRISAT. 
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" It converts sorghum as a convenient grain, 

" It improves the quality of sorghum pro( Is. 

It checks the tendency of shifting from sor-* 
ghum to other grains, 

* 	 It is an essential step to develop composite 
flours and to commercialize sorghum products. 

Progress in the areas of sorghum food quality, 
although not spectacular, is very impressive. Our 
knowledge and understanding of quality criteria of 
sorghum food and related grain characteristics are 
much bettor than a decade ago. Rooney and 
Murty not only suggested broad guidelines on the 
grain quality requirements for different sorghum 
foods out also projected the future scope of 
coming up with very specific food quality tests 
which will be done using a small sample and in 
large numbers useful for screening purposes. 

They made a very specific comment on why it is 
difficult to develop food quality parameters for 
corghum. Sorghum products are exclusively used 
for home consumption, unlike rice and wheat, the 
products of which are industrializd. 

Sorghum food preparation is more skill 
orientcd. While developing quality parameters it is 
very essential to make an extensive study of the 
skill oriented traditional methods of sorghum food 
preparation and incorporate their significant fea-
tures in the standard laboratory recipes. 

One of the outstanding contributions of Rooney 
and his team is the description of the kernel 
structure of sorghum and the possibility of using 
endosperm quality as an index of the suitability of 
the grain for a particular product. Sorghum breed-
ers will be delighted to note that all o'pes of 
endosperm are suitable for one or the other 
product: soft kernel for leavened bread; hard 
kernel for rice and porridge,; intermediate texture 
for rcti and tortillas. Sorghums of white or light 
yellow color are widely preferred and oark brown 
colors are unacceptable. One of the conclusions 
made was that except in the case of tortillas, the 
color of the product is not very critical, but our 
experience in India is different in this respect. One 
of the most evident grain characters, as well as 
product characters, is color, 

The most complicating factor brought out in 
their paper is the instability of the food quality 
characteristics when tested across localities due 
to gcnotype x processif,g method interactions, 
There is also an indication of probable seasonal 
differences. Their data suggest that locational 
testing and seasonal testing should be part of the 

regional testing program. 
However, one of the optimistic notes is in the 

variation in the quality of tO with pH. It indicates 
that slight adjustments in pH may possibly pro
duce acceptable t6within a moderate grain quality 
range. 

They emphasized the need for assessing the 

grain qualities of most acceptable and least 
acceptable varieties to determine the acceptable 
range in the desirable grain characters. This will be 
especially important in screening out the extreme
ly poor and the least acceptable lines. 

They also emphasized the need for developing 
status foods for commercial production and evolv
ing grain varieties suitable for this purpose. 

The scope and limitations of improving the 
nutritional quality of sorghum are described by 
Axtell, Ejeta and Munck in a very pragmatic way. 
The paper brought out a number of gaps existing 
in our knowledge about the nutritional quality of 
sorghum. Several questions were raised about 
the ability of sorghum to support the growth of 
children and also its desirability as human focd. 

One of the major issues discussed by them was 
tannin in sorghums, and the interaction between 
tannin content and protein quality. 

In the International Symposium on Sorghum 
Grain Quality, Butler gave an account of tannins 
and made one interesting comment that because 
of their high ffinity for prolamine, the biologically 
available proiain in the high-tannin varieties is of 
better quality and probably this is nature's way to 
protect sorghum eaters. 

Axtel;, however, suggested that two altema
tives for detoxicating tannins are alkali treatment 
and dehulling. A better understanding of the 
biochemistry of sorghum tannins and their interac
tion with seed protein needs major emphasis in 
the eighties. 

Axtell also described the present status of the 
high-lysine breeding program and the future pros
pects. The situation seems to be quite encourag
ing. He mentioned that in Ethiopia, the homeland 
of the high-p otein and high-lysine varieties, the 
heads are roasted in the late dough stage and the 
grain is eaten in a mixture with normal varieties 
because the high lysine grains have a superior 
flavor. 

He also discussed the problems confronting the 
development of suitable high-lysine varieties. The 
dented grain (lines with a high-lysine content) and 
low yield of the Ethiopian lines are the critical 
characters for the low acceptability by the farmer. 
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The possibility of introducing these high-lysine 
varieties in their present form is ruled out. 

Axtell made an excellent suggestion about 
using these varieties for special purposes for 
feeding vulnerable groups, such as children on 
their weaning diets, and pregnant and lactating 
women. The possibility of using these grains in 
feeding programs, which are operated by govern-
ments, both in urban and rural areas has good 
prospects. One of the highlights of his paper was 
the attempts being made in chemically inducing 
high-lysine mutants. 

Several questions were raised about the diges-
tibility of sorghum proteins and the desirability of 
sorghum as a human food, especially for children. 
MacLean's experiment in Peru in feeding sor-
ghum to preschool children revealed very dis
couraging results showing an extremely poor 
value of sorghum protein for human beings. His 
conclusion that it is totally unfit for human 
consumption jolted the sorghum scientists, parti
cularly the nutritionists. On second thoughts 
however, it was realized that probably where 
sorghum is considered as a food after going 
through several changes in various steps involved 
in primary and secondary processing in traditional 
sorghum foods, the situatio,1 may be different. 
Preliminary experiments conducted with kisra 
definitely indicated a possible improvement in 
digestibility of sorghum, during processing. A 
similar improvement in the biological quality of 
both protein and carbohydrates in these sorghum 
foods definitely deserves the attention of 
biochemists and nutritionists. 

Another aspect which needs consideration in 
the context of sorghum food quality isthe dietary 
pattern of the sorghum eating population. Invari
ably sorghum is consumed in combination with 
other foods, especially legumes, and this pattern 
is very well reflected in the cropping pattem of 
sorghum growing areas. Work carried out in our 
institution as well as in other places demonstrated 
that sorghum when consumed in suitable com
bination with legumes is not inferior to any other 
cereal in its nutritional quality. However, there is 
not much scientific evidence documented in 
support of this hypothesis, except the experi
ences of people working in these areas. From this 
one can obviously draw the conclusion that 
sorghum foods received very little attention by 
nutritionists in the seventies and that they may 
have to work harder in the eighties to answer 
some of the vital issues raised here today. 

Feod scientists and nutritionists will be able to 
contribute substantially in promoting sorghum and 
sorghurn products for human consumption by 
filling the gaps in our knowledge on the food 
quality of traditional sorghum foods. Assessment 
of the nutritive va!uo of these foods separately 
and in combination with other complementary 
foods like grain legumes, and developing suitable 
processing technology to introduce sorghum 
foods into the urban markets are essential to 
create enough demand for surplus grain. 

I am sure that we sorghum scientists will be 
delighted to see small processing mills operating 
througho.,t the SAT region and a variety of 
sorghum fools occupying a place in the market 
along with rther cereal foods. 
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Session 7 Food Quality and Utilization 

Discussion 

Bapat 
What is the maturity range in the sweet sor
ghums? At what stage is the crop harvested for 
extracting alcohol? 

Schaffert 
There are varietal differences and the right stage 
of harvest is at physiological maturity. 

Riccelli 
I would like to inform all tlose interested in 
sweet sorghums that in our program we have 
male-sterilized several of them and they are 

vaiiable upon request. 

Clegg 
The University of Nebraska is developing a 
demonstration farm based on renewable fuels. 
Sweet sorghum is the principal crop for alcohol 
production. We have noticed that the growth 
response of hybrids is rapid. We are interested in 
hybrids because we need to harvest before we 
get a killing freeze and we are also interested in 
grain for feed. 

Schaffert 
We have also worked with hybrids. We have 
observed that varieties have a much slower 
initial growth than hybrids but our hybrids do not 
have stable and adequately high total concentra-
tions of invert sugars to be used. 

Balasubramanian 
Do you think sweet sorghum can replace sugar
cane in the tropics? What is the popularity of 
grain obtained from sweet sorghum for food? 

Schaffert 
(1)Sweet sorghum cannot replace sugarcane; 
we are using sweet sorghum to cover the 
season in which sugarcane is not available. 
(2)Grain quality is a variable trait and can be bred 
on sorghums with sweet stems. 

Balasubramanian 
Is there any information on the carcinogenic 

quality of high-tannin sorghum grains? 

Axtell 
Not really--only some epidemiological evidence 
from Tibet and China is known. 

Ryan 
Tannins havO an adverse effect on the nutritional 
benefits to be derived from high-lysine sor
ghums. Even if we are successful in dehulling 
the high-tannin portions of sorghum grains with 
improved milling techniques, much tannin would 
remain from other components of the diet such 
as tea, tobacco, etc. If sufficient tannins remain 
from nonsorghum components, then the benefi
cial effects of improving lysine content of sor
ghum may be negated. 

Axtell 
We regard improvement for high lysine as a 
research problem and not as abreeding problem. 

Naingaad 
During fermentation to produce sorghum beer, is 
methanol development a problem? 

Rooney 
Methanol is not a problem in the production of 
sorghum beer. Methanol is sometimes a prob
lem in improperly distilled, alcoholic beverage. 
Many studies of fermented sorghum products 
i:dicate that there is nothing to fear from 
methanol production during fermentation. 

Miller 
What is the future for development of foods 
from sorghum through food processing techni
ques? 

Rooney 
Sorghum can be used to make breakfast cereals, 
snacks, starch, sugars, and other products that 
are currently made from maize. The use of 
sorghum as an adjunct in European type beer is 
already happening in some areas, e.g., Mexico. 
New milling procedures will hasten the develop
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ment of acceptable sorghum products. 

Jambunathan 
(1) In a sorghum breeding program, what shcruld 
be considered as the optimum level of protein 
and lysine content? With respect to lysine, 
should it be considcrad as the percent oi the 
sample or percent of protein or both? 
(2) Has there been a careful evaluation of the 
relationship between yield level and protein 
content? If so, is it strongly negative? 
(3) Is there a need to screen the sorghum 
germplasm for protein and lysine at ICRISAr in 
viow of the work already done at Purdue? 

Axtell 
(1) Lysine expressed as percent of protein is 
most important to the plant breeder since 
protein levels in high yielding varieties will 
usually not increas or decrease much (approxi-
mately 10% in sorghum). The nurtritionist is 
interested in lysine as a percent of sorghum 
since this is most highly connected with nutri-tional value. 
(2) Protein concentr3ton is usually negatively
correlated with n yield in cereals. Selection 
for high protein grain yielin selection 
for r alone will result in selection for 
factors which decrease endosperm size. 
(3) Purdue cannot possibly screen all the entries 
inthe rapidly expanding world sorghum collec-
tio... I would suggest that representativo sam-
ples of entries should be selected for protein and 
lysine analysis and the task could be divided 
between Purdue and ICRISAT. 

Jones, D. 
Dr. Rooney said "if you do not have yield 
stability, forget about quality." This is almost the 
wrong way around. In Africa, high-yielding 
varieties (HW) are almost totally ignored be-
cause they are regarded as unpalatable. In India 
we are told that HYV sell for 30% less than 
traditional varieties. Note that a farmer is indiffe-
rent between a variety that produces 43% yield 
increase for 30% price decrease and a variety 
that produces 11% yield increase for 10% price 
decrease. 

Jones, D. 
Has Dr. Axtell investigated the lysine content of 
whole diats in sorghum areas after local pro'es-
sing? I suspect that the nutritional problems of 
sorghum would look far less serious if he did 

this. Most people in sorghum eating areas eat 
beans or pulses as well and do process their 
food.
 

Axtell 
This is correct. The data presented are base-line 
and are a comparable basis to that collected for 
other cereals. Data on whole diets and mixtures 
of diet should be collected. 

Jones, D. 
The use of the b-an fraction of other cereals 
(rmaize, wheat) makes an important contribution 
to the economics of processing. Processing of 
sorghums will produce large quantities of high
tannin bran. Experience in Botswana shows that 
this is not suitable for addition to poultry feed. 
How can this sorghum bran be used to make a 
contribution to the ecoinomics of dehulling/ 
processing? 

TooneyThe bran from milling of sorghums is similar to 
wheat bran in that it is high in fiber, fat, and ash. 
It can he used in livestock feeds so long as care 
is used to iormulate rations that are not too high
in fiber. Sorghum bran in the USA is used in 
feeds similar to corn and wheat dry milling 
by-products. The bran from brown sorghum 
would probably be restricted for use in ruminant 
feeds. 

Kambal 
The fact that sorghum is low in lysine does not 
bother me as a sorghum consumer because 
sorghum is not eaten alone but mixed with 
vegetables, meat and milk. What is more wor
rying is the shift from sorghum to wheat in urban 
areas. I think the dehulling process is providing a 
breakthrough and is encouraging the consump
tion of sorghum substantially. The bran is not lost 
because it can be fed to animals to produce 
more meat and milk. 

In the eighties, further effort is needed in 
novel food preparation to encourage more peo
pie especially in towns to continue to eat 
sorghum. More cooperation between scientists 
in the developing nations and those in developed 
countries is urgently needed. Provision of better 
research facilities in developing countries may 
encourape them tr,remain there and contribute 
to the cLnbat ol hunger. 
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Socioeconomic Considerations in
 
Sorghum Farming Systems
 

D. W. Norman* 

There is considerable heterogeneity inthe farming 
systems found in the semi-arid tropic (SAT) 
regions of the world, where sorghum is usually 
the dominant crop. The heterogeneity consists 
not only of variations in the natural environment 
but is also due to considerable differentiation in 
the socioeconomic environment. The underlying 
objective of this paper is therefore to demonstrate 
in an illustrative fashior hov ar, econon~st looks 
at the reasons for this diversity and the implica-
tions these have for work in sorghum breeding 
and agronomy, and for designing economic poli-
cias which affect sorghum growing regions. In 
examining these, two important, essential asser-
tions are made: 
1. 	Because of the low level of agricultural produc-

tivity and hence low incomes in the SAT 
regions, improvements in the overall income 
level cannot rely simply on redistribution of 
incomes or heavy subsidization by govemment 
but also have to be based on the development 
and adoption of relevant improved technology' 
in the sorghum dominated fanning systems. 

2. 	The major customers of improved sorghum 

1.Asuitable or relevant agricultural technology is a way 
of doing things (combining resources to undertake 
crop, livestock and off-farm enterprises) insuch away 
that it is compatible with environmental constraints 
(both natural and socioeco-nomic) and as a result 
contributes to the aspirations of the farming families 
using it. The definition of a elevant improved agricul-
tural technology is one tkat is adopted by farming 
families and helps them achieve their aspirations 
more easiy through improving their efficiency (pro-
ductivity). 

Professor of Agricultural Economics, Department of 
Economics. Kansas State University, Manhattan, Kan-
sas 66506. USA. 

technologies will be the mass of farming 
families and not plantations, government and 
private commercial farms, etc.2 

Aspirations and 
Farming Systems 

There is a certain universality in the aspirations of 
larming famili,s and rural laborers which include 
as the most importent elements income, effort 
avoidance and risk avoidance." In economic terms 
this can be stated as rural people trying to 
increase their utility (satisfaction) which increases 
with income but decreases with effort or higher 
levels of risk. This can be restated as maximizing 
income for any given level of effort and risk, or 
alternatively reducing risk (or effort) for a given 
level of income. 

Attempts to maximize utility take place within a 
set of constraints. It is not differences in aspira
tions but rather differences in the constraints 
which lead to the most important differences in 
farming systems. These differences can be 
grouped in a number of ways. For example, one 
convenient classification is as follows:" 

2.Such types of production systems that are generalty 
highly capita: intensive, (i.e., highly mechanized) have 
had abad history for many crops inAfrica (IBRD 1981; 
Norman 1981). 

3. Economists used to largely ignore risk considerations. 
However, recent research by Binswanger (1981) in 
India. Sillers (1981) inthe Philippines, Walker (1981) in 
El Salvador, and Greeley (1981) inThailand shows that 
farmers almost universally try to avoid or reduce risk. 

4.Accessibility to the socioeconomic determinants (2, 
3, 4) may be partially determined by community 
structures, norms and beliefs. 

Intemational Crops Research Institute for the Semi-And Tropics 1982. Sorghum in the Eighties: Proceedings of the Internationl 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, AP. India: ICRISAT. 
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1. Climatological and physical conditions. 
2. 	 Factor (resource) endowments and prices, 
3. 	Exchange or market systems for inputs and 

outputs, and their related per unit costs and 
prices, 

4. 	 Information availability.$ 
The technology available for use by farming 

families is in essence determined by all of the 
above and is therefore of crucial importance ;n 
differentiating farming systems. In designing im-
proved technologies, agricultural scientists have 
long recognized the importance of climatological 
and physical heterogeneity in determining their 
research strategies.This indeed is a big enough 
challenge in the SAT regions generally characte-
rized by a harc." climate (with its limited, erratic 
and unpredictable rainfall) and poor soils. Never-
theless, in spite of this, it is not prudent to ignore 
the potential role of socioeconomic determinants 
(i.e., 2. 3 and 4 above) in designing relevant 
improved technologies. Many examples exist 
where ignoring the sccioeconomic determinants 
has led to costly errors in research decisions.6 
Conversely, many economists have often failed to 
understand the implications of physical, climatolo-
gical, or technological constrcz:.ts for their econo-
mic po;:cy recommendations, 

However, farming systems are not only heter-

5.Traditionally experience which is a function of age is 
important. When external information starts to come 
to a region, communication facilities, education and 
extension services become important. 

6.The reductionist commodity approach is a powerful
research tool often used in developing improved 
technology. However, it has to be used with great 
care since it abstracts from the complexities of the 
natural and socioeconomic environment in which 
farming families operate. Incorrect specification of 
the environment indesigning research priorities will 
result inthe development of irrelevant technology. An 
example pertains to a technological package de
veloped for cotton in northern Nigeria which was 
rejected because it involved planting earlier in the 
season. Although yields per hectare were higher than 
the traditional late planted cotton, farming families 
rejected the improved technology since its adoption
would involve reallocation of labor from food crops 
used for home consumption which also yielded
higher returns from labor at that time of year (Beeden 
et al. 1978). 

ogeneous in terms of space, but can also be very 
heterogeneous over time. Changes in farming 
systems can occur over time as a result of 
alterations in the constraints faced by farming 
families. In West Africa, during colonial times 
much of the expansion in cash crop production 
(e.g.. cotton and groundnuts) was closely linked to 
the development of a bigger market for those 
crops as a result of the construction of the 
railways and roads (Hogendom 1976; Lele 1975).7 

Farming families responded by devoting surplus
land and labor" to producing these crops with the 
help of traditional (indigenous) technologies. 

Therefore, it is important to distinguish long
term determinants from those which change 
more rapidly. During 1982, many breeders will 
already be working on technologies for the 1990s. 
This, however, is not so much the case for 
agronomists and extension specialists who will 
have to grapple with shorter-run issues. Physical 
and climatic factors are virtually constant, while 
resource availabilities of countries and regions 
change relatively slowly. However, the other 
socioeconomic determinants of farming systems 
such as market systems and information availabil
ity. can change very rapidly. Therefore, provided 
that relevant research systems are in place, 
available improved technologie..; for sorghum and 
competing crop and livestock enterprises can also 
change rapidly. For example. !,veiopment of the 
market and exchange systems on the input and 
output side is a crucial component of Green
Revolution technologies with their clearly superior 
yields.

Because farming systems change, it is impor
tant to realize that descriptions of farming sys

tems and the resulting perceived problems offarming families will not always be reliable guides
for all research decisions. For example, develop
mental research decisions (i.e., research that has 

an intermediate to long-run pay-off) could be 
rrelevant if based on a constraint which conscious 
economic policy or the normal course of develop

7.This is generally considered to provide collaboration 
for Myints' Vent for Surplus model. 

8. Some peoplo question that there was always surplus 
labor. Rather, labor was sometimes reallocated from 
food crops to export cash crops to provide cash to pay 
taxes (Nicolas 1960; K,fando 1972). 
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ment could remove in the near future.' It is 
tnerefore necessary to interpret the descriptions 
of farming systems and the constraints they 
exhibit in a comparative fashion over space and 
time and to attempt to distinguish between 
constraints with long-term relevance and those 
which are more easily changed. 

This paper concentrates on two major groups of 
socioeconomic determinants of farming systems 
that have already been mentioned, namely factor 
endowment, and market-exchange systems. Af-
ter discussing the significance and implications of 
these for breeders, agronomists and economists, 
the topic of hybrids, which impinge' on both the 
main themes of the paper, is diccussed. 

Fec;vor Endowments 

Although the levels, qualities and relative propor-
tions of the factors of production (i.e., land, labor, 
and capital) have long been recognized as impor-
tant in differentiating farming systems, they were 
not explicitly recognized as important determi-
nants of the nature of technical change until the 
late 1960s (Hayami and Ruttn 1971; Binswanger 
and Ruttan 1978). Their Induced Innovation 
hypothesis reasons that technologies which in-
crease productivity per hectare (i.e., yield-
increasing technologies) are the major and 
chedpest source of growth in environments such 
as Japan or India with high population densities 
and hence low land/labor ratios. Conversely, 
technologies which primarily raise the productivity 
of labor (i.e., labor-saving technologies) have 
been, and are likely to be, the major and cheapest 
source of growth in land-abundant economies 
such as the U.S. and parts of Africa. 

9. However, taking such constraints into account in 
determining research decisions is very important in 
farm located applied "downstream" farming systems 
research which seeks to improve the level of liveli-
hood of farming families in the short to intermediate 
run (Gilbert et al. 1980). Under such conditions, 
research decisions on whether to attempt to over-
come the identified constraints or avoid them through 
exploiting the flexibility in the farming system will 
depend on the nature or severity of the problem, and 
the potential solutions arising from earlier experiment 
station based developmental resoarch, ability to 
influence economic policy and hence market and 
exchange systems, etc. 

However, this i; not the whole story. There are 
nrrt only direct beneficial impacts of such tech
nologies on the most limiting factors but there is 
also the possibility of indirect beneficial or adverse 
compacts on other factors used ir,producing the 
product. For example: 
1. Yield-increasinj technologies (e.g., improved 

seed, fertilizer; pest, disease and weed con
trol, improveo cultural practices) will, providing 
there is no charje in the power source, usually 
increase labor requirements. As a result, de
pending on circumstances,'0 this can have 
either a positive or a negathia impact on labor 
productivity. 

2. 	 Labor-saving technologies, such as draft ani
mals and relevant equipment, can improve the 
productivity of labor, therefore permitting a 
larger area to be cultivated without adecrease 
in the productivity per hectare. Alternatively, 
labor-saving technologies such as herbicides 
cutting down on hand weeding, and draft 
animals and equipment reducing hand weed
ing and improving timeliness of operations can 
sometimes help increase the productivity of 
land." 

3, Obviously, yield-increasing technologies corn
bined with labor-saving technologies are likely 
to have positive effects on both land and labor 
productivity. 

In the following discussion these ideas are 
applied to sorghum farming systems of the SAT 
regions. Obviously, differences in land/labor 
ratios are most pronounced between countries in 
Africa and Asia but important differences also 
exist within African and Asian countries. 

Land/Labor Ratios and 
Seasonality of Agriculture 

The seasonality of rainfed agriculture on tfd ,AT 

regions causes special problems involving labor 

peaks or bottlenecks during specific periods of the 
rainy season and underemployment particularly 
during the dry season. This is one of the reasons 

10. Such as the degree to which yield is increased. 
11. 	 In Francophone West-African countries, incorpora

tion of plant residues through deep plowing (enfouis
semenfl with animal traction every 2 to 4 years is 
considered important inmaintaining the productivity 
of land (Charreau 1978). However in India, Binswan
ger (1978) concluded that the use of tractors did not 
by themselves increase the productivity of land. 
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why a substantial percentage of farming families 
in the SAT regions supplement their income from 
agriculture through working in other occupations
within or outside their home areas, particularly in 
the dry season.' The severity and nature of labor 
bottlenecks during the rainy season is determined 
in part by the length of growing season (the
shorter it is the more peaked is labor activity), the 
type of technology being used and the power 
source (Norman et al. 1981).'1 

This pronounced peaking of agricultural activi-
ties in rainfed agriculture can complicate decisions 
conceming research priorities. Whether or not 
they should receive serious attention in research 
design will depend on the local situation particular-
ly with respect to the land/labor ratios. 

An example illustrating this pertains to one of 
the very common labor bottlenecks in the SAT 
regions involving weeding crops. Binswanger and 
Shetty (1977) have looked at the potential for 
herbicides solving this problem in India. An 
investigation of current practices revealed impor-
tant information required in evaluating the poten-
tl value of herbicides." They found farming
families, sensitive to the adverse impact of 
weeds, rationally adjusted their weeding opera-
tions according both to the severity of the 
problem and to the potential payoff from weeding.
In general, there were high levels of interrow 
cultivation with animal draft power and intrarow 
cultivation with hand labor. Although labor require-
ments for weeding operations were. high, wage 
rates are low at such times. Consequently, even 
when all labor was costed at the market rate, 
budget studies on the cost effectiveness of 
herbicides indicated they were not competitive 

12. Such work patterns, that on a monthly basis show a 
negative correlation with agricultural activities on 
family farms, are in contrast to the farm laboring
activities of the rural landless and land poor families
in India where the level of such work is positively
correlated with the agricultural cycle,

13. Labor bottlenecks can also be a function of the 
aggregation period used for analyzing the data (e.g..
week or month). This can on occasion create 
misleading impressions about the severity of the 
labor bottlenecks. Where timing is a critical issue 
(e.g., in the weeding operation) the aggregation
period should be shorter. 

14. Value was estimated by looking at cost effective-
ness assuming that there were no yield effects of 
different methods. 

with current practices. Also much of the labor 
provided for the weeding operation is contributed 
by the most disadvantaged labor group in the 
Indian economy, namely female agricultural labor
ers from poorer families. Thus the societal costs 
of introducing herbicides, in terms of displacing
labor, would be potentially very high. Not surpris
ingly these findings have led ICRISAT to deem
phasize chemical weed control in the Indian part
of its research program (Binswanger and Ryan 
1980). 

The conclusion could well be different in areas 
of lower population density (i.e., higher land/
resident ratios and n,. landless laboring class).
However, working with 'armers in northern Nige
ria, where such conditions do in fact prevail,
Ogungbile (1980) still derived negative conclu
sions concerning herbicides. Incorporating his 
results into a dynamic linear programming model 
he found that the discounted :.et incomes over a 5 
year period were highest for farming families 
using oxen, in the middle for those using hand 
weeding only, and lowest for those using herbi
cides. Although there were obviously problems
with the herbicide technology packages ;.and the 
farmers' application of them, ,1some legitimate
doubts can be raised about their always being
relevant even in areas where land/resident ratios 
are higher. It is likely, for example, that herbicides 
will only be profitable when combined with 
yield-increasing technologies that usually involve 
raising plant population densities and that, without 
herbicides, require more intensive weeding.' 6This 
in fact is currently occurring to a small extent in 
Mali Sud where yield-increasing cotton technolo
gy has been so widely adopted. An additional 
problem of using herbicides is finding those thatare suitable for use in crop mixtures so character

istic of traditional systems of agriculture. A further 

15. For example, the herbicides applied prior to planting
in the form of herbilizer were not always very
effective. Inaddition farmers often weeded before it 
was really necessary, further decreasing the effec
tiveness of the herbicides in reducing labor inputs.

16. For example, in India Binswanger and Shetty (1977)
found in some villages well over 50% of the 
sorghum fields were interrow cultivated with animal 
draft three or more times while about 30% of the
fields were hand weeded two or more times. In 
contrast in northern Nigeria, many of the sorghum
fields are not weeded more than two times while 
often no animal draft power is used. 

636 



problem in introducing herbicides is that it re-
quires a good marketing system for distributir_ 
inputs, a subject which is discussed later in this 
paper. 

Nevertheless, although doubts can be raised 
about the universal application of herbicides in 
areas where land/iesident ratios are higher than 
India, and where there is no landless laboring 
class, it does not negate the attention that should 
be paid to labor bottlenecks in such environments, 
Agronomic practices and varieties that avoid such 
seas. al labor bottlenecks or do not accentuate 
them are likely to be more acceptable than those 
that ignore them, even if bottleneck considera-
tions result in some sacrifice in terms of yield." 
Recent work by Matlon (1980) in Upper Volta has 
emphasized the potential prob:ems of ignoring 
them. Preliminary results from testing the tech- 
nological package revolving round the sorghum 
variety E35-1 indicated that delays in planting 
resulted because of the specification that plowing 
had to be done, a practice that is not traditionally 
done. Unfortunately, it appeared that this could 
not be circumvented by plowing earlier since 
farmers claimed plowing well before planting 
caused soil crusting making it difficult for seed-
lings to emerge. 

High Land/Resident !%tios and 
an Open Land Frontier 

High land/resident ratios imply the presence of 
unused land and, provided that the land tenure 
situation is not exploitive, the absence of a 
landless laboring class. In contrast to India such a 
situation prevails in much of Africa. 

The very different factor proportions between 
the two regions imply different specifications a. 
to what would constitute relevant improved tech-
nology. Traditionally, in areas with plenty of land, 
land extensive techniques, such as shifting culti-
vation in some countries in Africa, have been 

17. For example, the results conceming cotton discus-
sed in an earlier footnote led to developing recom-
mendations for a later planted cotton, which 
although potentially lower yielding, required labor 
inputs primarily after the seeding bottleneck for food 
crops was past (Beeden et al. 1976). Unfortunately, 
as it happened, this strategy has not worked well 
primarily because of the rapid rise inpricos farmers 
receive for selling food ;rops compared with that for 
cotton. 

employed in which soil fertility regeneration is 
achieved through fallowing, and return per unit of 
the scarcest resource, labor, is maximized." This 
rational traditional response is also relevant as a 
guideline for developing relevant improved tech
nology. In such a si* Jation, labor-saving technolo
gy is required that will increase labor productivity 
particulary at the times of the year when it is most 
constrained, thereby releasing labor to bring a 
greater area into cultivation. These technologies 
are particularly important in such areas where no 
eliable market for peak season labor exists. 9 

Indeed the labor market, to the extent to which it 
exists in such situations, resembles a sophisti
cated labor exchange system. For example, tradi
tionally various social systems have often existed 
which have allowed more influential society mem
bers to get access to labor. Examples in countries 
in Africa would be village heads requiring villagers 
to work on their fields, complex family unit heads 
requiring individual family unit memberc to work 
on certain fields, etc. 

In Africa, animal traction, which is particularly 
the province of agricultural engineers and some
times animal scientists, has been perceived by 
some governments to be the major means of 
enhancing labor productivity. 0However, the signi
ficance of increasing labor productivity has not 

always been perceived in the work of agronomists
who, as the preceding section implied, are natural
ly orientated towards increasing the yield per 

hectare. 

18, in the SAT region of West Afrca. the "ring" 
culti',ation system is a variant of the land extensive 
traditional system. Some fields usually near the 
residence are permanently cultivated and soil fertility 
is "maintained" through manuring, while fields 
further away are cultivated for a few years after 
which soil fertility is restored through fallowing 
(Marchal 1977). 

19. For example, innorthern Nigeria one study showed 
that on an average farm the marginal value produc
tivity of labor (i.e., the vlue the last unit of labor 
contributed to production) during the weeding bot
tleneck period was substantially higher than the 
wage rate indicating that substantially more labor 
could profitably be employed during this period 
(Norman 1970). 

20. This has been particularly the case in Angloph:ne 
West African countries. Sargent et al. (1981) have 
produced a useful review of animal traction n 
Francophone West African countries. 

63i 



An example of the possible problem of this is an 
improved technological package (i.e., consisting 
of 	SK5912 sorghum, seed dressing, fertilizer, 
higher stand density, etc.) which was tested with 
a sample of farmers in northern Nij aria over a 2 
year period, one of which wa a drought year 
(Norman et al. 1978). A, expucted, there was a 
substantial increase of more ,han 80% in net 
ratum/hectare using oxen primarily for land pro-
paraticri and some interw cultivation. However, 
bocause of Iabor being more limiting tprn land, a 

enorc. : avant criterion would be not return per 
man-hour.2' Using this criterion, the not return per 
total man-hour was only slightly higher wjhen oxen 
werp used and estimated to be lower if only hand 
labor had been utilized. Two imprtant implica-
tions of these r rs asae f-;ows:

1. They inadm;atc adoption of the improved 

technDsogicai pckage inkolvcd sbmsutiaiy 
nw r,,hlbor.- M ev IuatinU the possible 
severity of the pioblem of increasing labor 
requirem3nts in a iibor-scarce land-
abundant region it i imporcant, as sug-
gested earlier, to des me-i: when during the 
production cycle such increased labor is 
required. Increases occurring during periods 
when labor is uncdcremplnyed obviously 
would be morg arccp?-b; than that occur-
ring euring ps,: periods. In the case of the 
impro,,cl s:carhurn package, almost 70% of 
the increased labor r-quirements were de-
voted to harvesting the increased yield, 
which constituted a new peak but on ba-
lance was probably a less serious one than 
the weeding bottleneck where timing is so 
critical. 

2. 	 The figures given above indicate that accep-
tability of yield-increasing technologies in 
labor-scarce areas may be increased through 
combining them with !abor-saving technolo
gies such as draft animals and equipment, 

21. Particubivy for labor put in during the reriod(s) when 
Laior was most lirig. However, in order to 
simplify the presontinon, this discussion is confined 
to the nat return pIr annual man-hour. In this 
p ,rticular example, the conclusions would not have 
chan, ed if instead the return per man-hour put in 
during the labor bottleneck period (i.e., June-July), 
h.J b-en used. 

22. That is, 138 more man-hours/hectare using oxen 
and 160 more man-hours/hectare using hand labor 
only, 

thereby increasing abor productivity during 
blrpeak periods. It is perhaps not surpris
irg diat in Frm,*nfhne countries in West 
Africa, the introduction of animal t .ction has 
been perceived by rovemment3 as a means 
of lad ints.-ntification when combined with 
yeld-increaing technologies, although far
rns,, ,rtcn view it in a more tradition-l way 
as a means of increasing the aeire cuiliwited 
(iLe., ex.rtensification). Certvinl- in ! anim
al traction has become c[osn;v identified 
with ViJ, 4ncreasinng te;hr:t.is. 

These re nmrks ap?ar to deviate fiam thf 
,pra;-ntic, a; the begiing cxf thit.z s ,exii That, in

w.a 'xrm tle mSoZ,ith high land 'idnt rativks, 

prufite'b!. way of ". . roduct is
 
cxr; .tir. the rea ct.d via 1 r-aV,
 
t n.rt .y wvnoh ir.z~a s p-,-.,cti'ry at 

lonieck perids,. cs ,ver, th" Icason far 
thr, aparent inconsistency ca n be funrd by tking 
into account the following points: 

1. 	The potential role of animal traction in land 
intensification dc.s not necessarily negate,, 
its role in land exten, fication. 

2. 	 Unlike mnriny pars of the SAT regions of the 
world, draft animals hmve a relatively reneit 
history in countrizoa in Africz and are thecr . 
icve not part of subsistence agriculture." 

lntrc,jL.tion of animal trar;iioi , particuLufy in 
Wast ;.Irica, has accompanied the deve!opmernt 
of a market system because funds have to be 
provided, usually fro ellin# agricuitural produce, 
to puichase th3 e-qu.prwcnt and iofn the onimsls. 
'the strong emphasis On y -ieasin, research 
and r-arhier often !Is emphasis on labor- aving 
reserch that would break relev-rlt biianecksl 
appears to hvo led by dc:s;ir and default to 
spr.woa systems on the input side that have 

23. For example, animal traction has a history of cnth 
about -3 yiears in West Africa. E,.cptIons .do -,xist 
such as in the case of ttre cattlewz'choa 
traditionally were ow-iod by cuIovtaors who coni. 
dared ranching as /rn.rytheir p occupation. 

24. For e..ampr!e, in a rtudy in the Go-nbF nrea or 
northern Ng,-6, fi"rn (1976) found that fanrining 
fainilie. utilizing animal traction for preparirn morn 
land ended up paying more hired labor for the 
weeding operation. In this case, suitable equipment 
was not available to satisfactorily overcome thm 
most pressing labor peak (i.e., the weeding bot
tleneck). 
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emphasized yield-increasing technologies." As a 
result, the most successful introduction of oxen 
has occurred where farmers have nmost widely 
adopted thT successful yieldsrincreasing technolo-
gies for exptrt cash crops (e.g., cotton in Mali Sud 
anr, groundnuts in Sine Saloum in Senegal). 

However, this situation does not negate the 
: sertion that given the availability of relevant 
labor-saving technologies and relevant support 
systems permi.t;,g their adoption, there would be 
a greater r pi)rise in terms of increasing the 
areas cultivalod. For example, in Thailand where 
animal traction is traditionally part of the farming 
system, much of the increase in agricultural 
incomes in the last 20 years has come from area 
expansion although yields of most crops have 
declined as more marginal land has been brought 
into cultivation. In the northeastern part of the 
country cassava, being a less labor-inten :ive crop 
than rice and kenaf, has expanded rapidly. 

Possibly, under such circumstances, breeders 
have a less clear role in developing improved 
technologies than agronomists and other 
scientists.2' Work emphasizing land-intensive de-
velupment/conservation, irrigation,2 etc., is not 
likely to be adopted by farming families, but 
agronomists in conjunction with other scientists 
still have a significant role to play in developing 
practices that improve the productivity of labor 
such as intercropping and other practices which 
can help alleviate the weeding bottleneck period, 
improved planting systems, minimum tillage, re-
ducing labor-intensive activities such as bird and 
monkey scaring, otc. H wever, as will be discus-
sed later, the largegi.itances resulting from high 
land/resident ratiu, make it likely that market 
systems, and hence access to s;up;!ort systems, 
might not be so well devwelop(-c! as in more 
densely populated areas. Consequently, undc." 

25. Inmany case' =he presence of tree stumps infields 

has encouraged animal traction being linked with 

land intensification, since the destumping operation 
involves substantial investment. 

were to provide varieties26. Obvious .:, if breeders 
P.tn, ! sichn a resource base, stability of yield. 
r vst,nc to diseases and pests and ability to 

withstand compatition from weeds would be more 
important criteria than responsiveness to additions 

of nitrogen fertilizer. 
27. This does not however negate the possible use of 

irrigation inthe dry season when labor is underem-
ployed. 

such cicumstances improvements that require 
low dependence on the support systems are likely 
to be easier for farmers to adopt. However, in 
suggesting this, it is recognized that it makes it 
more difficult for agricultural scientists to develop 
improvements. 

Variations in Land/Labor Ratios 
Amon Farmers In the Swne Ragion 

g 
We have earlier suggested that inter-regional 
variations in land/labor ratios tend to be large. In 
the SAT they tend to be larger than intra-regional 
differences. A study undertaken by Ryan and 
Rathore (1978) in Indian villages showed that 
factor "ownership" ratios (i.e., ratio of "owned" 
land"' to family labor) differ quite widely on large 
and small farms. However, factor use ratios differ 
much less among the groups although there is a 
large variation within the groups. The reason for 
the narrowing of the ratio is that factors such as 
land and labor are exchanged in rental markets. 
Ryan and Rathore (1978) suggest that current 
policies aimed at improving the access of oper
ators of small farms to institutions! credit markets 
will result in even more similar factor use ratios 
between small and large farms. In another study 
in the same villages, Binswanger (1978) found 
that both small and large farmers are moderately 
risk averse. Therefore, on the basis of both factor 
use ratios and risk aversion grounds, it was 
concluded that little could be gained from de
veloping different improved technologies for small 
and large farmers. Rather, emphasis has to be 
placed on relatively profitable and stable technolo
gies for all farmers and improved accessibility of 
small farmers to input support systems (i.e., 
modern inputs, credit, and extension). 

There are no directly comparable studies to 
ascertain whether the same conclusions would 

apply incountries in Africa. We would hypothesizehowever that in areas of high lard/labor ratios 
amount of land cultivated is largelywhere the a 

function of the size of the family labor force, factor 

use ratios are not likely to differ significantly. In 
are iotlikelabo diff os sgnif icat ed 

areas of lower land/labor ratios, sophisticated 
exchange/mobilization mechanisms for exchang
ing factors appear to give way to rental markets. 

28. "Owned" is placed in inverted commas since 
generally in African countries individuals have usuf
ructuary rights to land but do not actualtV own the 
land itself. 
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Although those would appear to encourage a 
move towards more e .- ffactor use ratios, it may 
well be that becaure of the poorly developed 
input support systems, there is often inequitable 
access, therefore pfeserving differences in the 
factor use ratios. However, even if this i-t the 
case, the solution may often be more with 
adjusting accessibility to the support systems
rather than developing different improved tech-
nologies, but the difficulties of doing this should 
not be underestimated." 

Exchange or Mt-et Systems 
for Inputs and Output 

The exchange and market systems are of crucial 
significance in determining the relevancy of parti-
cular improved technologies. Tne degree of mar-
ket development is in turn influenccd by a number 
of factors. All other things being equal, it is likely 
to be positively related to the level of develop-
ment and negatively related to the physical 
distances to be covered, 

Because of constraintc imposed by the lack of a 
marketing system, farming families are then 
forced to be self-sufficient. It is not surprising that 
a self-sufficiency orientation is often more pro-
nounced in areas of low population density where 
high land/;abor ratios prevail and the costs of 
market development per customer are therefore 
relatively high. 

The self-sufficiency orientation, usually implying 
an adaptation to low levels of prcduction/income, 
is also an adaptation to the "costs" faced in 
exchanging goods and factor services. From the 
perspective of the self-sufficient farming family, 
these costs are deemed to be very high. For 

29. Because of limited resources, governments which 
usually provide such support systems find itdifficult 
to provide them at the level that would be desirable. 
Consequently, access to such systems is often 
confined to the more influential and economically
powerful farming families. Also problems are de-
veloping with the adoption of certain types of 
technology. For example, inMali inrecent years. the 
prices of cash crops have incre3sed less rapidly than 
pricgs of animals and equipment (CRED 1976). Thus 
adoption of animal traction has slowed down creat
ing an increasing dichotomy between those who 
already possess animal traction and those who do 
not (Ernst 1976). 

example, because of the effort required and low 
profitability levels, there may be little incentive to 
take small quantities of products to distant mar
kets involving high transport costs in terms of 
mone' and/cr time. Also, because of poor market 
integration, a strategy of producing cash crops 
may be perceived as too risky with too little to sell 
in drought years when food prices are also high.
Nevertheless, seasonal hunger or the hungry gap
which occurs at the beginning of the rainy season 
(Raynaut 1973) is still a major problem in many 
such areas but is probably often accentuated 
when market structures start developing and 
some reliance is placed on what is inevitably at 
the b"gninning a poorly developed and therefore 
incftici.:,t system. The occurrence of the huiigry 
season at such a time has a serious impact on 
labor productivity with a reduced calorie intake 
resulting inweight loss and reduced resistance to 
disease (Chambers a,id Longhurst 1979). Unlike in 
West Africa, where this hunqry season ccc:rs ,at 
the busiest time of the year, this period in India 
appears to be more common during slack periods 
in the agricultural cycle. In India, the inequitable 
land di,ribution and well developed labor market 
enables landless laborers to find work during 
active periods in the agr'cultural cycle. 

Costs and marketing risks decline with improve
ments in communications, transport, and market 
integration. For example, a drought affecting 
sorghum producers in the United States does not 
also raise their food price.,,, which are largely 
independent of growing conditions in sorghum 
producing regions. Low trpnsport costs and high 
integration into the nationpi and international 
market imply that developed country farmers 
produce almost exclusively for the market and are 
often more highly specialized than their counter
parts in developing countries. SAT countries differin the extent of market integration of their 
economies. In India, for example, there is a high
degree of domestic market integration but a low 
degree of international market integration. In 
Thailand, there is a high degree of market integra
tion both domestically (i.e., except for distant 
regions) and internationally, while integration is 
low in both areas in many parts of Africa. In 
general, however, the degree of market orienta
gene ra io n isdegee rke re nta 

30 Although rising energy costs are causing setbacks in 
this trend particularly inthinly populated areas (e.g., 
areas away from the line of rail in Zambia). 
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Farm Level Self-sufficiency 

The higher the degree of subsistence orientation, 
the greater is the concentration on food crops. in 
countries in Ahica, the traditional larg. xtc;!ded 
family unit' was compatible with this food self-
sufficiency orientation and ersured survival in the 
etbloence of forrial external labor and credit mar-
ke.ts. For ixample, large family units enabled 
control over a larger supply of labor and other 
rcoi.U ,. 

Wi a food cf--3ufficiency orientation toY-!nter 
with very limited opportunities of o.rning cash 
from other sources,4 cash available for buying 
nonagricultural commodities or agricultural inputs 
is extremely limited. In addition, under such 
circurmstances, the problem cannot be alleviated 
through credit markets which are at the best 
poorly developed, 

Consequently, implications for developing re-
levant improved technologies under such cir-
cumstances are a,. follows: 
1. There should be an emphasis on food crops 

that are acceptable locally interms of taste and 
storability. 

2. The technologies developed should have 
minimal dependence on modern inputs distri-
buted through the market system, while other 
irip4,s required for their adoption should be 

the capacity of the family unit itseif 
(e.g., I c. 

There are also temporal implications interms of 
relevant improved technologies. This is because 
of 	 the limited, and often unreliable, growing 
season for rainfed crops in the SAT regions, 
resulting from low levels of rainfall which are 
combined with erratic inter- and iritra-annual distri-
bution. Balcet and Candler (1981) based on work 
in northern Nigeria have concluded that farming 
family strategies at the beginning of the growing 

,I.;hin 


31. 	Such aunit. sometimes called acomplex family unit. 
consists of more than one married man plus 
dependents. This is in contrast to a simple nuclear 
family unit where only one married man plus 
dependents are found. 

