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Preface 

Sorghum is grown as a food, fodder, and feed crop on approximately 52 million 
hectares in tropical, subtropical, and temperate climates on six continents, producing 
an estimated 69 million tonnes of grain per annum. Yields of sorghum are low in most 
tropical less-developed countries, where the grain is needed for human food.
Paradoxically, in countries where sorghum grain is used principally as animal feed,
yields are much higher. Sorghum diseases are major contributors to this "yield gap,"
and if consistently higher sorghum yields are to be achieved in the tropical countries,
stable disease resistance must be incorporated into cultivars with high-yield potential.

The International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
which has a world mandate for sorghum improvement, and the College ofAgriculture,
Texas A & M University, which has a long history in sorghum improvement research,
recognize disease as one of the majorfactors limiting sorghum production. They jointly
organized an International Worlkshop on Sorghum Diseases as a first step in the
promotion of a worldwide collaborative effort on sorghum disease control. The 
workshop, hosted by ICRISAT at Hyderabad, India, 11-15 December 1978, received 
additional support from USAID, USDA, and IDRC, and was attended by 52 scientists
from 20 countries in the Americas, Africa, Europe, Asia, and Australia. Fifty-six papers 
were presented in nine technical sessions, and considerable time was devoted to the
discussion of research needs and priorities. Discussion groups prepared research 
ecommendations that were finalized by the v.,hole group at the final workshop sess~on. 
These proceedings, which contain the papers presented, edited transcripts of the

discussions, and the final recommendations, represent the "state of the art" in 
sorghum pathology in December 1978, and we hope they will be a valuable source of 
information and inspiration to all involved in sorghum improvement. 

The Editors 
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Opening Session
 



Chairman's Opening Remarks 

R. J. Williams* 

It gives me great pleasure to call to order this 
Opening Session of the International Workshop 
on Sorghum Diseases. I believe that this is the 
first time the t so many sorghum pathologists, 
breeders, and other sorghum scientists from so 
many different countries of the Americas, 
Africa, Asia, and Australasia have gathered
together to devote their efforts to the discussion 
of the "state-of-the-art" in sorghum diseases 
and breeding diseaise-resistant sorghums.

The seeds of the workshop were sown here in
Hyderabad a little more than 3 years ago.A long
vegetative period followed, and it was not until 
December 1977 that theworkshop coordinators 
met to select the individuals who were to form 
the elite population assembled here today.
Unfortunately, almost all the individuals se

lected were highly photopericd sensitive and 
only began to produce their papcrs during the 
short days of November and December. How
ever, as you will have judged from the weight of 
the bag collected In registration, the yields are 
high, and there appears to be no negative
relationship between quantity and quality.

We now have 5 days to harvest all the results,
the knowledge, the experience, and tho ideas of 
this productive and experienced group of sor
ghum scientists. In order that we do not delay
the harvest operations I must get this session 
underway, and I have great pleasure in calling 
upon Dr. Leslie D. Swindale, ICRISAT Director, 
to formally welcome you all to ICRISAT and to 
this workshop. 

Principal Cereals Pathologist, (now Principal Pearl 
Millet Pathologist) Pearl Millet Improvement Prog
ram, ICRISAT. 
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Welcome Address 

L. D. Swindale t 

Itiscertainlyagreat pleasureformetowelcome 
you to Hyderabad, to ICRISAT, and to the 

International Workshop on Sorghum Diseases. 
It is a lovely time of the year to come to 

Hyderabad, and we hope that you all have a 
chance not only to enjoy the climate but also to 

see something of this extremely interesting and 
historical city in the middle of India. 

I hope you will find that your deliberations are 
scientifically useful and interesting and even 
enjoyable, and that they will serve to advance 
the cause of improving the livelihood of the 
farmers and workers in the semi-arid tropics. 
We all know that each of you came here With 
your own particular purposes and interests, 
This is an international workshop, and you are 
notheresolelytoservethepurposesoflCRISAT 
or even the larger purposes of India. But the fact 
that the workshop is being held in IndiN, where 
sorghum is such an important sub ctence 

food, and under the partial sponsorship of 
ICRISAT with its mandate for the semi-arid 
tropics in general, will, I hope, allow you to give 

some special emphasis to improving sorghum 
as a food grain and particularly as a food grain 
of people who use the crop purely outside the 
cash economy. 