32. However, a common strategy to overcome this 
problem inWest Africa has been for individuals to go 
on a short seasonal migration during times when 
activities on the family farm are at a low ebb (Roch 
1976; Peil 1977). 

season tend to be ver,' risk averse and aimed at 
fufilim food self-sufficic ncy. This need dominates 
durir;,I _ the period between the start of the rains to 
the germi-,aion of the first food crops. If the rains 
are good, this period c.1 c, ncerr will usually end at 
the firsL weeding ,v . the rains are bad, 
such strategies wi!! dorninate until much later in 
the season. After this critica! stage is past and 
food supplies are ensured, then given the right 
incentives other cropE, ;-night be grown (see next 
section). 

Because of this .;;,sonal sequew.nr erea; 
additional implicitions in terms ot develong 
relevant improved technologies for rcgor.s v,,-ore 
food self-sufficiency dominates actionvs. Three of 
these are as follows (Balcet and Candler 1981): 
1. Technologies that are divisible and flexible, 

both as regards the Oiming of app!ication and 
intensity of use, arc more likely to be readily 
accepted because they can be adjusit se
quentially depending on the type of season. 

2. Technologies giving results at the critical ger
minatior period, when farming families are 
particularly focusing on indicators that would 
mark the end of the safety-first period, are 
likely to be more readily adopted. 

3. Improved technologies often require rearrang
ing the whole farming system to adjust to 
changing relative scarcities irL,er, time and/ 
or other resources. Eecs.. early in the 
growing cycle farming families' behavior is 
more risk avrse, improved technologies that 
require rearrangerm-ntt of resources at that 
time are unlikely to be adopted. 

Almost everywhere if a food self-sufficiency 
orientation exists, it is in a state of transition. 
Improvements in transporl systems and hence 
marketing systems can have rapid, profound, and 
far-reaching effects. Thus it is believed that 
long-term breeding efforts emphasizing asubsist
ence orientation are aless fruitful area of research 
investment than short and perhaps medium term 
agronomic research.33 

33. Hard decisions have to be made concerning the 
allocation of scarce rcsoarch resorces. Because 
many local varicties often appear to have some 
unrealized potential, and support systems can 
change very repidly, it is believed that long-term 
breeding efforts may nave a higher eventual payoff 
where input support systems are readily available. 
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Chang." fion Farm-evel 
Food Seff-sufficlaic' 

There is often a definite sequence of agnculturlly 
related activities following the develr-mment of 
improved transport systems. Initialya,A kist in 
West Africa, markets for agricuPur,! piroducts 
have developed with considerabic emphasis on 
export cash crops produced, using traditional 
techniques. As surplus resources, particularly 
labor and sometimes land, were used up, in-
creased emphasis was placed on disseminating
improved technologies together ',ith the requisite 
support systems in terms of moaem inputs, credit 
and extension services. These have tended until 
recently to emphasize export cash crops. The lack 
of favorab!e marketing policiesA for food crops 
and relevant improved technoisgies for substan-
tially increasing their production has no doubt 
contributed to their lack of market integration 
especially with respect to food crops. Thus a food 
self-sufficiency orientation continues to be of 
overriding importance in the poorer areas where 
no export cash crops are possible, while a 
confused mixture of food self-sufficiency and 
income maximization appear to prevail in many 
areas where export cash crops can be rroduced. 
However, a shift away from food self-sufficiency 
towards an income maximization orientation has a 
profound effect on the lives of farming families 
and also has important implications in terrr', f 
what constitute relevarit improved tech-;,:.,s. 

As we suggested ewltci, complex family units 
are compatible with a food self-sufficiency orien-
tation. However, the development of market 
systems and access to new information via the 
extension services reduces the premium formerly 
attached to self-sufficiency. As a result of losing 
some of their relevance, complex family units 
eventually often disintegrate into smaller nuclear 
family units, a trend which is currently occurrino 

34 	 For example, inWest Africa. niany governments, in 
a largely unsuccessful attempt to keep food prices
low for the politically volatile urban consumer, have 
entered the food crop marketing system, and paid
low producer prices for food crops (IBRD 19811. 
However, this has not prevented high retail prices 
for food crops being charged in rural areas towards 
the time of the harvest period 

throughout West Africa.6 Two examples illuntrat
ing the ways in which development of market 
systems can bring about such changes are a3 
foiiorws: 
1. Increased agitation for rn.w- L;zial inde

pendence on the part of ircdividuals within 
complex family units rFsits in greater propor
tions of fields under the con:l- of the family 
head (i.e., common fields) ,eing allocated for 
individual use, thereby subverting the possibil
ity f attaining food self-sufficiency and de

_ the benefits of such units staying 
,ier. 

2. 	 c%a number of reasons, institutional credit 
programs are often directed only at family 
heads (e.q.. Senegal).' This can 2herefore 
mean 6, .erentiation in terms of types of 
ticji applied on the common fields 

under ,he control of the family head and' those 
unlv'r , iontrol of other family rsermbers 
(-,,a I978). This urdoubtedly would ea
courage the mutiplication of family huds 
through breakdown into sma!lr nuclear family 
units. 

Therefore, development of market structures in 
aiding the development of prcduct and factor 
(e.g., labor, credit, and sometimes iond) markets 
opens up opportcvi/i- s for r.:o,,.pfc; to L'."it 
individually. P,-,i-diess of v,'/, ,.,, his i- !,,'od or 
bad, it is emphUi; 'Lhsta icc- it i ;;'ely to 
continue, i . ir .:intirn,:.ion, in terms of 
relevant .;rhi,: ;.tnocjias. 

The thif' t,;warc,; an income n":imni tion 
orientation permits a degree ot ci,rn,ewci~iization 
in the farm enterprise thru ieh et-,;ting of 
products the proceeas of wh:i,, .,gether with 
funds obtained through insti-utirial credit proj
rams, can be used to purc~h :e mo lem inputs, 
extra l~xor, equipment, ec., requiad for the 
a.-_c.;ption of the improved technologies. i,,is the 

rt'.r;naial for developing improved technolug;os 
which bring about substantial increases in produc
tivity are much greater than under the more 
restrictive conditions surrounding a food self
sufficiency f-,;ientation. 

35. For a brief review of the reasons given in the 
literature see Norman et al. (1981). We would 
suggest that many of the reasons can be related to 
the rationale presented in this paper. 

36. For example, from the perspective of the loaning 
agency, overhead costs are reduced through dealing 
with one member of the family. 
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For reasons explained s me farming 
famiiies may have 	 a x;.ur6 o! , self-

,sufficiency and ina n. Cj:61biivos.rizz-io 

:For example, .turnin to the no.i;;-, 11gerian 
(1981), 

they suggest that once fa,,ing laroilis feel the 
study undertaken byi 	Salcet and (.,,ie, 

Judging by the widespfcad adoption of hybrid 
sc.,.,)ums ;n India, it is apparent !hat their super
ior;' Y has been maintained when translated into 
nvt return m. It is obvious that hybrid sor
ghums shou! receive serious consideration in 
West Africa, only if it is feasible to solve the 

critical stage for fulfilling focd need is past in mvy 
particular year, they will sl,vv - diange their 
objective to one of income n;;'.irization at o' 
specific level of risk. Farmir-,g families ma' during 
this period be more wiiling, in contrast to earlier in 
the season, to accept improved technologies that 
require considerable rozilocation in resources. In 
addition a degree c! income ma,:imization 'n 
make cash availabl&' to purchase modem inputs 
for those crops which provide food self-
sufficiency. 

Hybrid Sorghum 

Recent success with the introduction of hybrid 
.->orghums in India has led to increased discus-
sions about a 'r emphasis on hybrid sorghum 
breeding . in West Africa. Obviously, an 

-noryi!oFn1nrc. judge the technicali. quatifi 
K,:,sibility o. such a stri'-y ceading to successful 
aesults. However, in view of the subject matter of 

the 	p<,r, the potentia1 .-aiue of such a strategy 
;r- a socioeconoamc p'.rspective is discussed 

briefly. 
There appear to be two important characteris-

tics that have helped to ensure the success of 
hybrid sorghums in India. These are as foiiows: 
1. As a result of exploiting heterosis. quantum 

jumps were achieved in yields of hybrid sor-
ghum compared with much more modest 
incremcnts in yields earlier achieved by re-
source management with local and local im-
proved varieties (Rao 1901). 

2. 	Although, as would be expected, higher yields 
were associated with higher variances ltehra 
1981), the increase in variances was not very 
great and was well within the measured risk 
aversion of farmers (Barah et al. 1975) and, 
compared with other varieties, generally 
proved to be stochastically dominant at all 
levels of fertilizer application, 

37. Of course it is possible cash could come from other 
types of enterprises, such as livestock and off-farm 
employment. In such cases marketing of crops to 
provide cash would not be so important. 

icJ l problems and as a result to produce 
iz with simil3r ad,,. il: ;; in the Indian 

e tting.3 However. aSSurm" ! can be pro
duced, what would be the ::o.jconomic condi
tions required for thecr z:.Pot.ion? Three crucial 
ones wotu'd be a, fo;:,ows: 
1. 5 ,seof their yield increasing characteristic 

th , would be most relevant in areas faced 
with a scarcity of land, tVat is where land/labor 
ratios are low. 

2. Annu: : hc c :c..:., u.-other modern 
irfut, vi . thm.-:d sorghum technolo-

St.~~ ',,-jurd be limited to firrining 
I-vho have a source of I;ther 

from selling crops or from- t,:;I;. or an 
off-farm enterprise. 

3. 	 A strong input support system for the multipli
cation and distribution of hybrid seed:-.. distri
bution of fertilizer, etc.. would be require,. 

Currently inWest Africa, there are stil: itlatively 
few areas whore population densities are high and 
therefore yield-increasing techno!oqiK would 
naturally fit. Also input distribul'..,n sy.::oms are 
generally poorly developed prtlculad / with refer
once to food crops, althot:? World Bank sup
ported Integrated Agriculur.J Development Pro
jects have often helped improve the situation in 
recent years. Finally, apart from the success with 
hybrid maize in Kenya (Gerhart 1975), there has 
been little experience in countries in Africa with 
hybrid seed multiplication and distribution sys
tems. 

However, this does not necessarily mean that a 
hybrid sorghum projram might not be relevant in 
the West African setting for the next decade. 
Population densities are increasing at alarming 
rates in some parts of West Africa an", carrying 
capacities cf land are in the danger of being 
exceeded. Also input support progrorns could be 
implemented fairly quickly if prcmising technolo
gical packages emerged. Therefore, from a 
socioeconomic perspective at least, there would 

38. We recognize that there is currently considerable 
debate as to whether the technical problems can in 
fact be solved. 
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Grain Marketing in tho
 
West Africa SeLmi-Arid Tropics
 

J. R. Sherman and I. Ouedroog* 

The Sahelian drought of 1968-73 aer,-,w3,d Cfd 
drew work aztention to the cqrey preciw,; 
natuic. of this reiic-n's food si.stic. t 
and cof-,ic dePii~a~gue 60hc o"~'~ 
areq ,% of %vWin. are ruml). ,' .a 
Qr*T--1Nu" arj millet, Ole~a' .,.... 

alt nd generr-'fy cf as bise~ -- u c-.r 
t ttisi difficu~z znd couly orld 

&a ' bui 'lihe~g ~nrrt.na,. 

fx o,.gr., aalf-s;,,.fficicncyhowrver, that foi, 
iszai attaina.l;o ,3al. AJI aspects of the food 
sysc,., production, marketing, distribuion, and 
storage are implicated in achieving it. 

Considerablb research has beer, d3yna and 
continues on mnb:ns to increase prmd.cfion of the 
principal food crops. It focuses on suc;h tichnical 

as changing the cultivation techniques 
aad using improved varieties of seed for increas-
ing y'31 . Founded in the belief that prices, acting 
as marna.* si-,n s,also affect the quantity pro-
duced, piy nra ars have been interested in the 
markting bhvi, of peasants and the iunction-
ing o -,ain maj.! rkets. In response to these 
concern .av,r.,h has been done on different 
aspects o the grain marketing sy!;trns of the 
West Africn Sem;-Arid Tropics (WASAT), the 
Sahelian contries. 

The purpose of this paper is to put into 
perspective what is known about these marketing 
systems and to make recommen: ations for the 
direction of fu;ur. research in this area. The major 
conclusions are that marketing research must 

Center for Research on Economic Development, 
University of Michigan, Ann Arbor. Michigan 48109, 
USA; and Department of Agricultural Economics, 
Michigan State University, East Lansing, Michigan 
48824, USA, respectively, 

toke into wccunt the rc'ional ,iversiti%9 of the 
naticrnc!nafketing nstwks and consider market
i-," pat of the food system. From thisas one 

O P it canf identifyLn portaflt constraints to 
imroving the efficiency of this system and 
respa.-A fpotier to ihe neads of polki, rnaers. 

We with zdescripilon of rnavlketing 
ara . -, a summary of the ma jor 
marketingj etk This is fno. Wed by areview 
of the firti;n4, of marketing ',Wdias done in the 
WASAT. We draw two major crrclusions which 
are supported by these studies and reflect the 
authors' personal e,':,,,xience in this area. These 
conclusions sugGe-,.t tio rmai.)r issues for market
ing research in tho t ;-ida methodological 
approach. The paper cmir v4ith a reitor Ainn of all 
the ,'n,,-.hions.
 
We aro vv-y of making ganeralizations about the 

marketing systems of the WAt"SAT. Each nation has 
its indigenous market structure, with its 
regional and ethnic diversity and each government 
its own brand of state intervention. This coupled 
with differences in infrastructure (roads. ware
houses, a C! personnel), crop mix, prices, and 
other important variables, makes each country a 
spnocial case. 

Cnroain characteristics, however, seem corn
man to all of the countries and are important for 
developing a general understanding of mad(eting 
in this zone. Each of the countries has private and 
state marketirng systems which cooxist. Alfhough 
the stmto has a legal monopoly on grain maketing, 
except in Mllauritania, it handles only about 20% of 
marketed grains. Private trading thrivos. Food 
crop production is concentrated in cetrain areas of 
each country. Consumption needs are concen
trated in large urban areas and rural areas that 
have production deficits. Redistribution is costly 
and difficult. The dimensions of the problem in a 

International Crops Research Institute for the SemiArid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 

Symposium on Sorghum. 2-7 Nov 81. Patancheru, A.P., India. Patanc.heru. A.P. India: ICRISAT, 
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reiornal sense are well known. It is time to move 
on flrom these generalities to the specifics of each 
CM.e, 

Despite the importance that food crops play in the 
economies of the WASAT, prior to the drought of 
161---73,theywere almost completely neglected 
in govxn: r ent planning. This did not mean that 
there were no effects on the food crops. Rather, 
they suffered from a policy of neglect. In particu-
lar, export promotion policies which encouraged 
cash crops resulted in a deterioration of the food 
crop sector. 

The 1970s witnred,-c# me important changes. 
Theie w;-s a general shift in govermont policy 
o~ciiv; efrom producing cash crops to food 
crops, as emphasis was placed on food self-
sufficiency. In the realm of production, extensive 
research began to develop improved seed 
varieties and better technical packages for sor-
ghum, millet, and maize. Concurrently, these 
governments became aware of the potential role 
of marketing in general agricultural development, 
specifically for cereal grains. The first result of this 
awareness (whether for better or wrs,) w.4s 
attempts at extensive public intervention in wr.3in 
marketing. Each country set up its own grain 
marketing board: Mli-OPAM, Mauritania-OMC, 
Niger-OPVN, Senegal-ONGAD, and Upper Volta 

2
-OFNACER.

These state nTcncies were established for 

essentially the sai-,,e icasons. The production and 
commercialization of the stapkl food crops are 
politically 's,well as economir>iiy strategic sec-
tors of th& economy for state intervontion and 
control. The economic justification for such inter-
vention rests in the long held belief that traditional 
traders are monopsonists, and that this coupled 
with their dual role as local moneylenders, put 
them in a strong position to exploit the peasant 
both as a producer and as a consumer. His need 

1. For an in-depth presentation of marketing arrange
ments and pricing policy in the CILSS countries, the 
reader ir referred to CILSS (1977). 

2. Nigeria has had a marketing agency for food crops
since before indeperidonce. It is virtually ineffective 
in the area of grain marketing. It is not discussed in 
this paper. 

for cash soon after harvest forces him to sell to 
monopoly traders who offer cy' prices for grain. 
Similary, his indebtedness to this same trader 
strengthetis the trader's hold over him. 

In sum, it was (and still is) believed that private 
sector grain trading was heavily monopsonized 
and monopolized, and that economic and social 
forces serve r strengthen this structure and 
increase the inequitable division of the benefits of 
trade. Thus, the grain boards have as their stated 
objectives: (a) to offer "fairer" prices to produc
-ss while offering a reasonably priced supply of 
grain to urba consumers; (b) to stabilize intra
annual producc- prices: (c) to establish and reg
ulate security stocks; and (d) to organize grain 
e:porz. The next section is a brief description of 
i,.h state and private marketing channals. 

Major Marketing Channels 

Each of these countries now has a dual market 
system: state-run marketing and private trading. 
The particular mix between the two depends on a 
number of factors, but in each the two systems 
interact. Most frequently the literature groups the 
market participants into such categories as: 
assembler, transporter, wholesaler, and retailer. 
Individual agents, however, often fulfill more than 
o0:0 ijnction and each category has a different 
meaning when put into different marketing chan
nels. The relations between the agents and the 
number and specific tasks depend on the region 
and the chanel. 

More useful than categorizing agents, for 
understanding the way inwhich grain is marketed, 
are descriptions of the different types of channels 
through which the grain flows.3 The marketing 
char- ';can be divi.dd into two basic categories: 
grain that bypasses the market place and grain 
that passes !hrough it. Within the second group 
are two subgroups: privately and state traded 
grain. Since all the grain that is marketed by the 
state passes through the market, this section is 
divided in two: state mirketing arrangements and 
private sector trade. The latter includes grain that 
bypasses the market place. 

3. For an in-depth discussion of the functions of 
different agents and for a description of the various 
marketing channels see Wilcock and Ouedraogo (in 
press). 
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State Marketing Arrangements 

Each country of the WASAT has its state control-
led grain marketing agency. The particular formu-
lae differ, but the concepts are the same. The 
state buys grain either directly from villagers or 
from traders who have been given the govern-
ment stamp of approval (agreement). Grain is 
bought at i fixed price throughout the country, 
redistributed, and sold by the marketing agency at 
anoth'4r fixed price.4 

A brief description is given below of the specific 
public sector marketing arrangements in five 
countries of the WASAT. 

Mali 

Until December 1980, grain commercialization in 
Mai, f ll under the jurisdiction of OPAM (Office 
des Produits Agricoles Maliens) which in 1965 
was given a monopoly for the purchase and sale 
of staple cereal grains.' OPAM relied on the 
agricultural extension units (operations) and the 
village cooperatives for its collection operations. It 
was responsible for financing the buying cam-
paign, for transporting the grain from regional 
collection points and distributir seed to producer 
cooperatives. OPAM itself (its agents) had no 
direct contact with either the producer or the 
producer cooperatives. All transactions were done 
through an intermediary. Grain prices were set by 
the national administration, and regional and 
village quotas were set by local government and 
agricultural agents in consort with the village 
chiefs." 

Mauritania 

The Office Mauritanien des Cdreales (OMC) was 
created in 1975 as a result of an artificial market 
scarcity of millet and sorghum after the drought. 
Its mandate was to contribute to implementing a 
rational policy for supplying grain to the domestic 
market. The intention was not to monopolize grain 
trade, but to stimulate competition and to in-
crease the flow of grain between deficit and 

4. Mauritania is a notable exception to the uniform 
pricing rule. 

5. For a brief critical study of OPAM see Berg (1980). 

6. OPAM was forced to give up its grain marketing 
operations due to pressure exerted by the IMF and 
several aid donors. 

surplus zones. At first the government tried to set 
prices, but the initial endeavor resulted in prices 
that were too low, thus forcing OMC to compete 
at market determined prices. SONIMEX (Societ6 
National d'lmport et Export), the national import 
monopoly, meets the excess demand for rice by 
importing it. Millet and sorghum imports, howev
er, are in the private domain. 

NigerN 

In Niger, OPVN (Office de Produits Vivriers du 
Niger) has the legal monopoly on the marketing of 
cereals. It does not buy directly from the produc
er, but acts as a wholesaler. Official prices are set 

uniformly by the Minister of Economic Affairs 
throughout the country for purchases and sales. 

The primary collection is done by village cooper
atives and approved traders. The traders must buy 
at legal minimum prices and sell to OPVN at this 
price plus a fixed commission, although the 
means for enforcing the minimum are limited. 
Village cooperatives buy from their members. 
Both the cooperatives and traders are financed 
th;ough the subprefects who receive money from 
the UNCC (Union National de Credit Agricole) 
which receives its funds from the Agricultural 
Credit Bank (CNCA). It is the subprefec's' job to 
approve traders, assign them different n.,.rkets, 
and to dispense funds. Traders deliver grain tu the 
OPVN warehouses and trucks pick up the grain 
from the local cooperatives. 

The grain is sold directly from the OPVN 
warehouses. Because the demand for cheap grain 
often exceeds supply, a rationing system exists. 
Purchasing by government employees is facili
tated by bulk ordering. 

Senegal 
From 1975 to 1980, ONCAD (Office National de 
Cooperation et d'Assistance pour le Developpe
ment) had the legal monopoly for the primary 
collection of millet and sorghum in Senegal. Until 
1975, trade in millet and sorghum was officially in 
the hands of private traders, ONCAD, which had a 
monopoly for groundnut purchases and sales, 
bought some millet and sorghum to sell to 
producer cooperatives ingrain-deficit areas. When 
it existed, it depended on local cooperatives to 
purchase from producers. It collected grain week
ly and stored it in regional warehouses. Some 
grain was allocated to a security stock and the rest 
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to commercial sale. ONCAD sold to producer and 
consumer cooperatives, stores, ad approved 
private traders. As with the other public sector 
marketing agencies, it was the legal importer of 
grain. Official prices were fixed for both purchases 
and sales. 

As of October 1980, ONCAD was disbanded 
because of operational inefficiency and financial 
irregularities. Its function as the provider of 
agricultural inputs was taken over by a newly
created agency, SONAR (Socidt6 National 
d'Approvissionment Rural). Thus far its function 
as a marketing agent for millet and sorghum (as 
well as for other products) has not been replaced. 
Commercialization of these crops is now officially 
in the hands of the private sector. 

Upper Volta 

In 1971, OFNACER (Office National des Cereales) 
was created and given a legal monopoly for the 
sale of grain to consumers. In 1974. the agricultu-
ral extension units (ORD-Office Regional de 
Developpement) were given a monopoly for 
purchasing for OFNACER. They subsequently 
withdrew from this job because of insufficient 
personnel and equipment. OFNACER now buys 
either with its own agents, or through traders who 
it specially licenses (agree). The buying campaign 
opens after harvest, once the purchase and sale 
prices have been fixed by the government. It buys
in selected areas, transports and redistributes the 
grain. It has warehouses in all major centers from 
which it is supposed to !3ell. In typical years, 
OFNACER purchases about 20% of the marketed 
grain. Before 1971, grain trading was legally 
entirely in the hands of private traders; since then, 
although OFNACER has a legal monopoly, there 
are no efforts made to enforce it. It buys where it 
can in areas where the free market price is lower 
than the official one. 

The following general characteristics of govern-
ment grain trading are common to these five 
countries. The government plays the role of a 
wholesaler. Only in Upper Volta does it buy 
directly from the producer. In general, there is at 
least one intermediary between the producer and 
the marketing agency-a cooperative, trader, or 
extension unit. Grain that it purchases from the 
middleman is transported to regional or central 
warehouses and redistributed according to priori-
ties of the government or perceived need. Much 
of this grain is destined for government em-

ployees (especially urbar). 
Government price policy, except in Mauritania, 

involves setting fixed, uniform producer and 
consumer prices. Exactly how the prices are 
determined is not clear. Each of the marketing 
agencies has incurred large deficits since its 
inception. No attempt is made here to assess the 
successes and failures of these various schemes. 

Private Settr Trade 
In all of these countries the majority of commer
cialized grain, i. e., 70-80%, flows through the 
private sector. A certain portion of this grain is 
traded through transactions that take place out
side the markets, through "house-trading" (direct 
contact between producers and consumers) or by 
way of intermediaries who conduct business 
independent of the market and are often linked, 
one to the other, by special arrangements (fiian
cial and other). The initial transaction often takes 
place in the village; from there, the grain may
continue to bypass the market or enter it. Most 
privately traded grain, however, does pass 
through the market. Five major marketing chains 
can be identified: 
1. Direct from producer to consumsr: 

This involves the producer marketing his own 
product, generally in small quantities, and the 
consumer purchasing directly from him at the 
market. 

2. 	 Producer to local trader to consumer: 
The producer sells his grain in'the market to a 
local trader, who purchases from many produc
ers. He may store it for a time, and then sell it 
to consumers, or turn it over the same day. 

3. 	 Producer to local trader to assembler to con
sumer: 
This chain is the same as above, but involves 
an 	 assembler who purchases in bulk from 
many local traders and retails the collected 
grain elsewhere. 

4. 	Producer to local trader or assembler to nation
al trader to the consumer: 
In this chain, instead of retailing the grain, the 
assembler sells it to a national trader (one who 
assembles grain from many regions) who in 
turn retails it. 

5. 	 Producer to local trader or assembler to nation
al trader to different regional traders to local 
trader, to the consumer: This chain, the 
longest, essentially moves the grain into a 
large urban area, and back out to the rural area. 
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In all of the above chains any one person 
(trader) may be assuming more than one function, 
and may be participating in more than one chain at 
a time. Benefits from marketing generally accrue 
at each step along the chain. The particular market 
structure for each transaction determines the 
division of the benefits between the participants. 
The degree of concentration varies from market to 
market and between regions. 

Traders purchase mostly on their own account, 
sometimes for the state. They are rarely special-
ized in one sort of trade, but rather function as 
conglomerates. In rural areas they are farmers as 
well. as commercial agents. In towns they also 
operate stores and mills. The largest traders have 
their own transportation and distribution net-
works. All traders are potential, if not actual, 
moneylenders. 

When the state intervenes it assumes part or all 
tie chain between the producer 3nd consumer. 
its ef;c'ctiveness depends on how much it takes 
over. The strongest benefits of the scheme 
.:,rus to the people who deal directly with the 

state qiincy and not necessarily to the partici-
pants .i the ends of the chain. 

The two systems, private and public, interact in 
several ways. In none of the countries does the 
state control all grain trading. and in most cases it 
d-oes not even control one entire channel. Thus, 
toc:Krs, producers, and consumers must decide 
how to react vis Avis the state agency. In areas 
where the marketing board operates, free market 
prices reflect this increased competition. Traders 
must behave so as to either minimize its effect on 
their trade, or. maximize the advantage they can 
take from it. 

Marketing Studies 

The marketing studies of the late 1960s and 
1970s focus on testing the hypotheses under 
which the state marketing boards were justified, 
evaluating their performance, and describing the 
way in which the two market systems function 
a;ad interact. Those undertaken by economists 
concentrate on assessing the competitiveness of 
the marketing system and the effects of the 
system on production, using the structure, con-
duct, performance paradigm. Anthropologists 
focus on the debt cycle and the social relation
ships that are a part of trade. 

Several raviews of the literature and annotated 

bibliographies exist: Arditi (1975, 1978). Harriss 
(1978) and C!LSS (1977). The sheer volume of 
works on this subject attests to the interest and 
effort devoted to it. The most extensive research 
in the region has been done in Nigeria, beginning 
with Gilbert (1969), Jones (1972), and Hill (1971. 
1972). These have been followed b numerous 
studies on the trade of specific producers as well 
as production studies that include a marketing 
component. Research in other countries de
veloped along similar lines, though it has been 
less extensive. 

The CILSS (1977) study of marketing, price 
policy, and storage of cereal grains in the seven 
countries of the CILSS is an overvew of the 
specific marketing arrangements and policies of 
the region. The point of the study was to diagnose 
the problems in the area of marketing, including 
an evaluation of the existing state interventions 
and to suggest solutions. One of its major 
conclusions and recommendations is that there is 
a lack of, and thus need for, data about the 
marketing behavior of individual farmers. Since 
1977 researchers have responded to the plea by 
Berg (1980) by concentrating on village-level 
behavior, as opposed to just looking at national or 
regional agr-ugates. The farming systems metho
dology ernp;sizes the importance of the rural 
economy as a system, each of whose parts plays 
an important role in the operation of the whole. 
Thus, while not always the primary focus of a 
village-k3vel study, marketing is now being looked 
at as part of this larger system. 

The marketing literature falls into two catego
ries: that which concludes by supporting the 
aforementioned hypotheses, and that which re
futes thern. The battle lines have been drawn 
along ideological lines, with CILSS (1977) and Berg 
(1980), and Harris (1978, 1979), respectively, 
representing these polar interpretations. One 
group of studies using an adaptation of the 
"structure, conduct, performance" (SCP)' analysis 
applied to price data concludes that trade is 
basically competitive. The other, using a more 
anthropological approach, interviewing farmers 
and traders about their relationships, concludes 
that trade is not competitive, and that the market
ing system aggravates the already marginal status 
of the poorer groups in society. 

7. For criticism of both the method of analyris and its 
application to West African data, see Harriss (1979). 
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All of the studiei, whether tot marketing at 
the national level, or about a small group of 
producei :.arketers, try to generalize about mar-
ket structure and draw conclutiions about national 
policies. Harriss (1978) complains ahout the "fet-
ishism of competition", the tendency for econom-
ists to concentrate on assessing the relative 
competitiveness of particular marketing channels 
at the exclusion of other aspects of the marketing 
system. A more poignant complaint would be 
about the fetishism of homogeneity. Although 
never explicitly stated, there seems to be an 
implicit assumption in most of these studies that 
the conclusions rnade aout market structure and 
trader behavior are consistent through out a coun-
try, an assumption that is hardly justified. 
Although assuming LWat market channels are 
homogeneous throughout a country makes for 
simpler policies, erroneous conclusions about the 
degree of homogeneity that exists leads to 
policies that are ill-adapted to the existing prob-
Irms, and may even aggravate them. 

What becomes apparent from looking at the 
studies made on this region, and which is a point 
that is ovwlooked by most writers in the field, is 
the diversity in types and locations of marketing 
channels in West Africa as a region, and in the 
individual countries. By looking, for example, at 
the studies on Nigeria as a group, or by combining 
both the descriptive and numerical analyses of the 
studies on Upper Volta, an important conclusion 
emerges. The physical infrastructure characteris-
tics of each region play a major role in determining 
the structure of private grain marketing in a 
particular region, and that by no means are these 
characteristics homogeneous throughout any 
country. We are wont to make national conclu-
sions from studies of one or two regions. The 
combined experience of the authors of this paper 
in Upper Volta suggests that such conclusions are 
erroneous. 

A study made in the Manga region of Upper 
Volta found that the different markets in the area 
are integrated with respect to price, that price 
differences between markets reflect time and 
distance in marketing, and that the margin of price 
difference is fairly uniform between markets at 
the different levels of the marketing hierarchy 
(Sherman 1981). The different grain markets in 
the region function actively year-round, especially 
the market in Manga itself, the regional center. 
They operate on a3-day cycle. Farmers bring their 
own grain to the market. Most gran is assembled 

in the market place,, !~ot in the vifges. The main 
roads are good enough to support truck traffic 
(most:. from Ouagadougcu) throughout the year 
ancl few t3rtiary roads are actually cut off during 
me rainy season. As a result, peasants are free to 
buy and soil grain when they wish-there is 
always a market for it. Prices rise from harvest 
through the rainiy season, as a function, among 
other things, of the growing scarcty of stored 
grain. 

Prices in any particuiar cark.at are uniform for 
the different categorcs of boyers. At first glance, 
one would attribute this to what appears to be the 
perfect case of "atomistic" competition. In the 
larger markets, there are numerous buyers and 
sellers. But, a closer investigation shows that an 
effective traders' association oversees this 
uniformity.8 The larger traders set the price as a 
function of the price in Ouagadougou, from 
whence come the a;semblers. The uniformity is 
maintained by observation and sanction. Only the 
peasants and female purchasers (btr brewers) 
are truly free to deviate in their price offerings, 
although a certain bargaining margin exists with 
respect to the volume measured. Farmers are 
generally aware of price differences between 
markets and were found to make cost/benefit 
type comparisons when deciding where and 
when to sell their grain. 

A similar study, considerably larger in both 
scope and pkysical area covered, was conducted 
in the Eastern Region of Upper Volta, the capital of 
which is Fada N'Gourma.8 There, grain rnartciing 
is a more seasonal activity. The roads are in a 
considerably worse condition. Also, markets in 
some of the area meet only once a week. Traders 
send buyers into the villages to purchase grain 
during the dry season, beginning at harvest, with 
the intention of evacuating large quantities before 
the rains. In many parts of the region, the villages 
ere virtually cut off during the rains, so that grain 
which is not exported before the wet season 
must await the next dry season. Peasants cannot 

8. 	The author conducted personal interviews with the 
major traders in the region over a 15-month period. 

9. 	Extensive research was done on all aspects of 
production and commercialization in the Eastern 
Region from 1978-80, by a team of researchers 
from Michigan State University. Separate reports 
present the results of the various parts of this 
research. See Wilcock and Ouedraogo (in presb). 
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easily tbiy and seli grain dwir . the rainy season. 
1,zu0-!;c'nj trad,'s as~istant assembies grain 
I, ' nighboring villiies; the amount of 

;r asji--,t is not sufficient to make two 
Z 1 1' costt oifecaiva. Thus, this form of 
nzri:n Q,,,es the trader a virual monop-wry ;or 
grain p-.rcnases uding the dry . Atema-
tives to selling to the r.,'nt :;',fr involve 

,'i .,ng i-.'n -- inrinv rainy season 
t"-. -i7 virtually ro outlet for grain sales beyond 
the village, 

Both the .,nra iEL-.rn Regions, with 
similar agtociirratic r:;rr. have very different 
grain markesarqj s tructures. In both of these 
regions, the private secor . apied its market-
ing techniques to both i ',he farmers' needs 
in order to make a profit. Inthe Manga Region, the 
market appears to be competitive, *,,wn.J in fact a 
study of pricing techniques shows that it is 
oligopsonistic. In the Fr' ,-iI egion, it is at least 
mc nopsonistic in p.;es. Because access is easier 
and the transporting distance shorter, the Manga 
producer profits from hiqher farmgate prices. In 
the Eastern Region, producer prices are necessar-
ily Ir;',:I. !Ab regions export grain to Ouaga-
dougou.. Va gc..,'emment's fixed price marketing 
policy may help the Eastern Region's farmers, but 
it offers no ae -ative to Manga's farrmers. For the 
marketing board, this m-i,ss that it is unable to 
purchase in a surplus region where its marketing 
c'xts would be low. A flexible price policy, with its 
roots in an uCAerstanding of the regional differ-
ences in mrark ting cost, could react to these 
differences, thus benefiting both producer and 
consumer. 

An 	important implication of the above is that 
future marketing research should take systems 
approach in order to give a systems view. 
Marketing structures reflect the social characters-
tics of people and adapt to the physical character-
istics of the region in which t1aiy are located, 
Research on a national markting network that 
covers a large and varied geographic and ethnic 
area must view this network as a system. The 
parts are linked. They may perform different 
functions and may be in different lacations, but 
each is important in relation to the others. The 
marketing system itself is reallya subsystem; part 
of 	 the larger food system and the cl:H :.rge 
commercial system. Complete investigation of 

grain marketing requires inquiry into the links 
between marketing and production, input distribu-
tion networks, credit, and other food marketing. 

While regional and village studies are necessary, 
they should be incorporated into a larger research 
framework. Alone they should be viewed with 
caution when drawing conclusions about national 
phenomena. 

In addition, the practice of examining marketing 
from either an conomic or an anthropologic 
perspective has ,evere shortcomings. Economic 
indir.Aors alone, price, numbers of traders, trading 
mnargins, etc., do not give a full picture of the 
marketing system; but neither does the anthropo
logist's kinship structures, status and role posi
tions, and modes of production. A combination of 
these approaches would illuminate not only what 
the market structure is, but why it continues and 
how it fits into the larger socioeconomic system, 
all of which are important for developing policies 
which will be effective. 

Major Issues for the 1980s 

An evaluation of the experience in grain marketing 
in the 1970s leads to one general conclusion: 
relatively little progress has been made toward 
ameliorating the problems that weie identified at 
the beginning of the decade. The institutions 
involved in grain marketing and the policies 
enacted to solve these problems have not pro
duced the desired results; production has been 
relatively stagnant and marketing boards have 
been relatively ineffective. The reasons given for 
these poor results vary from ill-conceived policies, 
which hav-, been shown to have had perverse 
results (different from expected or desired), to the 
lack of the infrastructure necessary to property 
implement policy. Thus the issues of the 1170s 
remain, though modified by experience, a6 lional 
insights, and new goals. 

The major critique leveled against the marketing 
policies of the governments of the WASAT, is that 
they have proven ineffective in attaining their 
stated goals, with the exception, as pointed cut by 
Harriss (1978), of their implicit goal of political 
viability.'0 The policies are popular with the urban 
population and public sector employees (the most 
vocal part of the electorate) because they have 
the possibility of purchasing grain at stable, 
relatively low prices throughout the year. Different 

10. 	The case of ONCAD in Senegal suggests that 
economic viability may be taking a more important 
role. 
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interpretations can be given to the critique. On 
one extreme, some may conclude that the goals 
are unattainable even on a theoretical level--that 
the existing market structure is such that state 
intervention is not necessary and, even stronger, 
that it aggravates the perceived inequities. It can 
also be taken to mean that the goals are incorrect 
-- that other goals are more important and that 
they should be redefined. There are still others 
who believe that the -;-Ns are genuine and 
attainable, but that the s undertaken.:',:;ici to 
achieve them have been ili-d'x1gned. 

The specific conclusion drawn depends largely 
on the ideological perspective of the writer. Three 
distinct points of view exist: The free marketer 
believes that the market, unfettered by govern-
ment intervention, distributes goods most effi-
ciently. The practical free marketer prefers the 
free market solution, but 3dmits that the govern-
ment, for political and other reasons, will not 
easily dismantle the elaborate grain marketing 
structures it has erected. The third point of view is 
that an economically efficient solution is not most 
important, but that the equity goal of the govern-
ment to offer stable, fair prices to producers and 
stable, affordable prices to consumers is correct. 
Generally, the writers pick and choose among the 
evidence to support their belief, 

Two important points emerge from these 
discussions." The free market perspective, alone 
or coupled with institutional realities, suggests 
that state intervention, for the purpose of stabiliz-
ing prices and redistributing grain, is (a) not 
necessary and (b)not practical, because of insuffi-
cient infrastructure and trained personnel. It is not 
an efficient solution to the problem. Here the first 
two perspectives diverge. The second joins the 
third and admits that the West African govern-
ments have a strong political commitment to state 
intervention. In the long run, these economies 
may be better off with no marketing agencies, but 
in the short run it may be difficult to eliminate 
them. They conclude that the important questions 
are: what has gone wrong up to now, why, and 

ll. All three perspectives are agreed that there is a role 
for the state inconstituting b.nd controlling security 
stocks. It is a public good-an acceptable and 
desirable domain for government intervention and 
one that would not be fulfilled otherwise. The free 
marketer believes the government should concen-
trate all its efforts here. 

what, if anytiiing, can be done (by changing their 
goals and/or their methods of operation) to make 
them effective and efficient. 

The feasibility of trying to attain food self
sufficiency by offering low consumer prices and 
adequate producer prices must be examined. Are 
they conflicting goals? If so, which is more 
important and how can it best be attained? What 
are the trade-offs? The role of the public sector in 
grain marketing must be reassessed, and alterna
tive marketing arrangements (public marketing 
boards, private trade, and farmers' cooperatives) 
in solo, or in combination, considered. 

The wealth accumulation of private traders 
seems distasteful to all but the traders them
selves; however, it is also recognized that their 
profit motive makes them extremely efficient, and 
they are likely to continue accumulating wealth if 
given the chance. Is there some way that the 
private sector and entrepreneurial initiative can be 
fitted into the development scheme, instead of 
trying to squelch it? Can the private grain traders, 
for example, be encouraged to participate in the 
distribution of inputs? 

The last issue deals with changing consumer 
preferences. Should shifts in taste to more 
western, nonindigenously abundant goods (rice 
and wheat products-bread and macaroni), be 
encouraged or discouraged, and how? This ques
tion is as equally important from a production as 
from a marketing perspective. Price policies, 
research priorities, and the emphasis on develop
ing improved technologies for one grain versus 
another, affect the relative quantities of different 
grains produced. Irrigated rice, for example, may 
be less risky, but it is also more costly in terms of 
capital resources. The consumption effects of 
production policies cannot be overlooked. Are 
items such as irrigated rice just a substitute for a 
cash crop?
 

Research Priorities 

Future research on marketing in the WASAT must 
be designed to provide the broad range of 
information about both peasant and trader behavior patterns, market structure and regional
flows of grain that is necessary to make effective 

policy. Unfortunately, research that is not either 
policy oriented, or motivated by policy concerns is 
unlikely to meet the policy maker's needs. This 
results in policy with insufficient data or necessi
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f3tes at Ieast a partial duplication of the research picture. This can be gather-d through a cmbinr

effort in order for the policy maker to have the tion of formal questionnaires and inf)rm+f discus

right information.'" sions. 

As in any rese ;cii, paring down the problem to We also suggest that in the pfocess of doing 

rna",,eable proportions is essential. Research of basic production research, ocrtalfi marketing infor

the 1970s concentrated on specific marketing mation shuld, be collected as part of the inter. 

regions, resulting in considerable information viewer's and iesearcher's regular iriquiries. Be

about specific regions, to the exclusion of an cause so much production research is conducted 
basis. the proiuction researcher hasunderstanding of the countrywide marketing sys- on a y &-'i 

tem-the links and how they fit together. the pj<s vOiv. of coilecting an -normous amount 

Regional diversity is an impotlant dimension o of data easily, for example, output quantites, 

the pror!nm of food distribution. Regional diffcr-	 relative amounts of purmhases and sales through
out tho agriculiural cycle, trading a!lernatives, roadences in trader organization and behavior, market 

channeis, and peasant output and comc-rc'alize- conditions and transportation availability, input 

tion patterns are significant. Inthe initial phase of sources, credit availabilit, grain storage facilities 

research for the 1980s, basic information must be and conditions, and market access. These few 

gathered from ail rmgions of the country so that pieces of information wculd not be a burden for 

the areas se;ected for the intensive part of the the production researcher and would be extreme

research can be chosen to represent the range of IVuseful for the marketing researcher, especially 

marketing/production situations that exist. Speci- in the early stages of his research. 
fically. information is needed on the entire hierar
chy from the producer through the urban traders 
and back out to the consumer, both urban and Conclusi(ofns 
rural. 

Fo; the most intensive part of this type of 	 The purpose of this paper has be3n to put the 
findings of research on grain marketing in theresearch, data must be gathered at several 

different levels: the market, individual traders, and WASAT into a perspective that allows recommen
dations for the direction of future research. Fivepeasants. Market data should include frequent 


and regular information about prices and quanti- major conclusions have been drawn.
 
1. The diversity of marketing channels, infrasties. Information about market structure is particu-

lady important: trader organizations. price setting tructure, geographic and climatic character
atechniques, market control and differentiation istics of each country militates against 

practices. For individual traders, in addition to the countrywide approach. In the past, studies 

prices and quanties of sales and purchases, data of one or two regions inside a country have 
of 	reducing erroneously drawn national conclusions,on 	operating procedures, methuJo3 

which have led to policies that are ill-adaptedcosts, evaluating and reacting to risks and making 
to the perceived problems. Future studiesdecisions are essential fnr unders;-anding why the 
should take a systems approach, identifyingmarket takes on its overall characteristics. At the 
the major forces in the marketing systemmost microeconomic level, data on the individual 

producer/consumer's behavior with respect to and investigating each, both on their own 

sales, purchases, and consumption complete the and for their part in the entire food system. 
Several levels of investigation are implied: 
geographical differences in produced and 
marketed quantities and intertemporal pat

12. 	 This is not to be misconstrued as meaning that terns of purchases and sales; roads and 
research for its own sake is useless. It is an transportation networks; storage facilities; 

efficiency issue. In a region where funds and economic groups and trader organizations; 
personnel are limited, the best use of such re- and government participation in production 
sources is to do research that addresses most and marketing activties. The geographical 
directly and completely the concerted priorities of 

areas have systems of their own that are 
the 	 population Also, a considerable amount of 

linked to the systems in neighboring regions
narrower-in-scope research on aspects of the grain 

and to the national systems. Once themarketing system in the region has already been 
overall picture is understood, more intensiveconducted. 
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re.search can concentrate on the most irn-
2. 	 portant aspects and specific key regions.Collaboration betwoen production and rear-

keti2. .....betwee pr tiandE ach 
otrt in 
 Is osrlationEoahcancontribue .t2uable inurrnation to the 

other's work. The marketing researcher car)
provide information about input markets and 
food m-rketing problems that may be constraints to adoption of now techniques or 
seed varieties. The production resenrcher 
can 9Cr,- the marketing researcher needed 
infur~r io~t about general characteristics of 
aaj aiea and about specific habits of farmers 
already studied. While this cf:1Ilaboration 
already uxists on a very inform:r basis in thefield, a more formal effort is needed. 

3. 	 Government policies have too often aggra-
vated the very problems they sought to 
alleviate. In canpart this be attributed to 
ill-designed policy, founded in a lack of 
understanding of the dynamics of the mar-
keting systemn and the variety of arrange-

ments that exist. It may also be the result of 
conflicting policy goals. For each country the 
goals must be reexamined and a realistic 
(both economically and politically) program 
designed. 

4. 	The economic literature has been criticized 
for its relatively narrow perspective, specific-
ally for concentrating on proving or dispro-


ving competitiveness, and its reliance on 
price data. The nature of marketing activities 
requires an understanding of both the eco-
nomic (industrial organization) and anthropo-
logic relationships that are part of the mar-
keting system, thus demanding the use of 
techniques from both disciplines. Omission 
of one or the other leads to an incomplete 
explanation of the dynamics of the market 
and the links between participants. 

5. 	 Lastly, while some useful generalizations 
can be made about the grain marketing 
systems of the countries of the WASAT, we 
suggest that enough effort has been de
voted to these generalities during the last 5 
years. On a regional level, the problems are 
well defined and the solution formulae well 
discussed. While offering a framework, gen-
eral solutions do not deal w ith the specific, 
political, climatic, socioeconomic and infras-
tructure characteristics of each country. It is 
in 	 these specifics that the key to well 
adapted policies lies. 
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Sorghum Marketing in india
 

M. von Oppen and P. P. Rao* 

India produces around 11.8 million metric tons 
(1977 /78 average) lufsorghum per Lnnum, which 
is about 17% of the total world production of 
sorghum. India's total area of 16.2 million hec-
tares under sorghum (1977/78 average) is about 
31% of tuha total world area under so7Jhum. Thus 
India cat i, considered a major scrgj~ium produc-
er in the world; however, i L sorghum yields are 
about half the world a-vcrLge. Within the SAT 
region, India grows 34% of the total sorghum 
production. Sorghum forms the staple food of a 
large number of people in the semi-arid regions of 
India, and it provides 6% of the total caloric intake 
per person per day (FAO 1977). 

Sorghum straw provides a m,,orshare of cattle 
feed in niii?.Thus both s r -ungrains and 
fodder co ,ibute to the Indian farmers' income, 
and effuts to improve the production of sorghum 
in India must take into consideration this dual 
purpose and utilization of food and fodder of 
traditional sorghum in Indian agriculture. 

Area and Production 

Sorghum contributes about 16% of the area under 
total cereals in India (Table 1), but it contributes 
only 8% of the total cereal production. Thus 
sorghum yia;ds are only about half of total cereal 
yields in India. 

Maharashtra, Andhra Pradesh, Madhya 
Pradesh, and Kamataka are the major producers 
of sorghum in India. These four states together 
contribute about 85% of the area under sorghum 
(Table 2). While Maharashtra has more or less 
continuously expanded its area and production of 
sorghum during the past 20 years, the states of 

Principal Economist and Research Technician, respec-
tively, Economics Program, ICRISAT. 

Andhra Pradesh and Madhya Pradesh. which until 
early 1970 followed the Fvime trend, have since 
reduced both their absolute area and production 
of sorghum. In Kamataka, dramatic decreases in 
area under sorghum were observed over the past 
10 years, but these were nearly made up by 
spectacular yield increase, ,o that production in 
this state declined only marginally. 

Among the less important sorghum-prroy'ing 
states the long-run decline in area and proclution 
of sorghum appears to continue, except for Tamil 
Nadu and Gujarat for which the figures for 
1975-78 indicate a sudden increase in produc
tion. 

Generally, the picture is that of a long-run trand 
towards specialization of certain states in sor
ghum production. However, the advances over 
the last decade, of high-yieldinj variatios (HYVs) 
particularly suited and adapted to some regions, 
have led to partial and poqsibly temporary rever
sals of such trends. It must be anticipated in the 
long run, that with increasing commercialization of 
Indian agriculture, the past trend of regional 
specialization with interregional trade will con
tinue to locate cropping patterns containing sor
ghum in all those areas that have a comparative 
advantage for such systems, i.e., primarily the 
rainfed areas of Maharashtra, Andhra Pradesh, 
Madhya Pradesh, and Kamataka.' 

1. In 1973, Maharashtra had 7% of its sorghum area 
under HYV, and in1978 this figure increased to 27%. 

2. Regions with a comparative advantage are not 
necessarily those having the absolutely highest 
yields; the comparative advantage for a particular 
crop exists where and when the demand price minus 
the cost of production gives, relative to other crops, 
the comparatively highest return. 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum inthe Eighties: Proceedings of the Intemiatiloo 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT. 
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Takla.1. AN fiafowe (fSft) wdi= vt~oc cocas &A ~Js d.bo In fthOW m@iwub me. 

Crops 1964/57 1958/61 1968/71 1972/75 1975/78 

Rice 31520 33706 37413 37621 39329 

Sorghum 
(36.2) 
17021 

(37.0) 
18026 

(37.1) 
18237 

(37.6) 
16139 

(38.2) 
16045 

Pealm t 
(19.6) 
11318 

(I. II ) 
1 197 

(18.1) 
12486 

(16.1) 
12345 

(15.9) 
11119 

Made 
(13.0) 
3734 

(12.3) 
433 

(12.4) 
5810 

(12.3) 
5905 

(10.8) 
5910 

FingW milet 
(4.3)
2 294 

f4.2)
2 52e, 

(5.8) 
2497 

(5.9)
2 384 

(5.7)
2 592 

SMf Mrlrs 
(2.6) 

5313 
(2.0) 

5087 
(2.5) 

4754 
(2.4) 

4.432 
(2.5) 
4697 

VWh8t 
(6.1) 

12383 
(5.6) 

12974 
(4.7) 

16941 
(4.4) 

18685 
(4.8) 

20859 

Brl 
(14.3) 
3450 

(14.2) 
3298 

(16.8) 
2692 

(18.7) 
2661 

(20.3) 
2345 

Total cereals 
(4.0) 

87036 
(3.6) 

91 183 
(2.7) 

100831 
(2.7) 

100174 
(2.3) 

102899 
(100) (100) (100) (100) (100) 

Figursa inperentheses are peMrentges.

Source: Govemmont of India. ANlIndia Estimaes of Area, Yiold and Production (vanous isues).
 

Market Channels co;i%11ed, it can be expected that market arrivals 
at present of sorghuia are between 15 and 20% 

Sorghum is primarily grown for home consump- of the all-India level. To better understand the 
tion in India. Estimates from various studies market channeal -! sorghum and other ICRISAT 
indicate that from 1972 to 1977 in the major crops, several studies were conducted by ICRI
producing areas, about 1G.. 15% of sorghum on SAT's Economics Program, some results of which 
average was sold in the mrnrket. Market arrivals are reported below. 
varied from state to state tTable 3). In Uttar 
Pradesh, Gujarat, and Rajastnan rnrr;a than 15% 
arrived in the market, while for Tamil Nadu, Market Surplus and 
Andhra Pradesh, ind Kamataka this was less than Market Access for 
10%. For Maharashtra, unfortunately figures are Different Farm Sizes 
not available. Looking at the data on market 
arrivals over time at the all-India level, it is found A detailed study of 20 villages was conducted in 
that after a low in 1974, market arrivals increased Mahbubnagar district to study the effect of 
not only for sorghum but also for wheat and market access on market surplus and aggregate 
especially rice. This may be attributed not only to productivity.
higher production during those years but also to In thase villacqs, farmers' marketable surplus 
price policies which made market access and on average is 28% of the total sorghum produc
interregional trade in food grains increasingly tion for the three landholding classes (Table 4). 
attractive, by the provision of marI<vt places as The market surplus increases with landholding
well as by the removal of food zoning and other size. It varies from 5% for the small landholding 
trade barriers. As has been shown elsewhere (von class to 40% for the large landholding class. Table 
Oppen 1978). this increasing commercialization 5 also classifies the data on the basis of distance 
leads to increasing specialization of crop produc- to the market, and the influence of the distance on 
tion accompanied by a growth in aggregate the market surplus. On an average for all landhold
productivity. In view of the fact that these policies ing classes, the market surplus is the highest with 
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Table 2. Area, production, and yield* of sorhum In meected atm of India, over time. 

1954/57 1a/61 1968/71 1972/75 1975178 

States Area Prcdn Yield Area Prodn Yield Area Prodn Yield Area Prodn Yield Area Prodn Yield 

Punjab and Haryana 267
(1.6) 

41(.5) 
156 29601.6) 

54(.6) 
182 220

i;.2) 
48

(.5) 
222 183

01 ) 
52

(.6) 
274 176

(1. 1) 
34
(.3) 

179 

Uttar Pradesh 

Rajasthan 

Gujarat 

Madhya Pradesh 

Maharashtra 

Andhra Pradesh 

Kamataka 

Tamil Nadu 

All India 

928 
(5.4) 

1 041 
(6.1) 

1467 
(8.6) 

1908 
(11.2) 
5586 
(32.8) 
2494 
(14.6) 
2613 
(15.3) 
744 
(4.4) 

17021 
(100) 

537 
(6.9) 
308 
(3.9) 
362 
(4.7) 
992 

(12.8) 
2784 
(35.9) 
1 172 
(15.1) 
1049 
(135) 
518 
(6.7) 

7751 
(100) 

378 

295 

247 

520 

498 

470 

402 

697 

455 

906 
(5.0) 

1 073 
(5.9) 

1362 
(7.5) 

1964 
j10.9) 
5882 
(32.6) 
2559 
(14.2) 
2801 
(15.5) 
759 
(4.2) 

18026 
(100) 

570 
(G.2) 
318 
(3.5) 
303 

(3.3) 
1 291 
(14.1) 
3313 
(36.2) 
1405 
(15.4) 
1091 
(11.9) 
581 
(6.3) 

9142 
(100) 

629 

296 

222 

657 

563 

549 

389 

766 

507 

759 
(4.2) 

1 097 
(6.0) 

1314 
(7.2) 

2437 
(13.4) 
6054 
(33.2) 
2 657 
(14.6) 
2939 
(16.1) 
715 
(3.9) 

18237 
(100) 

456 
(4.9) 
395 
(4.3) 
400 

(4.3) 
i 5?3 
(16.7) 
2784 
(30.2) 
1213 
(13.2) 
1820 
(19.8) 
530 
(5.7) 

9209 
(100) 

601 

360 

304 

631 

460 

456 

619 

741 

504 

717 
(4.4) 
971 
(6.0) 
970 
(6.0) 

2122 
(13.2) 
5718 
(35.4) 
2709 
(16.8) 
2037 
(12.6) 
665 

(4.1) 
16139 

(100) 

470 
(5.3) 
337 
(3.8) 
321 
(3.6' 

1593 
(18.1) 
2577 
(29.2) 
1363 
(15.4) 
1578 
(17.9) 
504 
5.7) 

3326 
(100) 

655 

349 

333 

751 

439 

507 

765 

760 

545 

690 
(4.3) 
.758 
(4.7) 

1056 
(6.6) 

1930 
(12.0) 
6410 
(39.9) 
2248 
(14.0) 
1913 
(12.0) 
808 
(5.0) 

16045 
(100) 

491 
(4.6) 

276 
(2.6) 

562 
(5.3) 

1355 
(12.8) 
4422 
(41.7) 
1165 
(11.0) 
1535 
(14.5) 
742 
(7.0) 

10615 
;100) 

714 

360 

533 

702 

688 

520 

797 

918 

661 

a. Area in '00 ha. production i "000 tonnes; yield in kg/ha. 
Figures in parentheses indicate percentages. 
Source: Government of India. All India Estimates of Area. Yield and Production (various issues). 
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vuis, d sghum, 
whieL GA from vp ko whole-
uale asen mit*atsma w 

lle , Ekamwd w e uralw 

. peductim inkdiCd Staile of ndas, 
-tin. 

State/Year Sorghum Wheat Rice 

Andhra Pradesh 8.0 32.8 
Guarat 
Kamataka 

23.4 
7.6 

34.1 
14.1 

48,2 
16.0 

Madhya PmdeshMaharashtra 
Raastn 

13.7 
18.3 

22.033.5 
20.5 

18.87.2 
133 

Tamil Nadu 9.0 44.4 
Uttar Pradesh 29.4 20.2 23.0 
All India 11.5 28.1 24.3 

1972/73 14.3 31.2 23.6 
1973/74 
1974/75 

10.8 
8.8 

23.4 
23.9 

22.4 
22.0 

1975/76
1976/77 

11.2 
126 

30.5 
31.7 

262 
27.0 

a. Unwaiohted averajes of ti yors 1972/73 to 197C/77 
Source: Government of India. Jultltin of FooaStatistics. 1979. 

p. 17 

36% in villages with the nearest market distance 
(within 15 km) and the lowest with 18% in distant 
villages (over 25 km from the market). 

While small farms have only negligible quanti-
ties of sorghum as a marketable suiplus at all 
locations, large farms respond strongly to the 
increasing market distance with a decreasing 
marketable surplus of sorghum. Out of the total 
sorghum produced, 72% is retained on the farm;
51% is used for home consumption (for all 
categories of landholding class), 17% for kind 
wage payment and 4% for seeds. While kind 
payment and retention for seed are constant. 
regardless of the market distance, the home 
consumption of sorghum increases, especially in 
large farms with increasing distance to the 
nearest market. In other words, for large farmers 
in the vicinity of a market, sorghum must be 
considered as a commercial crop. 

Market Flows of Sorghum 
Through Different Channels 

In a marketing study of ICRISAT crops, 29 
markets were randomly selected in the semi-arid 

tropical areas of India. For sorghum, markets in 
Maharashtra and Anhra Pradesh were mainly 
considered. Estimates of quantities passing 
through different channels were made based on 
information collected from tr-lezs and farmers in 
these markets. Figure 1 gives the estimates of 
flows of sorghum through different channels in 
1974/75. About 22% of sorghum is sold in 
primary wholesale markets and 78% is retained 
on the farm. From the primary wholesale markets, 
7% goes to the local retailer, 10% to secondary
wholesale markets and 5% to erminal markets.woeaemresad5 olmnmres 
Again from secondary markets, about 5% goes to 
retailers and the remaining 5% to terminal mar
kets. Of the 78% retained on the farm, 50% is 
used for home consumption, 24% for kind pay
ment of wages and 4% is tetained for seeds. 

Producer's Share in Consumers' Rupee 

A detailed investigation into the prices and market 
margins in three markets in Andhra Pradesh 
shows that here producers receive about 85% of 
the consumers' iupee (Table 5). A study further 
shows that the producer's share in the consum
ers' rupee decreases as one looks at crop.s like 
pigeonpea, chickpea and groundnut becau.e for 
these products th3 amount of services required 
for transformation of the product into a consur
able commodity increases. Thus the relatively 
high share which producers receive of the con
sumers' rupee is explained not only by a relatively 
efficient market channel but also by the fact that 
sorghum does not undergo any physical transfor
mation while in the market channel. Cinsumers 
buy the grain as such and do the grinding
themselves with the help of local small-scale 
mills. 

Interregional Trsd 

A large proportion of sorghum is traded within the 
same district and between districts within the 
same state. Interstate trade of sorghum over long 
distances is also observed (Fig. 2), e.g., Maharash
tra, Gujarat, and Kamataka import considerable 
quantities from other states. Sorghum does not 
flow to the eastem region of India. Its trade is 
mainly concentrated within the SAT areas of India 
where it is the staple food. The interregional trade 
of sorghum is less than that of pigeonpea and 
chickpea. 
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Table 4. Production and percentage of market surplus of sorghum by fema In dlffmnt landholding assm and fvlth dMarent markt mes. 

(A) In % of A 

Land Production 
holding + wage in Payment Retained Retained Retained Marketed Market % of wage in 

class, kind received in kind for seed for house for future surplus kind received 

Vill1ages (0) consumption sales to production 

Near S 145.0 9.0 2.1 86.8 - 2.1 2.1 36.3 

M 290.8 21.1 2.6 55.4 1.4 19.5 20.9 1.6 

L 657.0 17.0 2.6 30.5 12.2 37.7 49.9 -

All 1093.8 17.1 2.5 44.6 7.7 28.1 35.8 4.1 

Middle S 145.7 9.9 1.5 78.3 - 10.3 10.3 .. 6 

M 238.3 19.4 3.3 60.3 2.1 14.9 17.0 1.6 

L 383.0 19.7 3.4 44.8 3.1 29.0 32.6 

All 767.0 17.8 3.0 56.0 2.2 21.0 23.2 5.4 

Far S 67.3 14.8 1.9 82.2 - 1.1 1.1 20.3 

M 126.1 18.5 3.3 70.9 - 7.3 7.3 5.7 

L 254.0 18.5 3.1 51.6 3.9 22.9 26.8 -

All 447.4 17. 3.0 61.6 2.2 15.3 17.5 4.3 

All S 358.6 10.5 1.8 82.5 - 5.2 5.2 31.5 
M 655.1 20.0 3.0 60.2 1.4 15.4 16.8 2.4 

L 1294.0 18.2 2.9 38.8 7.9 32.2 40.1 -

All 2307.7 17.5 2.8 51.6 4.8 23.3 28.1 4.6 

a. S = small; M = medium; L = large: A = all categories. 
0 = Quinta: (100 kg). 



T"bI 5. Average estimates of mekattg margns ripen per quinta) In three mukofto° for five selected 

crops, 197-76. 

Crops 

Item Sorghum Pead millet Pigeonpea Chickpea Groundnut 

Wholosale traders' level 
Gross margins 14.83 13.23 17.59 17.71 11.36 

(8.77)0 (8.03) (6.87) (7.10) (3.72) 
Net margins 7.85 6.47 6.76 6.96 6.09 

(4.64) (3.93) (2.64) (2.79) (1.99) 

Millers' level 
Gross margins 22.56 20.43 40.82 

(8.81) (8.19) (13.35) 
Net margins 11.54 11.55 16.81 

(4.51) (4.63) (5.50) 

Retailers' level 
Gross margins 7.08 

(4.19) 
6.18 

(3.751% 
12.27 
(4.79) 

10.92 
(4.38) 

23.50
J7.69) 

Net margins (4.85) 3.95 7.67 6.61 10.52 
(2.87) (2.40) (3.00) (2.65) (3.44) 

Producers' net price 144.58 142.66 200.13 196.84 226.09 
(85.49)' (86,63)1 (78.16)c (78.92)' (73.97) 

Consumers' price 169.11 164.67 256.04 249.41 305.66 
(100) (100) (100) (100) (100) 

a. Warangal. Khammam. Tandur. 
b. Figures in parentheses are percentages. 
c. Producer's share in consumers' rupee. 

Price Correlations In Sorghum Markets Prices Over Space and Time 

Price Index of SorghumThe correlation of prices reported from different 
markets provides a measure of pricing efficiency Over the Lost 15 Years 
of these markets. Price correlations vary between Sorghum prices have kept in line with the prices 
pairs of markets in different regions. Table 6 for other cereals over the last 15 years, but from 
shows the price correlation coefficients among 1970 onwards they have increased at a faster rate 
three Andhra Pradesh markets and 28 other than wheat and all cereals (Fig. 3). One reason for 
selected markets for different products. For sor- this recent price rise could be the decline in per 
ghum, the correlation coefficients are quite low in capita net availability of coarse cereals, particularly 
comparison with other crops. This could be from 1970 onwards. Incomparison, the per capitl 
explained partly with the high variability in the net availability of wheat increased over time, 
quality of sorghum; average prices, as they are while availability of total cereals remained more or 
being reported, do not generally refer to the less constant. According to Bapna (1976) "... the 
quality of the product. In addition, however, aggregate coarse cereal price increased at the 
sorghum markets cannot be expected to be highly rate of 10.5% per annum between 1951 and 
integrated (as compared with pulses) because of 1974, while that of wheat and rice increased by 
the fact that sorghum trade generally involves 8.4% per annum. The price of coarse cereals 
much shorter distances than does the trade of during recent years has reached and even surpas
pulses (Fig. 2). sed the levels of wheat and rice prices." 
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Seasonal Price Vatlation of sorghum 

S a? A study (f monthly prices for the years 1970-76 

N shows that seasonal price variation has a peak in 
September and a low in the months of February 
and March. The increase from the lowest to the 

L P . highest is about 16% in 6 months. Thus the price 
increase is about 2.6%/month. Interestingly, the 

1 : market arrivals of sorghum are 33% of the total 

7 :2 8 annual arrivals (average of 1970-76) in January 
2 1 - 0 -March and only 18% in July-September (Fig. 4). 

8.- Regional Price Variation 

: : . Mapping of sorghum prices, by district in four 
W 8 g states, shows some interesting regional patterns. 

cI 1957-64 there is not much price variationOO."O -During 
,M in sorghum between the districts in the four 

states, although prices for sorghum in northern 
S- o Kamataka tend to be the highest, while those in 

central Madhya Pradesh are the lowest (Fig. 5). 
j" -However, from 1965 to 1973, sorghum prices in 

Kamataka attained considerably higher levels than 
Madhya Pradesh, Andhra Pradesh, and Tamil 
Nadu (Fig. 6). Restrictions in interregional trade as 

.J 

aI . well as other food policies are responsible for this 
- 0 0 0-- differentiation of sorghum prices. After the gra-

D lifting of these restrictions from 1977 on
.dual 

E 8 ward, the original picture of relatively minor price,-O 

CO variation for sorghum across Indian districts is 
C. N E likely to have reestablished itself. 

SV Elasticities 

In India, producers and consumers of sorghumI" respond io changes in prices. This is measured inCC CT .
g the form of elasticities, i.e., the percent change in 

.E! change or income. 
0 

0 quantitiesin suppliedprice or demanded given a 1%8 

Demand Elasticities 

S- There are no estimates of the elasticities of 
044. demand for sorghum per se; however, since 

-Cc sorghum represents the largest share in the group 
C ru- 8 of "other cereals" (which together with rice and 
- S , wheat constitute all cereals in India), the elastici-
LM0 2 a ties measured by Radhakrishna and Murty (1980) 

E f3 0 0 for this group of products reflect largely the case 

S 0 21 of sorghum (Table 7). 
.- E _ < The estimates show revealing differences be

: I, * .. tween urban and rural consumers, especially inc :" 
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I 78% 122% 

Rotention on the farm Sold in primary wholesale marketr, () 
4%24% 7% aO 5 

omye Sed Pamerits LocalI S'icondary Terminal 
c,)Zfnptin in kind retailer rloi- market 

6% 5% Retailer 

Reatai ler Terminal
market 

Consumer Retailer I 

Consumr 
Figure 1. 	 Estimates of flows of sorghum through different market channels, 1974/75. 

Table 7. Demand efasticits of "ohumIn IL decreases with higher income groups; in theT______.____ad_____________________hum Idi highest income group (V) of urban population
Income elasticities Price elasticity consumption even falls with rising income. As 

-,fi"XnA prices rise, demand falls in all but the highest 
Group Rura! Urban Rural Urban 	 income group; in the case of urban consumers 

this tendency is about twice as strong as with 
1 .881 1.041 -1.541 -3.442 rural consumers. The highest income group of
II .557 .871 -1.030 -2.058 rural consumers shows a nearly zero response to 

III .511 .962 - .443 -1.187 sorghum prices and the urban highest income 
IV .186 .363 - .104 - .289 group even has a positive sorghum price elastic-
V .172 -. 450 - .078 228 ity, i.e., if prices rise this group's demand of 

Source: Radhaknshna and 	 sorghum increases. 

the higher income groups. Generally, with increas- Supply Elasticities 
ing income, consumption of sorghum increases The supply elasticities of sorghum available at 
with rural and urban consumers; the elasticity is present originate from a personal communication 
highest in the lowest income group (I) and it by Hans Binswanger of the Employment and 
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Name of state Production Estimated
 
(1000 	 market 
metric con) 	arrivals
 

an 7.of
 
production
 

8
Andhra Pradesh 1571 


18
Madhya Pradesh 1869 


Maharashtra 3622 NA
 

Rajasthan 306 
 31
 

SKarnataka 	 1815 5
 

ed Utar Pradesh 397 12
 

ujaos 	 s d16to)
Gho reard 32f ersn
 

A.	 Segment in circle
 

Is etimat d mar et
 
_9"arrivals,•':I-,;t 	 as percent
 

Short --irows (regardless of direction) represent
 
i flows to other markets within the district.
 

" Medium length arrows (regardless of direction)
 

Arrewi across state bord-er represent flows to
in other states-.
r~markets 


Width of arrow represents relative pro tion of
 

For example, 	in iAadhya Pr'A.esh, about 22% of the
 
sorghum arriving in the .alected regulated markets 
flows to Maharatthtra, 157. to Gujar. and 3% to 
Karnataka. Of remainder about 35% goes to 
markets ii ocl-ur e!stricts of Madhya Pradesh and 
the rematnisig 25'4.,taya within the districts of the 
markets wherc first sold.
 

Figure 2. 	 Production of sorghum, market arrivals as percent of production, and total flows (as percent 

of market arrivals) from selected food grain markets in selected states of India, 1974/75. 
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Rural Development Department of the World 
Bank, Washington. D. C. 20433, U.S.A. His 
research indicates that Indian sorghum producers 
respond rather strongly to sora!hum prices with 

from 0.2 to 0.8, depandingelasticities ranging 

upon which method of estimation is used. Thus, 

even though the marketed portion of sorghum 
produced in ;ndia may t low, farmers appear to 
be well aware of sorghum prices and actually 
respond 	quite strongly to its changes. 

Dualrty of Sorghum Grain as 
Determinant of Plies 

On any given market day, prices of sorghum may 
vary within a range of sometimes 15% or more 
around the average price. The price differences 
are caused by differences in the quality mix of 
market arrivals. Some qualities are positively and 
others are negatively related to price. Using 
multiple regression analysis, the variation in price 
due to quality can be estimated (von Oppen and 
Rao 1982). Not only evident qualities but also 
cryptic qualities are found to have a statistically 
significant influence on price. Among the evident 
qualities, red color and molded grain negatively 
influence price; also hundred-seed-weight posi-
tively affects price. Among the cryptic qualities, 
dry volume and protein content positively influ-
ence price and the absence of swelling capacity 

negatively influences price. 

Sorghum Fodder Markets 

Sorghum fodder is an important source of animal 
feed in India. Most of the straw is used for 
on-farm consumption. However, excess quanti
ties are scd in urban fodder markets. For a better 
understanding of the functioning of such urban 
fodder markets, these were studied inthe city of 
Hyderaoad. 

The fodder markels in Hyderabd are not 
organized or regulated as 3re the major gra;n 

markots in Hyderabad and elsewhere in India. The 
transactions are not officially recorded. The mar
ko yard is a piece of !3nd belonging to a group of 
persons who also act as commission a ents. 
Fodder is brought to these markets in cartloads 
from neighboring viilages from a distanco of 
15-70 km, and sometimes in trucks from dis

tances of 300 km or more. 
The mode of transaction is quite simple. Fodder 

is sold on aper cart basis; one cart contains about 
100 bundles. The seller displays a few bundles of 
his straw for the buyer to inspect. Other than in 
grain markets, there are no auctions in the fodder 
market and the commission agent (the owner of 
the market place) proposes a price to the satisfac
tici of the buyer and the seller. 

Seaoral Varletoon in Prirm 

The seasonal variation in sorghum fodder prices is 
depicted in Figure 7. Sorghum stalk is divided into 
five varieties that are commonly found in the 
market 	 (besides HW sorghum). For all the 

varieties of sorghum, fodder prices are high during 
the months of May. June, and July. During the 
postharvest months of November, December, 
and January. prices are very low.-The graph also 
shows that the variation in fodder prices was 
higher in 	1977 than in 1978. The reason is that 
from January 1978 fodder supplies began to be 
drawn from a wider radius, i.e., as far as Kurnool 
and Cuddapah districts, which are 300 km away 
from Hyderabad. 

Spatial 	 Variation of 
Sorghum Straw Pricea 

As already mentioned, sorghum straw is brought 
from neighboring villages. If price differences per 
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Figure 5. Average sorghum prices in selected states (average price by district) over 8 years from 

1956/57 to 1963/64 in rupees per quintal. 
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Figure 6. Average sorghum prices in selected states (average price by district) over 8 years from 

1964/65 to 1972/73 in rupees per quintal. 
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Figure 7. Seasonal variation in sorghum fodder prices. 

cartload (i.e., one hundred bundles) between the considered to lose their fodder value and thevillage and the Hyderabad market are expressed animals are reluctant to eat HW stalks. 
as a function of distance in miles for different 
types of sorghum straw jointly and relative to Value of Grain and Straw of Sorghumyellow tall straw (Table 8). a distance coefficient of The present study enables us to estimate the0.52 is found; i.e.. for every 10 miles the margin relative values of grain and fodder from traditionalincreased by Rs. 5.20 per cartload of sorghum and high-yielding varieties. Given the yield ofstraw. In other words, as distance increases, the sorghum grain and the yield of stalks from avillage price decreases in line with the transporta- particular plot, the total valuetion cost of about 0.52 Rs/m ile .p a t c a r p o , t of output can bee o al v ue f o t ut an bcomputed by multiplying with the appropriate 

market prices.
Variation in Price Due to For this purpose, averaged grain and fodderQuality of Sorghum Straw yields for the years 1976, 1977 and 1978 for blackand red soils were obtained from farming systems 
Yellow sorghum straw fetches a higher price per experiments at ICRISAT Center for local and HWunit of weight than white sorghum straw (the sorghum. The fodder and grain prices for sorghumfarmers consider yellow sorghum straw to be for the month of December 1977 were used inmore nutritious). Among yellow sorghum straw, Hyderabad and Kandi markets. (The Kandi weeklythe straw of shorter varieties fetches a higher market is located about 55 km away from Hyderprice than the tall varieties. One reason could be abad.) The results of the computation are prethat tall varieties cannot be fed directly to the sented in Table 9 and show that the v-' , ofanimals because the stalks are long and hard. It fodder for HW sorghum is only about 25% u..,ehas to be cut by a machine into small pieces total value of output (main product and bybefore it can be consumed. The HW sorghum product) whereas for the local variety it is 55%.stalk price is about 30% lower than the price of Consequently, the value of grain is 75% for HWlocal sorghum stalk in Hyderabad in November (it sort".um and only 45% for the local variety.was about 40% lower in Dokur village for 1977/ However, the total value of output for HW78). Because of this price discount, only negligible sorghum is only about 200-300 rupees/ha higherquantities of HY sorghum stalk arrived in the than that of traditional varieties. Even if themarket. According to commission agents, buyers comparison is based on the lower prices for localare willing to buy HW sorghum stalk provided yellow sorghum and HYV sorghum grown duringthey are green. After drying, HW stalks are the kharif season, the advantage in favor of HYV 
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T"Ie . Rlegeelo cede It(tvelue Inh plalnng the margln'f orghurn straw a s fuAne:ru brackts)
of quoatle relative to a r wm quait a distance to the wben foddar markst 

Distance 
in miles W. Small W. Medium Y. Small Y. Medium Intercept R2 

0.52 -5.45 -4.08 -14.32 -8.83 19.79 0.41 
(8.1) (-2.9) (-1.8) (-7.7) (-4.4) 

W . White sorghum; Y - Yellow sorghum. 
a. Margin is defined as market proce minus vilage price in Rs/cartload. 
b. Reference quality: "yellow tal.' 

Table 9. Contpaor, of fodder and grain values between and igh-vieli variede of orghum. 

Sorghum variety 

Locale HYV aProduct Item 

Grain Yield 1100 kg/ha) 12 31 
Price (Rs/tO0 kg): 

Osmangunj 126 84 
Kandi 107 77 

Value (Rs/ha): 
Osmangunj 1512 (45) 2604 (73) 
Kandi 1284 (45) 2387 (76) 

Fodder Yield (100 kg/ha) 66 48 
Price (Rs/100 kg): 

Osmanguni 28 20 
Kandi 24 16 

Value (Rs/ha):
Osmangunj 1848 (55) 960 (27) 
Kandi 1584 (65) 788 (24) 

Total Value (Rs/ha): 
(grain and fodder) Osmangunj 3360 (100) 3564 (100) 

Kandi 2868 (100) 3155 (100) 

a. Figures inparentheses indicate nercent to total value of production. 

sorghum amounts to not more than 500 to 600 grain yields, the resulting attractiveness to the 
Rs/ha. Considering the additional cost of produc- farmer would probibly greatly speed adoption of 
tion f HW sorghum, tWis relatively small differ- such a type. 
ence in total value of HW sorghum may explain 
the limited adoption of high-yielding varieties in 
many parts of India. Conclusion 

In view of the general importance of sorghum 
as a major source of grain and as fodder for cattle, India is a major sorghum producer in the world, 
the value of fodder should be considered in although its yields are only about half that of the 
breeding new varieties, world average. Yield increases through new 

If a hybrid sorghum with high quality straw varieties are possible; however, the adoption of 
could be developed without a serious decrease in new varieties may be constrained because of the 
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fodder value of traditional varieties and because of 
grain qualities preferred in the traditional varieties. 

The importance of sorghum straw as fodder in 
the indian economy emphasizes the need in this 

country to either breed new dual purpose 
varieties, i.e., those with both good grain qualities 
and good fodder qualities, or to offer the farmer 
alternative iechnologies which would permit him 
to plait special grain types of sorghum and special 
fodder types of sorghum (or any other suitable 
fodder crop) at the same time; improved tech
nologies of fodder conservation such as silage 
might have to be included in this technology 
package. 

In the end, the returns from new dual purpose 
varieties or from specialized grain and fodder 
production would have to exceed those from the 
local dual purpose varieties of traditional sorghum. 
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Some Imprtant Socioeconomic Issues
 
Concerning Sorghum irn India
 

H. R. Arakerl*
 

Sorghum is one of the four major cereal crops of 
the world. In 1979 (FAQ 1979), it was grown over 
an area of 50.879 million ha and the production 
was 67.268 million metric tonnes. Seventy-five 
per cent of the world area but only about 40% of 
production came from Asia and Africa, where the 
grain is mostly used as human food. The yield was 
0.69 t/ha in Africa and 0.88 t/ha in Asia. In North 
America and other countries, where the grain is 
used mostly as animal feed and in industries, the 
yield level was 3.4 t/ha. 

Sorghum is raised as a forage and silage crop in 
some countries, while in some other countics, 
industrial uses of the grain are on the increase, 
Results indicate that sorghum is about as good a 
feed grain as maize for pigs, cattle, sheep, and 
poultry (Anon. 1972). It is shown to be even better 
than barley and oats. Stover (stubble) is used for 
feeding animals in many countries where it is 
grown for food grain. Sorghum is mainly a crop of 
semi-arid regions although it thrives well in 
subhumid conditions. It is grown in tropical, 
subtropical and temperate regions of the world, 
Response to controlled irrigation is substantial and 
it can, therefore, be grown with advantage as an 
irrigated crop in limited water supph/ situations, 
Yields -s high as 4 t/ha have been obtained under 
irrigation i the UAR (Anon. 1972). Still better 
results are obtined in some parts of India. 
Biologically, sorghum is an efficient crop plant and 
it needs to be exploited to the fullest extent 
possib!e for the good of mankind, 

Chaim'ian, Agricultural Scientists Recruitment Board 
(ICAR). New Delhi 110001. India. 

Indian Situation 

India produced about 84 midion tonnes of cereals 
in 1971. Rice production was 38.74 million tonnes 
and that of millets and wheat was 24.40 million 
tonnes and 20.86 million tonnes, respectively. In 
1978/79. the level was 119.2 million tonnes 
comprising 53.8 million tonnes of rice, 34.98 
million tonnes of wheat and 31.12 million tonnes 
of millets (Anon. 1980). The position of millets has 
now moved down to third rank giving the second 
place to wheat. Rice, however, has retained its 
prime position and is likely to maintain the same in 
future.
 

The aggregate consumer demand for food and 
supply possibilities in 1985 and 2000 AD as 
projected by the National Commission o" Agricul
ture (NCA) (1976a) are given in Table 1. 

Sorghum requirements have not been worked 
out separately. Production possiblities, however, 
indicate that the level of 20.04 million tonnes 
could be reached by 2000 AD even by using the 
technology available now (NCA 1976b). 

Sorghum is grown in the semi-arid and sub
humid regions of the country. The area, produc
tibn, and productivity levels in different years are 
given in Table 2. 

There is an increasing trend in product;on as 
also in productivity. The area, however, is varying 
between 16 and 18 million ha. The projection 
made by the NCA indicates that even in 2000 AD 
the area would continue to remain at 17 million ha. 
Yield levels, however, would require to be raised 
from 0.48 t/ha in the 1969-72 period to 1.2 t/ha 
in 2000 AD. To achieve this level of production, 
various measures like the use of hybrids, fertiliz
ers, pest control, etc., would have to be adopted 

International Crops Research Institute for the Semi-Arid Tropics 1982. Sorghum inthe Eighties: Proceedings of the International 
Symposium on Sorghum. 2-7 Nov 81. Patancheru. A P.. India Patancheru. A.P India: ICRISAT. 
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Tablo 1. Aggreat. consumer delnan 
2000. 

and supply ps (ift.,fin miNion tonnes) of woals In 1I5 and 

1971 1985 Possible 2000 Possible 
Demand supplies Demand supplies 

Rice 38.74 Low 52.40 61.00 Low 6J.76 80.00 

WI"eal 20.85 
High 
Low 

58.60 
29.60 41.00 

High 
Low 

73.98 
41.04 50.00 

Other cereals 24.40 
High 
Low 

33.34 
30.93 40.00 

High 
Low 

45.89 
37.79 65.00 

Total cereals 83.71 
High 
Low 

30.73 
85.00 120.72 

High 
Low 

38.53 
147.59 195.00 

High 112.93 High 157.00 

Source: NCA 1976. Final report Part Ili:Demand and supply: Chapters 10 aid 11: pages 15 and 87, respectively. 

Tabl 2. Area (in milflon ha), production (Inmillion tonnes), arJ yIeld (tlhe) of sorghum grain Indifferent 
ybam In India. 

Area under 
Year Area irrigation 

?950/51 15.571 0.463 
1955/50 17.362 0.625 
190/61 18.412 0.655 
1965/66 17.679 0.714 
1973/74 16.716 0.677 
1977/78 16.318 0.805 
1978/79 16.125 0.719 

Percent area 
under irrig3tion 

3.0 
3.6 
3.6 
4.0 
4.0 
5.0 
4.5 

Production Yield 

5.495 0.35 
6.726 0.39 
9.814 0.53 
7.581 0.43 
9.097 0.5,4 

12.064 0.74 
11.563 0.72 

Source: Basic statistics relatinrj to .heIndian economy. 1950/51 to 1978/79. Central Statistical Organisation. Department of Statistics, 
Ministry of Plannir, Government of India: Pages 27 and 29, respectively. 

in addition to paying required attention to various 
socioeconomic issues. 

General Policy Issues 

Wheat and rice are considered to'be food graiti 
superior to sorghum and other millets for various 
reasons. Scope for converting the millet grains 
into animal products is temendous, but losses 
occur in the process of conversion. Possibilities of 
improving the quality of sorghum grain through 
breeding and processing for direct use also appear 
to be considerable. Serious attempts are needed 
in this regard. There are many policy issues which 
need attention at various levels, 

India Is a Millet Country 

From the point of view of the agro-climatic 
conditions, India is a millet country. But, the 
realization of this fact has not been sufficient. 
Without irrigation, paddy is grown only in heavy
rainfall regions of the country where the rainfall is 
adequate in terms of magnitude and spread. The 
analysis carried out by the NCA shows that only 
about 7-8% of the present paddy area can be 
hopefully supported with rain water which can be 
said to be more than adequate for raising the crop 
successfully. Twenty-five percent of the paddy 
area is irrigated. The remaining 66% of the area 
lies in the zones where rainfall is inadequate and, 
therefore, the yields are low. Only the low-lying 
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areas in these zones can be retained under paddy 
by diverting water from high-lying areas. 

Wheat is another important food crop which 
has been receiving good attention. This is a crop 
which is grown in the winter season and, as such, 
has to depend on moisture stored in the soil, or on 
irrigation. Suitable conditions prevail only in some 
parts of the country. 

It may be easily seen that the scope for 
increasing the area under paddy and wheat are 
very limited. Increase in the productivity level can, 
no doubt, be brought about by adopting intensive 
measures. Irrigation becomes the key factor in 
increasing the production of rice as well as wheat. 
There is always a limit up to which the water 
resources can be stretched. Therefore, the matter 
that needs examination is, whether it is more 
advantageous to use irrigation water for paddy 
which requires more water than other crops. 
Paddy needs three to four times more water than 
millets. If there is a shortage of cultivated area and 
excess of water, then the proposition of growing 
paddy under irrigation can be justified. In areas 
where water is scarce and the land that needs 
irrigation is vast, any scheme to grow paddy under 
irrigation cannot be substantiated on any account. 
As far as wheat is concerned, there is no reason 
why cultivation of wheat should not be extended 
wherever irrigation facilities exist. Wheat is as 
good as millets from the water use economy point 
of view. Temperature, however, becomes a limit-
ing factor. On the other hand, maize, sorghum, 
ragi, and many other millets have the inherent 
capacity to grow and yield well under harsh 
conditions where rice and wheat may not thrive 
well. 

In ser-e parts of the wheat belt of the country, 
it hus been shown that maize yields are much 
highar, even i;' the winter, than wheat. Similarly, 
sorjhum under irrigated conditions do very well 
e,en in the summer. Sorghum has been found to 
yield 15 t/ha of grain in 6 months in the southern 
parts of the country. The CSH- 1 crop sown at the 
end of January or the beginning of February is 
ready for harvest by the end of May and the 
ratoon crop can be harvested in August. Therefore 
in 6 months, two harvests can be obtained, 
Sorghum is shown to be better than rice, wheat, 
and ragi in this regard. Detailed studies would 
further unravel the potentialities of sorghum. 

National policy with regard to crop p;anning 
requires to be reexamined and reoriented keeping 
in view the water-use economy and overall 

production and productivity of various food crops 

Food Procurement Policy 

It has been the practice in the country, during the 
last decade or so, to announce the procurement 
and support prices for food grains. The procure
ment price for sorghum was Rs. 740 per tonne in 
1976/77 and 1977/78; it was Rs. 750 in 1978/79 
and Rs. 950 in 1979/80. This was raised to Rs. 
1050 in 1980/81. The prices are similar for coarse 
paddy, but they are Rs. 1100, 1120, 1150, 1170, 
and 1300 per tonne for wheat for the correspond
ing years. Every year, grain is procured to build up 
a buffer stock. The quantities of food grains 
procured internally in different years are given in 
Table 3. This stock is used for distribution through 
fair price shops in urban as well as rural areas. The 
stock is also used for meeting the needs of the 
rural people in the years of scarcity. 

Famines and scarcity conditions occur more 
often in drought-prone areas than in the favorable 
areas. It is the poor people who need the fcod 
grains in such areas- mainly coarse grains. When 
the stock consists mostly of wheat and rice, it 
becomes difficult to meet the demand for millets. 
Superior grains are costly and less sustaining than 
coarse grains. When there is no other way but to 
make wheat available in the areas where millets 
constitute the staple diet, the problem of misuse 
arises. To get over all these difficulties it seems 
advisable to procure and stock the coarse food 
grains also in required quantities. 

The notion stated to be prevalent against 
procurement of coarse grains is with regard to 
storage quality. It is believed that maize and 
sorghum grains do not store well and are prone to 
attack by storage pests. Ragi and other small 
grains, of course, store very well for a long time. It 
is further argued that there is not much market
able surplus of maize and sorghum grains. It is 
also common to come across distress sales of 
these two grains in some years and insome parts 
of the country. These grains are stored all over the 
world and shipped through long distances, pro
ving that they are amenable to long-duration 
storage. 

It was estimated by the NCA that about 25 
million tonnes of coarse grains would be required 
by 2000 AD to meet the needs of the animal 
industry. Unless production of millets is increased 
by adopting suitable measures it will be difficult to 
step up the production of animal products. Since 
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Tald 	 3. Intrre pr(curoraM t of v ous fed 

Other grains 

Year Wheat Rice 
including 
sorghum 

1968 2.373 3373 1.059 
1969 2.417 3.581 0.383 
1970 3.183 3.043 0.488 
1971 5.058 3.462 0.307 
1972 5.024 2550 0 0911 
1973 4.531 3.462 0.431 
1974 1.885 3.482 0.228 
1975 4.098 5.042 0.423 
1976 6.618 .999 0.232 
1977__ 5.171_ 4.642_ 0.147_ 

Source: 	 Bulletin of food sitatistics, 1978. Directorate oi Econo-
mics and Statistics, Ministry of Agriculture and Irra-
tion, Government of India 37 pp. 

there has been a worldwide demand for coarse 
grains as feed for animals, there would be scope 
for exporting the surplus production of these 
grains. 

There is need for convincing data to show how 
and why it is advantageous to increase the 
production of millets and also to procure and stock 
the same in large quantities. Research should be 
intensified in this regard and data made available 
to policy makers to enable them to take proper 
decisions and implement them. 

Need for Suitable Genotypes 
for Different Regions 
Sorghum is grown in areas where the rainfall is 
restricted to 4 months in a year, i.e., June to 
September. It is only in some parts of Maharash-
tra, Andhra Pradesh, and Karnataka that some 
rainfall occurs in October also. One of the most 
critical factors in the growing of sorghum is that of 
sowing the crop on time. Earlier sowings are 
preferred to avoid shoot fly damage and the risk of 
drought during the maturity period. Varieties 
grown in different areas vary very much in 
duration. Traditional varieties are such that they 
usually mature after the cessation of rains, 
Attempts are now being made to introduce 
hybrids or high-yielding varieties of shorter dura-
tion that are suitable for varying rainfall situations. 

Introduction of hybrids and varieties which matureeadisr than the traditional varieties has brought in 
the problems of earhead pests and diseases since 

the grain formation and maturity take place when 
humidity is high and the rains are expected. The 
problem of drying the grain has also come to the 
fore because of cloudy weather at that time. It is 
for these reasons that the produce is brought to 
the market when still wet. Therefore, distress 
sales are reported to take place in some markets. 
Public sector organizations also avoid procure
ment to escape from the problems of storage. 

It would be advantageous in many ways to 
develop and recommend hybrids or high-yielding 
varieties which fit into the rainfall rhythm of a 
place rather than to introduce only early maturing 
types 	 irrespective of the duration of rainfall. 
Gardner (1972) has stated that "Maximum grain 
production can be attained by breeding for a more 
limited set of environments rather than breeding 
for very broad adaptability. This also has the 
advantage of protection against disasters due to 
diseases or insects which often attack a specific
genotype." It has been universally realized that 
maximum economic yields can be expected only 
when the growth pattern of the crop is well 
adapted to environmental conditions. 

Research approaches need to be clearly defined 
with regard to breeding of varieties for different 
agro-climatic regions. If short-duration varieties 
are introduced, measures will also have to be 
suggested to tackle the problems that go with 
them. A proper approach should be formulated 
and implemented at research as well as at 
development levels in this regard. 

Need 	 for Increased Attention 
to Rabi Jowar 
In Andhra Pradesh, Maharashtra, and Karnataka, 
rabijowaris valued most. The prices of rabijowar 
are usually higher than those for other kinds. The 
problems of raising rabi jowar are on the increase 
because of considerable soil erosion taking place. 
The soils aie getting less and less retentive 
because of the washing away of the top soil and 
they are becoming more drought prone. The 
problems concerning the development and re
lease of suitable varieties or hybrids, soil and 
water conservation, soil fertility nanagement, 
etc.. are the most important ones. Certain pests 
and diseases are also assuming a serious magni
tude. Research programs need to be intensified 
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urgently to tackle the problems of rabi jowar. It 
would be possible to do so only by strengthening 
the organizations at the state level. 

Consolidation of Land Holdings 

It is possible to stabilize as well as to increase the 
yields of sorghum only when the structure of land 
holdings in the country is improved. Due to 
various historical reasons, holdings have been 
divided, subdivided, and fragmented to such an 
extent that it is practically impossible to adopt any 
soil and water conservation measure based on 
contours. Contour cultivation is impossible when 
the holdings are narrow strips which run up and 
down the slope. With such a land holding struc-
ture, it is difficult to lay out the land for better soil 
and water conservation or to construct farm 
ponds for harvesting and storing water to be used 
for supplementary irrigation at critical stages. 
None of the recommendations pertaining to soil 
and water conservation except contour bunding is 
being practiced. Contour bunding is also taken up 
by invoking the provisions under land improve-
merit acts enacted by different states, but not by 
individual farmers. It is shown that contour bund-
ing is not effective enough unless other cultural 
and manurial practices are adopted. It has also 
been observed that for various reasons, struc-
tures are not being maintained properly. The only 
solution to this problem appears to be to consoli-
date the holdings in such a way that it would 
facilitate adoption of the recommended soil and 
water conservation measures. Unless these mea-
sures are adopted to the maximum extent possi-
ble, it is not going to be easy to increase 
agricultural production in the rainfed areas beyond 
a certain limit. If nothing is done in this regard as 
early as possible, the chances of retaining the 
existing top soil, which is the capital of the dry 
land farmer, will further diminish. It is already late 
enough and if the available chance is also lost, it 
would be as good as losing eternally all hopes of 
development of the semi-arid tracts. It is therefore 
necessary to formulate a policy with regard to the 
consolidation of holdings and implement it in the 
shortest possible time. 

Availability of Power and Implements 

The problem closely connected with land develop-
ment is that of power availability for farming in 
rainfed areas. The land is required to be leveled 

and laid out in a suitable manner to get full benefit 
from the water received through rain. The objec
tive has to be to store as much rain water as 
possible underground, in ponds and in the soil 

profile. It is also necessary to carry out all the 
cultural operations on time. The time available for 
these operations is very short. If the few available 
chances are missed, the year is as good as lost. 
There may be only one chance in some years. 
Sowing also has to be completed in a very short 
period. This cannot be done unless sufficient 
power is available either in the form of animals or 
machines. Similarly, there will have to be suitable 
implements for carrying out these operations 
efficiently. 

It may be of interest to note that it is mostly in 
the semi-arid and subhumid tracts in India that 
there are good and varying types of implements 
for carrying out cultural operations. One would 
come across different kinds of plows, harrows, 
drills, interculturing implements, land-leveling im
plements, etc., showing that the farmers in these 
tracts have realized the importance of good 
implements. What is needed in the future, howev
er, is to build up an organization for making 
available better machines and implements for land 
development as well as for carrying on other field 
operations. Sowing is a critical operation and the 
time available for it is very limited. It is for this 
operation that maximum attention is required to 
be paid. More research and development efforts 
are needed in this regard. 

Policy decisions have to be taken at various 
levels keeping in view the need and scope for 
building an infrastructure not only for carrying out 
research on machines, implements and tools, but 
also for making available, on a hire basis or on a 
custom services basis, the machines and imple
ments required for leveling 'and and for carrying 
out various agricultural oper.,;uns so that these 
operations may be completed in time. 

In summary, it is necessary to stress the need 
for a reexamination of the policies pursued up till 
now insofar as sorghum is concerned and to 
modify and reorient them in such a way that they 
would encourage production of millets and sor
ghum thus improving the overall productivity as 
well as production of food and animal products in 
the country. 

Seed Production and Supply 

Every variety of a crop is endowed with a certain 
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inherent production potentiality. The limit carn be 
reached by adopting recommended production 
technology, provided the sead is of the right 
variety and of the right quality. It has, therefore, 
been appropriately said that it is the seed that sets 
th7 limit of production. The importance of the 
seed 	 in increasing aigcultural production has 
been recognized since long ago. 

Historical 

New 	 crops and varieties have been recom-
mended for general cultivation for many years. 
Whenever new crops or new varieties were 
introduced or developed as a result of research, 
attempts were made to produce and distribute 
seeds 	of such varieties through the channels 
available and to the extent possible under the 
prevailing circumstances, 

It has been shown that the use of improved 
seed is one of the cheapest methods of increas-
ing production which mainly needed organization-
al efforts. Considerable emphasis has been laid on 
this program as a part of the overall national plan 
for agricultural development during the planning 
era starting from 1950. A n,.rnber of seed farms 
were 	 stared for the production of foundation 
seeds i,rJa number of farmers were enrolled and 
registered as seed growers for production and 
supply of certified seeds, with the main objective 
of making every taluk in the country self-
sufficient. 
With the release of new hybrids and high-

yielding varieties in the country in the 1960s, the 
program assumed an altogether different dimen-
sion and conception. The first seed testing labora-
tory was established in 1961. The National Seeds 
Corporation (NSC) wa. net up in 1963. The Seed 
Act was passed in i63 and the Seed Review 
Team (SRT) gave its report in 1968 in whih it 
made recommendations keeping inview the need 
for a strong seed industry in the country. In the 
initial stages, the seed industry made tremendous 
progress- considered as of a kind unparalleled in 
the world-in a short period. Douglas (1972) 
analyzed the situation as it existed in the b,gin-
ning of the 1970s and made important and 
relevant suggestions for the development of the 
seed industry in the country with special refer-
ence to sorghum. The position was analyzed in 
depth by the NCA and the findings and recoin-
mendations can be found in its interim report 
(1972) as well as in the 	final report (1976c). 

Intensive efforts to popularize sorghum hybrids
began in 1966/67. Progress achieved can be seen 
from Table 4. The area covered in 1979 was about 
15%. Coverage has been better in Maharashtra 
and Karnataka but only in the kharif season. The 
available hybrids and varieties have been found to 
be suitable to conditions prevailing in the months 
of summer and kharif seacns. The optimum 
period for sowing has been observed to be from 
February to June. Attempts made so far to 
develop suitable hybrids arid varieties for the rabi 
scaqen have jlst resulteJ in the release of a few 
varieties suited to sore areas on./ and they are 
yet to 	become popular. 

Present
 

The seed industry has been built up to a certain 
extent during the last 15 years. The question now 
is whether lh,eoc-izing infrastructure is sufficient 
to produce and supply the needed quantities of 
seed of the aporoprite quality. Ino sorghum seed 
requirements in 1985 and 2000 AD as projected
by the NCA are given in Table 5. It must be said 
that as far as production of seed is concerned, 
there is no dearth of farmers who are capable of 
producing :Ie needed quantity of seed. A good 
number of farmers have been trained, while many 
more can be trained in a short period. !t has been 
successfu!I,,shown that farmers in Inudia, although 
illiterate, have the capacity to absorb technology 
concerning seed production and to deliver any
quantity of Certified seed under an ?;reement 
with an agency. The problem, however, is in 
organizing a large number of farmers in different 
parts of the country and in motivating them to 

Table4. Area(InmIlllonha)undt-,cghumhybd,. 
YearArea Year Area 

1966/37 0.19 1973/74 1.10 
1967/68 0.60 1974/75 1.31 
1968/69 0.70 1975/76 2.19 
V!-9/70 0.56 1976/77 2.37 
1970/71 0.80 1977/78 3.10 
1971/72 0.69 1978/79 3.10 
1972/73 0.87 1979/80 3.G0, 

Source: 	 Unpublished data from the Planning Commission, 
Government of India, New Delhi. 
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Tale 5. Projected soo 7,; million ha) and production (inmillon tonnes) of sorghum seed In th, different 

state. Dat in pairenthses we In ha and tonnes. 

1985 2000 

Hybrids Varieties Hybrids Varietie, 

Area Prodn Area 

Total area under 3.88 - 3.88 
!ibrids or 
;r;-,proved varieties 

Breeder seed (A) (2.6) (2.6) 15.FS3 

Foundation seed (B) (316.0) (312.8) (382.6) 

Certified Seed (C) (39191.9) (38800.0) (24871.7) 

Total seed (A+B+C) (39510.5) (39115.4) (25260.2) 

Source: Final Report of NCA. Part X: Chapter 47: 43-46. 

produce seed of good quality. The seed produc-J 
by them has to be taken over, processed, and 
marketed. 

As estimated by the NSC, the total seed
processing capacity for all seeds put together is 
about 300 000 tonnes only. State corporations, 
cooperative organizations and private agencies 
deal inseed. These agencies enter into acontract 
with seed growers on mutually agreed terms. The 
seed thus procured is processed and marketed by 
the seed agencies. Government organizations, 
however, have withdrawn from direct seed busi-
ness in many states. 

ICAR institutes and agricultural universities 
have the responsibility for the production and 
supply of the required quantity of breeders' seed. 
The NSC continues to act as the national agency 
for foundation seed and also acts as acoordinator 
of th'e seed program in the country. A National 
Seed Program has been launched to strengthen 
the facilities of breeders' seed and foundation 
seed agencies in the country. All the agricultural 
universities are being involved in the program, 
with these universities being responsible for the 
production of breeders' seed and foundation seed 
for supply to the NSC. 

Various organizations for handling the seed 
business will have to be consistently and syste-
matically bui;t up in order to meet the increasing 
needs oT the cou"try. This will be possible only if 

Prodn. Area Prodn. Area Prodn. 

5.66- 11.34 

(3.1) (2.5) (3,61 (2.8) (2.1) 

(198.1) (443.0) (633.5) (267.6) (200.7) 

(11933.3) (79300.7) (113400.0) (25155.6) (18886.7) 

(13135.3) (79746.2) (114037.1) (25426.0) (19069.5) 

appropriate policies ate formulated and im
plemented at the national as well as the state 
levels. 

Policy with Reglurd to
 
Release of Varities
 

The general rule has been to release the varieties 
first and then gradually introduce hybrids. But, in 
India, a new technology based on C.)H-1 hybrid 
came into being in the middle of tk- 1I.30s. Later, 
"Swarna", a high-yielding variet' was released. 
So far, eight hybrids and seven varieties of 
sorghum have been released through the All India 
Coordinated Research Projr.; fRao 1980). A few 
hybrids have also been released by private firms. 
None of the varieties has become as popular as 
the hybrids. One of the important issues that 
requires careful consideration is w.. regard to he 
policy of releasing hybrids and varieties. 

The seed business has been largely concen
trated in hybrids since there is a certainty of sale, 
as well as money in it. A better margin of profit 
can be expected in the case of hybrid seeds, but 
not with varieties. The hybrid seed has tr be 
purchased every year; the farmer cannot retain 
his own seed. This gives a certain amount of 
assurance as far as the sale of hybrid seeds '13 
concerned. In the car,- of varieties, since the 
farmer can retain his uiw seed, there cannot be 
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any such certainty. Uriess there is an assurance 
of an attractive turnover, it will be difficult to 
attract entrepreneurs in the industry. Even the 
government-sponsored cooperatives or corpora-
tions cannot survive when the turnover is not 
assured at an optimum level. If the farmer is 
twinpted to keep his own seed when varieties are 
reheased suddenly, then the business in hybrids is 
likely to slump down ano it may take years to build 
up the trade again when hybrids tht are better 
than the varieties are developed and released. 

It has been shown that hybrids are better than 
thie varieties in many respects such as yield, 
quality of produce, tolerance to stress conditions, 
etc. Hybrids also provide increased employment
opportunities in the activities connected with 
seed production, processing, and marketing.
Varieties have :ertain advantages too. Here the 
farmer can retain his own seed. This is the main 
advantage and as a result the spre3d of a variety 
can be expected to be much faster than that of a 
hybrid. Another advantage claimed is that the 
seed cost islo';,,! as compared with hybrids. It has 
alsc b,;en expressed that timely availability of 
hybrid seeds cannot be ensured because of 
problems pertaining to the operation of commer-
ca! ,.:.:!e channels. It has not howev.zcr been 
reiz > that the cost of the seed is only a small 
fraction of the total cost in raising the crop and 
therefore, what matters is the extra yield one gets 
,., u tng hybrid seeds over the other types. It is

wi :,,, to say that the farmers are unable to pay 
for the seed. The farmers in India have demon-
strated that they would be prepared to spend on 
seeds if they are assured of timely availability and 
increased returns. Once the infrastructure is built 
up, it should not be difficult to make the seed 
available in the places where they are required 
and at the right time. 

Taking all these factors into consideration there 
is an urgnt need to crystallize thinking about 
these issues, evolve a policy and implement it 
scnrnuouo:,Aly so tht. proper incentives could be 
made available fcr the development of seed 
industry. 

Extension Effot 

As stated earlier, seed is an important input,
Awareness has to be brought about in the minds 
of farmers that it pays to use seed of good quality, 
Extension efforts in this regard have not been 
sufficient. Tests on farmers' fields using the 

certified seed as against any other seed common
ly available with farmers, are not many. Such tests 
will also serve as demonstrations. Sufficient data 
are required to be bWilt up, analyzed, and pre
sented to the extension workers by researchers, 
and by e)4tension workers to the farmers. The 
sed industry is also required to play its own role 
in this reg'rd. Creation of an awareness regarding 
the advantage of using quality seed is an impor
tant factor in building a strong seed business. 

Areas and Seasons for 
Seed Produclion 

Seed production cannot be expected to be very
successful in all areas and in all seasons. In 
general, dry and irrigated areas and off-seasons 
are preferable for various reasons. Such areas and 
seasons should be marked ott and appropriate 
seed production technology formulated and advo
cated for adoption by farmers. It is only then that 
the level of productivity of the seed crop would 
improve and the cost of the seed would come 
down. The unfavorable areas would ultimately get
eliminated. Efficient seed producers in areas 
which are more favorable will remain in the 
business. 

There is incroasing evidence to show that there 
is an urgent need for carrying out research to 
demarcate areas and seasons for seed produc
tion. The seed agencies including farmers are
coming to their own conclusions by ahit and miss 
method at heavy cost. Such costly exercises can 
be avoided if research is carried out in this regard 
and suitable recommendations made for the use 
of those interested and involved in the seed 
business, including seed producers. Research 
efforts in this direction are required to be stepped 
up immediately. 

Problems in General 

A number of problems have come to the surface 
in recent years, which are required to be solved. 
New problems are likely to arise in future. They 
will have to be identified in advance if possible,
and remedies suggested. The problems relate to 
quality control, transport bottlenecks, availability 
of credit, unhealthy competition, forecasting seed 
requirement, processing, packaging, storage, 
seed crop insurance, etc. A number of recommen
dations and suggestions are available in the report 
of the SRT (1968) and in the interim and final 
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reports of the NCA (1972; 1976c). These sholld 
be reviewed and appropriate action taken from 
time to time. 

Use and Supply of Fertilizers 

Fertilizers constitute the key input for stepping up 
agricultural production. They have played an im-
portant role in stimulating production all over the 
world. In India too, a similar impact is evident in 
recent years. It is of special significance to India in 
view of the low land: man ratio which is expected 
to be only 0.15 ha by the end of the century. 
Fertilizer consumption has increased from 0.34 
million tonnes in 1961/62 to 2.84 million tonnes in 
1973/74 (NCA 1976d). Provisionally. fertilizer con-
sumption during 1980/81 is placed by the Govern-
ment of India (1981) at the level of 5.58 million 
tonnes. 

Potential and Effective Demands 

Data on cropwise use of fertilizers is not easily 
available. Demand studies have been carried out 
in the country since 1965 when new technology 
based on high-yielding varieties was introduced, 
Comprehensive studies in this regard were car-
ded out by the NCA (1976d). Recent studies are 

those carried out by the National Council of 
Applied Economic Research (NCAER). Estimates 
made by the NCAER for 1977/78 and 1986/87 
are given in Table 6. 

Potential demand indicates technical possibili
ties and the estimate is based on the recom
mended rates. Potential demand is therefore the 
upper limit of fertili7er use for a particular crop. 
Effective demand on the other hand is based on 
the rates actually used and probable changes that 
may occur as a result of changes in the factors of 
demand. The actual use, however, is always 
!ower due to various reasons. The studies on 
effective demand aim at knowing the probable 
use in advance to enable realistic planning for 
production and supply of fertilizers. 

It is seen from the report (NCAER 1979) that the 
potential demand is abc - three times the effec
tive demand in case of sorghum although for all 
crops, the ratio is about two to one. This gives an 
indication that the effective demand for fertilizer 

as far as sorghum is concemed is slow in building 
up. This is reflected in the share of fertilizers for 
sorghum in the all-India demand for all crops. It is 
just 1.63% while the gross cropped area under 
sorghum is about 10% of the total cropped area in 
the country. The share in potential demand is 
315 600 tonnes out of an all-India total of 15.611 
million tonnes, i.e., about 2% of the total. Even 

Table . Projected offectve and potential demands (in thousand tonnes) of fuutl sr for 1977/fl and 

19MW. 

1977/78 1986/87 

Nutrient Sorghum All crops Sorghum All crops 

Effective demand 
N 40.1 2541.4 75.8 4389.5 
P20 
K(O 
NPK 

9.0 
6.0 

55.1 

760.4 
367.0 

3668.8 

19.9 
15.3 

111.0 

2004.6 
1400.3 
7794.4 

Potential demand 
N 80.6 4315.6 162.2 8281.2 
P2o 42.4 2094.2 84.8 4033.4 
I(O 32.9 1681.9 68.6 3296.4 
NPK 155.9 8091.5 315.6 15611.0 

Source: NCAER 1979. Pages 42-45 in Projection of fertiliser demand. 
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the share in the total potential demand is low 
indicating that the recommended dosages also 
am low as compared with other crops. 

Ci pwise estimates of effective demand for 
1977178 and 1986/87 have been made by the 
NCAER. The effective demands for sorghum for 
1977/78 and 1986/87 have been estimated to be 
55 100 and 111 000 tonnes of NPK which is 
1.50% and 1.42% of the total demand for the 
concerned years. The percent share of the all-
india demand is 1.56 and 1.72 for N, 1.18 and 1.00 
for P and 1.63 and 1.09 for K for 1977/78 and 
1986/87, respectively. Potential demand for totdl 
NPK for sorghum is estimated to be 155 000 and 
315 600 tonnes. 

It is but natural to expect such a situation 
because the area under irrigated sorghum is 
estimated to be 2.2 million/ha in 1986/87 out of 
the total projected area under sorghum of about 
18.2 million ha, although the area receiving 
adequate rainfall is indicated as 9.3 million/ha
leaving about 7 million ha in low rainfall zones 
(NCAER 1979). 

There are several constraints to using fertilizers 
in India. The study has brought out that less than 
half of the farming households in India (45%) 
actually used fertilizers in the middle of the 1970s. 
Percentages vary from about 92 in Punjab to 6.5 in 
Assam. The entire area owned by users was also 
not fertilized. Only 30% of the areas was fertilized 
although it was as high as 76 and 72% in Punjab 
and Kerala, respectively, and as low as 3 to 4% in 
Assam. The main reason given by the nonusers is 
nonavailability of irrigation facilities (48%). 
Another reason is stated to be nonavailability of 
credit (17.5%). It is however gratifying to note that 
only 10.8% of the nonusers have stated that they 
are not aware of fertilizers and another 10% have 
considered fertilizers to be harmful to soil. The 
remaining 13.8% have given some other reasons. 
Another important finding is that the majority of 
nonusers have been small holders having less 
than.1 ha (46.3%), '1-2 ha (25.3%), and 2-4 ha 
(16.4%). 

This study has clearly shown that fertilizer 
consumption is, to a very great extent, limited to 
irrigated areas and that small holders are not using 
fertilizers mainly because of the nonavailability of 
credit. It can be inferred from these conclusions 
why the use of fertilizers is not popular with 
sorghum growers. It is because sorghum is 
mainly a rainfed crop and another probable reason 
is the nonavailability of credit. 

684 

Cost Bwefit Rego 

The cost-benefit ratio isan index of the economic 
feasibility of a proposition. The physical retums 
and gross financial returns from sorghum as 
compared with paddy and wheat (FAI 1980), 
worked out on the basis of fertilizer prices in June 
1980, are given in Tab a 7. The ratio is observed to 
be !ess favorable in the case of sorghum. It is only
in the case of potash that the gross financial 
return on every rupee spent on fertilizer is more 
favorable than in the case of wheat and paddy. 
There are many other factors which affect fertiliz
er use levels. The important one is that of risks 
involved in using fertilizers. The risks involved are 
greater in the case of sorghum as it is mostly a 
rainfed crop and it is also prone to a number of 
diseases and pests, especially when the crop is 
sown out of season. 

The nonavailability of fertilizers and credit ,on 
time weigh heavily against the use of fertilizers on 
sorghum. In dry areas, fertilizer distribution cen
ters are fewer and financing institutions are also 
fewer and weaker. Corrective measures required 
to be taken are those concerning the timely 
supply of fertilizers by opening more distribution 
centers and the easy and timely availability of 
credit. In addition, technology is required t be 
improved further to get a better response to 
fertilizers by bringing about improvement in the 
time and method of application, and with regard to 
soil and water conservation measures. Timely 
availability can be improved greatly by appointing 
a few farmers as part-time distributors in every 
village and by stocking fertilizers nearer to the 
consuming centers. Recommendations have 
been made in this regard on a number of 
occasions during the last 20 years. Even then 
attention paid to these aspects cannot be said to 
be sufficient. 

There is considerable scope for improving 
fertilizer use efficiency by using appropriate imple
ments to place the fertilizers. Simple implements 
have been designed and recommended. The 
implements are not easily available either for 
purchase or on hire. Making these implements 
available on a hire basis will go along way towards 
encouraging farmers to use these simple devises 
for obtaining better retums. 

Extension Efforts 

As projected by the NCAER, only about 2 million 



Tabe 7. P r4 al and gross finndal returns on sorghum on the basis of pdlcs effecti ,':.m8 Juno 19O. 

Kg of grain required Gross financial returns 
to buy 1 kg on every rupee invested 
of nutrient on fertilizer 

Nutrient Paddy Walet Sorghum Paddy Wheat Sorghum 

N 4.59 3.72 5.12 2.62 3.23 1.09 

P10 5 5.19 4.21 5.80 1.35 1.66 0.69 

(as DAP) 
1(2 1.93 1.56 2.15 2.10 3.20 5.34 

Source: FAI 1980. Pages 72-74 inAnnual review of fertilise- consumption and production 1979-80. 

ha would be under irrigation in 1986/87. By 1985, 
as projected by the NCA, irrigated sorghum would 
be 1.5 million ha (NCA 1976e). It is seen that as 

much as 9 nIlion ha of sorghum is in adequate 
rainfall regions and 7 million ha in low rainfall 
regions (NCAER 1C79). In irrigated and adequate 
rainfall areas, th-rc- is no doubt about the advan-
t ges of using fertilizers. Even in low rainfall areas, 
the response to fertilizers has been shown to be 

enough and economical. What is neaded there-
fore is to intensify the extension efforts to 

convince the farmers about the advantage of 
using fertilizers. The quality and number of de-
monstrations are not adequate enough to give a 

good coverage in all the tracts. 

Supplemental lrrlgat~on 

Stabilization of sorghum production is possible by 

providing supplemental irrigation through various 
measures. The possibilities have to be explored 
and utilized. One of the measures is to divert 

some of the water resources, now being used fur 
raising paddy under irrigation, to low and medium 
rainfall areas. The need and scope for harvesting 

and storing rain water, for use during critical 

periods in adequate rainfall areas as well as in low 

rainfall areas, are eminent. Technologically, it has 

been shown that the scope for increasing as well 

as stabilizing the yields are tremendous in all the 

rainfed zones in general, and the low rainfall zones 

in particulr, by adopting the farm pond technique. 

Problems in the construction of storage ponds 

and in lifting and using the water stored are still to 

be resolved. As stated earlier, the holdings are not 

of an appropriate size and shape to facilitate laying 

of plots for harvesting and storing rain water. The 

contrivances needed for lifting and applying water 

are not easily available. 
The investments needed on the construction of 

ponds and on contrivances f *ftingwater are 
quite heavy for dryland farmts to bear. Credit 
facilities and also technical help needed in this 

regard are not easily available. As a result, soil and 
water conservation measures are restricted to 
contour bunding only. Follow-up action for popu
larizing agronomic practices that go with contour 
bunding is not vigorous. As a result, the use of 

fertilizers in dry-farming areas is minimal although 
farmers are convinced of the advantages of 
improving the fertility status of soils through 
judicious use of manures and fertilizers. Unless 
these handicaps are remedied, it will be difficult to 
achieve the level of production required to be 
achieved in the 1980s and by the end of the 

century. 

Use of Chemicals 
for Plant Protection 

In recent years, chemicals are becoming increas

ingly important as an input for raising agricultural 

production in India. The plant protection methods 

used before the year 1950 consisted mainly of 

cultural and mechanical methods, although che

micals were used for seed treatment and for 

controlling certain pests and diseases on some 

cash crops like vegetables. In 1955/56 the quanti

ty of chemicals used was about 16 g/ha and by 

1974/75 it had increased to 180 g/ha as against 

10790 in Japan, 1480 in the USA and 1870 in 

Europe (NCA 1976f). In 1971/72 the total quantity 

of chemicals used in the country for protecting 
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crops against ravages of pests and diseases was 
just 30 000 tonnes of technical material. It is 
expected to be 52 000 tonnes in 1980/81 (Gov-
emment of India 1981). The projections made by
NCA (1976f) indicate that by 1985/86, the level 
should reach 0.14 million tonnes. This shows that 
the tempo of development is not as it should be. 
The increase suggested by the NCA is in view of 
the need for preventing the losses caused to 
various crops. 

Present Position 

A number of diseases and pests including weeds 
are known to be responsible for lowering the grain
and fodder yield of sorghum. The insects and 
disease-causing organisms have been studied in 
detail in different parts of the world and various 
control measures have been developed and advo-
cated for adoption by farmers. The measures as 
recommended are being adopted in India only
when the pests or diseases assume serious 
proportions. 

Sorghum has never received much attention 
insofar as crop protection is concerned, except in 
the case of smuts for which seed treatment with 
sulphur has been the most effective method. 
Seed treatment has become popular in the 
country since it is a very simple and cheap method 
to control smut disease. As a result, the severity
of this disea3e is on the decline. 

Whenever polyphagus pests like army worms 
or grasshoppers have infested particular areas in 
an epidemic form, control measures have been 
adopted on a community basis under the provi-
sions of pest control acts enacted by various state 
governments. It was only with the introduction of 
hybrids in 1964 that the sorghum growers in the 
country became conscious of the fact that sor-
ghum also needs protective measures. The spec-
tacular yields of hybrids, reported in the begin-
ning, attracted the attention of sorghum growers 
all over the country and there was a scramble for 
seed which was sold at Rs.15-20/kg. The enthu-
siasm resulted in indiscriminate sowing of the 
CSH-1 crop, in and out of season, unmindful of 
the fact that it was susceptible to miany pests
especially when it was sown in cortsin parts of the 
year. Shoot fly was very damaging when the crop 
was sown between July and October. The crops 
sown between February and June were compara-
tively free from pests. Earhead pests and dis-
eases assumed serious dimensions in later years. 

An evaluation study of the High Yielding 
Varieties Program for 1967/68 and 1968/69, 
carried out by the Project Evaluation Organisation 
of the Planning Commission, indicated that the 
loss due to pests and diseases on sorghum hybrid 
was as much as 11-12% in 1967 and 29-42% in 
1968 (NCA 1976f). The severity of some pests 
was so great in some parts of the country that it 
has left a permanent scare about pests on hybrids
in the minds of growers. Even nnw, the popular 
feeling is that sorghum hybrids are very suscepti
ble to pests and diseases, including the Stnga
parasite, and that growing hybrids without an
adequate know-how and financial support is a 
very risky affair. The fact that hybrids grown in the 
normal season, when the traditional varieties 
were grown, are as safe is still to be driven home 
emphatically and convincingly. The seasonal 
aspect of shoot fly incidence is being increasingly 
understood and adjustments are being made in 
sowing dates to the extent possible. Chemical 
methods are also being dopted under certain 
circumstances. The earhead pests and diseases, 
however, are taking a heavy toll in hutmid areas 
especially if the rains occur wher, the crop is in the 
grain formation and development stage. Incertain 
areas, the Striga parasite is becoming serious. 
Attempts made to control it with chemicals is not 
proving to be very popular or rewarding. 

Constraints in Using Chemicals 

It is necessary to state again that the risk bearing
capacity of sorghum growers in general, and 
those in the low rainfall areas in particular, is low. 
The network of supplies and services organiza
tions is too sparse in the sorghum-growing areas 
to ensure timely supplies and services. Credit 
availability is also not adequate and timely. Under 
the circumstances, it is natural to expect a 
solution to these problems from the plant breed
ers in the form of resistant varieties. Agronomists 
and plant protection specialists can also make 
their contributions in the way of suitable agrono
mic practices and other simple methods which 
would help in keeping these maladies under 
control at less cost and effort. It is expected that 
there will be major breakthroughs in the ensuing 
years in this respect. Even then, there may not be 
any escape from using chemicals for saving the 
crop from these ravages. 

The main requirement to make sorghum grow
ers plant-protection conscious is to arrange for the 
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timely supply of quality chemicals along with the 
technical know-how. The package of technical 
know-how should include not only choice of 

chemicals and details of time and methods of 

application, etc., but also the safeguards required 
in using these chemicals to avoid the hazards of 
pollution. The organizations entrusted with these 
responsibilities have been weak and also the 
personnel manning the structure have not been 
adequately equipped to shoulder the responsibil-
ity. The crux of the problem, therefore, centers 
around inadequate organizations. Thp other short-
comings have been the absence of an appropriate 
quality control mechanism and inadequate 

arrangements in the supply and upkeep of equip-

merit needed for using the chemicals. 
In summar, it can be said that it is necessary to 

strengthen the extension, development, and the 
supplies and services organizations to better 
tackle the problems of pests, diseases, and the 
Striga parasite in the future. 
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Research Systems 

ML Busch and W. B. Lacy

Why study research? Does not studying research 
systems detract from the process of doing re
search itself? And, what is to be gained through 
the study of research systems? Such questions 
are worthy of consideration, for clearly the study 
of agricultural research systems is not an estab-
lished field of inquiry, 

Without belaboring these questions, let us 
attempt to answer them. First, it shculd be clear 
to all that agricultural research systems that are 
poorly organized are simply ineffective. We need 
to know more about research organization in order 
to determine what characteristics are likely to 
promote high quality research. Second, agricultu-
ral research emerged during the colonial period in 
world history and was designed to serve colonial 
interests (Busch and Sachs 1981). Many of the 
institutional structures, and even tacit assump- 
tions made by scientists during the colonial period 
have been held over to the present. Are such 
structures and assumptions valid? Do they pro-
mote development or dependence? Third, agricul-
tural research may inadvertently lead to undesir-
able social 3nd economic change. This suggests 
that a better understanding of the operation of 
research systems may help us resolve the appa-
rent antithesis between effficiency and equity. 

In this paper we begin by examining briefly the 
historical development of agricultural research. 
Then we examine the current structure of the 
research system. The next section deals with the 
process of research decision making. Finally, we 
deal with the products of research and their policy 
implications, 
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An Historical Overview 

Time and space do not permit a detailed analysis 
of the historical development of agricultural re
search systems. However, a brief sketch of the 
models used in agricultural research will help to 
focus upon the key issues to be confronted during 
the eighties. As noted previously, agricultural 
research in less developGd countries emerged not 
from the demands of farmers but, in large part, in 
response to the demands of the colonial powers 
for a wide range of tropical products. As Brockway 
(1979) and Spitz (1975) have noted, the transfer of 
plant material across the continents dates back to 
at least the 1500s. 

Until very recently, the model employed in 
virtually all agricultural research v.asvhat we call 
the diffusion model (Fig. 1). In the diffusion model 
the researcher acted uporn a research territory 
receiving certain signals in retum that indicated 
increased yields and/or retum upon investment. 
These research results were then diffused to 
farmers for use in their fields. Often, these 
research results were developed in the temper
ate, industrialized countries and passed on directly 
to farmers without close examination. This was 
particularly true in the case of foodstuffs, as most 
research actually carried out in the tropics con
cemed the so-called "export" crops. In general, 
the assumption was that research results 
obtained at experiment stations would be repro
ducible on farmers' fields if the farmers followed 
the proper instructions. As a result, farmers were 
often exhorted, and occasionally forced e.g., 
Comet 1965). to employ the allegedly improved 
methods. 

The diffusion model remained the dominant 
model for agricultural research and extension until 
well into the middle of the 20th century. It wa3 
frequently unsuccessful. What diffusion studies 
failed to note was that the farmer's goal was not 
so much to increase productivity as to obtain a 

Intertionl Crops Rmerch Institute for the SemiAkd Tropics. 1982 Sorghum in the Eightivsi: Proceedings of the Intonational 
Symposium on Sorghum, 2-7 Nov 81. Patancheru, AP., Inda. Patanchet, AP India: ICRISAT. 
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Figure 1. Models of agricultural research. 

livelihood. As the late Andrew Pearse (1980, p.20) access to credit (Rogers and Shoemaker 1971). In 
has put it: short, people most likely to adopt agricultural

"For the typical rural head of family, the central innovations were those most like the researchars. 
problem of livelihood is one of how to produce By the mid-1950s a model was developed 
or obtain by exchange or purchase sufficient which we have labeled the feedback model. 
food for all the year round to maintiin the Research was still conducted largely on experi
members of the family in acondition of 'normal' ment stations and rarely on farmers' fields. 
good health." However. after information was supplied to the 
As a result, agreat number of iactors other than farmer on the new innovations that research had 

economic and technical ones enter into innovation produced, the farmer was asked if he or she 
decisions (Mbithi 1977). Moreover, studies of -and more likely he than she-had adopted the 
diffusion processes frequs".:, pc :,ted out that new innovation and if not, why not. The result was 
people most likely to adol;t agricultural innova- a substantial improvement in the communications 
tions were those who were most cosmopolitan, process though it nevertheless remained a one
best educated, wea;thiest, and had greatest way process. The basic underlying assumptions 
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still remaind: It was assumed that he researcher 
had the right answers to the right questions. The 
farmer was only consulted to see whether or not 
the message delivered by the researcher (or his 
agent) had been received, 

More recently, with the development of so
called farming systems research, a new model 
has developed. We have labeled this new model 
the reconnaissance model. In this model, re-
search continues to be conducted in the original 
way on experiment stations. However, a new 
research territory has been added, that of the 
so-called farming system. This clearly represents 
a vast improvement over the older feedback 
model. However, it still contains certain serious 
drawbacks. As is illustrated in Figure 1, the 
research territory called a farming system is not 
the farmer's field itself. Of course, both farming 
systems research and the actual practice of 
farming by peasants tend to take place in precise-
ly the same physical location. However, the social 
location of the researcher and the farmer remain 
distinct. The tendency in farming systems studies 
has frequently been to approach the farmer and 
perhaps his or her family with an enormous 
battery of questions. Then, responses of large 
numbers of farmers have been collated and 
statistically analyzed in accordance with the re-
searchers' theoretical perspective. The questions 
however, have remained those of the researcher 
and not of the farmer. Moreover, often resear-
chers have presumed that the farmers' responses 
reflected the actual state of affairs and that the 
farmer was free to openly answer the questions 
asked by the researcher. In general, the farmer 
was rarely asked what questions he or she saw af 
relevant, or what the answers to such questions 
might be. As a result, while the perspective of the 
researcher was far closer to that of the farmer 
than it had been before, there still existed a gap 
between their understandings of the problems at 
hand. 

Most recently, a fourth model has emerged, 
that of dialogue. Here the researcher interacts 
with the farmer as an equal, as a partner in the 
research process. The research territory then 
becomes the farmer's field itself and the farmer 
becomes an active participant in the re33arch 
decision making process itself. To date, this has 
happened in only a few instances. Moreover, the 
results have been mixed because often resear-
chers tend to employ elaborate techniques that 
remain beyond the comprehension of farmers. 

However, this mode of research appears to hold 
substantial promise for it puts the researcher, to a 
far greater degree, into the everyday world of the 
farmer. We shall have more to say about this 
model later. 

The Current Structure of 
Research on Sorghum 

The developmcrt of intemational agricultural re
search centers is of recent origin and the develop
ment of an institute with specific focus on the 
semi-arid tropics is an even more recent event. 
Like most of the other international agricultural 
research centers (IARC), ICRISAT was organized 
on the model developed at CIMMYT (Wade 1975, 
p. 91). However, unlike many of its sister institu
tions. ICRISAT faces an institutional environment 
quite different and tar less likely to yield the same 
spectacular kinds of yield increases accomplished 
with wheat and rice. 

Specifically consider the following: 
1. Those farmers who are the ultimate target 

of new sorghurrt esearch are substantially 
poorer than those engaged in the cultivation 
of wheat or rice. Moreover, most farmers 
who cultivate sorghum do so under rainfed 
conditions in relatively poor soil (Kanwar 
1980). 

2. 	Markets for sorghum tend to be small and 
relatively fragmented. They are also suscep
tible to local or national price policies that 
discourage production. 

3. 	 The very poverty of most sorghum produc
ers in the semi-arid tropics makes it highly 
unlikely that any capital-intensive technolo
gy, based on high levels of inputs will be 
succes3fully adopted. 

4. 	Both wheat and rice have long been the 
subject of agricultural research in westem 
countries. CIMMYT and IRRI could, there
fore, draw from an immense body of scien
tific literature in developing varieties suitable 
for more tropical conditions. The very fact 
that sorghum is of substantially less econo
mic importance to the developed countries 
means that ICRISAT continues to have a 
smaller backlog of scientific information 
upon which to draw. 

5. 	 Most of the other international centers were 
established during a period of generally 
sustained worldwide economic growth. This 
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growth made possible the development of 
substantial numbers of them. However, as 
we enter into the eighties, the world eco-
nomy isin a far more precarious condition 
and further growth of the international cen-
ters is highly unlikely over the next decade 
(Evenson 1978, p. 226). 

6. 	The national research systems with which 
ICRISAT must interact are both varied insize 
and effectiveness and often incapable of 
effectively performing adaptive research. 

ICRISAT is located at the top of an increasingly 
complex and varied system (Fig. 2). It interacts 
with avariety of national research systems. These 
interactions are both direct as well as through the 
various field stations which ICRISAT has estab-
lished around the world. These national systems 
range from old established systems with large 
numbers of well trained scientists to newly 
established systems with virtually no trained 
scientists or resources. All, however, suffer from 
certain serious deficietcies. 

First, there is a tendency in most national 
research systems for money to be spent on 
commodities that have been researched for the 
longest time (Evenson 1978. p. 229). Such corn-
modities are nearly always export crops. Second, 
extension systems tend to be much larger than 
research sytems despite the fact that there is 
often little to extend. Third, reward systems for 
scientists tend to be poorly developed and even 
counterproductive. Such reward systems may 
encourage the best scientists to become full-time 
administrators, may reward seniority over quality, 
and encourage the publication of relatively esoter-
ic papers in western journals (e.g., Hargrove 
1979/80, p. 122). Clearly, such reward systems 
need to be altered (Chambers 1980), yet virtually 
no baseline data exist upon which to plan organi-
zational change. Indeed. Moseman's (1970 p.38) 
observations of a decade ago are probably still 
accurate: "In general. agricultural research in 
developing nations is more personalized than 
organized, and depends largely upon the initiative, 
vigor, and level of training of individual research 
workers. " 

Pressure to provide employment has left many 
agricultural research systems with large numbers 
of trained Ph. D.s and few or no resources. Yet, 
without access to scientific literature and certain 
basic research tools, relatively little research will 
be accomplished in national systems. On the 
other hand, a lack of resources may be used as an 

excuse to do nothing at all and is part of a 
self-fulfilling prophecy that sees research as 
merely the hallmark of modernity rather than a 
vehicle for development. 

Fir*1l1y, as Koppel (1979, p. 125) has noted, "it is 
clear ir not always admitted, that relationships 
between the international agricultural research 
centers and the national agricultural research 
systems are often characterized by divergent 
assumptions about who should and should not be 
doing what." In the past, researchers could 
consider their research successful if it resulted in 
an increase in the yield per hectare of a particular 
commodity (Bohnet and Reichelt 1972, p. 146). 
Currently, and in part due to the critics of the 
Green Revolution, researchers are being asked to 
take amuch wider range of factors into account in 
assessing both research problems and research 
products. 

The relations between research and extension 
raise another set of problematics. In many coun
tries, research and extension are organizationally 
separate institutions. Insome cases this may, and 
undoubtedly does, serve to put one more road
block in the way of the effective diffusion of even 
the mcst sound research results. Moreover, the 
researchers may find themselves effectively insu
lated from any contact with the mass of the rural 
population. 

A final element in research is the increasing role 
of private research and extension in areas tradi
tionaily reserved for the public sector. It should be 
remembered that private research and extension 
has as its primary goal, the creation of private 
profit. This may coincide and be compatible with 
the goals of public research. However, there is no 
assurance that it will. Indeed, Trigo and Pineiro 
(1981) have viewed with alarm the rise of private 
research institutions in Latin America. They note 
that increased private research has been tightly 
aligned with (a) the deterioration of public re
search institutions, (b) the virtual elimination of 
research aimed at small farmers, and (c) an 
increasing inability on the part of the public sector 
to determine the direction of technical chant 1e. 
While little or no evidence exists to suggest tMlat 
such is the case in the major sorghum producing 
nations, increasing private sector involvement will 
be a factor insorghum research in the 1980s. The 
role such research will play needs to be given 
greater attention by policy makers. 

Finally, we come to the farmers themselves, 
the kingpin in the entire research system. Yet, we 
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find that their linkage with the rest of the system 
is probably the weakest of all. Despite certain 
outstanding exceptions, many sorghum farmers 
are virtually unaware of the existence of research 
and extension services, let alone actively receiv-
ing those services. This is particularly unfortunate 
in that sorghum farmers have developed, over the 
centuries, a substantial backlog of folk knowledge 
relating to the crop. While undoubtedly some of 
that folk knowledge is erroneous, the record 
shows that practices which evolved in folk sys-
terns are more often than not well suited to their 
respective environments. As agronomist Pierre 
Spitz has noted: 

Thus, it is necessary that scientists not be 
convinced of the superiority that their know-
ledge of the agricultural sciences confers upon 
them, but convinced of the richness of peasant 
know-how. Science begins in this domain as in 
most others with modesty and the capacity to 
admit one's ignorance, not with arrogance and 
contempt (1979, p. 278, our translation). 

Processes of Research 

Decision-making 
An inde',standing of the structure of the sorghum 
research system must also include an examina-
tion of the processes by which that research 
system functions. While it is necessary to view 
the sorghum research system as a broad social 
system embedded in, influenced by, and influenc-
ing political, social and economic institutions, the 
research system is also a social network consist-
ing of individuals and groups of individuals who 
have needs, desires, goals, personality traits, and 
various experiences and who attempt to influence 
one another in a variety of ways. While scientists 
are often seemingly free to study what they wish, 
their interests may be strongly influenced by 
social psychological factors as well as structural 
factors such as political and economic forces. 
What scientists study, the methods and theories 
they use in their studies, and how they choose to 
present their results are all decisions which may 
be influenced by nonscientific vaviables. 

The demographic background of researchers 
and research administrators may influence, or be 
related to, the nature of agricultural research on 
sorghum. For example, Zuckerman (1977) in her 
study of Nobel Prize winning scientists found that 
they tended to have a number of demographic 

similarities such as having studied at one of only a 
handful of universitics and being comparable in 
age. Who are the sorghum scientists, research 
administrators and policy makers? What is the 
nature of their background and education? How 
homogeneous or heterogeneous are their back
grounds and experiences? Is there a potential 
insularity in their educational and research experi
ences?
 

These educational experiences and back
grounds are important components of the larger 
process that is known as career socialization. The 
career of an agricultural scientist entails numerous 
experiences and decisions which are continuously 
being reexamined and reformulated. Important 
choices entail the field, discipline, or crop speciali
zation itself, the specific research problems or 
questions, the choice of research methods and 
approaches, the identification of key concepts and 
the theoretical orientation. The processes by 
which these essential decisions are made are 
important for understanding the current products 
as well as the future possibilities of the research 
system. A number of people ina scientist's career 
may impinge on those decisions. These potential 
socializing agents may include one's immediate 
supervisor, a colleague in the scientist's depart
ment or research institute, a colleague in another 
agricultural science department or another re
search institute, a research assistant or techni
cian, a graduate or postdoctoral student, a former 
professor, a director of one's research facility, a 
client or potential user, or a research review 
committee. How do these various sources of 
influence affect the various dimensions of re
search for sorghum scientists? At what point in 
their careers are particular sources influential and 
who are the most important persons in shaping 
these research decisions? 

Equally important is an understanding of the 
nature of each scientist's research on sorghum. 
To what extent can it be characterized as basic, 
applied or development? Do scientists divide their 
time between research, administration, exten
sion, and teaching? How does this affect the 
quantity and quality of their work? 

Another important dimension in the process of 
research on sorghum is the role of both formal 
and informal communication. Carol Ganz (1976, p. 
387) recently examined the role of scientific 
communication in the process of technological 
innovation and concluded that "through improved 
understanding of the information flow and man
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agement variables involved in the innovation 
pik ess, considerable leverage can be exerted to 
improve the Pese~rih and Development process, 
and with it, reduce the costs or increase the 
benefits of research investment." Scientists com-
municate in a variety of ways but the nature of 
that communication and its effects on research 
are nt clearly understood. They communicate 
formal,, through the publication of journal articles, 
bulletins, abstracts, repc.nr, and newsletters. 
'rhey also circulate preprints and read and ex-
change papers at professional society meetings 
and seminars such as this one on Sorghum in the 
Eighties. In addition, scientists utilize data bases 
and information centers such as the Sorghum and 
Millets information Center (SMIC) which seek to 
collect, collate, and disseminate comprehensive 
information cn sorghum to research workers all 
over the world. The impact of these various 
sources of information on research processes and 
products needs to be more fully assessed. Which 
sources do sorghum scientists utilize to dissemi-
nate their findings? Which sources do they 
subscribe to and review regularly? How important 
are each of these formal communication sources 
in their research? 

While the formal communication system is 
generally recognized as very important to the 
research system, a neglected area is the informal 
communication network. Importantly, two recent 
studies (Kelly. Kranzberg, Carpenter and Rossini 
1977) concluded that people and not formal 
channels of communication are more effective for 
transmitting technical infornyi'o. Furthermore, 
these two studies admonished scientific and 
technical information suppliers to concede that 
the formal channels of cor-imunication are not 
that useful to researchers in organizations and 
that informal channels will contirue as the domi-
nant f'7rm of communication. Information is 
neeijed on the nature, extent and impact of the 
informal communication networks. With whom 
do sorghum researchers ccnmunicate regarding 
their research and how often? Is it oniy with 
scientists in their own departments and institu-
tions or do they converse across disciplinary and 
institutional boundaries? What is the nature of 
sorghum scientist involvement with various na-
tional technical committees relevant to sorghum 
research? What are the formal and informal 
communications among)scientists in national sor-
ghum research programs and related grain prog-
rams? To what extent are there communication 

linkages between national sorghum rescarch 
programs in different countries? What ara the 
communication networks between these scien
tists and intenajioral programs such as ICRISAT 
and the U.S. Agency for International Develop
ment sponsored Grain Sorghum/Pearl Millet Col
laborative Research Support. Program (INTSOR-
MIL)? What is the nature of contact between 
members of the sorghum research community 
and other nonagricultural scientists, administra
tors, funding agencies and extension staff, and 
farmers? Finally, how do these patterns and 
processes affect the outcomes of research? 

These issues ard questions regarding the 
processes of research are important for better 
understanding how knowledge of sorghum is 
produced and diffused within the scientific corn
munity ond to th.- lublic at large. Moreover, 
answers to these q,estions of the dynamics of 
sorghum research are also important for impro
ving the effectiveness and efficiency of sorghum 
research. 

Research Products 

The most effective and efficient research system, 
however, is of relatively little value if the products 
it creates do not serve their intended purpose. We 
take it as axiomatic here that sorghum research in 
developing countries is aimed at improving the 
level of living of peasant producers and increasing 
food available to consumers. Yet, as Dumont and 
Cohen '980, p. 44) have noted, "in the tinal 
analysis, food on the market is irrelevant as a 
remedy for hunger unless it can be bought by 
those who need it." This means that focusing 
upon the technical question of increasing sor
ghum production must be, and always is, inextric
able from the social question of the distribution of 
wealth and power. As Pearse (1980, p. 6) notes in 
his summary of the United Nations studies on the 
Green Revolution, technical chaijge is always 
associated with a change in social relations. The 
problem for both the scientist and the research 
administrator in the eighties will be how to assess 
the various kinds of potential products of sorghum 
research so as to choose those which will have 
the most beneficial effects on producers and 
consumers alike. This problem is compounded by 
the fact that there are vast differences amongst 
sorghum producing nations in infrastructure, in 
class structure, and in social relations (Ryan and 
Binswanger 1930). 
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As we look to the eighties, we need to know 
more about how to assess nw, .chnologies, 
how to improve the effectiveness ct 'ihe research 
system in terms of both its products and its 
processes, and how to establish a productive 
dialogue among small farmers, consumers, and 
researchers. Such tasks are made even more 
urgent by the necessity of supplying food for an 
increasing population. 

Conclusions 

In sum, sorghum research like other agricultura! 
research, requires an integrated institutional struc
ture which is adequately hifuded and devoted to 
food production for human consumption. The 
multi-layered structure should consist of intema-
tional, regional, nationa' ;nd local research institu-
tio .:; cordinat.d to . ,rve both producers and 
cor,-Lm3rs. "his resedrch system requires a 
community of well trained scientists who have 
adequate research resources and sufficient incen-
tives to pursue relevant research. In addition, it 
requires effective formal and informal scientific 
communication networks among all scientists 
involved insorghum related research. Finally, this 
system requires procedures for assessing the 
multiple consequences of reurrent research (e.g., 
yield stability, food quality, labor displacement, 
socioeconomic equity) and for evwAuating altema-
tive research trajectories. These are the chal-
lenges of the eighties. 
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Session 8 Socioeconomic Considerations
 

J. G. Ryan* Discum nt-I
 

Rather than review the five papers I was asked to 
discuss in the socioeconomic session of the 
"Sorghum in the Eighties" symposium. I propose 
to build upon some of their" themes and add a few 
of my own. Iwill take asomewhat broader view of 
the constraints to sorghum production, its market-
ing, and the conduct of research than the authors 
of the papers. This is not meant to unden-nine 
their useful contributions but to complement 
them. 

The paper includes a discussion of past and 
future trends in world sorghum production, con-
sumption and demand which highlights the palti-
cular problems which the countries of sub-Sahara 
Africa may face in the 1980s. The importance of 
documenting and understanding the adoption of 
"mature" sorghum innovations in the context of 

ex ante design of subsequent new technologies is 
then addressed. The role of markets, infrastruc-
ture, delivery systems, and related policy initia-
tives are considered as they affect sorghum 
production and adoption. Criteria for determining 
the allocation of research resources amongst the 
various sorghum producing regions of the SAT are 
included. Some discussion of possible future 
priorities in sorghum breeding follows with the 
penultimate section devoted to the potential 
contribution that a farming systems appoach to 
sorghum research could make in the eighties. A 
concluding statement then emerges. 

Sorghum Trends 
and their Implications 

The world area of sorghum now exceeds 503 
million hectares (Table 1). It has been growing 
since 1964 at the rate of 0.37 million hectares 

*Leader, Economics Program, ICRISAT. 

annually.' When combined with the steady 
growth in yields of 25 kg/ha per year over the 
same period (2.2%), the area expansion has led to 
an annual trend growth in sorghum production of 
1.66 million tonnes.2 This represents a compound 
annuai growth rate of production of 2.90%. We 
have estimated from a study by the World Bank 
(1977) that up to 1985 the annual rate of growth in 
demand for coarse grains in developing countries 
will be 3.60%. This compares with the estimate of 
Aziz (1976) for the less developed market econo
mies of 3.55% from 1980 to 1990 and 3.57% 
from 1980 to 2000. FAO (1971, est:'Aates annual 
compound growth rates of demand for coarse 
cereals from 1980 to 1985 of 2.69% for develop
ing market economie. These figures suggest 
that demand pressures for sorghum may build in 
the 80s and exceed historica' growth rates in 
world production. 

Sorghum production has grown at an annual 
rate of 3.80% in the developing countries of the 
semi-arid tropics (SAT) from 1964 to 1978. This is 
a much better record than in the developed 

1.Derived from linear trend lines fitted to FAQ data from 
1964 to 1978. The equation is: Area ('000 ha) = 

45230 + 370t, where t = time inyears and the figure 
(3.4) 

in rirentheses isthe estimated t-value of the coeffi
cient on time. The year 1964 implies t - 1.The R1 was 
0.48. 

2.The respective l"ear trend equations are: Yield 
(kg/ha) = 1008 + 2bt with R2of 0.74; and Production 

(6.0) 

('000 metric tons) = 45051 + 1657t, with RI cf 0.92. 

3.Additional demand not accounted for in the above 
projections may also derive from expanded use of 
sorghum as a source of feedstock for production of 
alcohol to replace oil. This isalready occurring inthe 
U.S. and Brazil (Schaffert and Gourley 1982). 

International Crops Resecrch Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Soighum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, AP India: ICRISAT. 
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Tabe 1. Auiw aveaP ra, Fducn, aOW yel of sorghum In vairous regions of the world, 1g75_73. 

Regions 

Semi-arid tropics 

A. 	 Le-ieloped market economies 
Oceania 

B. Less developed market economies 

Africa South of Sahara 
North and Central America 
South America 
Asia 

Rest of the world 

C. Developed market economies 

Africa South of Sahara 
North and Central America 
Asia 
Europe 
Oceania 

D. Leis developed market economies 

Africa South of Sahara 
North and Central America 
South America 
Asia 
Europe 
Oceania 

E. Centrally planned economiesb 

Rest of world (C+D+E) 
World (A+B+C+D+E) 

Subtotal (A) 

Subtotal (B) 

All SAT (A+3) 

Subtotal (C) 

Subtotal (D) 

Subtotal (E) 

Area 
('000 ha) 

485 


485 


12973 

1473 

2455 


17832 


34733 


35216 


356 

5841 


4 

144 


6 345 


632 

331 

271 


17 


1251 


7839 

15435 

50653 


Production Yield 
('000 tonnes) (kg/ha) 

924 1905
 

924 1905
 

8741 674
 
3845 2610
 
6607 2691
 

12298 690
 

31 491 907
 

"32415 920
 

418 1174
 
19137 3276
 

16 4000
 
560 3889
 

20 131 3172
 

778 1231
 
383 1157
 
613 2262
 

15 882
 

1789 1430
 

11959 1526
 
33879 2195
 
66294 1309
 

a. Source: Food and Agriculture Organization (varioLs years).
b. Before the early 1970s, FAO reported China's sorghum production as virtually nil. Instead, it was reported under millets. In the 

mid-1 9703. FAO began reporting China's sorghum production separately. We estimated earlier production as being half of the millet 
figures based on the proportions published by FAO after the mid-1970s. 
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countries, where production. has grown by only 
1.49% during the same period.' 

It would seem that the developing countries, 
including those in the SAT, will be in a more 
adequate supply-demand balance for coarse 
grains in the 1980s and 1990s than the developed 
countries. However, there are differences in 
sorghum production trends in the various regions 
of the SAT which suggest there will be substantial 
regional imbalances between supply and demand 
(Table 2). Only in the North, Central, and South 
American and other Asian SAT regions has sor-
ghum production grown faster than population. 

The United States Department of Agriculture 
(USDA 1980, p. i) in a recent study pointed out: 
"Sub-Saharan Africa is the only region in the world 
where per capita food production declined over 
the past two decades." In 1978, the index of per 
capita food production in the 40 countries of 
Sub-Saharan Africa (SSA) was about 21% below 
the level in 1961-65. InAsia, the index rose 15% 
during the same period, while in Latin America it 
rose 13% (USDA 1980, p. 2). Projected food 
import gaps for SSA in 1990 under various 
assumptions range from 9.5 to 21.1 million 
tonnes. In addition, estimates of unmet food 
needs in 1990 required to bring diets up to 

Table 2. 	Annual compound growth rates of sor-
ghum production and population Inoeven 
regions of the SAT. -

Annual growth rates (%l 

Sorghum Population 
production (projected) 

Region 1961-78 1978-1990) 

India 1.15 2.23 

Eastern Africa 2.19 3.25 

West Africa -0.39 4.14 

Southern Africa 1.82 2.89
 
Other Asian 
 3.36 	 2.66 
North, Central, South America 12.50 2.84 

Near East -2.03 3.26 


Sources: 	 FAO a'd projections from the International Food 
Policy RFsearch Institute data tapes. 

4.The growth rates have been derived using FAQ data 
(various years). 

minimum calorie consumption levels of 2300 
(cal/person per day) range from 9.1 to 13 million 
tonnes.5 Current food imports in SSA cost about 
600% more than they did in 1970 and represent 
220% of the 1970 volume (USDA 1980, p.6). As a 
result there are severe balance of payments 
problems. The present and prospective food and 
nutrition problem in SSA is both a production and 
distribution problem. This is unlike parts of Asia 
and Latin America where the problem is primarily 
one of distribution. In SSA "Aggregate supplies 
are inadequate-even assuming totally equalita
rian (sic) distribution" (USDA 1980, pp. 49-50). 
For the above reasons, it would seem that the 
major agricultural research and development 
efforts of the 80s in sorghum should focus on the 
SSA region. 

Arakeri (1982) points out that the projections of 
the National Commission on Agriculture, NCA, 
indicate a satisfactory supply-demand balance for 
cercals in India in the year 2000, including coarse 
grains, provided yields (in the case of sorghum) 
could be increased by 70%. Yields of sorghum in 
India have been growing annually by 1.56% from 
1960 to 1978. At this rate it would take to the year 
2010 to reach the yield of 1.2 t/ha used by the 
NCA to arrive at its conclusion on the supply
demand balance for sorghum. If yields grow at 
2.16% annually, the target could b achieved by 
2000. This growth rate is wei' within the range of 
iossibilities as, since 1970, yields have grown at 
more than 7% per year. 

Arakeri 	suggests that demand for sorghum for 

human food in India in tile future is not projected 

to rise nearly to the same extent as demand for 
sorghum for animal food purposes. This is sup
ported by Aziz (1976), who estimates that for the 
less developed countries coarse grain demand for 
human food will grow by only 2.5% annually 
between 1970 and 2000, whereas coarse grain 
teed demand will grow by 5.3%. Expenditure 
elasticities derived by Radhakrishna and Murty 

(1980) for India indicate a much larger propensity 
to consume meat, fish, eggs, and milk products 
than coarse grains as incomes rise (Table 3). As 
the conversion ratio of grain to meat, poultry, 
eggs, and milk is very large, this will cause the 
derived demand for coarse grains, to feed ani

5.The USDA report points out that these estimates are 
comparable with those recently made by FAQ and the 
International Food Policy Research Institute (IFPRI). 
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reals, to grow rapidly in future. This will have 
implications for sorghum breeding strategies in 
the SAT in the 80s. In particular, there may be 
merit in conducting separate breeding programs 
for food and feed purposes in the SAT countries, 
perhaps also including evaluation of high sugar
sorghums being devc-loped in the J.S. and Brazil. 

Adoption Studies 

anT "3chnology Design 

High-yielding varieties (HYVs) of sorghum have 
been available in India for some 15 years. Latest 
figures put the adoption rate at only 16% of the 
sorghum area (Fig. 1). In their paper, von Oppen
and Rao (1982) present data on trends in the 
contribution of the various states to India's total 
.orghum production. When these are compared 
with state yield trends, some puzzles emerge. 
Sorghum yields in Gujarat and Ir.mataka have 
been growing at rates far inexcess of any other 
state. Since 1954-57 average yields in both 
states have doubled; yet during the same period 
their shares in India's sorghum area declined by 2 
and 6.4 percentage points, respectively.6 

Why did these states, where prcJuctivty has 
been growing fastest, and which presumably
therefore had an increased comparative advan-
tage in sorghum production, become less impor-
tant sorghum producers? Why did Maharashtra 
increase its share by more than any other state (7 
percentage points) during a period when its 
sorghum yields increased by only 40%? Part of 
the explanation ,or Kamataka's yield performance 
may be the higher sorghum prices von Oppen and 
Rao report for that state, which might have 
caused it to record the highest rate of adoption of 
HYVs (Fig. 1). But if sorghum prices in Kamataka 
have been so high, why has it had the lowest 
marketed surplus (7.6%), and why has its share in 
India's sorghum production declined so substan-
tially? By contrast, Gujarat has the second highest 
marketed surplus (23.4%), and only a 4% rate of 
adoption of HYVs, yet its yields have been 
growing at the highest rite. This requires further 
study. 

Incountries like India where "mature" sorghum 
HYV innovations have been available for many 
years there is a need now to study the reasons for 

6. These were the largest declines among the states. 

apparent ceiling rates of adoption. To date, eight 
hybrids and seven varieties have been released by 
the All India Coordinated Sorghum Improvement
Project (Araked 1982). Experience in the ICRISAT 
,ui!" ,.--Ieve;studies (VLS) in South India would not 
supp,, '.uch and Lacy's (1982) claim that most 
.orghurr, iaic 3rs are unaware of the existence of 
research and a.txtension services and of the HYVs 
they purvey. Simply because adoption is low for 
one crop in the farming system does not allow 
one to conclude this. We find that the same Indian 
farmers who grow hybrid cotton, HYV castor and
paddy, and use fertilizers and chemical sprays on 
them, often do not grow HYVs of sorghum.
Rastogi and Annamalai (1981) found that in the 
rainy season in five dryland centers in India well 
served by extension agencies and scientists, 
average adoption of HYVs of sorghum was only
22%, with a range of from zero to 100%. This was 
in spite of demonstration plots which yicied 
172% more than traditional plots and increased 
profits by 90% (Rastogi 1981). Rastogi and 
Annamalai found that adoption of recommended 
fertilizers and plant protection measures was 
equally poor (Table 4). 

The high cost of improved seeds and suscepti
bility of the high-yielding varieties to pests and 
diseases were the major reasons given by far
mers for nonadoption. High prices, fear of crop
failure if rains were inadequate, and capital con
straints were stated to be the reasons for non
adoption of fertilizer recommendations. Plant pro
tection was ignored largely because of its high 
cost, but also due to the lack of technical advice 
on timing and spraying techniques. The question 
of nonadoption of "mature" innovations hence 
would seem to be related more to the nature and 
characteristics of the technology available rather 
than to the availability of information and the 
socioeconomic characteristics of potential adop
ters. 

In a study of the reasons for the leveling off of 
adoption of hybrid maize at 55% of the planted 
area in El Salvador, Walker (1980) found the most 
significant determinant of adoption was potential
drought stress in a region. Nonadopters were 
generally those who had to contend with erratic 
rainfall regimes and shallow soils in the production 
of maize. Farm sizc, tenure, schooling, and use of 
institutional credit did not constrain adoption as 
much as environmental variables felated to loca
tion-specific topograp;"ical. climatological, and 
edaphic characteristics. The relative lack of de
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Source: The Fertilizer Association of India (various editions) and Government of India (1980). 
Note: Only major producing states are shown. 

Figure 1. Adoption of HYVs of sorghum in India. 

velopment of improved location-specific HYV sor- appropriate research strategy for achieving the 
ghum cultivars in India in favor of those with wide sixfold increase in the area of HYVs in India 
adaptability, may well be part of the explanation projected for the year 2000 by the National 
for the ceiling adoption rates we observe in Commission on Agriculture. 
Figure 1. Farmers' perceptions of the risks of adoption of 

An urgent research priority in the 1980s is to innovations were shown to be a major determi
undertake studies patterned on the Walker model nant of hybrid maize adoption in El Salvador by 
in India and in other countries having "mature" Walker (1981). Risk perceptions were far more 
sorghum technologies and low ceiling adoption important than risk aversion attitudes in explaining 
favals. Only then will we be confident that the adoption behavior, and, as found by others, risk 
p!F9a of Arakeri (1982) for development of more aversion attitudes were not influenced by the 
location-specific sorghum genotypes is the socioeconomic characteristics of farmers. Far
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Tab(* . ExPendkwu r meaidde for 'olhr e "rss J mot, fsh @g, adA1k in in.l 

Level of total Rural Urban 
real monthly 
expenditure, 

Other 
cereals' 

Meat, fish 
and eggs 

Milk and milk 
products 

Other 
cereals' 

Meat. fish, 
and eggs 

Milk and milk 
products 

(Rslcapita)
0-18.0 0.881 

18.1-28.0 0.557 
28.1-43.0 0.511 
43.1-75.0 0.188 


> -75.0 0.172 


Source: Radtiauishna and Murty (1980. p.50). 
a. In constant 1989-70 prices.b. Includes sorghum, pearl mit, rviie, barley. 

0.742 
1.170 
0.977 
0.827 
0.503 

2.533 
3.033 
1.065 
1.399 
0.585 

1.041 
0.871 
0.982 
0.363 

-0.450 

0.612 
0.815 
0.972 
1.025 
0.743 

1.200 
1.945 
1.190 
1.183 
0.757 

small millets, finger mit,.u, itkp.and their products. 

T" 4. Adopton of ro rnncmmed technoogy for sorghm Inraliftd proalct rea In india 1976/77 to 

Rainy season Postrainy season 
Technology components 

Adoption of improved seed 
Adoption of improved seed 
Use of fertilizers 
Use of fertilizers 
Use of recommended levels of nitrogen 
fertilizer 

Use of plant protection measures 
Use of plant protection measures 
Use of interculture and weeding 

Source: Rastogi and Annamalai (1961).a. The ranges refer to data over the 4years for the five 

lfnits 
I%) Mean 

farmers 22 

area 18 

farmers 25 

area 
 22 

farmers using 57 

>50% recommendation 
farmers 
area 

farmers 

postrainy season.b. It islikely that the HYVs inthis case are basae on the MaIdandi 
explain the high ;svels of adoption. 

na - not available. 

mers correcly perceived the differential perform-
ance of hybrids and local varieties under drought 
stresses in the various regions studied. The 
objective prob .bilities of drought generally' sup-
ported the bel~afs of farmers. Nonadopters be-
lievod that drought was more intense in their 
village and that local varieties were superior to 
hybrids in withstanding or escaping drought. 

In a linear risk programming study in Northeast 
Brazil, Goodwin et al. (1980) showed that even 

25 

10 

96 


Ranges Mean RMWy 

0-100 87" 62-956 
na 77b na 
1-79 41 14-79 
0-80 18 9-34 
10-85 45 20-47 

3-47 27 0-50 
2-21 11 1-30 
86-100 95 93-100 

centers in the case of the rainy season and fourcwnrain the case ofthe 

M-35- 1)locally improved cultivar released inthe 1930s. Thiscould 

with high level:3 of risk aversion, new sorghum 
technology should be adopted by farmers even if 
risks are perceived by farmers to be higher than 
they are. Reducing risk aversion to nii from 
moderate levels only increased farm incomes 
46% by employing optimum changes in enter
prise and technique choices, whereas removing 
risk misperceptions to nil increased incomes by
63%. If risk misperceptions were absent, then 
present levels of farmer risk aversion were shown 
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t3 not result in vastly different choices of techni-
que and farm incomes, 

Both Walker and Goodwin ot al. suggest high 
payoffs to the conduct of on-farm research and 
demonstrations to enable farmers to correctly 
perceive the yield risks they might face with new 
sorghum technologies. This must be a priority 
high on the research agenda for the 80s. We 
should not concern ourselves with the design of 
technologies with differentiol risk attributes in the 
belief that this will be required to ensure adoption 
by both risk averse and risk neutral farmers. The 
majority of farmers in developing countries do not 
seem to differ markedly in their risk attitudes 
according to the accumulating evidence from 
economics research. 

Arakeri (1982) contcrfds that fertilizer use on 
sorghum in India is limited to irrigated areas and 
that credit constrains its use by small farmers. 
Busch and Lacy (1982) suggest SAT sorghum 
farmers are poor and unlikely to use intensive 
technology. Jha et al. (1981) found that in 16 of 21 
districts of SAT India more than 80% of fertilizer 
adopters applied fertilizer to unirrigated HYVs of 
sorghum. Rates of application were higher on 
Vertisols. Overall, most farmers fertilized more 
than 60% of their unirrigated HYV sorghums with 
N, and used 21-40 kg/ha on the land they 
fertilized. Coverage and rates were somewhat 
higher on irrigated HYVs (Table 5). This evidence 
would not support Arakeri, and Busch and Lacy. 

Inareas where HYVs have spread widely, Jha et 
al. (1981) discovered this led to a higher propor-
tion of their area being fertilized, although there 
was no tendency for application rates to be 
higher. They suggest that districts having high 
rates of fertiliz:tr application per ha signify the 

availability of regionally adapted, fertilizer
responsive HYVs. Those districts having a small 
proportion of crop areas fertilized have inadequate 
institutional infrastructure. Using this scheme 
they identify sorghum districts in India where 
technological, institutional, or both factors play a 
role in inhibiting adoption and use of fertilizers. 
This approach can be used to help plan research 
and investment strategies in the 1980s. 

In a district analysis, Jha et al. (1981) found 
rainfall and credit were significant determinants of 
adoption and spread of N fertilizer use on HYVs of 
sorghum in India. However, they did not affect the 
rates of application of N. In a farm-level analysis, 
Jha and Sarin (1981) found that soil moisture 
status, timely sowing, farmers' education and 
experience, rotations followed, and fertilizer 
prices were important factors influencing fertilizer 
use. As variations in fertilizer prices in these data 
were generated by cross-sectional variability, Jha 
and Sarin suggest this implies regional imperfec
tions in retail fertilizer trade and transport. They 
conclude there are therefore high payoffs to 
infrastructural improvements which will have the 
effect of reducing fertilizer prices and increasing 
fertilizer demand. This must be accompanied by 
improved physical availability of fertilizers to be 
effective. In Aurepalle village in Andhra Pradesh, 
we have found there was a substantial effective 
demand for fertilizers for use on rainfed crops 
when we ensured the physical supplies were 
available in the village itself, instead of in the 
nearby town. No credit was made available-all 
transactions were on a cash-and-carry basis. 

The importance of credit in conditioning choice 
of technique-especially for small farmers, as 
emphasized by Jha and.Sarin (1981)-is illus-

Tabl 5. Modal classes of fertilizer application and spread of HYV sorghum In Indla, 1973/74. 

Modal classes 

Application rates Area fertilized 
(kg/ha fertilizer) (%HYV area) 

Nutrient Irrigated Unirrigated Irrigated Unirrigated 

Nitrogen (N) 41-60 21-40 >80 >60 
Phosphorus (PO) 31-40 21-30 >80 <40 
Potassium (K.0) 11-20 11-20 61-80 <40 

Source: Jha *t al. (1981). 
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trated 	by a linear programming analysis I per
formed using some factorial experiments con-
ducted by the All India Coordinated Research 
Project for Dryland Agriculture. There were four 
technique choices possible, each having different 
costs and profits (Table 6). Land was limited to 5 
ha and optimum plans were calculated for various 
amounts of working capital available to afarmer to 
invest in 	his land. No other constraints were 
imposed. 	Only after the farmer had access to 
more 	 than Rs. 1000 of working capital (Rs. 
200/ha) did the solution to the problem indicate 
that it was desirable to a.ply fertilizers to the 
CSH-1 hybrid sorghum (Fig. 2). If Rs.1000orless 
were available. CSH- 1 with local inputs was only
chosen. The balance of land which could not be 
sown to CSH- 1 due to shortage of capital in such 
instances, would be leased cut to others. 

These results highlight the need for the design 
and demonstration of a range of technological 
options rather than a package of practices if we 
are to cater effectively to the great variability
which exists among farmers, even within relative-
ly homogeneous regions, in their resource endow-
ment ratios and access to factor markets. These 
issues are addressed in more detail by Ryan and 
Rathore (1978) and Ryan and Subrahmanyam 
(1975). 

Markets, Infrastructure, 
and 	Policy 


It seems clear from three of the four papers in this 
session, and from the work of Harriss (1981) that 
marketing arrangements for coarse grains in the 
SAT countries, especially those in West Africa, 
adversely affect production and also probably
technological change. Arakeri (1982) points out 
that sorghum/fertilizer price ratios in India are 
inferior to those of rice and wheat. Support pricing 
policies for coarse grains are virtually ineffective in 
India; when this is combined with their generally
lower price elasticity of demand compared to rice 
and wheat (Radhakrishna and Murty 1980, p. 51) 
the pricing policy leads to substantial depressions 
in price in periods of abundant supplies. 

Peterson (1979) has calculated the average
"real"prices of farm commodities in wheat 
equivalents, expressed in terms of the kilograms 
of fertilizer (at local domestic prices) that could be 
purchased with them. Real farm prices are more 
favorable to farmers in the developed countries 

Ta"le & 	 Pmflth and cnots of Mlsamweta sghum 
aeviti Ina Unse progrvwmnu axer

__.
 

Profits Costs 
Activities -Rs/ha-
-

Local sorghum variety with 500 100
 

local inputs
 
Local sorghum variety with 973 535
 

100 kg N/ha
 
CSH-1 sorghum hybrid with 1607 200
loca: inputs

CSH-1 sorghum hybrid with 3300 853
 

150 kg 	N/ha
 
Leasing-out land 	 200 -

Source: 	 AllIndia Coordinated Research Project for Drnland 
Agricutture lunpublished data). 

5-

CSH-1 hybrid with,/ 

4- 150 ka/h- of N r 
,
 

c 3- ih brod 
0
o ith traditional
 

2 inputs
 

2005001000 2000 3000 4000 5000 
Working capital available (Rs/-) 

Figure 2. Optimum choice of activities for max
im umproits on a farmesf 5 a. 

imizing profits on a farm of 5 ha. 

than to their counterparts in the developing 
countries. For the 12 developing SAT countries in 
Peterson's analysis, the average real price was 
19, while for 22 developed countries the price 
was 35. Hence on average the production and 
sale of 100 kg of wheat grain equivalents in the 12 
SAT countries would buy about half the fertilizer 
that it would buy if produced and sold in de
veloped countries. Real prices in Niger are only 7, 
in Upper Volta 14, in Senegal 19, and in the 
Cameroons 16. 

Peterson's analysis suggests these distortions 
from world price levels involve social costs, in 11 
of the 12 SAT countries which he considered, of a 
total of U.S. $ 1970 million annually. Niger's social 
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costs represent 29% of its national incomc. Using 
agnculturl supply response elasticities, which 
Peterson estimates to be between 1.25 and 1.66, 
he calculates that if the 26 developing countries 
he considered had the real price levels of the 26 
developed countries (37) over an extended period, 
their 1969 output would have been about 220 
million tonnes (63%) higher than it actually was. 
Even if we use the supply elasticities mentioned 
by von Oppen and Rao for India of 0.2 to 0.8, the 
adverse effects of agricultural price distortions for 
developing country food supplies are enormcus. 
These distortions appear to be greatest in the 
African countries where the USDA (1980) projects 
the greatest food supply problems are likely to 
emerge in the 1980s. 

Sherman and Ouedraogo (1982) caution us 
against advocacy of single solutions to the prob-
lems of grain marketing in West Africa. Region-
specific solutions will not suffice, as each state 
(except Mauritania) has a monopoly on grain 
marketing. There are differentials in the physical 
infrastructural characteristics of each region and 
these affect the structure of private or parallel 
grain markets. One wonders why grain marketing 
research in West Africa concentrates so much on 
the marketing parastatals and the presence or 
absence of market competition. I estimate from 
Harriss' (1981) figures that less than 6% of grain 
production is marketed by parastatals in West 
Africa (Table 7). It is difficult to believe parastatals 
could be distorting grain prices all that much, even 
though they trade between 20 and 40% of the 
marketed surplus (Table 7, USDA 1980, p. 197; 
Sherman and Ouedraogo 1982). Parallel market 
prices are also 2-3 times higher than "fixed" 
prices in the official market (USDA 1980, p. 57). 

There would appear to be greater payoffs in the 
80s to policy research on rationalization of input 
prices, food grain trade, and imports. The USDA 
study (1980. pp. 343-345) shows that the largest 
potential impact on food supplies in SSA comes 
from a scenario where roads and infrastructure 
increase supply response elasticities. Self-
sufficiency ratios inCentral Africa were estimated 
to increase by 60-100% in this event, allowing it 
to become anet exporter instead of a net importer 
of grains. In a yet unpublished report, von Oppen 
and Rao (1980) have estimated smaller but 
significant effects of improvements to roads, 
communications, and density of agricultural mar-
kets on agricultural productivity. Unless these 
issues are explicitly addressed in the 1980s, then 

attention to domestic grain marketing issues and 
development of improved sorghum technologies 
may be like pushing on a string. 

More studies are required in the 80s aimed at 
quantifying the impact of current national price 
policies for coarse grains vis-a-vis their major 
competitors-rice, wheat, groundnuts, cotton 
and other "commercial" crops. For example, 
these policies might explain the decline in sor
ghum's share of India's cereal area from 19.6% in 
1954-57 to 15.9% in 1975-78 (von Oppen and 
Rao 1982), and the precarious nature of food 
supplies in the Sahel (USDA 1980; Sherman and 
Ouedraogo 1982; Harriss 1981). The USDA (1980, 
pp. 366-377) concludes that urban food habits in 
SSA need to be changed away from imported rice 
and wheat, thus increasing demand for traditicnnal
ly grown grains (maize, sorghum, millets). It is 
doubtful if this can be achieved by introducing 
new processing technology and changing con
sumer tastes as the USDA proposes. The effec
tive way would be to curtail imports of rice and 
wheat. This will help food self-sufficiency coals by 
increasing demand for and prices of traditional 
grains, improve deteriorating balance of pay
ments, and create essential li,-kzycis batween 
urban and rural areas where few exist at present. 

Research Resource 
Allocation Issues 

Which regions of the developing world should 
receive the highest priority in the allocation of 
scarce sorghum research resources in the 1980s? 
Unfortunately, the only paper which addresses 
sorghum research (Busch and Lacy 1982) fails to 
consider this important issue. They stress the 
importance of informal communication channels 
in the conduct of research and urge studies of 
how these patterns affect the outcomes of 
research. I completely agree with their assess
me?,t of the need for a dialogue between the 
farmer and the researcher in a farming systems 
approach. However, I fear that their agricultural 
research Model IV goes too far in ignoring the 
importance of research station activities. Without 
explicit recognition of the role of what Norman et 
al. (1981) refer to as the "body of knowledge", 
built up from cumulative basic and applied re
search, the quest for viable technologies from 
dialogue between farmers and scientists may not 
be fruitful. 
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Tab 7. State Intervention Ingrain marketing In West Afrika. 

Marketed surplus Proportion of production Proportion of production 
traded by parastatal represented by marketed marketed by parastatal 

Country Parastatal (%) surplus (%) 1%) 

Niger OPVN" 20 10-16 2-3.2 
° Upper Volta OFNACER 20 15 3 

Mali OPAM 1%40 15 ,Q6 
Senegal ONCAD' <30 15 ea4.5 

Source: HaImnss(1981). 
a. Office des Produits Vnmers du Niger. 
b. Office National des Cereales. 
c. Office des Produts Agncoles du Mali. 
d. Office National de Coop6ration et d'Assistance pour le Deveboppement. 

Tabe 8. Criteria used in establishing Indices for the regional allocation of research resources In tie SAT. 

SAT regions 

India Eastern West Southern Other N.,C.,S. Near 
Criterion Africa Africa Africa Asia America East 

Per capita income (GNP in U.S. S) 140 178 324 237 223 1288 2171 
Annual per caput income growth 0.0114 0.0081 0.0115 0.0036 0.0107 0.0032 0.0025 

per unit income 
1978 population ITCO) 660976 82033 128098 71 564 172555 240311 50263 
Projected annual population 2.23 3.25 4.14 2.89 2.56 2.84 3.26 
growth: 1978-1990 (%) 

Producticn trends: annual 1.15 2.19 -0.39 1.82 3.38 12.50 -2.03 
compound growth' (%) 

Present food status' ('000 kilo 1967 2043 2062 2062 2169 2637 2274 
cals per caput) 

Sorghum's contribution to regional 6 13 13 2 1 0 8 
food calories, (%) 

Regional contribution to SAT 34 10 15 2 1 34 3 
sorghum production, I%) 

Yield stability, R2 of linear 0.54 0.15 0.53 0.47 0.55 0.88 0.03 
trend) 

Man/land ratio (people/ha) 3.82 2.98 1.61 2.90 3.55 2.60 2.78 

Source: von Oppen and Ryan 11981). 
a. Crop-speofic indmces. All others are regon-pecific 

In a recent paper, von Oppen and Ryan (1981) in each region while the black segments refer to 
have used 10 criteria to attempt to determine the contribution of sorghum to the regions' food 
desirable patterns of regional research resource calories. Depending on which criterion is judged 
allocations for ICRISAT. These embrace both by research managers to receive the heaviest 
efficiency and equity concerns (Table 8). Five of weighting, the highest priority regions can oe 

the 10 criteria are presented graphically in Figure identified. For example, if present per capita food 
3. The areas of the circles refer to the population energy consumption is felt to be the primary 
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factor which should determine regional sorghum 
research strategies in the 1980s, then India, with 
the lowest per capi:,' calorie consumption of 
1967, should receive iho highest priority, whereas 
North, Central and South America should receive 
the lowest. Similarly, if poor historical production 
trends are considered most important, then the 
Near East rates first, and North, Central, and 
South America last. 

The graphical analysis cannot accommodate all 
10 research resource allocation criteria. Hence we 
have devised a composite numerical research 
resource allocation index (CONRRAI) that uses all 
10 criteria. By ass;,ning different weights to each 
criterion based on subjective assessments of the 
relative importance of equity versus efficiency 
concerns and adding up these weighted index 
values, we obtain for each region a composite 
index reflecting its relative priority. Two alterna-
tive weighsinrc schemes are shown in Figure 4. 
Method A assigns twice as much weight to 
population, current food status, sorghum's contri-
bution to calories, and the region's contribution to 
SAT sorghum production, compared with the 
other six criteria. Method B uses as the only 
criterion the region's share of SAT sorghum 
production. All other criteria are ignored. 

If one were concerned solely with efficiency 

40-

E Method A 

l Method B 

30

considerations then Method B might be utilized to 
guide research strategies. It suggests an equai 
emphasis on India and the North, Central and 
South American region, followed by West and 
then Eastern Africa. When equity concerns and 
other efficiency criteria are incorporated (Method
A), the emphasis should shift from North, Central 
and South America and India to Africa, the Near 
East, and the other Asian regions. The USDA 
projections (1980, p. 308) of import and calorie 
gaps using 1979 prices and real incomes suggest 
perhaps even greater emphasis should be placed 
on West and Eastern Africa than Method A would 
indicate. The West African SAT region is esti
mated to have 74% of the total SSA food import 
gap by 1990 and 15% of its unmet food needs. 
Eastern Africa's comparable figures are 21 and 
79%, respectively. 

The above analysis suggests that a more 
regionally dispersed research strategy may be 
appropriate for ICRISAT sorghum research in the 
1980s. In addition, it seems from accumulating 
research experience with sorghum and other 
crops that it may be difficult to develop improved 
cultivars at one headquarters location which will 
have wide adaptability across the SAT. Variations 
in day-length, duration, temperature, pests, and 
diseases seem to preclude this. 

India E.Africa W.Africa S.Africa O.Asia N,CS Near 
America East 

Figure 4. Suggested importance of each SAT region in determining the allocation of research 
resources using two methods. 
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Sorghum Breeding Strategies 

In India, it is apparent from von Oppen and Rao's 
paper (1982) that fodder from sorghum is an 
extremely valuable commodity not to be ignored 
in breeding programs. Their analysis shows that 
HYV grain and fodder prices are both some 30% 
less than local cultivars. HYV grain yields are 
160% higher than those of local cultivars, but 
fodder yields are 30% less. More research of this 
type is required in India to determine if the same 
relationships hold in other regions and invillages 
farther removed from the influence of large cities. 
It may be that the low levels of adoption of HVs 
of sorghum in India, reported earlier intheir paper, 
may be due inpart to the inferior yield and price of 
HYV straw. Adoption studies need to explicitly 
account for this possibility, as von Oppen and Rao 
poir, out. 

Studies are also required to determine if it is 
more feasible or efficient to attempt to breed 
dual-purpose sorghum cultivarm, with the obvious 
tradeoffs inboth fodder value and yield which this 
implies, or whether it is prefera'ile to breed 
specialized types. The latter sr,,:3,gywould imply 
that farmers would grow the grain types for their 
toodgrain needs and, because their grain yields 
would be higher than foi Uual-purpose sorghums, 
land would be released jor growing fodder sor-
ghums. The answer to (his question lies largely 
with the breeders' assessment of the likelihood of 
success of the alternative strategies and of mne 
genetic tradeoffs implied int,rrr,s of relative grain 
and fodder yields. There ma'/ he less need for 
specialized -;,irgh".ums in Africa whee pre'3ures 
on the land are not as great a, in Asia. In Airica, 
extensive forms of technology have more rele-
vance as Norman (1982) correctly points out, and 
hence development of dual purpose sorghurns 
may be a preferred strategy. However, these 
issues require more re!e9 rch, 

Irrigation has more than doubled in the last 20 
years inseven of the SSA countries (USDA 1980, 
P.113), and projections are for a furlher substan-
tial growth in the 1980s. For Asia, various projec-
tions indicate a minimum growth of one-third in 
the net ai-ea irrigated in the 1980s (Gasser 1981). 
Should sorghum breeders devote resources to 
the development of HYVs suited to irrigated 
agriculture or to rainfed conditions? It wold no 

doubt be easier to iricrease yield potentials and 
stability under an irrigated regime. Whether sor-
ghum would be acceptable as a major part of the 

cropping systems in large-scale irrigation 
schemes is however questionable. Worldwide 
experience suggests that it is primarily crops such 
as paddy, sugarcane, cotton, and groundnuts 
which are grown in such schemes. As long as 
governments are unwilling to set fees for water 
which will cover its real costs and charge on the 
basis of volume, it is doubtful if sorghum would 
displace padJy and sugarcane, the most irrigation
intensive crops. Cotton and groundnuts are gener
ally expon uiupo ia,, ,a'i elastic der,ands, 
incontrast to sorghum (von Opptn and Rao 1982). 
Unless sorghum became an export crop and/or 
had effective price support policies, it is doubtful if 
sorghum oreeders should devote 3 large propor
tion of their resources to developmant of cultivars 
suited to irrigated conditions.' 

Inpapers by Jha and Sarin (1981, p.68) and Jha 
et al. (198i, p.61) a plea ismade by the authors 
for development of regionally-adapted, fertilizer
responsive cultivars of sorghum for India. They 
claim that it is not the low-value nature of 
sorghum that has led to !aci, of fertilizatii:'i of 
traditional cultivars, but theii lack of fertilizer
responsiveness. A breeding strategy oriented 
towards yield and yield stability, which is the 
desirable course for Asia, may howev, r fino. iha 
tese two obi,-'tives are difficult to achieve at the 
same time. In the developed non-SAT countries 
where yields exceed 3.3 t/ha, yield wriability is 
six times greater thim in the 'ess devekc,ped SAT 
countries having yields less than 1t/h JTable 3j. 
The experience seems to be that higher average 
yields imply greater variability. 

Farming Systems Research 

I agree with Norman (1982) that sorghum re
search in the SAT must be conducted within a 
farming systems research framework. Improve
ments to sorghum will have implications for other 
components of the farming system. An example 
of this would be the introduction of short-duration 
HYVs in the Vertisol assured rainfall regions of 
India which exacerbate labor and animal draft 
power bottlenecks at harvest, drying, and 
threshing times. These same fa:mers sow post

7.Assuming these cultivars would be different from 
those that would result from a strategy aimed at 
breeding for rainfed conditions. 
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Tab 14. "Iohum y$d tud (110-1rM and ther vufabht Infie proding resgi . 

Region 

DVeloped non-SAT market ec.ornies 
Vrielop1d SAT mrket economies 
C,ntranly pbnned ec_-nomies 
L developed non-SAT market economies 
LVs developed SAT macket economies 

World 

Source: r;ad from FAO (various years). 

rainy seasin crops like wheat, chickpeas, safflow-
er as well as imgated paddy at the same time as 
the HYV sorghums requiia the above operations. 

Farming systems research by brteders, agro-
nomists, and economists has shown that tiadi-
tional sorghum t'ultivars in Africa respond to 
imrproved fertilization and management (USDA 
1980, p. 142). Improved sorghum cultivars such 
as E-35-1 in on-farm tests in Upper Volta were no 
better than traditional cuttivars when both were 
grown under improved management and fertiliza-
tion, except in small areas near the village 
c,;npou is. Cultivar E-35-1 also performed bet-
ter than locals when animal traction was em-
ployed (Matlon 1981). 

Labor constraints in Africa are much more 
severe than they are in Asia and call for quite 
different improvement strategies, as Norman 
(1982) correctly points out. For example, creating 
labor bottlenecks in Asia may be advantageous for 
landless labor as such bottlenecks tend to in-
crease their employment probabilities and wage 
rates. In Africa, where there is not generally a 
landless labor group, this consideration becomes 
irrelevant and the possible adverse effect of labor 
bottlenecks on technology adoption by farmers 
becomes paramount. The latter effect of course 
also arises in Asia. but avoiding bottlenecks 
altogether to encourage adoption implies a 
tradeoff in potential benefits to wage labor in Asia, 
which is not the case in Africa. 

For all the above reasons then it is clear that 
breeders, pathologists, entomologists, agronom-
ists, soil and water management specialists, and 

Unexplained 
vatiaiit 

1978 trend 
yid 

(kg/ha) 

about linear 
yield trend 
100 (1-R) 

Number 
of 

countri.-

Annumcompound 
growth in yields 

(%) 

3308 91 37 0.7 
2012 66 1 2.6 
1912 92 13 1.9 
1428 97 99 1.1 
935 14 47 3.2 

1383 26 197 2.2 

social scientists must work close~y iogether in a 
farming systems research modp if technologies 
are going to be developed which are in fact viable 
at the farm level under these differing resource 
endowment situations. This may apply particularly 
to Africa where tlhe strategy will not necessarily 
be to enhance yields per hectare, but rather yields 
per man-hour. 

More interdisciplinary research in on-farm situa
tions is required where a whole-farm assessment 
of prospective sorghum technologies can be 
made. This should involve a judicious mixture of 
"rapid rural appraisal" techniques such as the 
Sondeo method used by Hildebrand (1977) in 
South America, complemented by in-depth longi
tudinal studies of the type ICRISAT has been 
conducting in India since 1975 and has initiated in 
West Africa in 1980 (Binswanger and Ryan 1980). 

Conclusions 

It seems clear that using a range of criteria, 
including efficiency and equity concerns, fesearch 
and develcpment (R and D) in sorghum in the 
1980s should focus especially on Sub-Saharan 
Africa. A dual strategy in sorghum breeding is 
required for the African context-a short- and a 
long-run. I do not quita agree with Norman (1982) 
who maintains that delivery systems are a neces
sary precursor to successful HYV sorghum breed
ing programs in Africa. Rather, the reverse may 
indeed be true: that is, unless there is a derived 
demand for changing delivery systems in rural 
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areas of the semi-add tropics which emanates 
from the availability of improved varieties or 
hybrids, we may never see a change in these 
delivery systems. This is a long-run strategy. It is 
difficult to envisage that delivery systems will be 
improved in the absence of. or prior to, initiation of 
improvement programs aimed at developing high-
yielding varieties responsive to the items that 
improved delivery systems will in fact deliver. 

We should take note of the fact that in the case 
of India's Green Revolution in wheat and rice, 
attention only became focused on the inadequacy 
of the delivery systems after the high-yielding 
varieties became available. There was little recog-
nition of this fact prior to the Green Revolution 
period. 

The short-run strategy should entail greater 
emphasis on farming s,!stems research, and 
breeding for locally adapted improved cultivars 
resistant to the major pests, diseases, and weeds 
of the SAT. Rationalizing national price policies in 
the SAT countries should also contribute to 
increased sorghum prodiction in the 1980s and 
must be regarded as part of the strategy. 

In India, where HYVs of sorghum have been 
available for some 15 years, there would seem to 
be high payoffs to research in the 1980s aimed at 
understanding and explaining the reGional differ-
ences in adoption of these "mature" innovations, 
Has adoption been constrained by deficiencies in 
the delivery systems inareas where few sorghum 
growers use HYVs, or are the available HYVs not 
suitable to these regions? Answers to these 
questions from the Indian experience will be 
important in defining R and D strategies in 
Sub-Saharan Africa. One key issue currently is the 
relative value and desirability of developing shor
ter-duration, high-yielding, photoinsensitive culti
varn for Sub-Saharan Africa which would be 
widely adaptable, versus a strategy of improving 
locally ,apted cultivars. Another issue is the 
relative emphasis which should be given to grain 
and fodder in breeding programs. In this respect, 
it appears tnat there may be less need to consider 
special-purpose foodgrain cultivars for Africa but 
T0ther focus on dual-purpose types; however thismay not be so in India. 

aayno ttbeoin beyearwndill 
Increased attention will be required inthe 

1980s in the SAT to the breeding of sorghum food 
grain cultivars which are intended for ,iimal 
feeding. This is because demand for sorghum for 
animal feeding in developing countries will in-
crease much faster than demand for sorghum as a 

human food. 
In conducting research on sorghum in the SAT 

during the 1980s, more thought is needed on the 
appropriate balance between applied and "basic" 
research, particularly for ICRISAT. To better serve 
the needs of the various egions of Sub-Saharan 
Africa, how much of ICRISAT's staff and re
sources is it necessary to physically locate there 
vis-6-vis the headquarters location in India, and the 
emerging ICRISAT Sahelian Center in Niger? This 
seems to involve a question of balance between 
"basic" and applied research. 

A strong case can be made that a substantial 
part of research on sorghum at ICRISAT Center in 
India has direct value to the African SAT and 
indeed can be more efficiently conducted here. 
An equally strong case can be made that the pest, 
disease, agroclimatic, and socioeconomic com
plexes are so vastly different acrnss the world's 
SAT regions that "basic" researnra at one or two 
centers will be of little value, especially in the 
1980s, to the wider mandate area. In addition, 
particularly in the African SAT, national programs 
are often unable to effectively utilize such "basic" 
research due to the lack of human and material 
resources. In such situations, to be effective, 
ICRiSAT may need to play a more direct role in 
sorghum Rand D.The above issues are complex 
and will require more concentrated attention in 
the 1980s.
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Session 8 Socioeconomic Considerations
 

D. B. Jones* Discussant-2 

The papers in this session form an ill-matched 
team, I think it is significant and not very en-
courm',ing that the organizers still believe that 
conference papers on socioeconomic considera-
tions relate to each other-irrespective of their 
subjects-rather than to papers on areas of 
scientific research. To be rather blunt, I think the 
main value of such a conference is to determine 
work priorities for ICRISAT, for the national 
research systems in the SAT, and for cooperating 
institutions elsewhere, for the decade of the 
eighties. However, I feel that this purpose has 
often been only dimly perceived both in the 
scholarly scientific papers ard perhaps most of all 
in the way scientific research has been tied-or 
not tief.-to socioeconomic considerations. The 
aim is,ultimately, to feed people. 

Ialso feel, in retros' t,that it was a mistake at 
this conference to mix up priorities for developed 
country sorghum producers with those for the 
less developed SAT. The SAT need the skills of 
the developed country institutions and experts 
-there is no doubt about that-but the research 
priorities of the two types of producers are quite 
different. 

I shall return to these areas, but first I want to 
comment briefly on the five papers in this session. 

Two papers-those by Drs. Busch and Lacy, 
and Norman-and Imight add athird paper by my 
co-discussant Dr. Ryan, are about overall priorities 
and strategies. Dr. Arakeri's paper is about 
socioeconomic issues related to sorghum in India, 
but can also be used to derive some conclusions 
on research strategies. The other two papers are 
ostensibly about more particular problems, but 
raise interesting issues for research strategy. 

David Norman sets out to explain and underline 
heterogeneity in existing farming systems. 

* Ford Foundation, P.O. Box 41801, Nairobi, Kenya. 
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arguing from this to different sets of research 
priorities for India and sub-Saharan Africa. Essen
tially, his argument, put very tactfully, is that "it is 
as wrong to ignore socioeconomic sources of 
heterogeneity (in research) as it would be to 
ignore climatological-physical conditions"-and by 
implication that this error is still being made. 
think this is correct and it raises the important 
question of the roles of ICRISAT and national 
systems in ensuring the responsivenass needed. I 
shall return to this point, but I would remark in 
passing that although Norman has adopted the 
India vs Africa generalization merely to make a 
point and would certainly argue for more sensitive 
treatment at much smaller geographical scale, the 
sort of "macro" regis3nal strategic choices he 
outlines are of relevarce in guiding policy for an 
international research body such as ICRISAT. 

I found Busch and Lacy's paper very interesting, 
but also rathar disappointing. As I got into it, I 
found myself saying "Ah-1 Now we're really 
getting somewhere!" At the end Iwas uncertain 
whether we really had got anywhere. 

The paper opens with abrief analytical survey of 
research models. The latest and, one presumes, 
the best, are the "farming systems approach" and 
the "dialogue" model. I prefer to see these as a 
single model, and I wou!d r:;gard an approach that 
restricted its contact with farmers to battering 
them with questions, and then doing the agricultu
ral research only on a research station, as a rather 
perverted form of farming s',tems approach, not 
its archetype, but I accept the progression given 
as progress. So far so good. 

Now we come on to what is special about 
sorghum research. This is necessary in order to 
make prescriptions about what we should do in 
such research, but I take issue with many of the 
generalizations here. For instance, we are told 
that the situation is not like that for wheat or rice. 
Developing country sorghum farmers are (we are 
told) even less prosperous than wheat and rice 

1982. Sorghum in the Eighties: Proceedings of the International 
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farmers. I am not sure Mat this generalization is 
true. I think you can find some very large 
developing country sorghum farmers, and some 
very small and poor developing country wheat and 
rice farmers. I suspect that the picture varies 
greatly by country. Where the generalization is 
true, it may be because sorghum research has not 
made the same progress as wheat or maize. The 
conclusion certainly does not follow from the 
subsequent observation that sorghum tends to be 
grown on poor soil under rainfed conditions (so, 
incidentally, does much wheat and rice). We are 
told that sorghum has small, fragmented markets. 
This is important, but why is it so? Is it precisely 
because it is both avery unstandardized crop, and 
a very difficult crop to process-one might say a 
"primitive" crop? If so, these are factors that 
reflec, on research, and which research might 
remedy. Is it difficult to process because proces-
sing has not been developed and is not easy for a 
grain which has very voriable characteristics? 
These links are not filled 'n. We are told that 
sorghums suffer local or national price policies 
that discourage production. If this is true, it is 
because of price policies fcr other cereals rather 
than policies for sorghum. Usually sorghum 
seems to be an oddball cerEal for which there are 
fewer official policies than, for example, for maize, 
and this is generally a benefit because official 
price policies for maize in the lesser developed 
countries have tended to depress prices to 
farmers. We are told that there is little history of 
rich country research to draw on; this is at least 
partially true, but I think it would be even more 
valid to argue that rich ccuntry (and rich farmer) 
research on sorghum has tended to be inappropri-
ate and even negative for farmers in the lesser 
developed countries bezause sorghum has been 
developed with different aims under quite diffe-
rent conditions. 

Last we come to the actual structure of 
research, and the process of decision-making in 
research. While we have some interesting obser-
vations here about wrong incentives in national 
research, about confusion over the division of 
work between national systems and ICRISAT, and 
about lack of contact with farmers, we seem to be 
left (as social scientists often are) making a lot of 
bright comments, describing the various forces at 
work, and finally, in place of a conclusion, shaking 
our heads wisely and saying "It is all very 
complicated?" I feel this is both too timid and too 
polite. 

Though it is always questionable whether the 
quality of a research system car be judged by the 
value of the results (because some pro lems are 
tougher to cra& than others), I think the lack of 
progress in developing sorghum as a food crop in 
the lesser developed countries must raise serious 
doubts about the health of the international 
sorghum research system, 

Dr. Arakeri's paper is very wide ranging, and is 
therefore a bit difficult to print down. Some of the 
points made are not peculiar to sorghum: the 
need for land consolidation, the need for soil 
conservation, the need for better arrangements 
for procurement and stocking of grains. I shall not 
dwell on these. 

The most interesting aspects of Dr. Arakeri's 
paper to me are a number of apparently isolated 
statements: the fact that wheat has displaced 
sorghums and millets from second place after rice 
in India; the provocative statement "India is a 
millet country," which is substantiated on climatic 
grounds; and the very interesting suggestion that 
better use could be made of scarce irrigation 
water by diverting it from paddy to sorghum, 
which is a more efficient user. 

Now it is not difficult to see what pushed wheat 
forward, but what is holding sorghums and millets 
back? A number of reasons are given: poor 
extension, lack of ,-ppropriate equipment, poor 
seed supply strategy. These deserve attention. 
But I suspect the main reason might be that the 
new sorghum varieties are still unacceptable for 
human food. 

Now I want to turn briefly to the other two 
papers. First, Drs. Sherman and Ouedraogo on 
marketing in the West African SAT. The paper 
exhorts us not to generalize about the West Africa 
SAT region, but to study each country system in 
its own particular context. It then goes on to 
explain that: 
(i) all the official cereal marketing boards were 

set up with similar objectives, i.e., offer 
"fairer" (better?) prices to producers; reason
ably priced supplies to consumers; establish 
and regulate security stocks; stabilize in
teryear price fluctuations; organize exports. 

(ii) although many of them are legal monopolies, 
they generally handle only about 20% of 
marker'-,c cereals. 

(iii) all have :i-,ade financial losses. 
From these j! neralizations, ;would conclude 

that there was still some value in generaliz, .ion. I 
agree that people who have to make policy 
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decisions on marketing should start off from a 
good understanding of how marketing actually 
works in the area in question-and that they 
often do not do this. Generally, they start from a 
stereotype that is a p;'ori, ideological, and devoid 
of factual knowledge. In these circumstances, 
generalization about what works in comparable 
conditions elsewhere is a most constructive aid to 
policy making. For example, the general conclu-
sion that fixed nation-wide prices leave the official 
board to buy from the most remote surplus areas 
and sell to the most inaccessible deficit areas has 
important policy implications. Similarly, the finding 
that official agencies that set out to handle all the 
marketed crop seldom handle more than 20% of it 
should be the subject of serious comparative 
investigations. Why.is the latter the case? Are the 
reasons the same in different cases? Is it because 
(a) the price to producers is too low given the 
price to consumers? (b) the price to consumers is 
too high given the price to producers? (c) the 
organizations are operationally incapable of serv-
ing all producers and/or all consumers when they 
want to trade? (d) do the private marketing chan-
nels offer valued services to producers and/or 
consumers which the official channels do not 
offer? 


The other thing that policy makers ought to take 
into account in a conscious way is: what are the 
objectives of their policies? I am somewhat 
skeptical about the suggestion that all the official 
authorities had similar objectives. It seems even 
more clear that the two "factions" mentioned 
(Harris vs Berg) do not have the same objectives, 
Objectives are not simple, and involve major 
trade-offs: e.g., is the objective to develop private 
entrepreneurs or to eliminate them? Is it more 
concerned with the purchasing power of peasants 
than that of urban workers? Is it more concerned 
about price stability than about operational ribust-
ness? 

The whole aim of policy-oriented research is to 
predict what interventions will achieve what 
objectives in what circumstances, and while this 
must be founded in knowledge of the systems to 
be modified, it must also involve intelligent 
generalizations from situations that involve at 
least partial parallels. A retreat into careful local 
studies without generalization is not the answer. 
Indeed it is a recurrent theme of economics that 
when we find that theory is letting us down, we 
retreat into empiricism, only to find that it gets us 
nowhere. 

So far as research strategy is concerned, vhis 
paper tends to support Norman's generalization 
thal present conditions in the provision of public 
sector services to farmers in African countries are 
not conducive to food production strategies that 
place heavy reliance on such services; i.e., that a 
':-etter service/marketing structure must either be 
part of the package or the package must be robust 
enough to survive without it. It also carries a fairly 
simple policy message to governments which 
think they can run crop marketing. 

Lastly, I must comment on Dr. von Oppen and 
Rao's paper. If I may parody it slightly, it con
cludes that the unpopularity of high-yielding 
varieties (HWs) in India arises fiora the low 
monetary value of the associated fodder produc
tion which means that the total financial yield of 
HWs is only about 6% higher than that of local 
varieties and therefore "hardly worth" the extra 
cost of using HYVs.We are not, incidentally, told 
what those extra costs are. It concludes that it is 
worth breeding for better straw quality in HWs. 

I found the research and analysis fascinating, 
but I would qualify the conclusion. The other 
notable problem with HYVs is the lower price of 
the grain, which according to this paper se!ls for 
only 70% of the price of local varieties. A grain 
quality improvement that added 10% to the price 
would add about Rs. 260 to financial yield per 
hectare. A fodder quality improvement that added 
10% to price would increase financial yield by only 
about Rs. 80-90. If there is any trade-off in 
resources between breeding for improved grain 
and breeding for improved fodder, I would sug
gest concentration on grain. I would, however, 
agree on the importance of fodder-improving 
technologies -silage, alkali, early stooking (for 
green fodder). 

Some of the other important questions are also 
left open. What do people want sorghum for? It is 
&-inconvenient grain to process and to store once 
processed. Why has its price risen above wheat 
and rice in Indian markets? I do not know the 
answer at all, but we do need answers to these 
questions so as to find out the qualities we are 
trying to produce. 

Another big question is why so little sorghum is 
marketed. I have put this question to people here 
and they have answered "because the farmer 
produces fur his own consumption only." This is 
not an answer; it is arestatement of the situation. 
Another answer is "the farmer cannot produce in 
excess of his own requirements." This is certainly 
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true in some areas, but I cannot see why it is 
particularly true for sorghum and not, for instance, 
chickpeas. I suspect this has a lot to do with the 
processing and palatability questions. For wheat, 
rice and some pulses, marketing channels are also 
processing channels. Thus, for a small increase in 
price, the purchaser of marketed wheat or maize 
gets a superior processed product. For sorghum 
the reverse is the case. There are few economies 
of scale in processing (partly because of the low 
value of the bran) and the product is actually 
inferior to that of home processing. 

Now let us get back to the real point. How are 
socioeconomic factors being taken into account in 
guiding research on sorghum? Thu answer seems 
to be that they are hardly taken into account at all. 
Do not get me wrong on this. I am not worried 
about economists and sociologists being short-
changed and denied their fair share of jobs. I am 
worried about misdirected research. 

The situation is really not encouraging in either 
the research or the crop production areas. As 
Ryan shows, sorghum production is growing 
slower than population in India and Africa (the 
overall lesser developed country production fi-
gures being distorted by the rapid growth of 
extensive cattle-feed sorghum in Latin America). 
Yet, in India, the potential for sorghum is demon-
strably high in terms of overall food strategy 
(Araken's paper), -nd in Africa there is a rapidly 
deteriorating food situation. HYVs appear to have 
reached a plate-,u of acceptability in India-and 
have hardly made any impact in Africa. That is the 
situation on the ground. 

The situation in sorghum research seems to be 
exemplified, if not typified by this conference. In 
Africa, at least, the two biggest problems of 
sorghum growing are Stnga and bird pests, yet 
these were dealt with in only three papers. 
Quantified economic factors and thresholds were 
a prominent feature of the papers from U.S. and 
Australia, but not from ICRISAT, India or Africa. 
Dr. Frederiksen invited us to quantify disease 
problems, but did not do so himself. He and other 
speakers on pests and diseases cataloged fasci-
nating problems and possible approaches to 
solving them, but did not give any idea of priorities 
or the most cost-effective ways to search for 
solutions. Another example, if it is needed, was 
given by Dr. Frederiksen's statistics on bibliog-
raphic references to control of sorghum disease: 
31 on host plant resistance, 29 on chemical 
control, and 7 on cultural contiol. Yet, for lesser 
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developed country farmers, cultural control is 
many times more relevant thant chemical control. 
That is one set of problems, and it is a set which I 
think is eminently in the ICRISAT constituency, 
and on which social scientists can give useful 
advice-not off the cuff like this, but by being 
incorporated into the research planning process. 

Another set of problems relates to what the 
farmer wants and needs. One thing he obviously 
wants and needs is sorghum that he can process 
and eat, yet this received almost no attention in 
the discussion on breeding. I know that ICRISAT 
has food quality screening procedures, but there 
is still a serious problem of HW grain acceptability 
both in India and Africa. There is no point helping 
the farmer grow cattle food when he wants to 
make porridge or beer or bread. 

This is just extraordinarily important. Dr. Rooney 
said "If you have not got yield stability, forget 
about quality." I think this is almost the wrong 
way round. In India, HWs command a 30% lower 
price on average than local varieties because of 
this problem. In much of Africa, this problem has 
almost totally prevented adoption of HYVs. Yet we 
have gone on breeding for yield and disease 
resistance (i.e., reliability), and then checking for 
acceptability. Researchers have to get unhooked 
from yield if they want people to grow more 
sorghum in the lesser developed countries. Grow
ing more sorghum is important because it will 
improve food supply and stability. This is a priority 
problem common to all the SAT, and one which is 
susceptible to a centralized research campaign 
which should have two prongs: incorporating 
consumer-desired qualities into sorghums with 
other desired qualities, and tackling the proces. 
sing questions at a variety of scales. There is a lot 
to be said for a high-tannin pericarp if the 
consumer can easily and cheaply take it off when 
he wants to eat the grain. 

Thirdly, there is the question of adaptation '

local farming systems. In my view, this is ulti 
mately the job of national research establish
ments, and must involve use of social scientists at 
the national level. There is, however, at present a 
need to service such activity at the regional level. 
Preferably, this will not be done on the ba,'is of a 
single center mandate, because farming systems 
must cover more elements than are ever in a 
single mandate, including livestock and treesl But 
there are some signs of a compromise in which 
individual centers take responsibility for servicing 
local systems work in particular regions: ICARDA 



in Middle East, CIMMYT in East Africa, IITA 
possibly in West Africa, perhaps ICRISAT in this 
subcontinent. If you do not like this pattern. I 
suggest you act fast to work on a more satisfac
tory one. 

This will put a new responsibility on the centers 
for training in farming systems diagnosis and 
adaptive research. I know that this is urgent in 
Africa; I suspect it is urgent here. 

Further, whatever way this training and servic
ing function is organized, the centers must se
riously and deliberately take on the task of 
responding to requests for adaptive research 
inputs from national systems for their particular 
crops, and this duty must not be confounded with 
special intensive programs on one or two pet 
areas by the centers themselves. A particular 
question this raises is the relevance of hybrids for 
many areas-especially in Africa-where official 
systems are not capable of handling timely annual 
distribution (let alone production) of hybrids. 

To sum up, I feel that sorghum in the eighties 
involves a very serious element of social
economic evaluation, diagnosis, and training, and I 
do not think this conference has done more than 
touch on this area in passing. Please do not leave 
it for Sorghum in the Nineties. 
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Discmsion 

N. 	G. P. Rao 
Busch and Lacy in their paper have listed four 
nrixfls of research toward generating relevant 
technology. I would like an additional one called 
the "innovation' model to be added, where 
emphasis is on innovation and its diffusion. I 
would also like to express my disagreement with 
the often repeated emphasis on generating 
technological options. In my view, it vill be more 
effective to have a "package approach." Genera-
tion and adoption of an integrated package of 
innovatons alone can lead to a rapid transforma-
tion of low-yielding and stagnant agriculture. 

Norman 
The forth mcdal entitled "dialogue model" in 
the Busch and Lacy paper is really not aseparate 
model. In fact "dialogue" is an integral compo-
nent of an upstream approach to farming sys-
tems research where tcchnology identification 
and development effort start from the farmers 
field rather than being imposed from the ex-
perimenial station. Dialogue is an important link 
between farm and research station. 

MA.J. Jones 

Norman's suggestion about fitting crops to(socioeconomic, natural) environments to ensure
(so~o,)coomi, toensrenturl)envronent 

relevance of technology in different zones maynot bring about a lasting solution in areas like 
UppebringVotahetgh solt oion alslingUpper Volta where through soil rosion, falling 

land productivity, etc., the environment is 
alreadydegrading. One has to think in terms of 
both the short- and the long-term context. 

Nor an 
Ido not disagree. There are two problems. First, 
addressing private short-run interests of farmers 
and record dealing with the long-run societal 
consequences of an irreversible decline of ecolo-
gical base. The former required incremental 
changes with minimal reliance on market system 
development, e.g., improvements relating to 
cultivars and their agroncmy. The latter requires 
long-term strategy involving extreme transfor-
mation measures to arrest degradation of the 

resource base. Developmental research and 
effortm including development of infrastructure is 
essential to deal with the problem of resource 
depletion. 

Bruggers 
Nante of the four constaints conditioning farm
ing systems suggested by Norman include te 
vertebrate pests damaging preharvest and post
harvest grain. The time required by crop protec
tion (im!uding scaring birds) is enormous. In 
many areas of the Sahel, the amount of land 
farmed is determined by the farmer's capacity to 
protect the crop from birds. How does this 
problem stand vis a vis the four constraints 
listed? 

Norman 
We have delineated four general sets of con
straints. The bird damage as a yield-reducing 
factor and as a source of pressure on labor 
demand to control it gets into the general set of 
constraints. The technology or control measure 
in this context should be one which helps avoid 
intensive use of labor. 

Singhania
Dr. Arakeri's statement about the policy of 
r. rriten athe oicy ofreleasing crop varieties is rather confusing. How 

can a simultaneous release of hybrids andvarieties discourage the seed industry? If 

varieties ds re tesd nduteI
 
tesor brid aregod ote.
they should be released. We should bother more 

about the farmer rather than the .eed industry. 

Arakeri 
My point was that our seed release policy should 
be consistent regarding varieties or hybrids. Wo 
should not waver in supporting one or the other. 
Our variety release policies can greatly contri
bute towards the development of the seed 
industry. 

Prasad 
Dr. Arakeri mentiored the very limited spread of 
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sorghum hybrids in India. One reason is that the 
farmers have to buy hybrid sorghum seeds every 
year in place of using their uwn seeo from the 
previous harvest. Farmers find this difficult. 
Seeing this problem, the Tamil Nadu Agricultural 
University has developed high-yielding varieties 
of sorghum which have spread considerably 
(covering 26% of the sorghum area) in the state 
in recent years. 

Rana 
A limited spread of high-yielding varieties of 
sorghum is often attributed to their nonaccepta
bility by the farmers. But adoption of high-
yielding hybrid sorghum in Maharashtra State 
indicated that the farmer is not against it. The 
real reason for poor adoption in other areas is 
lack of adequate extension and seed production 
efforts comparable with those in Maharashtra 
State. Another reason is the farmers' poor 
resource position to be able to afford the higher 
input cost of the package of recommendations 
for high-yielding sorghum hybrids. 

Murty 
The price differences between hybrid sorghum 
and local sorghum in the paper by von Oppen 
seem to be exaggerated. We have not observed 
such huge (40-50%)differences in the price of 
the two varieties. 

Prasad 
A positive relationship between protein and 
sorghum grain price does not seem convincing 
as shown by von Oppen. Price is a function of 
preference which is often influenced by the color 
of the grain. For instance in central Tamil Nadu, 
yellow endosperm sorghum grain fetches a 
higher price than white grain, in spite of the fact 
that the former contains less protein. 

Dahlberg
 
Given the need to map out real world distribu
tions and trends, as well as to appreciate the
 
larger content, the following questions emerge:
 

1. 	Why was there no assessment of human and 
animal population and migration trends for 
the SAT? 

2. 	Why was there no discussion of the risks or 
possible impacts of regional or global climate 
changes?
 

3. Why was there no discussion of deforesta

tion in the SAT as it affects water cycles and 
regimes? 

4. 	While there was some discussion of increas
ing energy prices, why was there none on 
declining water tables, especially in the USA? 

The answers may relate to the real operational 
focus of the symposium- increasing the grain 
production of sorghum. There is a need to move 
toward broader and more systems-oriented goals.
This would require greater emphasis and work on 
the following: 

1. 	More emphasis on other uses of the crop 
(shelter, fencing, fuel, fodder, etc.) 

2. 	 More emphasis on multi-year cropping sys
tems ar strategies-especially in regard to 
drought. 

3. 	More emphasis on field-margin interaction 
and patterns -especially for pest protection.

4. 	More emphasis on intercropping and diversi
fied farming systems. 

5. 	 A more systematic attempt to work directly 
with the "target" of the symposium-the 
peasant in all stages of the research, ex
pelimentation and delivery. 
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Session 9
 

Plenary Session
 

Chairman: H. R. Arakeri Rapporteurs: V. Guiragossian 
G. EjetaCo-Chairman: S. Z. Mukuru 



Plenary Session-Recommendations
 

1. 	General Recommendations 

1.1 	 National and International 
Research Programs 

The conference recommended the streng-
thening of natiowl and international research 
program on .sorghum with close oortea-
tion between the involved agencies for the 
purpose of increasing sorghum production. 
The conference endorsed the concept of 
Geographical Functional Regions involving a 
coordinated team of scientists addressing 
the major problems in these regions. Impor-
tant components of this concept are the 
strengthening of communications, technical 
transfer and training, and the need for im-
proved conditions and facilities for research. 

1.2 	Training 

Training is essential in every aspect of 

agricultural development; the training of sci-

enticts across the whole spectrum of d~ci 

plines is important. These include plant 

breeding, germplasm manipulation, plant 

protection food quality, crop relationships, 
environmental interaction, production of 

quality se-d, extension, and marketing. 

Emphasis should be placed on training admi-
istrators in areas of poiicy and exrperiment 

station management. Types of training 

should include degree, technical support, 
special techniques, and refresher courses. 

1.3 	Sorghum In the Nineties 

The conference recommended that a third 
intematicnal symposium be held in 10 years' 
time to review the progress made in the 
1980s and make recommendations and set 
goals for the 1990s. 

2, 	 Factors Umitilg 

3,rghum Production 


2.1 	 Environmental Stress 

Although certain factors, particularty drought, 

we; Cemphasized as hbeing of major general 
importance in limiting sorghum production, it 
was lear that the most important environ
mental constraints differ between regior.s. 
Seedlirg emergence, high or low tempera
turos, and soil factors such as nutrient 
deficiencies or toxicities are constraints of 
major 	importance at erta.n sites. Furthb,
more, 	seasonal patterns of climate, particu
ady of water availability, are crucial in deter
mining optimal plant type and management 
strategies. 

Because of the complexity of the procec
ses which affect yield, there was a general 
consensus that effort should be devoted to 
improving experiments and physiological 
understi~ding in order that ieliable predic
tions for different environments can be 
made. This is equally important for both soil 
and climate constraints and imuiies the 

development and use of appropriate mathe

matical models. Sorghum yield improvement 
in the 19803 wiii involve parallel advances in 

agronomic techniques and breeding 
methods. 

Need for a clear definition of environment,.2.1.1 
its variations betweer and within seasons, 
and of the yield-limiting factors at each 

site. It is important to identify the relative 
probabilities of occurrence of different 
type; of stress. 

2.1.2 	 Increasing the input of crop physiology 
into management and breeding programs 
for environmental constraints. This re

quires increased emphasis on the training 
of workers in physiological !echniques 
both at universities and in practical training 
programs (e.g., at ICRISAT). Lack of per
sonnel, facilities, and funds for physiolo
gical work, especially in developing coun
tries, is a major constraint to sorghum 
yield improvement. 

2.1.3 	Major advances in sorghum improvement 

requires the creation of multi-disciplinary 
teams with brceders, physiologists, agro

nomists, climatologists, etc. These would 
be best concentrated at a tew centers 
(e.g., ICRISAT). 
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2.1.4 	Need for improved information services to 
collate and index data from past and future 
sorghum experiments. These would alsc 
be best coordinoted at one center. 

2.1.5 	Need for a minimum data set to be 
collected and reported in all experiments 
that would include measures of environ-
ment, soil factors, farming systems and 
crop phenology. 

2.1.6 	 More basic physiological research in crop 
and stress physiology is essential for 
longer-term advances. This may be 
achieved effectively in relation to sorghum 
in the SAT by encouraging contract re-
search. 

2.1.7 	More exchange programs and confer-
ences would facilitate rapid information 
transfer. 

2.1.8 	There is a need for the deveiopment of 
improved diagnostic techniques for nut-
rient deficiencies or excesses. An institute 
-perhaps ICRISAT-should prepare an 
appropriate handbook. 

2.1.9 	The development of simple, reliable, and 
rapid screening techniques that would be 
suitable for use inearly segregating gener-
ations is urgently required. However, 
more effort needs to be concentrated on 
validating each stress situation before 
they are too widely applied. The idsntifica-
tion and validation of appropriate charac-
ters will be achieved best by the full-time 
participation, with physiologists and agro-
nomists, of a breeder reieased from the 
constraints of variety production. 

2.1.10 	Studies on root physiology of sorghum 
should be increased in view of its import-
ance in nutrient and water uptake. There 
should also be some emphasis on biolo-
gical nitrogen fixation. 

2.1.11 	 Recognizing the large gaps between re-
search station and farm yields, an in
creased effort in farm-level research is 
needed in the 1980s. 

2.2 Pets 

2.2.1 	 Pest surveys should be continued, utilizing 
simple and effective sampling techniques 
to determine both preharvest and posthar-
vest crop losses inorder to progress toward 
the development of genuinely integrated 
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pest management practices and to mini
mize reliance on strictly prophylactic pest 
contol. Economic thresholds must be 
established for pest and pest complexes to 
assist in making insect control and crop 
management decisions. 

2.2.2 	Emphasize research on basic aspects of 
pest and beneficial arthropod bio!ogy, ecol
ogy, behavior, and population dynamics for 
use in pest forecasting and systems model
ing, and in,developing effective and practi
cal integrated pest management strategies 
applicable to cropping systems in both 
developing and developed countries. 

2.2.3 	Continue efforts toward protecting sor
ghum from arthropod depredations by 
breeding plants resistant to pests and/or 
damage. Develop effective programs for 
measuring plant resistance to multiple pest 
species, incluoirn efficient and reliable 
techniques utilizing artificially-reared in
sects to screen cullivars ur 'er controlled 
insect pressure and environment. Utilize 
international pest nurseries to locate broad
spectrum and stable sources of resistance 
and to identify insect biotypes. Determine 
mechanisms and inheritance of resistance 
to specific pests. 

2.2.4 	 Initiate significant research efforts in areas 
of biological control through the utilization 
of efficacious natural enemies by their 
conservation, importation, and/or augmen
tation. Every effort should be made to 
integrate pest control strategies including 
the use of: efficacious natural enemies, 
sorghum varieties with pest-pesistant char
acters, cropping practices unfavorable to 
the pest, and the judicious use of selective 
pesticides. 

2.3 Disam 

2.3.1 	 A comprehensive account of the major and 
potential dis ases on a global basis with 
specific recommendations on the future 
strategies for disease management isavail
able in the published proceedings of the 
1978 ICRISAT International Workshop on 
Sorghum Diseases. The priorities identified 
at that workshop need to be followed 
effectively in the 1980s. 

2.3.2 	We recommend intensive surveys and the 
mnnitoring of major diseases on country 



and regional bases, and the assessment of 
crop losses in the 1980s. 

2. Sl~de 

2.4.1 	 Present research efforts to develop effec-
tive systems of Striga control and the 
implementation if control measures are 
totally inadequate for the current task. We 
recommend that donor agencies set up a 
small advisory group to study the problem 
and to prepare proposals for a greatly 
increased research effort on Striga. 

2.4.2 	 Although some progress has been made in 
the identification of resistant cultivars. there 
is a need to develop simple and reliable 
field-screening techniques, and to under-
stand the various resistance mechanisms. 

2.4.3 	Other aspects requiring attention include: 
the mechanism by which nitrogen and 
drought stress influence Stniga attack, parti-
cularly in the more resistant varieties; 
better understanding of the pattern of 
Stniga seed germination under field condi-
tions and the reasons for reduced emerg
ence under wet and/or shaded conditions; 
the potential for biological control; the 
potential for artificial stimulation by 
ethylene and synthetic stimulants; the 
potential for induction of resistance by seed 
hardening with phenolic acids; techniques 
for direct assessment of yield loss (as a 
means of assessing performance of resis-
tant lines and of generating crop loss data). 

2.5 Birds 

2.5.1 	 We recommend to donor agencies that 
they should continue to support and en-
courage (a) research into the biology, 
movements, and control of Quelea and 
other bird pests in Africa, and (b) the 
transfer of the technology to government 
organizations through the training of plant 
protection personnel to take advantage of 
the progress achieved in recent years. 
Similar programs should be initiated where 
birds also severely damage sorghum and 
millet grain, 

2.5.2 	 In most situations in Africa, control of 
Quelea through a program of total popula-
tion reduction is extremely unlikely to suc-

ceed because of the high reproductive 
potential of the species and the vast in
accessible areas in which the birds are 

distributed and because Quek/a, like all the 
major bird pests, are highly visiu : !.'inrants 
and opportunistic feeders. For practical, 
economical, logical, and environmental 
reasons, we recommend and support the 
premise that lethal control should be 
directed only to those birds actually causing 
damage or whose movement patterns will 
take them into susceptible cropping areas. 

2.5.3 	We recommend that additional strategies 
such as chemical repeller..s, barriers, cultu
ral and agronomic mr'thods, and genetic 
deterrent characteristics in the plant itself 
continue to be evaluated so that safe, 
economical, and effective control techni
ques are available for use in appropriate 
situations, either alone or in combination 
with lethal measures. 

3. 	 Genetic Resources 

3.1 	 The task of germplasm resources units in 
the 1980s is enormous. During the 1970s a 
working collection of sorghum germplasm 
was assembled from across the range of 
Sorghum bicolor (L.) Moencih. Collections 
were classified and methods were devised 
to maintain these sources. Demands during 
the 1980s are going to be for the more 
efficient use of the assembled germplasm. 
New sources of resistance to diseases and 
pests were identified in landraces, and 
other collections proved tn be of such 
superior quality that they were directly 
incorporated into breeding projects in coun
tries far beyond their origins. 

3.2 	Quality of germplasm has become more 
important then the number of collections in 
gene banks. Collecting remains an impor
tant task of genetic resources units. But 
collecting efforts must be concentrated in 
those areas where landraces are in danger 
of extinction, and in habitats where genoty
pes of particular value to breeders are 
expected to be found. The number of 
collections, and range of variation of the 
close wild and weedy relatives of sorghum 
also need to be increased. Wild species 
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taxa retain variation that was lost in grain 
sorghum during the process of domestica-
tion. 

3.3 	Sorghum descriptors were standardized 
during the 1970s, and facilitate worldwide 
communication among breeders and keep-
ers of germplasm. This does not mean that 
descriptor lists may not be revised. New 
information from breeders and other scien-
tists working with collections must con-
tinuously be added to the data bank. For 
future collections a greater effort must be 
made to record more information at the 
time of collecting. Traditional farmers Pre 
experienced plant breeders, and usually can 
provide important information on adaptation 
to soil and climate, disease and pest resist-
ance, uses, and the nutritive value of the 
cultivars that they grow. Such information is 
of vital importance in germplasm banks. 
Efforts to computerize all germplasm data 
must continue. Computer-assisted retrieval 
systems are prerequisites for the efficient 
operation of genetic resources units. 

3.4 	The value of the sorghum gene bank can be 
fully realized only when collections and 
selected genotypes are available in pack
ages useful to breeders. Collections must 
be screened for agronomically useful traits, 
wherever possible in collaboration with 
breeders, entomologists, pathologists, 
physiologists and other interested scien-
tists, as soon as possible after they enter 
gene banks. Genotypes of significance 
must continuously be sorted out, and 
preserved separately from the parent col- 
lection. The need is also going to increase 
for pools of genotypes and collections with 
known resistance to disease and insects, 
drought tolerance, exceptional grain qual-
ities, high yield under diverse environmen-
tal conditions, and adaptation to specific 
geographic and climatic regions. Such 
populations can serve as immediate 
sources of desirable gene complexes in 
breeding projects. 

3.5 	Conversion projects must be expanded and 
accelerated. Tropical lines converted for 
use in the temperate zone must be incorpo-
rated in gene banks for use in the tropics. 
Selected genotypes must also be incorpo-
raied into conventional African and Indian 
breeding lines, and the significance of wild 

germplasm in breeding projects must be 
explored. 

3.6 	Mechanisms for the efficient exchange of 
germplasm must be established. It is 
essential that outstanding collections be 
evaluated and maintained in regional loca
tions in Africa, the Americas, and at ICRI-
SAT. This will encourage wider use of this 
9"rmplasm across a broad area of sorghum 
cultivation. It will also provide an added 
degree of safety to the conservation of 
valuable germplasm. 

3.7 	 ICRISAT must be commended for its fore
sight in the 1970s in establishing a genetic 
resources unit. This, in our view, was an 
essential step to ensure the timely collec
tion, conservation, and utilization of the 
rapidly vanishing sorghum germplasm. The 
current efforts and activities of this unit are 
exceptional. With imaginative use of the 
assembled and still-to-be-collected germ
plasm, sorghum improvemant during the 
1980s will be enhanced. 

4. 	Genetics and Breeding 

4.1 	 Development of superior varieties and hy
brids has occurred over a long period of 
time. Interest is increesing to help subsist
ence farmers living in harsh environmental 
conditions. The contribution of resistance 
traits and heterosis to st'.iility is important, 
particularly to subsistence farmers, and 
continues to need further evaluation and 
application. 

4.2 	 The germplasm base in most traditional 
farming areas is quite narrow, restricting 
gains from selection. The usefulness of 
introduction as a means of germplasm 
diversification is widely recognized. The 
contribution of local varieties to adaptation 
is also recognized. Crossing between local 
varieties and selected high-yielding intro
ductions is a valuable approach to develop
ing well-adapted varieties and hybrids that 
respond to management inputs. It should 
be recognized that useful varieties and 
hybrids developed from introduced mate
rials may also contribute to high yield and 
stability. This approach has been and should 
be further exploited. 

4.3 	Traditional breeding methods and popula
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tion methods using recurrent selection are 
complementary, and both should be em-
ployed. An interacting intemational network 
for population breeding should be de-
veloped. Evaluation of population breeding 
procedures for different criteria should be 
undertaken, 

4.4 	The understanding of apomixis in sorghum 
has improved; the potential practical ex-
ploitation of apomixis in the vegetative 
production of hybrid seed needs to be 
established. Further studies of cytoplasm-
genome interaction as related to genetic 
vulnerability are required. 

4.5 	The important factors reducing yield are 
widely recognized. Most of these problems 
are severe in relatively broad geographic 
regions. Their solution in part rests on an 
understanding of the mechanisms of resist-
ance and how these are inherited. Greater 
understanding of these factors for almost 
all important traits is required in the 1980s. 

4.6 	A minimum data set, including climatologic-
al parameters, cultivars used, planting and 
harvest dates, fertilizer application, etc., 
should be accumulated as part of yield trial 
and screening nursery activities to facilitate 
better interpretation of research data. 

4.7 	There is need to better understand the 
physiological basis of "adaptation", and 
how this can be translated into practical 
production. 

5. 	Production Technology 

5.1 Much has been learned about intercrop-
ping, multiple cropping, and relay cropping 
during the 1970s. These techniques are 
commonly associated with subsistence 
agriculture in an effort to reduce risk; but 
they are also employed, to a more limited 
extent, where high yields are recovered 
from responsive varieties in high-input 
situations. The indentification of high-
yielding varieties and hybrids selected to fit 
different crop relationships and manage-
ment inputs, for higher yield returns than 
are currently being realized, should be 
evaluated in a range of sorghum-growing 
environments in the 1980s. 

5.2 	 In Africa, and elsewhere, as pressure on 
land use increases, soil fertility is being 

reduced. Therefore, to increase yields, soil 
fertility will need to be maintained end 
enhanced, particularly by using locally avail
able materials such as lime, straw, ash, rock 
phosphate, and animal manure. The use of 
these inputs, as well as othar management 
inputs achievable by subsistence farmers 
on small holdings, nead research emphasis 
during the 1980s. 

5.3 	The use of good cultural techniques, i.e., 
seedbed preparation, mechanical sowing, 
and weeding, are essential to obtain good 
results. Attention has been directed to 
animal-drawn implements. Research on 
such equipment and on the modification of 
simpler tools currently used by farmers to 
better adapt them to local conditions and to 
offer farmers a greater choice of diverse 
equipment should continue. Attention 
shoud be paid to the use of motorized 
equipmeni where relevant. The use of farm 
mechanization in areas of intensive labor 
use should be carefully evaluated for long
term possibilities in the creation of job 
opportunities. 

5.4 	Attention was focused on postharvest grain 
losses, which represent about 10% of 
sorghum production. Many centers appear 
to be carrying out researr i on postharvest 
technology. However, there is room for 
more research, particularly to refine and 
improve traditional methods. 

5.5 	There is a need to effectively recognize 
quality seed as an important component in 
agncultural development. The production 
and marketing of seeds with quality control 
has many aspects involving both private 
and govemment contributions. As the com
mercial use of F,hybrids becomes possible, 
it is extremely important that the relevant 
authority in a country takes the time to 
stury the seed industry in those countries 
w'iere it is established in order to obtain 
da'a on it as a guide in developing their own 
system. Relegating the production and mar
keting of sded to a department of agricul
ture or an extension service will almost 
certainly result in failure to have adequate 
quantities of quality seed in the right place 
at the right time for the farmer. 

5.6 	 Interest is increasing in the growing of 
sorghum in new areas: for example, in 
areas marginal for maize; sorghum follow
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ing 	rice; sorghum on low-pH soils whee 
aluminum toxicity is a problem; and the 
possibilities of ratooning, particularly in 
areas with bimodal rainfall. Sorghum in 
these situations can contribute usefully to 
increased food production, and such de-
velopment should be encouraged. 

5.7 	Beside concem for improving production 
practices on farmer's fields, there is a 
recogni7ed need to develop a better under-
standing of and the capability for developing 
and managing experiment stations. It is 
recommended that educational and training 
institutions be encouraged to take a more 
active interest in this area. 

6. 	Food Quality and Utilization 

6.1 	 It is imperative that governments in de-
veloping SAT countries implement a plan 
for the production of locally-adapted food 
crops to be increased so that importation of 
food grains would not be needed. At 
present there are countries in the sorghum-
growing areas of the SAT that have to 
import large quantities of other food grains 
annually in order to feed the population in 
rapidly growing urban areas and in rural 
areas struck by drought and hunger. Spe-
cial attention should be given to pricing 
policies regarding locally-produced 3nd im-
ported cereals so that there is an incentive 
for the farmer to produce sorghum as a 
cash crop. 

6.2 	 it is fundamental to dGcument sorghum 
food preparation practics, including decor-
tication, milling, and cooking in areas where 
sorghum is traditionally eaten. It has recent-
ly been shown that several of these techni-
ques improve not only the acceptability but 
also the digestibility and ,utritlonal quality 
of sorghum grain. Laboratory evaluation 
methods of the main sorghum foods should 
be standardized and financial support be 
given to laboratories working with the 
following food systems: t0 (thick porridge), 
to be located in West Africa; kisra and injera 
(fermented breads), to be located in Central 
America; and rice-like products and noo-
dies. These laboratories should be provided 
so that they can work efficiently as regional 
service centers for breeding programs. 
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Adequate support should be given for 
studies on the fundamental food technolo
gy properties of sorghum, involving milling 
and cooking, and their relation to seed 
quality. 

6.3 	Documentation of the present sorghum 
food-eating habits is required in relation to 
the crop's nutritional status. Studies in 
traditional sorghum-eating areas to docu
ment the composition of the integrated 
food in relation to nutritional status should 
give the basis for further studies with 
experimental animals and humans so that 
we can better understand how sorghum is 
best utilized as a food. 

6.4 	Development of the nutritional quality of 
sorghum is e3sential. Studies on the sor
ghum tannins and polyphenols, which 
might be agronomically desirable but which 
are detrimental to digestion and protein 
utilization, must be intensified. Their che
mical identification, physiological role, and 
methods for their removal by extraction, 
alkaline treatment, and decortication must 
be considered. Protein quality improvement 
in sorghum grain should continue as a 
rese3rch objective using all available germ
plasm, with special emphasis on yield 
stability &-d food-grain quality. Studies on 
sorghu,, protein and energy availability 
with invitro and in vivo methods should be 
intensified with special emphasis on its 
relation to the structure and chemical com
position of the seed, and on its relation to 
human nutrition. 

6.5 	New developments in sorghum food pro
cessing are required. To relieve the hard 
work of hand-decortication in rural areas, it 
is essential that suitable village-scale decor
tication and milling techniques be de
veloped and efficiently introduced in areas 
where sor'num is decorticated. If sorghum 
is going to compete with maize and wheat 
in the urban areas, there is a need for 
efficient industrial mills that can produce a 
white flour of the available sorghum 
varieties with a milling yield of not less than 
80%. Convenient, attractive, and nutritious 
foods from sorghum with an improved 
shelf-life must be urgently developed and 
marketed. 

6.6 	The development of the industrial uses of 
sorghum-for example, malt, brewers 



grits, 	starch, fiber (for paper and building assessed at each stage; other experiment 
bodrd), ethanol (for fuel) and feed-should station programs should be started with 
be actively stimulated to make developing the object of enhancing the farmer's cur-
SAT countries more self-sufficieni in these rent status. 
commodities. Emphasis should bij given to 
investigate the feasibility of integrated sys
tems featuring whole-plant cropping, e.g.,
 
sweet sorghums producing food, feed,
 
fiber, and fuel.
 

7. 	Socioeconomic Considerations 

7.1 	 There is need for closer collaboration be
tween biological and socioeconomic resear
chers to address such problems as the
 
following:
 

7.1.1 	 Evaluation of sorghum improvement not 
only as yield per hectare but also as returns 
per unit of labor, paiticularly at peak labor
demand period. 

7.1.2 	To examine the differential impact of cereal 
grain procurement policies on sorghum 
production and distribution. 

7.1.3 	To explore ways to work with national 
governments to assist in evolving policies 
that will support and encourage new tech
nology. 

7.1.4 	To evaluate market value for uses of sor
ghum as feed, construction, and fuel in 
relation to grain so that properly balanced 
crop improvement objectives can be de
fined. 

7.2 	 Based on socioeconomic criteria, it is desir
able to place higher research priority on
 
countries in Africa than in the past. A
 
two-pronged strategy is recommended: a
 
short-run strategy with emphasis on in
cremental change using hogh-ynplding
 
varieties and hybrids with inputs, and a
 
long-range strategy to increase production
 
in envirunmentally harsher conditions
 
where low soil fertility and erosion are
 
problems.
 

7.3 	 It is recommended that researchers should
 
develop a range of technological options
 
rather than inflexible packages for farmers.
 
As far as possib!e, adaptive researrh should
 
be carried out in farmers' fields. The actual
 
situation, resources, and methodologies of
 
the farmer should be fully understood and
 
modifications and improvements should be
 
tried with the farmer. Their value should be
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Valedictory Speech 

A. H. Bunting 

Mr. Chairman, colleagues, and friends, 
On behalf of all members of this Symposium, as 

well as on my own behalf, I want to thank the 
sponsors, ICRISAT, INTSORMIL, and the Indian 
Council of Agricultural Research, for providing this 
Symposium, and for making it possible for us to 
attend, to learn so much, to mpq-t each other, and 
to exchange our opinions and experiences. Iwant 
also to thank the organizers and others who have 
helped to make this so splendid an occasion. I 
think here not only of the many people who are 
named in our program, including the chairmen, 
the co-chairmen and the rapporteurs, but also of 
the many others who are not named, ir.cluding the 
translators, the secretarial and the office staff, the 
canteen workers and the bus drivers, who have 
worked long hours to serve us, without complaint 
and indeed with enthusiasm. I would like you to 
join with me in expressing to them our warmest 
thanks for all they have done. 

We shall all remember with pleasure the many 
evidences of productive cooperation between 
ICRISAT, Texas A&M University and the Pioneer 
Seed Company. No doubt these close and harmo-
nious relationships would give special delight to 
Mr. Pat Mooney, the author of "Seeds of the 
Earth." Nevertheless, I cannot but applaud the 
principle and the benefits of close cooperation 
between an intemational center, a university in a 
developed country, and adistinguished and reput-
able seed and plant breeding company in the 
private sector, which is moreover providing an 
essential service in the developing world. I was 
happy too to feel that what is being done here 
benefits not only the human consumers of sor. 
ghum in the developing countries but also the 
steers, cows and other animals of Texas and 

Professor of Agricultural Development Overseas, Uni. 
versity of Reading, Whiteknights, Reading, England. 

neighboring states, and those who eat their 
products. 

Now we have been talking about sorghum in 
the eighties. The most important thing about the 
eighties is that they lead to the nineties, and the 
nineties end with the year 2000. Research done in 
the seventies, and maybe some that we shall do 
in the eighties, may come to be applied on a 
sufficient scale in practice to allow development 
to proceed more rapidly in the coming 20 years 
than it has done in the past 10. Perhaps it will 
even help to reverse the current adverse trends in 
Africa. 

But there are many effects and trade-offs in 
devc!opment between sorghum and other crops, 
particularly the giants, wheat, maize and rice. All 
dedicated workers on a single crop naturally seek 
to advance it in any way they can. Nonetheless, I 
think we have to be realistic about the way in 
which the world's food needs are likely to evolve. 
We must ask ourselves, soberly, how much 
sorghum the world will in fact require in the year 
2000, where it will require it, and what kinds it will 
require. And with the answers to these questions 
we must adjust our research in such a way as to 
help mankind to achieve those specific and 
quantitative development objectives. The sky 
carnot be the limit for this crop. 

Research and knowledge are far from the only 
inputs needed for such a development in the 
critical 20 years ahead. The volume of effective 
demand will determine the quantity of sorghum 
that will be required by the market. There are 
many weaknesses inthe output delivery systems, 
such as physical infrastructure, transport, mar
kets, storage, processing, wholesaling and retail
ing, and prices. These components determine the 
extent to which farmers can sell off the farm, 
which is the essential nexus in the whole busi
ness of agricultural and rural development. But 
farmers, in doing this, have to work, as we have 
heard, with limited resources which are re3tricted 
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in different ways in different places and at 
different times. And the resources they can 
allocate to agricultural production are also required
for other sectors of their life systems. Conse-
quently, a very complicated story indeed lies 
between new knowledge, the product of re-
search, and increased output and consumption at 
the end of the day. 

The resources of farmers are not confined, let 
us remind ourselves, to the classical factors of 
land, labor and capital, although by suitable 
definitions we can fit all resources into one or 
other of those omnibus packages. We have to 
think also of seed, equipment, knowledge, che-
micals, credit and many other things, as well as of 
external encouragement, services and support,
particularly from the policy of governments. De-
velopment in Africa might well take a different 
course if governments were able to be more 
effective. Many African governments and govern-
ment services are inexperienced and some are 
unstable. Many of them have great difficulty in 
forming and executing development plans.

Technically, there is nothing basically wrong 
with Africa, except perhaps in the most arid 
regions. All of us here know about the substantial 
proglress which Kenya has been able to make, and 
I have recently had the very pleasant experience 
of seeing the remarkable progress made in 
Zimbabwe. By increasing the price of maize to 
farmers from 75 to 120 Zimbabwe dollars per 
tonne, Zimbabwe has harvested for herself in one 
year, admittedly a favorable one climatically, over 
a million tons of maize more than she requires for 
internal consumption or use. The job can be done 
technically in many countries of Africa, but the 
problems about doing it are mostly not at the 
research end. Incomplete as it is,we already have 
knowledge enough in Africa to do a great deal 
better than we are doing now. The negative
trends in Africa are not solely due to lack of 
knowledge. We shall claim too much if we say
"give us money, we will do research, and we will 
solve the African food problem." 

Research does not address itself, or listen, to 
farmers alone. It has many other clients besides 
growers. It has to speak to governments, civil 
servants, development agencies, and the sup-
pliers of equipment and inputs and 'he sellers of 
outputs. The research worker has to address 
himself, and listen, to all these people. Hence, all 
models which have nr, more than research on one 
side and the farmer on the other are unduly 

simple. They represent an unduly limited concep
tion of the functions of knowledge in agricultural 
change and development, particularly in the poor
er countries, they are not even appropriate in the 
developed countries, even though so many of the 
constraints or. change in them have been man
aged that knowledge may indeed become a major 
limiting factor to progress.

All these features vary enormously in different 
parts of the very extensive and scattered domains 
where sorghum is grown. Sorghum scientists 
need to be aware of the diverse objectives, 
potentials, constraints and alternative opportuni
ties of sorghum growers in these many and 
diverse domains, and they have to arrange their 
goals and priorities in research accordingly. Since 
they tend to be locale-specific, there can be no 
one single, or simple, set of goals and objectives. I 
believe therefore that it is very important that 
ICRISAT should continue its efforts to understand 
comprehensively the true nature of the sorghum 
production and demand problems in the different 
territories of the earth in which sorghum is now 
important or might be"ome important in the 
future.
 

Much information relevant to this comes from 
the existing practices of growers, for whom I 
personally have the very highest respect. In 1891, 
after his 2-year visit to India, A. J. Voelcker wrote: 

"Practical enquiry, or the obtaining of know
ledge respecting agricultural practice, precedes 
both scientific enquiry and experiment. The 
scientist, without some knowledge of the 
practical issues involved, is unable to push his 
enquiries in the right direction, and however 
able his research is, he may fai! from being
unpractical. Similarly the experimenter, without 
a knowledge of what is done elsewhere, or 
what is within the reach of the cultivator, may 
waste both time and money in trying what has 
no chance of ever becoming of any practical 
value. 
"The practical man must first become thor
oughly conversant with what is being done in 
native agriculture, and with the conditions 
under which it is carried on. Then the scientist 
may come in and explain the rationale of the 
practice and may apply these principles to the 
extension of the better systems and to the 
discovery (f further resources. Finally by the 
happy comination of science and practice the 
work of e,.periment may proceed in a definite 
and useful direction. Inthis way, some advance 
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in agriculture may be made. 
"1 believe that it will be possible, here and 
there, to graft on to native practice the results 
of western experience, but the main advance 
will come from an enquiry into native agriculture 
and from the extension of the better indigenous 
methods to parts where they are not known or 
employed. 

Colleagues, that was written 90 years ago. 
I want to il!usti te the principle by some 

examples from northern Nigeria. I am aware that 
not everyone here will agree with what I am going 
to say, but I am going to say it nevertheless. Since 
I believe it, I must be content to differ from those 
who do not feel the same way as I do. 

In northern Nigeria, the work of Curtis (1968) 
indicates that photoperiod or lack of response to 
ph:toperiod is an absolute determinant of the 
type of sorghum that can be most successfully 
grown in a particular i-ion. Moreover, response 
to photoperiod, or lack of it, determines not only 
what can or rannot be done with sorghum, it 
determines tk.e place of various kinds of bulrush 
millet in the farming systems and the nature of 
the intercropping practices which involve cow-
peas (see Bunt;ng 1975). The reason for this 
seems quite straightforward. It ic that in northern 
Nigeria the onset of the rains is unpredictable, 
whereas the termination of the rains is much 
more predictable. It is possible therefore to use 
photoperiod sensitivity, or iack of it, to time a 
whole series of agronomic events in such a way 
that the outcome carries minimum risk and 
maximum likelihood of benefit to the cultivator, 
There is no way of achieving this by using other 
types of adaptation. 

Iam not attracted by the easy set of words that 
so many of us use- "short-statured, early-
maturing, photoperiod-insensitive, widely-adapted 
types." This is derived, in part, from the practice 
of temperate agriculture, where indeed we do 
need such types, each adapted to its own 
conditions, in order to secure ourselves against 
the risks of summer drought. But when we start 
applying these concepts to tropical conditions, 
particularly when we have imposed them on our 
research program as a consequence of the 
conversion program in sorghum, we may meet 
substantial difficulties. If flowering and maturity 
come too early, we may substantially increase 
damage by insects and fungi, so that we have to 
increase resistance to head rots. If we get it 
wrong the other way, we run into dry weather, 

and therefore have to step up our research on 
adaptation to drought. No doubt both these sorts 
of research are useful, but the risks would be 
minimized if the time adaptation were right. It is 
like shooting yourself in the foot and then calling 
for a pair of crutches and a bath chair. It is f, 
better not to shoot yourself in the foot in the first 
place. 

All this arises from a point that I made uarier in 
this meeting. All too few of the scientists who 
come for the first time to work in the tropics are 
aware of the fundamental differences between 
tropical and temperate environments in water 
regime and nitrogen cycling let alone the differ
ences in social and economic settings. This has 
led, in my view, to substantial wastage of re
sources in tropical agricultural research. 

Now I want to turn to plant breeding. I am not a 
breeder and what I say may therefore be wrong as 
well as subversive. We have evidently to improve 
our crop in respect of a wide range of multiple 
objectives-not merely potential "high" yield, 
important as that is. We have heard about 
nutritional attributes, resistance to storage pests, 
local adaptation to environmental circumstances, 
diseases, pests, quality for the consumer and 
many other things. Breeders are bound, in my 
view, to keep all of these objectives constantly in 
view. It may be difficult to select or breed.for 
them all at once; but we shall remember that if 
we do not positively breed for a character we are 
likely to breed against it. Nor must we fragment 
the process unduly, for example, by asking 
different breeders to breed separately for diffe
rent objectives. 

We ma)' take encouragement from the way in 
which, sinc,. the early days of IR5 and IR8, our 
colleagues at IRRI in the Philippines have now got 
up to IR54. In that range they can offer various 
types of plant structure appropriate for large yields 
in different environments, with various culinary 
qualities and an increasing range of multiple inbuilt 
resistances to pests and diseases. 

Let me add an even cruder example. That giant 
of plant breeding and genetics, S. C. H, .nd 
(1949) transformed Tanguis, the main cotton of 
Peru, by what he named the mass pedigree 
system of seloction. By setting standards for six 
characters which could be measured on single 
plants, rejecting plants or small bulks in which 
these characters were below the norm or the 
arithmetic mean, and by advancing the standards 
in successive years, he soon produced popula
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tions of improved quality which yielded very much 
more than before. Starting from preliminary obser-
vations, in 1940, the first wave of about 500 000 
kg of improved seed was issued in 1943; and by
1949 yields around 1 tonne of lint per hectare 
were being harvested on a field scale by some 
farmers. In raspect of characters other than those 
for which they had been selected, the new 
populations were genetically heterogeneous and 
further improvement in them was evidently 
feasible. 

Iam sure that breeding for multiple objectives is 
essential if we are to attain our objectives
sufficiently rapidly to benefit hundreds of millions 
of farmers and consumers by the year 2000. If the 
hybrid rout3 can rapidly achieve the necessary 
multiple objectives on such a scale that millions of 
growers in different environ~.ments can benefit 
from it within the coming 20 years, well and good; 
but I would urge ^,hat this matter be very carefully
considered, particularly in relation to the role of 
the seed and breeding industries, 

Seed and breeding industries are obviously of 
central importance to us. I separate the two 
deliberately. The first requirement may well be a 
seed industry to meet the demand of farmers, iur 
good, clean seed of suitable type at an acceptable 
cost. The breeding industry may then come along 
at a later stage. Perhaps it is in this area that the 
big difference lies, in international agricultural 
research, between the substantial and increasing 
effect on output and on yield per hectare in wheat 
and rice, and the very much smaller global effect 
on maize. I believe that we would do well to 
nonsider how it comes about that very dedicated 
and devoted international research on maize, 
against the background of science and practice 
which has made maize in the United States the 
highest yielding cereal in the world, with an 
average, across all maize, growers, of 6.86 metric 
tons to the hectare on 2 ri million hectares in 1979, 
has not had anything like the effect that the 
international work has had in wheat and rice. I 
suggest that this has to do with the breeding 
system and with the problems of seed industries 
and breeding indu.stries. In sorghum, which is 
sufficiently out-crossed to run into similar prob
lems, we may well need to adjust our breeding 
procedures and our recommendations to the real 
facts of life in respect of the development of the 
seed and plant breeding industries. 

We have now reached the end of this very 
rewarding symposium. At this point we say to 

each other, to our generous and kindly hosts, and 
to this splendid institution, au revoir, 6 la 
prochaine fois-goodbye for now, until we meet 
again. We all look forward to many meetings in 
the coming 10 years, to the flowering of new 
friendships and new collaborations. From the 
heterosis which these associations will ge,,erate I 
believe we shall harvest record yields of new and 
relevant knowledge and understanding with 
which to advance the progress of all who grow, 
and all who use, the sorghum crop and its 
products worldwide. 
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Climate-Yield Relationship In Traditional and Improved Sorghum
 
Cultivars In India During the Past Dade
 

B 8. e ddV, M. V. K. Svlrumr, V. Jaym Mohmn R o, K. Vidy SarW Roo, 
rand N. 0. P. Rao 

Abstract 

Consequsnt to the climatic vulnerability of traditional Indian sorghums, new cultivars with altered plant type, duration, 
dry matter production and growth rhythms have been developed and cultivated commercially. 

Soil, rainfall and evapotranspiration, and yield data are available from several diverse locations during both kharif 
(monsoon) and rabi (winter) seasons over the past decade, when normal, subnormal, and above normal rainfall 
situations were encountered. 

A comprehensive analysis of the climatic factors, yield and their interrelationships during the decade of the 
seventies is attempted. Both sole crop and cropping system yields have been considered. The implications of this 
analysis on dryland sorghum improvement will be analyzed. 

Photosynthetic Characteristics In Relation to Dry Matter Accumulation In
 
Sorghum Hybrids and Their Parents
 

Renu Khanna Chopra and S. K. SInh 

Abstract 

Heterotic sorghum hybrids CSH-2, CSH-3 and the their parents were analyzed for leaf area, photosynthesis rate and 
activity of photosynthetic enzymes during growth and development. RuBP carboxylase and PEP carboxylase were 
examined in panicle components also, during grain development. Dry matter production was greater in hybrids 
compared with their parents. Hybrid CSH-3 accumulated more dry matter before anthesis while CSH-2 accumulated 
more dry matter during grain development. Photosynthesis rate, RuBP and PEP carboxylase activity in the leaves was 
similar in inbreds and hybrids. Compared with leaves, the panicle had a lower activity of photosynthetic erzymes. 
Heterosis was not observed in the activity of photosynthetic enzymes in the panicle. The above results will be 
discussed to explain the higher dry matter production and yield in heterotic hybrids. Significance of dry matter 
accumulation before and after anthesis will also be considered in relation to adaptability. 

Influence of Rainfall on Grain and Stover Sorghum Yields 

Mario do Andrade Urn 

Abstract 

A study was conducted aiming at the determination of the influence of rainfall on grain and stover sorghum yields. The 
study was carried out without any supplementary irrigation. It included nine environments and three varieties in each 
of two locations of semi-arid Pernambuco, Brazil. 
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Results indicated that stover yield was highly significant and correlated with total rainfall during the crop cycle. For 
each mm of rainfall, stover yield increased 23.7 kg/ha. There was no clear response to rainfall for grain yie;d. Inone of 
the locations, grain yield was significantly correlated with rainfall in the first 60 days after planting, as well as with 
rainfall from the 40th to the 70th day of the crop cycle. For the other location, the correlations were generally not 
significant. For each mm of rainfall from the 40th to the 70th day after seeding, grain yield increased from 10 to 52 
kg/ha. 

.Screening Sorghum Genotypes for Tolerances to Minei,-l 
Element Deficiencies and Toxicfies 

R. B. Clark, P. R. Furlanil, G. E. deFranca, A. M. Furlani 
and Y. Yusuf 

Abstract 

Plants that can tolerate and grow well under mineral element deficiency and toxicity conditions need to be identified 
and developed, so that they can be grown successfully on marginal lands and with fewer or limited fertilizer/soil
amendment inputs. A relatively simple and inexpensive method for screening sorghum genotypes for tolerance to 
mineral element deficiencies and toxicities in nutrient solutions was developed. This method has been used 
successfully to screen sorghum (Sorghum bicolor [L.) Moench) genotypei for differences in tolerance to low levels of 
N, P,and Fe, and to toxic levels of Al. The method consists essentially of growing a fairly large number of plants
(60-125) in the same container with relatively low volumes (50-100 ml/plant) of nutrient solution containing limited 
amounts of the element of concern or with added elements/compounds to induce a deficiency or toxicity. Conditions 
that gave wide differences among genotypes for low N, P, and Fe and to toxic Al were: N-10 mg N/plant as NO3 + 
NH,* (8:1); P-64 /4mol/I (2 mg) as KH2 P0O, calcium tribasic phosphate, or ethylammonium phosphate;
Fe-deficiency induced by adding high Por by using NO3- only as a source of N (to raise solution pH); end A1-148 
jimol Al/I (4 mg)with 64 /tmol P/I. 

Rapid Screening of Sorghum Seedlings for Tolerance 
to Low pH and Aluminum 

Canido Bastos and Lylni Goudey 

Abstract 

A rapid screening procedure for evaluating sorghum, Sorghum bicolor (L.) Moench, seedlings for tolerance to 
aluminum (222 jAM) at low pH (4.0)using amodified Steinburg nutrient solution isdescribed. The parameter measured 
is the rate of seminal root elongation observed ,'fter a 6-day treatment period. Seeds were germinated and transferred 
to the treatment nutrient solutions after 3 days. Twenty-seven of 158 genotypes were found to equal or exceed the 
laboratory tolerance level of SC-1 75-14([S-12666C), agenotype with good tolerance to low pH-high aluminum soils. 
Genetic studies and additional screenings of lines from the World Collection of sorghum are under way. All genotypes
tolerant to low pH and aluminum wil b, screened for tolerance to manganese innutrient solution and field evaluated 
in soils of pH 4.0 with an aluminum saturation greater than 64% of the C.E.C. 
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Aspects of Nitrogen Fertilization of Sorghum 

J. T. Mo-aghan, T. J. Rego and Sardar Slngh 

Abstract 

Nitrogen deficiency is a constraint to high sorghum yields in India. Soil nitrogen dynamics in the region are complex. 
Four separL , situations are considered: (a)kharif production on Vsrtisols; (b) khaif production on Alfisols; (c) rabi 
production on Vertisols after a khaiffallow; and (d) rabi production on Vertisols after akhaifcrop. Denitrification and 
nitrate leaching losses are likely problems in (a)and (b), respectively. Split applications of banded nitrogen fertilizer 
under high rainfall conditions have increased fertilizer efficiency in (a) and (b). Positional availability of fertilizer, due to 
dry soil zones, is a possible constriinl in (c) and (d). Deep placement of fertilizer is needed in such situations. Pertinent 
research involving the isotope N16 and soil nitrogen mineralization will be discussed. 

Insect Pests of Sorghum in West Aftica 

K. F. Nwanze 

Abstract 

Three species of insect pests are considered important in West Africa: the shoot fly, mainly Atherigona soccata; 
sorghum midge, Contarinia sorghicola; and stem borers, mainly Busseola fusca. Over 20 species of shoot fly have 
been recorded in Upper Volta. Infestations are usually low to insignificant except on very late sown crops. Midge 
attack varies between seasons; it is usually low in the dry Sahelian zone but severe south of latitude 13*N. It is 
generally insignificant in Nigeria and Mali while "hot spots" have been identified incentral and southern Upper Volta. 
Stem borer infestation is caused primarily by B. fusca; however, Eldana saccharina and Sesamia calamistis are also 
found. Severe infestations occur in Nigeria as far north at 12*6' latitude, being most severe at Samaru and Funtua. In 
Upper Volta, B. fusca infestations occur below latitude 11 *30'N where annual rainfall exceeds 900 mm. The late crop is 
most severely infested. 

Damage by head bugs and head worms is increasing particularly on introduced sorghums with compact 
panicles-they are not a problem on local cultivars with loose panicles. 

A Comparison of Three Methods for Grain Mold Assessment in Sorghum 

V. M. Canez, Jr. and S. B. King 

Abstract 

Eleven grain sorghums believed to represent a range in susceptibility to grain mold were field grown in Mississippi 
with and without aerial misting during seed development. At physiological maturity and harvest maturity, threshed 
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grain was assessed for grain mold by (1)visually rating grain for external discolo'ation, (2) plating sturface-sterilizedgrain to determine fungal infection, and (3) analyzing grain for ergosteul content to determne total fungal biomass.
Fusarium moniliforme, F. semitectum, Curvularia spp and Altemaria spp were the predominant fungi isolated. Thegreatest number of fungal colonies and highest ergcsi.qcol content were associated with m sted seed at harvest
maturity. Greater differences in fungal invasion among va-eties were found with ergosterol analysis than with the
plating technique. Visual assessmunt of grain n told was more closoly correlated with ergosterol levels than with total 
fungal colonies or percent infection. 

Sorghum Improvement in Association with Maize 

Rem Clara, Napoleon V. Casamalthuapa, Rogello H. Cordova, Edberto C. Amaya, 

and Vartan Guiragosslan 

Abstract 

Sorghum is the second most important cereal (following maize) inCentral America. It is most commonly intercroppedin a one to one ratio wi*h maize; for example, about 94% of the sorghum sown in Guatemala is intercropped with
maize or beans. Sorghum flour is made into torillas directly but generally blended into flour from maize. The degree ofblend is influenced by the availability of maize and the market price-if the price of maize is high, it is sold and the 
percentage of sorghum locally consumed increases.
 

The sorghum improvement program in El Salvador has most 
extensively used introductions from Texas A&MUniversity, ICRISAT Center, ICRISAT-CIMMYT, and Puerto Rico directly and in combination with locals to derive
earlier, shorter varieties with better grain quality. Selection and evaluation is undertaken in the intercrop. Sorghum is sown in maize and they are io competition for about 68 days when the maize stalk is broken below the ear-at thistime the maize is 90 days old. It has been found that the sorghum-maize intercrop (distance between maize-sorghum
rows is 45 cm) is more profitable than either as a monocrop. Improved shorter varieties yield 50% more in sole cropand 35% more in the intercrop than local varieties. Best yields are obtained when the maize matures in about 90 days.The lines from El Salvador, ES-412 and SM-1, have been evaluated in Mexico and found to have good quality for 
making tortillas. 

Soil Factors and Sorghum Population Optima In
 
Botswana
 

M. J. Jones, D. Rees, J. Sindalir, and i. Makin 

Abstract 

In sorgh.im row-spacing/population trials in Botswana, soil factors strongly influenced crop response to the rainfall
patterr,. Higher populations had 'ighor rates of water use than low populations on a loamy sand but not on asandyloam, inwhich rooting appeared to be restricted by anaturally high bulk density. On this compact soil high populations
showed severe drought stress with consequent loss of yield potential, and yields peaked at about 63 000 plants/ha;but on the loamy sand yields increased with population up to at least 140 000 plants/ha. It is postulated that crop
performance in asemi-arid environment depends heavily on the ability of the soil to act as a buffer against drought,and this is a function not only of soil depth and water-holding capacity but also ease of rainfall infiltration and rootproliferation. Such factors are highly relevant in extension advice to farmers and in land capability evaluation. 
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Population Improvement in Sorghum In Nigeria 

A. Tund& Obfana 

The population improvement program inNigeria utilizes four genetically broad-based random-mating populations as 
S1 progeny testing and stratified mass selection.base materials, and two main recurrent selection methods: 

Progress made so far is indicated and discussed comparatively in terms of increased grain yield and Striga 
resistance, for and among the four populations: B composite, Y composite, YZ composite and MSAR composite, 

using the two recurrent selection procedures. The implication of using the ms7 type of sterility system and its 

proportion in the original and advanced generation cycles is indicated. 
A proposal for the possible use of acombined recurrent selection method: S1 testing plus mass selection (female 

cho*ce); for an environment with single growing season and additional irrigation, isdiscussed towards maximizing the 

genetic gain from selection for yield and multiple disease resistance. 

Breeding for Multiple Insect and Disease Resistance in Sorghum 

B. S. Rona, V. Jays Mohan Rao, V. U. Singh, S. Indira, and N. G. P. Rao 

Abstract 

Sorghum being predominantly a low input crop of the semiarid tropics, the simultaneous incorporation of resistance 

to major pests and diseases inimproved cultivars isessential to confer greater levels of stability to production. While 

individual sources of resistance have no doubt been documented, efflorts have also been made recently to identify and 

develop sources exhibiting resistance to groups of pests and diseases. These will be documented. The mechanism 

goveming resistance to most sorghum pests is nonpreference. Disease resistance as indowny mildew and charcoal 

rot is a quantitative threshold character. The nature of inheritance isgenerally additive for threshold characters and for 

insect resiktance. Stability of resistance is also under genetic control. It ispossible to develop a genetic basis for 

multiple resistance and pyramid genes for resistance. The plant breeding implications of breeding for multiple 

resistance to sorghum pests and diseases will be discussed. 

on Leaf Structure,Pielotropic Effects of gl Glossy Gene in Sorghum 

Leaf Digestion, and Disease Resistance
 

bo Turumoto 

Abstract 

Some of the psioropic effects of the g1 glossy gene insorghum were examined. The outer-side cell walls of cuticles 

of glossy leaves in SC-112 and Rancher were observed to be thicker and harder than those of nonglossy leaves in 

Zairai-Token. The nonglossy isogenic plants were always somewhat higher inleaf digestibility than the glossy isogenic 

plants. This suggests that the thicker and harder cell walls of cuticles inthe glossy leaves would be more resistant to 

the attack of cellulose enzymes than the highly dense epicuticular waxes on the nonglossy leaf surfaces. The 

relationship between glossiness and resistance to sorghum leaf blight suggests that the resistant gene to leaf blight 

would be independenth, inherited of the gl glossy gene. 
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Mutational Studies In Sorghum 

. S. Sefty ad J. D.S&itM 

Abstract 

In sorghum, induced mutagenesis as a tool for genetic improvement has made only a beginning. Seeds of grain
sorghum (Tx-414) were treated with various doses of gamma rays, hydrazine (HZ) and e.nyl rnthanesulphonate
(EMS) singly and in combinations, with and without cysteine used as a pre and posttreatment modifier. Hydrazine was
found to be a more potent mutagen compared with EMS and gamma rays based on induction of chlorophyll and
morphological mutations in the M2 generation. Cysteine by itself had no toxic effect in M, nor inducod any mutations in
the M2. but when used as pro- and posttreatments of gamma irradiated and hydrazine treated material, it afforded
protection against seedling injury caused by gamma rays and HZ, and also increased the recovery of chlorophyll and
morphological mutations compared with single treatments. Treatments of gamma rays, EMS and HZ in all possible
combinations produced less than additive effects for the induction of mutaiions. 

The Role of Sorghum In Rice-based Cropping Systems 

D. P. Garrity, V. R. Carangul, and L D. Haws 

Abstract 

The development of nce-dryland crop patterns is a response to the need to intensify land use in the densely populated
Asian rice-growing areas. It was made possible by the adoption of earlier maturing rices and time-efficient 
management practices. Sorghum has demonstrated good performance and exceptional yield stability in sequence
with rice. This appears to have been due, in particular, to three characteristics: (1) adaptability to heavy paddy soils;
(2* superior waterlogging resistance; and (3) drought resistance. 

Rice-sorghum is a relatively new cropping pattern. Its present area is small, but the potential area may include
millions of hectares. Greater efforts are needed to improve sorghum technology for the unique requirements of the
postrice environment, the most critical areas of attention being crop establishment practices and varietal adaptation.
Overshadowing these needs at present, however, are the difficulties of developing market channels to sustain
production of this relatively new crop in many cquntries of the region. 

Stability of Sorghum-based Intercropping System under Rainfed Conditions 

S. P. Singh and D. Jha 

Abstract 

Most of the earlier -tudies on the relative stability of intercrop vs sole crop systems under rainfed conditions are based 
on cross sectional data. It has been suggested that this approach is not conceptually appropriate and one should really
look for variability over time. An attempt has been made in this paper to analyze stability of sorghum-based
intercropping systems using a more logical model. The data have been taken from experiments conducted by the All 
India Coordinated Sorghum Improvement Project over the past decade. 
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A Breeding Procedure for Combining High Protein rind High Lysine 

with Plump Comeous Seeds of Sorghum 

V. Java Mohan Ro n P. 0. P. PWe
 

Abstract
 

The transference of the high lysine trait to a plump, comeous endosperm at normal protein levels is yet to be 
not presently available. Based on a comprehensive studyaccomplished end distinct guidelines to breeders are 

involving derived plump and shrivelled lines from the high lysine Ethiopian parentage and P-721, it has been possible to 

identif/ crosses which did not exhibit the general negative relationship between protein and lysine. The studies 

yielded data on criterW for choice of parents, the direction of the cros3, character associations, nature of gai;se action 

and mating systems. 

Note on Sorghum Insect Pests In Upper Volta 

S. M. Bonzl 

Abstract 

Sorghum is the main food crop in Upper Volta. The most common insect pests are sorghum midge, stem borer 

(Busseola fuscal and shoot fly. The drought that occurred in the seventies in the Sahel Region of West Africa favored 

some less polyphagous pests, Poophilus costalis and aphids being among them. 

Consumer Preferences and the Adoption of New Cuktivars hn Sahellan 

West Africa 

W. M. M. Morris 

Abstract 

About 85% of the sorghum and millets produced in West Africa is consumed by the producer-it does not reach a 

market. Over the past 15yoars the rate of increase in production of sorghum and millets has been 1.8%, year with a 

population increase of 2.8%/year. Coastal countries, Senegal, Mauritania, and Gambia, have been increasingly 

importing wheat and rice at the rate of about 10%, year. While there are organized grain markets there is a failure to 

guarantee price because of a lack of ability by the government to buy, store, and market a surplus crop. Market prices 

fall and the farmer Icaes incentive to produce. 
The farmer has an array of varieties and he sows them according to such factors as soil type and fertility, rainfall, risk 

aversion and consumer preference. There ame changes in food habits; the younger generalon may prefer to eat pasta 

noodles or spaghetti rather than traditonal t6 resulting in differences for grain type within a family. Preferences foi 

good milling quality, color, clean, insect-free sound seed exist both in the market as well as the home. A better 

understanding of indigenous knowledge on varietal preference is important. 
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The Contrbuftn of MAT to th Deva mnt of Sorghum Varleties and 

HyMd In West Afica 

J. Cen~reu 

Abft 

Initially, in the early I Os, ecotVyp such as Muskweo InCwam n, Belko and GnefirL in Upper Volta, Tiernarifing inMali, Jan Jars and Mourmour inNiger, Congorsane SHO inSenegal were devoloped by mass and pedigree selectionwithin locals. A second stage involved the development of earlier, shorter varieties with mrwe compact heads and tanstraw-exotic lines wore used. Aseries of /brids (IRAT S12 and IRAT 179) and varieties I(IRAT S, S7. $8 inUpperVolta, IRAT 510 inNiger, IRAT S11 (CE90). S13 (CE67), S15 (CE99) and (CE 11)) in Senegal were developed. Cropmanagement was found important if increased yields were to be realized from these now varieties and hybrids. Traitssuch as resistance to grain mold Ynd food quality were also found to be inortant. Recent i election for varieties andh/bnds involves these traits plus seedling vigor and related factors contributing to stand establishment. Promising
lines are CE 145-66, CE 151-186, CE 151-262. and CE 157-95.

New seed parents for hybrids have been developed and CE 102A and Rand CE 111 A and Bare useful inSenegal. Inthe north of Senegal, with irrigation, CSH-9 from India, CK 61 2A from USA, R75-14 from ICRISAT and the IRAT hybrid181 are performing well. The importance of linking new varieties and hybrids with improved management practices is
emphasized. 
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Appendix 2
 
Poster Sessions
 



Poster Session
 

The following papers appeared in poster sessions. Copies can be obtained from the authors. 

Seedling Emergence in Sorghum under Varying So;i Temperature and
 
Moisture
 

P. Soman and J. M. Ito.cock 

Abstract 

Emergence response of a few sorghum genotypes to different soil temperatures were tested in asystem where wet 
soil could be heated from above. Temperatures of 35C. J0C,450C and 50*C were maintained at a depth of 2 cm. 
Genotypic variability wa detected. Hybrids CSHi-1. CSH-5. and CSH-6 showed poor emergence at high temperatures 
compared with varieties such as SPV 354,SPV 388 nd SPV 387. The cultivars were also tested for emergence under 
limited soil moisture. Three levels of soil moisture were maintained in pots: 3.8-0.3%, 7.5-2.1%, and 8.1-3.2%. 
Again, hybrids gave very low emergence at lower moisture supply when compared with varieties. Genotypic variability 
was detected. 

Strategies for Drought Tolerance 

H. G. Jonn 

Abstract 

The results of calculations using a simple model to investigate the relative advantages of conservative or cptimistic 
strategies of water use for crop productivity indifferent climates are described. Inparticular the implications of the fact 
that the occurrence and amount of rainfall inmany semi-add environments are more or less variable from year to year 
will be investigated. 

Sorghum Genotype Differences to Organic and Inorganic Sources of Phosphorus 

A. M. Fudani, R. B. Clark J. W. MaranvIlle, and W. M. Ross 

Abstract 

Selected sorghum (Sorghum bicolor (L.1 Moench) genotypes, chosen because of their response to low P in earlier 
studies, were grown in nutrient solutions and in a low P soil with various organic and inorganic sources of P to 
determine their differences for dry matter yields, Pconcentrations and contents, dry mattor produced per unit P,and P 
distribution among plant parts. Plants grown with organic sources of P. whether in nutrient solutions or in soils 
produced more dry matter and had higher P concentrations and contents than genotypes grown with inorganic 

Prevloua Pago Mc. 
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sources of P. Pants grown with calcium phosphate compounds produced as much or more dry matter as plants
grown with KH2PO4 in nutrient solutions, but less when grovn insoils. Plants grown with ferri., ferrous, and aluminum
phosphates produced the least dry ma3ttet in both nutrient solutions and in soils. Widist differences among
genotypes for dry matter yields were nIated for plants grown with ethylammonium phosphato, calcium tribasic
phosphate, glycerylphosphateand KH2PO4. Plants grown with KH2PO4 and calcium tribasic phosphate had nearly
6-fold higher dry matter produced per unit P than plants grown with ethylammonium phosphate. Gcnotypes showed
few differences in P distribution between roots and tops, but differed extensivel,, in P distributior, among lower.
middle, and upper leaves. Of the genotypes studied, BB-9040 was the most tolerant to low Pand SC-33-9-8-E-4 was 
the least tolerant. 

Acetylene Reduction Activity of Several Sorghum cnd N-Fixing 
Bacterial Associations 

S. C. Schank, Rex L Smith, and J. R. Miam 

Abstract 

Fifty-one Sorghum vulgare (L.) Moench lines were tested in replicated field plots for acetylene reduction (AR). Range
of AR activity was from 0 to 1934 nanomoles per gram of dry root per hour. In order to further study these highly
variable field responses, an invitro screening technique has been developed to evaluate plant responses, root bacteria
associations, and acetylene redt,rton of specific grass bacteria combinations. Axenic systems using diverse sorghum
germplasm were estabiished by inoculating sorghum plants with Azospirillum or other N2-fixing bacteria. The
seedlings were grown in test tubes for 10 dayr on a Fahraeus, nitrogen and carbon free medium. Inaddition, bacte; ial
populations of Azospirillum were studied at the end of the growth period using fluorescent antibody lajeling. Roots 
were scored for root-bacteria associations. Photos of the root-bacteria associations will be displayed. 

Embryo and Endosperm Formation i;n Cross-Sterile Facultatively
 
Aposporous Apomicts
 

M. Bharati, U. R. Murty, and N, G. P. Rao 

Abstract 

Twenty-one cross-sterile cultres were isolated in advanced generation progenies of crosses involving the facultative
apomict, R-473, and a sexua, line, White Seed. Four of these cross-sterile lines were examined at various time
intervals up to 4 days. A considerable number of emtVo sacs remained unfertilized at various time intervals. Lack of
ferti:zation was cencluded from the presence of intact synergids, unfused polar nuclei of the central cell and the
undivided egg. The frequency of such embryo sacs pproached 20% The unfertilized egg was seen to give rise to an
embryo starting from the 2nd day after pollination. Endosperm also formed simultaneously, but the endosperm nucleipresented an appearance different from that of sexually formed endosperm. The antipodal nuclei were seen to have 
contributed to such endosperm at least insortie cases. Pollen tubes were found to continue growth innuceli that were 
more than 3 days old Theso observations were taken to indicate that pollen tubes cannot penetrate aposporous
embryo sacs and that embryo and endosperm insuch embryo sacs occurred autonomously a few days after anthesis. 
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The Starch for Apospory In Sorghum L 

V. Sedshaste ,Ad U. R. MurW 

Abotrwer 

The possibility of prmiucing porpetual hyds in sorghum has prompted an investigation of the embryology of 
Sorghum hepense.Sorghum helepense was on record as having some apomictic tendencies as revealed through its 
breeding behavior. The mechanism underlying such a behavior could be due to the occurrence of apomixis in the 
aposporous embryo sacs, as the embryological study of this species reveals the existence of somatic apospory in 
come ovules that are potentially capable of developing into an aposporous embryo sac. The aposporous initials could 
be discerned in afightly older ovules, only after the differentiation of the megaspore mother cell or its further 
devropment. 

Chromosomal Structural Hybridity and Breeding Systems
 
In Sorghum bicolor (L) Moench
 

P. IL Kki, U. R. Musty, and N. 0. P. Ro 

Abstract 

The study was undertaken to find out whether sexuality. cross-sterility and apomixis have any chromosomal basis. A 
kcutatively apnmictic line (R-473), a cross-sterile line (101). four normal lines (White Seed, Kafir-B. IS-84 and Aispud) 
and four F, hybrids were examined at the mid-prophase stage of meiosis. Unpaired chromosomal regions were 
noticed n: the pachytane stage in the apomictic and cross-sterile lines but not in the normal sexual lines. F,hybrids 
betwen normal sexual lines (Kafir-B x Aispuri) did no' exhibit any abnormalities in chromosome pairing but those 
between sexual and apomictic lines were structurally heterozygous. Chromosomal structural differences can, 
therefore, result occasionally in abnormal broeding systems including apomixis. This study indicates that crosses 
between diveigent mate. ials may help achieve obligate apomixis. 

Developmental Studies In Cytoplasmic Genetic Mahterile Sorghum Unes 

L L Namy ma, A. N. Refdy, N. 0. P. Rio, an K. D. PId 

Abstract 

Thor development of anther, male gametophyte, ovule, and female gametophyte in the male-sterile sorghum lines. 
G-1Ao CK-60-A. VZM-2-A and M-35-1 has been studied. Abnormalities such as intratapetal syncytia, thickening of 
tapeta! cell walls, abnormal radical elongation of tapetal cells, early disorganization of tapetum and cytomixis are 
responsible for male sterility in these lines. The embryo sac develops according to the polygonum type and is thus 
sexual. Because of pollen sterility, fertilization fails to take place under seling. In the absence of fertilization, sexual 
embryo sacs degenerate and consequently there is no seed set. However, in G1A and CK-60-A atendency for the 
formation of aposporous embryo sacs and degeneration of the megaspore mother cell on the products of meiosis has 
been noticed. By continued selfing it may be possible to induce apomixis in these lines. 
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B1odhemical Basis of Diverse Cytoplasmic Genetic Male Sterles
 

In Sorghum
 

D. P. Trdllul, &, L We. amd N. 0. P. Rao
 

Study oi soluble protein and isoenzyme in seeds and amino acids in anthers of different steriles, maintainer andrestorer fires th wed characteristic differences. Based on esters pattern, male stenles with diverse cytoplasm
could be organized into three groups: (a)CK-60 A and B, Nagpur A and B, (b)M-35-1 A and B.and (c) G-A nd 0,VZM-2A and B. Comparison of amino acids from anthers of A vs B lines showed lower contents ofhistidine, threonina,glutamic acid. glycr, leucin and ph"ny, alanine and higher contents of alanine, serine, proline and tyrosine in A linesthan B lines. VZM-2 pollen sho'Md rosemb6-oe to G-1 pollen but differad from both CK-60 and M-35-1 pollen inshape, size and exine sculpture. The pollen from ma-sterile lines were more or less devoid of protein and starch 
particles. 

Resistance Broding to Sugarans Mosaic Virus In Australia 

X 0. HwodI, D. . Paey, FL S..Grber, amd D. 8. Tea" 

Absft 

A breeding program to incorporate the single gene K from Krish for resistance to sugarcane mosaic virus (SCMV)and the multigenic field resistance from 0-7539 into the g;ain sorghum lines KS4, TAM-422, R-7078 and KS-19 has 
been cducted in Queensland.

Nineteen lire with the W(gene have been released. Two of these, OL-3 and QL-22 are also highly resistant tosorghum downy mildew. QL-19, with 0-7539's resistance ha, also been released.
An international suIvAv of SCMV strains on 10 sorghum differentials has indicated the wide spectrum of resistanca 

to SCMV strains of Ow, single gone Krish res',tance. 

A Rapid Technique for Evaluadng Sorghum Varieties for Seed Mold
 
Resistance
 

Natal Zummo 

Abs&act 

Because the nature of resistance of sorghum lines to grain molds is variable and not clearly defined, a method ofselecting lines that could produce good quality grain under conditions of high humidity without losing quality would bedesirable. Threshed grains of test lines are compared with aknown set of molded grains using a large 10x illuminatedlens and rated on a scale of 1-10 with 1Ling completely free of molds and 10 being completely covered. A set ofwhite and red differentials is needed when comparing red and white seeded sorghum lines. InWest Africa, those linesplanted earlier and exposed to the rains had a higher seed mold rating than the same lines planted 2-3 weeks later.However, those lines that were supenor ingrain mold resistance remained relatively superior whether planted early or 
late. 
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A Grain Yield Development In a Hybrid Sorghum (Texas 610) and 

its Parents 

U.Jaym y and 0. L WIsMo
 

Abstwct
 

Grain yield corresponds closely to the Storage of carbon assimilated during the grain filling period. Inthe female parent 
the amount of material available for such storage is high, but the small number of grains limits yield. Inthe male 
parent, the large number of grains provides adequate storage capacity, but the supply of material for storage limits 
yield. This isbecause canoi structure ispoor and hence the off ciency of phtosynthetic conversion of solar radiation 
islow. The hybrid combines the desirable features of the two parents; good canopy structure and high grain number. 

Grain Yled Compensation In Rainfe Sorghum 

FL L Hwnton, V. Balsuamanlan, M. Nabyanl Reddy, 
and C. Hanumantha Ro 

Abstract 

In rainfed sorghum hybrid CSH-, various proportions of spikelets from the apex, base or random regions of the 
panicles were removed at the time of anthesis, and compensation in yield components was investigated. The 
distribution of grain number and grain weight from apex to base in untreated panicles was parabolic while grain size 
showed aprogressive linear decrease. Full grain yield compensation occurred due to an increase ingrain number and 
size when the panicles lost up to 20% of the spikelet portions at the base or at random. The data on grain number 
compensation and the decreasing grain size from apex to base of the panicles indicate hormonal involvement also in 
the determination of potential grain nunifar and size. 

Problems and PerspeCtives of Grain Sorghum Cultivation In Italy 

0. Madlaw 

Abstract 

Peninsular Italy, as other Mediterranean environments, makes sorghum cultivation posible in a range of situations, 
and as an alternative to maize, at least inmarginal areas, under rainfed conditions or with irrigation, as the main crop or 
second crop after wheat. 

Cultivation is base. on hybrids, double dwarf types from the USA. The yield performances are economically 
interesting. The main difficulty isobtaining uniform and suitable stands ifsowing is not followed by irrigation. While 
diseases do not represent a serious constraint, sorgjhum shoot fly and sorghum midge adversely affect cultivation in 
some areas. Birds may cause severe crop losses in isolated small fields. 

The main objective of sorghum improvement isto produce hybrids (adapted to drought conditions and suitable for 
early or deep sowing), whose seed should be produced inour conditions; they also need some resistance to birds, but 
with a reasonable tannin content in the grain. 
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Inter- and Intraspecifc Competition and the Design of Productive
 

Cropping Systems
 

B. . Rin, P. P. Todtaltar, and N. 0. P. Rio 

Abstract 

Competition between species results in their characterization as complementary; aggressive or relatively neutralspecies. Alteration of plant type within a species renders them more-or-less competitive. Data on inter- and
intraspecies competition with sorghum as a comp-nent crop will be presented. Keeping in view the recent changes
that have occurred in sorghum cultivars, the complementarity or compatibility of sorghum-based cropping systems
both in space and time will be examined. The design and development of stable, productive and transgressive
cropping systems will be analyzed. 

Factors Affecting Sorghum Consumption in Honduras 

May Fual, Eunke McCulloch, Robert Jones, end Louis Bluhm 

Abstract 

This interdisciplinary research dealt with the agronomic, economic, social and nutritional factors which influenced tho
production, storage, and consumption of sorghum in Honduras. An interview schedule covering the above areas wasdeveloped and used by Mississippi INTSORMIL researcherG in two surveys in the summer of 1981 in mountainous
and lowland areas of southern Honduras. Data on household size, sex roles, decision-making pattems, attitudes,
values, consumer preferences of grain and methods of food preparation were recorded. Food intake studies, as well as anthropometric measurements, were used to assess the nutritional status of each child. This was abase-line study
to develop criterion for future nutritional improvement through the use of improved strains of sorghum grown in 
Honduras for human consumption. 

Nitrogen ixation Associated with Sorghum 

S. P. Wahl, P. J. Dart, 8. C. Chandripalabh, and M. N. Upadhyayi 

Abstract 

Using aSoil-core assay method in the acetylene reduction technique, 334 lines have been screened; 55% of the lines
tested stimulated N2-aseactivity in the rhizosphere and 14% stimulated high activity (100 pg N/core/day). The activity
is affected by field variability, time of sampling during the day, and the time interval between taking the core andinjecting C2H2. Activity varied not only with the growth stage of the crop when assayed, but also with the temperature
at which the cores were incubated during assay and the amount of nitrogen fertilizer added. Activity is well correlated
with the soil moisture. A test tube culture technique has been developed to test the effect of host genotype and
bacterial culture on nitrogenase activity. A method for assaying intact plants for nitrogenase activity has been
developed. By using this method the same plant can be assayed several times during its growth cycle and seed canalso be obtained. Ina pot experiment with the sorghum hybrid CSH-1 grown inunsterilized Alfisol soil, inoculation withnitrogen fixing bacteria produced a significant increase in grain and total dry matter production. 
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Nitrogen-fixing Bacteria Associated with Sorghum 

D. B. God , P. J. Dimt, ,d K. P. Hbbw 

Abstract 

The total number of N, fixers from rhizosphere soil, rhizoplane and root macerate of sorghum plants was estimated by 
plate cojnts using N-free sucrose and malate media. Using these inocula, nitrogenase activity was measured by the 
most probable number (MPN) method on sucrose and malate semisolid media. Nitrogenase activity was measured by 
the acetylene reduction technique. Value of the spermosphere model was demonstrated with plants grown in tubes 
on Fahraeus agar medium for selection of the most abundant and host compatible bacteria from the rhizosphere soil, 
rhizoplane soil and root macerate. Based on colony morphology, various isolates were picked up from plates and 
purified. Purified isol3tes were tested for nitrogenase activity on malate and sucrose semisolid media with 20% 
acetylene incubated for 3 hr at 33*C. Applicability of analytical profile index (API) tests was demonstrated for quick 
identification of nitrogen fixers belonging to Enterobacteriacae. 

A New Sorghum Program In the SAT In Australia 

L J. Wad. 

Abstract 

A research program is being initiated to investigate sorghum productivity in the Capricomia region of Queensland, 
Australia. This region of expanding dryland sorghum production is characterized by heavy cracking clay soils in the SAT 
where antecedent soil moisture is important and rainfall irregular. There is enormous potential for the crop in this 
region but performance of existing cultivsrs has been disappointing so far. Initial experimentation will be directed to 
defining the exact nature of limitations to productivity in this environment. Other work will involve phenology, crop 
establishment and growth analysis, which are all likely to be important in this region. 
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Presentation of Award 

J. Roy Quinby was presented with a ma.ble mosaic plaque with the following inscription: 

In recognition of 57 years contribution to our knowledge of surghum by the delegates of the 
Sorghum In tho Elghties Symposium, Hyderabad, India. 

November 2-7, 1981W 

J. Roy Quinby was employed to work on sorghum 
at the Chillicothe Station at Texas A&M University 
in 1924, 57 years ago. One of his earliest 
publications appeared in 1931. He became super-
intendent of the station in 1925 and at that time 
his lifelong associate, J. C. Stephens was also 
employed there. 

Mr. Quinby has pioneered our knowledge of the 
inheritance of maturity in sorghum with the first 
publication appearing in 1945. He also undertook 
the study rf the genetic control of plant height and 
published in 1954. The understanding of the 
inheritance of these two traits has been fun-
damental to all sorghum scientists working to 
adapt sorghum to rw areas or new situations 
leading to imnproved production. 

Mr. Quinby has had a long interest in the 
commercial use of hybrids including the use of 
male sterility to facilitate seed production. 

There are major papers concerning hybrid vigor 
that were published by Karper and Quinby in 
1937, and by Stephens arid Quinby in 1952. 
Results showing substantial increases in yield due 
to hybrid vigor were presented in these papers. I 
would like to read from Mr. Quinby's own writing 
in a TAES publication "A Triumph of Resear-
ch....Sorghum in Texas." "Dr. R. D. Lewis came 
to Texas in 1946 to be Director of the Texas 
Agricultural Experiment Station. While he was 
visiting at the Chillicothe Station I showed Dr. 
Lewis a manuscript that contained a picture with 
the caption The use of hybrid vigor in sorghum 
awaits the solution of problems in the economical 
production of hybrid seed. 

"Before Dr. Lewis left the Chillicothe Station 
that day he told Stephens and me that he would 
approve a proposal for research on methods of 
producing hybrid sorghum seed if we would 
prepare such a proposal." Roy Quinby and his 
associates undertook to impiement Hatch Project 

610 dated 4 October 1947. The objective of this 
project was to produce seed of sorghum hybrids 
in commercially useful amounts. 

In 1948 Stephens felt that he had identified 
cytoplasmic male-sterility. Again quoting Mr. 
Quinby, "Early one morning in 1952 Stephens and 
I decided that cytoplasmic male-sterility looked 
too good to abandon" and work on other mechan
isms of male-sterility were terminated. By 1955, 
seven hybrids were considered to be useful for 
farmer production. Mr. Quinby and J.C. Stephens 
shared the Hoblitzelle Award for The Advance
ment of Texas Rural Life. 

Events moved -rapidly; by 1957 there was 
sufficient hybrid seed to sow 15% of the sorghum 
acreage in the USA and by 1960 some 95% was 
sown. Hybrids combined with irrigation and in
creased use of fertilizer increased sorghum pro
duclion in the USA threefold with little increase in 
acreaje. 

Mr. Quinby joined the Pioneer Seed Company 
in 1961 after retiring from the Texas A&M 
University. Quinby made the first cr ;,s to start a 
conversion program in January 1962. J. C. 
Stephens prepared a proposal to undertake a 
tropical conversion program using facilities of the 
U.S. Department of Agriculture in Puerto Rico in 
the tropics and those of the Texas Agriculturcl 
Experiment Station, at Chillicothe, in the temper
ate zone. The proposal was approved by the 
Texas Station and U.S. Department of Agriculture 
in June 1963 and work began at Mayaguez, 
Puerto Rico, in the fall of that year. All sorghum 
scientists are aware of this conversion program 
and most of them are using converted lines in 
their breeding programs. This program has been 
invaluable as a source of resistance traits and has 
contributed to yield improvement in many places 
in the world. 

Today, Roy Quinby is actively involved in the 
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genetics of hormonal control of sex in sorghum. 
This knowledge of genes and cytoplasms in
fluencing the fertility-sterility relationship in sor
ghum can lead to valuable practical information, 
particularly in relation to apomixis as a means to 
the vegetative production of hybrid seed, and the 
question of genetic vulnerability in our hybrid seed 
parents. 

J. Roy Quinby, throughou-. wc .ing life, has 
made contributions to our knowirdge of grain 
sorghum that have and will continue to have a 
profound effect on the improvement of the crop in 
every location in the world where sorghum is 
grow',. 

L. R. House 

4 November 1981 
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Le-ture After Presentation of Award 

Sorghum Genetics and Breeding 

J. R. Quinby* 

I appreciate this oportunity to speak to you about 
sorghum genetics and breeding as they have 
developed in my lifetime and to try to recognze 
what still needs to be done. It is delightful to see 
many of you again and to meet those of you who 
are just star';,ig a career working with sorghum. 

EartV' in my career Ibecame superintendent of a 
local expeiment station in Texas and I had many 
duties that did not involve sorghum. But, as time 
progressed, my vocation became sorghum gene-
tics and breeding. J. '. Stephens joined me at 
Chillicothe, Texas in 1.j25 as a full-time sorghum 
breeder and he worked on sorghum during his 
entire career. His chief accomplishment was the 
development of hybrid sorghurn using cytoplas-
mic male"sterility. Sorghum hybrids emerged after 
about 25 years of work. Since the advent of 
sorghum hybrids, grain sorghum production in the 
United States has increased threefold. 

As Stephens and I began to work on sorghum 
genetics, we discovered that, as we were just 
about ready to publish on the inheritance of some 
character, a pape: from India wou appear on the 
same subject. I presume you realize that the 
earliest work on sorghum genetics was done in 
India and much of it by G. N. Rangaswami 
AWangar and his students at Coimbatore. 

A significant advancement in sorghum research 
was made when the Rockefeller Foundation 
began to support the work of the Indian Agricultu-
ral Research Institute. Dr. K. 0. R3chie became 
involved in the work with sorghum and the 
Rockefeller Foundation is responsible for assemb-

Plant Breeding Division, Department of Sorghum 
Breeding, Pioneer Hi-Bred International, Inc., Plain-
view, Texas 79072, USA. 

ling the sorghum varieties being grown through
out the world into a single world collection. 

It is apparent that the sorghum .t-ltivars in that 
collection are the product of thousa:;ds of years of 
natural and human selection. I have become 
familiar with only that part of the collection that 
was first converted to temperate adaptation 
(Johnson et al. 1971). But it is evident that 
characteristics that are now valuable to us were 
selected by men and women who intended to eat 
the grain themselves. Cultivars in the collection 
have been evaluated at several locations and 
many have agronomic characteristics that are 
valuable because they include resistance to in
sects, diseases, and weathering that plague 
sorghum throughtout the world. Disease resistant 
converted lines have been identified recently by 
Frederiksen and Rosenow. (1979) and insect 
resistant lines by Johnson and Teetes (1979). As 
time progresses, plant breeders will need to use 
all the desirable nharacteristics of varieties in the 
world collection. 

After the world collection of sorghum was 
assembled here in India, it became apparent that 
the desirable characteristics in varieties in the 
collection should be made available to plant 
breeders in the temperate zones. It was already 
known that the difference between tropical and 
temperate adaptation depended upon the domi
nant or recessive condition of a single gene 
(Quinby and Karper 1945; Quinby 1973). Also, 
dwarfness is inherited simply (Quinby and Karper 
1954) and a tropical conversion program was 
undertaken by the Texas Agricultural Experiment 
Station and the United States Department of 
Agriculture. This conversion program that was 
described by Stephens et al. (1967) and recently 
by Miller (1979), consists of the incorporation of 

International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International 
Symposium on Sorghum, 2-7 Nov 81, Patancheru, AP., India. Patancheru. A.P. India: ICRISAT. 
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one recessive matunity gene and two or three 
recessive height genes into the chosen tropical 
varieties. The tropical conversion program has 
proceeded according to plan without a single 
necessary change. Fortunately, the project pro-
posal included the provision of returnin+g each 
converted cultivar to its own cytoplasm at the last 
backcross. 

I am sure that my interests are too narrow for 
me to have good judgment about what you and 
those who follow you may be doing in the near 
and distant future. However, I now recognize 
some of the misconceptions that I labored under 
for many years and think I recognize some 
research work that should be done now. 

As Doggett (1970) has suggested, sorghum 
probably evolved in tropical Africa and spread to 
temperate zones and to other continents within 
the last 2000 years. Sorghum has been in the 
western hemisphere for only about 200 years and 
only a very few varieties, including the question-
able relative S. halepense, arrived even then. But 
now that the tropical conversion program has 
been under way for about 20 years, plant breeders 
throughout the world have many of the desirable 
varieties from tropical Afiica and India available to 
them. Also, if you as plant breeders in the tropics 
are interested in shorter heights, you should 
realize that tropical "bulks" are available from the 
conversion program that should be of interest to 
you. 

Sorghum has been a good crop to work with as 
inheritance in the species seems to conform to 
the principles recognized by Gregor Mendel about 
a century ago. 

When I visited a graduate course in plant
breeding just before I graduated from Texas A&M 
College in 1924, I received the impression that 
genes that control growth were innumerable and 
that any plant included in its hereditary comple-
ment numerous minor metabolic deficiencies. 
These ideas grew out of the efforts to explain the 
genetics of hybrid vigor. East and Jones (1919) in 
their textbook said that "it is only necessary to 
assume that in general the favorable characters 
are in some degree dominant over the unfavor-
able, and the normal over the abnormal inorder to 
have a reasonable explanation of the increased 
development of hybrids..." Of course, plant hor-
mones were not known at the time because Went 
(1928) had not yet reported the recognition of 
auxin as a growth regulator. 

In 1937, I was coauthor of a paper on hybrid 

vigor in sorghum (Karper and Quinby 1937) that 
contained good data and some beautiful pictures. 
But some of our conclusions became an embar
rassment to me later because we had not 
recognized that it was the complementay action 
of a few height and maturity genes that had 
resulted in much of the added growth that we had 
observed and attributed to hybrid vigor. 

It finally became common knowledge that 
self-pollinited species should not carry numerous 
metabolic deficiencies and as late as 25 years ago 
there were geneticists (Sinnott et al. 1958) who 
thought that hybrid vigor should not occur in a 
self-pollinated species. But that notion had to be 
abandoned when hybrid vigor was shown to be 
present in self-pollinated species such as sor
gtum. 

Grain sorghum yields did not increase in the 
United States until hybrids appeared but the 
genetic and physiological basis of hybrid vigor is 
still not understood. A few years ago I reviewed 
the literature on the genetics and physiology of 
hybrid vigor (Quinby 1974) and presented the idea 
that parents and hybrids differed in hormone 
levels. But hormone levels inparents and hybrids 
have not yet been examined. But the idea that 
numerous genes control plant growth is still with 
us and is part of the basis of the theories of 
population improvement. 

Dur. ,g the time I was studying the inheritance 
of maturity and height (Quinby and Karper 1945 
and 1954), I developed maturity genotypes in 
identical genetic backgrounds that differed at 
three maturity gene !oci and three height gene 
loci. I finally concluded that the genes controlling 
the time of floral initiation and intemode elonga
tion were probably controlling hormone levels. I 
then presented my ideas (Quinby 1974), without 
proof, hoping that some plant physiologist would 
use the maturity and height genotypes to study 
the hormonal control of, plant growth. 

Dr. P.W. Morgan at Texas A&M University and 
several of his students have been determining 
hormone levels inmaturity genotypes of Milo and 
papers covering that work are beginning to 
appear. Gibberellin is now known to hasten floral 
initiation in sorghum (Williams and Morgan, in 
press) and that auxin levels are higher in tropical 
than in temperate Milo genotypas (Dunlap and 
Morgan, in press). It is assumed that inhibitory 
levels of auxin delay floral initiation of tropical 
varieties being grown in temperate zones. 

Inaddition, Dr. F.R.Miller and I,using solutions 
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irepared by Dr. Morgan, have been trying to 
duplicate the action of height and maturity genes 
of Milo. In the field, we have not done as well as 
we had hoped, apparently because auxins such as 
indole acetic acid (IAA) are destroyed before they 
have time to act within the plant. But we have 
done better with gibberellin and one paper on the 
effect of GA3 on height and tillering has appeared 
(Morgan et al. 1977). Treatments with GA3 to 
short genotypes increased height by as much as 
the presence of one dominant height gene. 

In looking for new male-sterile-inducing cyto-
plasms, I (and Dr. K. F. Schertz, as well) used the 
first 62 tropical conversions that originated in the 
tropical conversion program. Several F1 popula-
tions were male sterile, numerous F2 populations 
contained male-sterile plants, and 33 cultivars 
were involved as female parents. It finally became 
evident that a Kafir could be male-sterilized in 
three different cytoplasms, and four different 
cytoplasms have now been recognized in sor-
ghum (Quinby, in press). A fifth cytoplasm, that 
should exist, is being sought. 

Earlier work to identify different cytoplasms has 
been done in India and this work has been 
reviewed by Tripathi (1979). It is difficult to work in 
Texas with the varieties that have tropical adapta-
tion and are late in maturity in the temperate zone. 
Nevertheless, it is apparent now that the Maldan-
di source in male-sterile M-85-1 is similar to "A3" 
that was recognized recently in the United States 
(Quinby, in press) and came from the Indian 
variety Nilwa. 

Now that a single genotype exists in four 
cytoplasms, plants of one genotype can be grown 
th-at can be analyzed for hormone levels. This 
genotype in its own rytoplasms has perfect, 
hermaphroditic flowers but in the other three 
cytoplasms exhibit slightly different types of 
male sterility in each. Dr. Morgan intends to look 
into hormone levels within the three male steriles 
and the one perfect flowered genotype and the 
male and female hormones will probably soon be 
identified. 

It is now possible to produce sorghum hybrids 
of the same genotype in three different cyto-
plasms and, if the hybrids turn out to be slightly 
different, some hormone physiologist might like 
to look into this aspect of the physiology of hybrid 
vigor, 

As work looking for new cytoplasms progres-
sed at Plainview, Texas, it became obvious that 
apomixis was appearing in some segregating 

populdtions. You may remember that both Drs. N. 
G. P. Rao and U. R. Murty reported on apomixis at 
the 1970 Symposium. Dr. Murty has continued to 
be active in studying apomixis in India, and in 
Texas as well, and reports of his work in coopera
tion with Drs. E. C. Bashaw and K. F. Schertz have 
been published (Murty et al. 1979). 

The genetics of apomixis is not yet completely 
understood. R-473, the apomictic strain that Dr. N. 
G. P. Rao was good enough to send.to Texas, is 
apparently a facultative apomict. It is my present 
opinion that the genotype of R473 in some 
different cytoplasm might well be an obligate 
apomict. Apomictic hybrids are probably not 
needed in the United States because it is too easy 
to produce and sell hybrid seed there. But where 
only small amounts of seed are needed on small 
farms, apomictic hybrids might be extremely 
useful. 

Also, hybrid vigor is not being used in such 
crops as soybeans, and even wheat because of 
the difficulty of producing hybrid seed. I think that 
an understanding of the genetics of obligate 
apomixis in sorghum is likely to promote the 
recognition and use of apomixis in species where 
hybrid vigor cannot be used at present. 

At the present time, the testing of hybrids to 
recognize maximum hybrid vigor at numerous 
locations is a major activity in many breeding 
programs and literally thousands of hybrids are 
tested and all but a very few are thrown away. 
This is an inefficient process but no suitable 
substitute has been devised by commercial seed 
companies to identify hybrids with maximum 
hybrid vigor. Plant breeders in the public sector 
can make a real contribution if they produce 
varieties or parents that carry the desirable genes 
that result in resistance to diseases or insects or 
in better nutrition. 

In countries where agriculture is mechanized 
and sorghum is a cash crop grown on large 
acreages, maximum hybrid vigor continues to be a 
major requirement. Unfortunately, insect prob
lems do not rer,'ain static as attested by the 
emergence of biotype C of the greenbug, Schi
zaphis graminum Rond. in the United States in 
1968. This pest of wheat finally developed ataste 
for sorghum and, after 10 years, biotype E has 
now emerged that develops well on hybrids 
tolerant to biotype C.Also, experience has shown 
that hybrids that are resistant to certain diseases 
in the United States are susceptible to some other 
races of the same disease in Mexico, the Philip

765 



pines, South Africa, or Australia. This problem of a 
change in races of insects or diseases will 
apparently continue to be with us and plant 
breeders will need to continue to be alert and 
ready to take care of the problems as they arise. 
And the breeding program will always be compli-
cated by the fact that any disease- or insect-
resistant parents that emerge must produce 
hybrids that have acceptable levels of hybrid vigor. 

There are people in the world who look upon 
modern technology as a menace to society and 
who think that plant breeders like us are courting 
disaster for the human race. "Genetic Vulnerabil-
ity of Major Crops" (Horsfall 1972) is the title of a 
book that points out the danger inherent inplant 
breeding procedures that result in a single hybrid 
or variety being grown extensively on large 
acreages. 

This danger is real but isoveremphasized, in my 
opinion. If one thinks that planl growth is control-
led by innumerable genes, one would think that 
some diversity, that might be needed later, is lost 
if only one variety is lost. If, the other hand, oneonr 

thinks that a relatively few genes control growth 
and the rest of the dominant alleles result only in 
normal plants, one would not be particularly 
concerned about the loss of some varieties as is 
inevitable as plant breeding produces improved 
strains and hybrids. 

The numerous genes that are not involved with 
the regulation of plant growth, such as those that 
produce normal chlorophyll, must be present in 
the dominant condition, otherwise the plant will 
be abnormal. Such dominant genes are not lost in 
the plant breeding process to improve the species 
or to use hybrid vigor. All genes appear to be 
useful to the species, but in breeding for adapta-
tion or yield, plant breeders should be chiefly 
interested in genes that control the amount or rate 
of growth or time of differentiation. 

The desirable genes that exist in sorghum 
today, and are in hand, should be incorporated into 
cultivars or into parents of hybrids that are 
adapted to the many diverse environments in 
which sorghum is now being grown or may be 
grown in the future. For instance, sorghum 
cultivars from high elevations in Ethiopia might 
well contribute alleles that might result in hybrids 
adapted to high elevations in the subtropics or at 
high latitudes where prevailing temperatures in 
the summer are low. 

Unfortunately, marketing practices in the Unit-
ed States will be a problem to farmers who might 

wish to produce awhite-seeded, non-weathering, 
highly nutritional sorghum hybrid. Grain of such a 
hybrid would, at present, result in a discount at 
the elevator if mixed with the red grains of the 
hybrids commonly grown. But such difficulties 
should not deter plant breeders from working to 
improve sorghum nutrition because some suitable 
marketing procedure can undoubtedly be de
veloped when needed. 

I see more plant breeding objectives today than 
when I began to work on sorghum more than 50 
years ago; not because there are more problems, 
but because we now recognize more things that 
should and can be done. In the United States, we 
do not have all of the problems that some of you 
have because we do not have some of your 
insects, diseases, or parasites. But wa have some 
problems that you do not have. 

We, as plant breeders, should stay as clcse to 
entomologists, plant pathologists, geneticist. 
and plant physiologists as possible so that we can 
profit from their Pnowledge and advice. I hope 
that you realize how important your work with 
sorghum is and that you get as much pleasure in 
your activities as I do in mine. 
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Parbhani. Maha'ashtra 

S. P. Singh 
Agronomy 
Division of Agronomy 
Indian Agricultural Research Institute 
New Delhi 110012 

Pushpa Singhal 

English-French Interpreter Translator 
C/o Asian-African Legal Consultative Committee 
27 Ring Road, Lajpat Nagar IV 
New Delhi 110024 

D. L S1nqhanla 
Sorghum Breeding 
Department of Plant Breeding 
College of Agriculture 
P.O. Pantnagar. Nainital, U.P. 

S. K. Sinha 
Plant Physiology 
Water Technology Centre 
Indian Agricultural Research Institute 
New Delhi 110012 

D. N. Sdvatava 
Plant Pathology 
ICAR 
Krishi Bhavan 
New Delhi 110001 

P. P. Terhalkar 
Agronomy/Cropping Systems 
IARI Regional Station 
Rajendranagar 
Hvderabad 500030, A.P. 

V. J. Thskur 
Sorghum Breeding 
Pioneer Seed Co. (P)Ltd. 
8-1-39 Tolichowki 
Hyderabad 500 008, A.P. 

V. V. ThobI 
Entomology 
IARI Regional Station 
Rajendranagar 
Hyderabad 500 030, A.P. 

P. N. Tupekar 
Seed Production 
MAHYCO 
P.O. Box 27 
Jalna 431 203, Maharashtra 

D. S. Umat 
Agronomy 

College of Agriculture 
Indore 452 001, M.P. 

R. V. Virlyabhushanam 
Sorghum Breeding 
AICSIP, IARI Regional Station 
Rajendranagar 
Hyderabad 500 030, A.P. 

Israel 

A. Blum 
Plant Breeding and Physiology 
The Volcani Center 
P.O. Box 6 
Bet Dagan 
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Italy 

0. Madami 
Instituto Superimentale per [a Cerealicoltura 

Via Cassia 176
 
00191 Rome
 

Japan 

8. Ono 
Sorghum Breeding 
Chugoku National Agricultural Experiment Station 
450 Nishifukuzu, Fukuyama-Shi 
Hiroshima-Ken 921 

1. Tarumoto 
Sor-,;.:m Breeding
 
National Grassland Researcii Institute
 
Ministry of Agriculture, Forestry, and Fishery
 
768-Nishinasuno 

Tochigi 329-27 

Kenya 

D. 8. Jones 
Economics 

Ford Foundation 

P.O. Box 41081
 
Nairobi 


J. Kapasi-Ilakama 
Grain Milling & Utilization 
Kenya Industrial Research 

and Development Institute 
P.O. Box 30650
 
Nairobi 


G.1. 0t KwnaU 
Sorghum Breeding 
NDFRS Katumani 
Ministry of Agriculture 
P.O. Box 340 
Machakos 

F. Pinto 
Plant Breeding 
Sorghum Development Project 
P.O. Box 340 
Machakos 
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K V. shu Reddy 
Entomology 
ICIPE 
P.O. Box 30
 
Mbita, (via) Homabay
 

Malawi 

W. F. Chlbwana 
Sorghum Ereeding
 
Ngabu Adricultural Development Division
 
P. Bag, Ngabu 

E. M. Chintu
 
Sorghum Breeding
 
NADD 
P. Bag. Ngabu 

Mall 

S. M. Bonl 
Entomology
 
Projet Lutte Integree Mali
 
B.P. 438
 
Bamako
 

Magnan Diarra 
ICRISAT/Mali 
B. P. 34
 
Bamako
 

M. Doumbla 
Entomology 
Station 	de Recherches sur les Cultures Vivribres et 

Olhagineuses (SRCVO) 
B.P. 438 
Bamako 

C. r hima 
Chief Section Material Agricole
B.P. 487 
CMDT Bamako 

Nlangado Outmar 
B. P. 438 
Bamako 

.,. F Schur ng 
Cereal Breeding 
ICRISAT 
B.P. 34 
Bamako 



0. Sidibe 
Institut du Sahel 
B.P. 1530 
Bamako 

S. Skdb. 
Grain Quality 
SRC'.'O 
B.P. 438 
Bamako 

Mexico 

H. R. Chaudhary 
Plant Breeding 
Department of Plant Breeding 
UAAN, Buenavista
Saltillo, Coah. 

V. Gulragosslan 
Sorghum Breeding 
CIMMYT 
Londres 40 
06600 Mexico, D.F. 

L R. Herrera 
Plant Breeding 
Universidad de Neuvo Leon 
Facultad do Agronomia 
A. Postal 358 

San Nicolas de los Garza, N.L.
 

Netherlands 

W. A. Stoop 
Agronomy 
Royal Tropical Institute 
Mauritskade 63 
Amsterdam 

Niger 

Mousse Adamou 
Sorghum Breeding 
INRAN-Kolo 
BP 429 
Niamey 

S. Mahamane 
MDR 
Project Cerealien 
BP 241 
Niamey 

K. F. Nwanze 
Entomology 
ICRISAT-Centre Sahelien 
B.P. 12404 
Niamey 

M. Ousseil 
Agronomie Seed Technologiu 
INRAN 
B.P. 429 
Niamey 

Nigeria 

S. A. Bello 

Sorghum Breeding 
Plant Science Department
Ahmadu Bello University 
Zaria 

J. H. MaFaulane 

Entomolgy 
ICRISAT/SAFGRAD 
Institute for Agricultural Research 
Ahmadu Bello University 
P.MB. 1044 
Zaria 

A. T. Obilana 
Sorghum Breeding 
Institute for Agricultural Research 
Ahmadu Bello University 
P.M.B. 1044 
Zaria 

N. 0. P. Rao 
Plant Breeding 
ICRISAT/SAFGRAD 

Institute for Agricultural Research 
Ahmadu Bello University 
P.M.B. 1044 
Zaria 

Pakistan 

H. K. Keedo 
Sorghum Agronomy 
Pakistan Agricultural Research Council 
P.O. Box 5788 
Islamabad 
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Philippines 

Dnnis P. Ganity 
Crop Physiology 
IRRI 
P.O. Box 933
 
Manila 


K. N. Mshra 
Pioneer Hi-Bred Phil. Inc. 
P.O. Box 535
 
Davao City 9501 


Senegal 

J. chantereau 
Plant Breeding 
CNRA 
Bambey 

G. Marcel 
Sorghum Breeding 
CNRA 
BP 51 
Bambey 

Somalia 

E. K. Alahaydoyan 
Sorghum Breeding 
Institute of Agricultural Research 
Ministry of Agriculture 
Mogadishu 

A.LN. AIlo 
Agronomy 
Agricultural Research Institute 
Ministry of Agriculture 
Mogadishu 

M. A. Mao 
Sorghum Agronomy 
C/o P.O. Box 3394 
Mogadishu 

Sri Lanka 

Bhola Noth 
Sorghum Breeding 
University of Peradeniya 
Peradeniya 

H. Doggett 
Sorghum Breeding
 
IDRC
 
Private Bag
 
Peradeniya
 

Sudan 

Sorghum Breeding
 
Gezira Research Station
 
P.O. Box 126
 
Wad Medani
 

F. McGrath
 
American Embassy
 
P.O. Box 699
 
Khartoum
 

E. M. Mohamed 
P.P.A. Ministry of Agriculture
 
Khartoum
 

A. E. M. Nour
 
Plant Breeding
 
Gezira Research Station
 
Wad Medani 

Syria 

P. R. Goldsworihy 
Deputy Director General, Research 
ICARDA 
P.O. Box 5466
 
Aleppo
 

Thailand 

T. Pulam 
Plant Breeding 
Pioneer Hi-Bred (SIAM) Ltd. 
P.O. Box 16 
Praputhabat
Saraburi 

K. Samphentharak 
Sorghum Breeding 
Agronomy Department 
Kasetsart University 
Bangkok 
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Sivapom S1wowel 
Food Science and Technology 
Dept. of Food Science and Technology 
Kasetsart University 
Bangkok 

W. R. Young 
Entomology 
The Rockefeller Foundation 
GPO Box 2453 
Bangkok 

Uganda 

S. E. Odelle 
Plant Breeding 
Research Station Serere 
P.O. Soroti 

Upper Volta 

R. Nicou 
IRAT 
B.P. 596 

Ouagadougou 

K. V. Ramalah 
Sorghum Breeding 
ICRISAT/PNUD 
B.P. 1165 
Ouagadougou 

USA 

J. D. Axtell 
Genetics 
Department of Agronomy 
Purdue University 
West Lafayette, IN 47907 

C. R. Bastos 
Plant Breeding 
Mississippi State University 
Agronomy Department 
P.O. Box 5248 
Mississippi State, M 39672 

R. L Bruggers 
Vertebrate Pest Control (Birds) 
Denver Wild Life Research Center 
Bldg.16, Federal Center 
Denver, CO 80225 

L Busch 
Department of Sociology 
University of Kentucky 
Lexington, KY 40546 

L G. Butler 
Tannin Biochemistry 
Department of Biochemistry 
Purdue University 
West Lafayette, IN 47907 

Do Sup Chung
 
Grain Storage and Drying 
Department of Agricultural Engineering 
Kansas State University 
Manhattan, KS 66506 

J. Clark 
Plant Breeding 
Agronomy Department 
Purdue University 
West Lafayette, IN47907 

R.B. Clark 
Physiology 
USDA ARS 
Department of Agronomy 
University of Nebraska 
Lincoln, NE 68583 

M. D. Clegg 
Crop Physiology 
102 KCRL 
University of Nebraska 
Lincoln, NE 68583 

J. Craig 
Plant Pathology 
USDA-ARS 
Plant Sciences Department 
Texas A&M University 
College Station, TX 77843 

K. A. Dahlberg 
Research Strategies 
Department of Political Science 
Western Michigan University 
Kalamazoo, MI 49008 

J. M. J. do Wet 
Crop Evolution Laboratory 
AW-101 Turner Hall 
1102 So. Goodwin 
University of Illinois 
Urbana, IL 61801 
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K. C. Dial, Jr. 
Food Texture Measurement 

Department of Agricultural Engineering 

Texas A&M University 

College Station, TX 77843 


L A. Fraderikson 

Plant Pathology 

Department of Plant Sciences 

Texas A&M University 

College Station, TX 77843 


Mary FutrelNutrition 

Mississippi State University
 
Department of Home Economics 

P.O.Drawer DT 

Mississippi State, MS 39762 


IF.E. GiistapEntomology 

Department of Entomology 

Tex3s A&M University 

College Station, TX 77843 


T. Givens 

Plant Breeding 

Pioneer Hibred Int. 

Box 1506 

Plain View, TX 79702
 

Lywn M. Gourley 

Sorghum Breeding 

Box 5248 

Department of Agronomy 

Mississippi State University
 
Mississippi State, MS 39762 


T. L Harvey 

Entomology 

Experiment Station 

Hays, KS 47601 

T. Izuno 

Pioneer Hi-Bred International 

1206 Mulberry Street. 

Des Moines, IA 50308 


Rt I. Jackson 
Agronomy 
S&T/AGRAP 
Agency for International Development 
Washington, D.C. 20523 

S. K. Jain 
Population Genetics and Evolution 
Department of Agronomy and Range Science 
University of Californ;a 
Davis, CA 95616 

W. RL Jordan 
Crop Physiology 
Texas Agricultural Experiment Station 
P.O. Box 748
 
Temple. TX 76501
 

S. B. King
 
Plant Pathology
 
USDA-ARS 
Department of Plant Pathology
 

and Weed Science
 
P. 0. Drawer PGMississippi State, MS 39762 

A. W. UIrlels 
Cereal Chemistry
 
Smith Hall
 

Department of AgronomyPurdue University 

West Lafayette, IN 47907 

C. F. Klopfenstain
 
Nutrition
 

Department of Grain Science 
and Industry
 

Kansas State University
 
Manhattan, KS 66506
 

W. B. Lacy 
Department of Sociology
 
University of Kentucky
 
Lexington, KY 40546
 

E 9. Lang 
INTSORMIL 
406F Plant Sciences 
University of Nebraska 
Lincoln, NE 68583 

W. C. Maclan 
Human Nutrition 
School of Hygiene and Public Health 
415 N Wolfe Street 
Baltimore, MD 21205 

F. R. Miller 
Sorghu,a Breeding 
Department of Soil and Crop Sciences 
Texas A&M University 
College Station. TX 77843 

D. P. Mohan 
Virginia State University 
P. 0. Box 502 
Petersburg, VA 23803 
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W. H. M. Moris 
Agricultural Economics Department 
Purdue University 
Lafayette, IN 47907 

R. J. K. Myers 
Natural Resource Ecology Laboratory 
Colorado State University 
Fort Collins, CO 80523 

D. W. Norman 

Agricultural Economics 
Waters Hall 
Kansas State University 
Manhattan, KS 66506 

H. N. Ptre 
Pest Management 
P.O. Drawer E.M. 
Mississippi State University 
Mississippi State, MS 39762 

J. Roy Ouinby 
Sorghum Breeding and Genetics 
Pioneer Hi-Bred International Inc. 
Box 1506 
Plainview, TX 79072 

R. R. Rogers 
Sorghum Breeding 
Funk Seeds Intemational 
119, 26th Street 
Lubbock, TX 

L W. Rooney 
Cereal Quality Laboratory 
Texas A&M University 
College Station. TX 77843 

D. T. iHosenow 
Sorghum Breeding 
Texas Agricultural Experiment Station 
Route 3 
Lubbock, TX 79401 

Sansan Do 
Plant Breeding 
Box 1926 
College Station, TX 77841 

S. C. Schank 
Grass-Bacteria Associations 
2199 McCarty Hall 
University cf Florida 
Gainesville, FL 32611 

K. ScetZ 
Genetics 
Department of Soil and Crop Sciences 
Texas A&M University 
College Station, TX 77843 

S. M. Sehgal 
Plant Breeding 
Pioneer Hi-Bred Intemational Inc 
1206 Mulberry St. 
Des Moines, IA 50322 

A. D. Shepherd 
Cereal Milling and Processing 
USDA Western Regional Research Center 
800 Buchanan Street 
Albany, CA 94710 

Jacqucilne R. Sherman 
Agricultural Economics 
301 Lorch Hall 
CRED 
University of Michigan 
Ann Arbor, MI 48109 

C. Y. Sullivan 
Plant Physiology 
USDA-Agricultural Research Service 
University of Nebraska 
205 A KCR 
Lincoln, NE 68583 

G. L Teetes 

Entomology 
Department of Entomology 
Texas A&M University 
College Station, TX 77843 

R. L Vandedip 
Crop Production 
Department of Agronomy 
Kansas State University 
Manhattan, KS 66506 

0. J. Webster 
Sorghum Genetics 
Department of Plant Sciences 
University of Arizona 
Tucson, AZ 85721 

D. E. Weibel 
Breeding and Genetics 
Agronomy Department 
Oklahoma State University 
Stillwater, OK 74078 
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Ni Ile
Zummo 
Sorghum Pathology
 
Rt. 13, Box 14
 
Meridian, MS 39301 

Venezuela 

Maudio Rkil 
Genetics, Breeding and Seed Production 

Apartado 236 

Maraay 2101 A 


Yemen Arab Republic 

A. E. Kambal 
Agronomy 
P.O. Box 5788
Taiz 

M. A. SadCooperation
Agricultural Research Station 
P.O. Box 5788 

Taiz 


People's Democratic Republic of Yemen 

Abdul Ali Ahmed BWa i 
Plan Breeding (Wheat)Leader

EI-Kod Agricultural Research Center
C/o UNDP/FAO 
P.O. Box 1188 

Aden 


Zambia 

K. N. Ra 
Plant Pathology 
FAO 
Private Bag 7 
Chilanga 

Zimbabwe 

8. C. Muchena 
Plant Breeding

Department of Crop Science
 
University of Zimbabwe
 
P-' Box MP 167, Mt. Pleasant
 
Harare 

J. N. Musbonga
Plant Breeding
Department of Research and Specialist Services 
Crop Breeding Institute 
Box 8100, Causeway 
Harare 

ICRISAT Center 

ADMINISTRATION 

L. D. Swindale, Director General 
J. S. Kanwar, Director of Research 
J. C. Davies, Director for Intemational 

S. Dhanoa, Principal Government
Liaison Officer 

B. C. G. Gunasekera, Soil
 
and Water Scientist
 

SORGHUM 

L. R. House, Principal Plant Breeder 

L eade rL l . Mughogho, Pnincipal 
Plant Pathologist

S. Z. Mukuru, Principal Plant BreederJ. M. Pewock. Principal Plant Physiologist
K. Le!ischner, Principal Cereal Entomologist 
B. L. Agrawal, Plant Breeder 
B. V. S. Reddy, Plant Breeder 
D.S.Murtv, Plant BreederM.J. Vasudeva Rao, Plant Breeder 
R. K.Maili, Plant Physiologist
N. Seetharama, Plant PhysiologistS. Pande, Plant Pathologist
R. Bandyopadhyay, Plant Pathologist
H. C. Sharma, Entomologist 
S. L. Taneja, Entomologist
T. Omori, Visiting Scientist (Sorghum Breeding) 
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IAL MILLET 

11). J. Andrews, Principal Plant Breeder 
I "and Leader 
IP. J. Dat, Principal Microbiologist 
1KC Kumar, Plant BreederArand 

'. Soman, Plant Physiologist 
S. P. Wani, Microbiologist 

VGENETIC RESOURCES UNIT 

M. H. Mengesha, Principal Germplasm
 
Botanist and Leader
 

K. E. Prasada Rao. Botanist 
S. Aipa Rao. Botanist 

SFAFIMING SYSTEMS 

S. M. VIrm3ni, Principal Agroclimatologist
 
and leader
 

J. R. Burford, Principal Soil Chemist 
R.W. Willey, Principal Agronomist 
M. V. K. Sivakumar. Principal Agroclimatologist 
J.T.Moraghan, Principal Soil Scientist 
M. R Rao. Agronomist 

BIOCHEMISTRY 

H. Jambunathan, Principal Biochemist 
V. Subramanian. Biochcnist 
U. Singh, Biochemist 

ECONOMICS 

J. G. .9yan. Principal Economist 
and Leader
 

M. von Oppen, Principal Economist 
N. S. Jodha, Senior Economist 

TRAINING 

D. L. Oswalt, Prnciral Training Officer 
T. Nagur. Training Gificer 
T. Inoussa, Inservice Trainee (Upper Volta) 
A. Konate, Inservice Trainee (Mali) 
S. Ouedraogo, Inservice Trainee (Upper Volta) 
T. S. Cox, Research Scholar (USA) 
J. G. E. de Franca, Research Scholar (Brazil) 
K. Diakite, Inservice Trainee (Mali) 
B. Keita, Inservice Trainee (Mali) 
D.J.Mackill, International Intern (USA) 
M. A. de Queioroz, Research Scholar (Brazil) 
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