Most of you know, of course, about ICRISAT 
and its mandate, or you would not be here. We 
have a global responsibility for the improve-
ment of five crops -sorghum, pearl millet, 
pigeonpea, chickpea, and groundnut. We have 
a responsibility for improving the farming sys-
tems in the sermi-arid tropics and the use of 
human and natural resources in these regions. 
We try to understand the socioeconomic con-
straints to improving agriculture in the semi-
aridtropicsandtoevaluatealternativemeansto 
overcome these constraints. And, finally, our 
responsibility -our mandate- ind udes as-
sisting national programs in research and ex-
tension through cooperation and support, host-

* Director General, ICRISAT. 

ing conferences such as this, and undertaking 
training programs. Within that laige mandate, 
the Board of Governors of ICRISAT has decided 
we should focus immediate attention upon the 
target group of the small farmers of the semi
arid tropics, farming their lands without the 

benefit of regular regional irrigation. These are 
the poorest segments of the agricultural popu
lation in the semi-arid tropics and perhaps 
everywhere. Focusing our research efforts on 
them is very much in line with the requirements 
andwishesofourdonors;thisiswhatthey want 

us to do, and they are very clear about this. I 
recently attended a meeting of all the donors of 
the Consultative Group on International Ag
ricultural Research (CG'AR) held in Washington 
D.C., and though not all of them insisted that 
their funds be used for the poor segment of 
humanity and with a specific and clear social 
purpose, the great majority of them did. This 
applies not only to ICRISAT, but to the other 
Internaional Agricultural Research Centern 
(IARCs) as well. 

As regards our target group we do not serve it 

directly, that is not within our mandate. Rather 
we serve a client group of scientists and exten
sion workers, particularly scientists such as 
you. It is our main responsibility: to do research 
and produce materials and information that are 

of use and value to people such as you, who in 
your turn serve the requirements of national 
purpose in the countries from which you come. 
Through you we serve the poor people of our 
target group. 

I will mention briefly how we see ourselves 
serving you as a client group. 

Firstly, in providing genetic resources, our 
international status allows us, we believe, a 
greater scope in collecting germplasm than is 
possible with individual national programs. 
Through this major advantage we can serve 
you by providing you, at your request, genetic 
material that suits your particular purpose. 

Similarly, our internationalism allows us to 

work not only with each of your countries and 
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your institutions individually, but also collec-
tively, so that we have an advantage in helping 
to organize, coordinate, and carry out inter-
national programs - such as the international 
sorghum downy mildew nurseries - through-
out the world, and to help collect and transfer 
the information from such international 
nurseries and activities from one contributing 
and participating institution and scientist to 
another. 

Also, perhaps because we do not have any-
thinglikethesamepressuresandproblemsthat 
you peoole have in national programfj (al-
though we certainly have our own), we are able 
to concentrate on trying to overcome some of 
the major blocks to research progress that 
individual scientists or institutions encounter. 
In much of our work we do try to explore
large-size experiments, and particularly try to 
improve methodologies that wil, we hope,
advance the cause of science generally and the 
efficiency of your own work. We emphasize
resistance to diseases and pests and tolerance 
to st 'ess; these are tremendously important in 
ICRISAT's work becausethey relate to thetarget 
group that I mentioned, a;'- by producing 
material that is stable over time and space, that 
is res.sta it, that is tolerant, we are aiming our 
work at this particular target group. To the 
extent that this material issuitable for what you 
are doing, it serves your purpose but some
times perhaps it is not exactly what you want,
because there are indeed other purposes for 
agricultural research. For example, the purpose
that I've mentioned of producing sorghum
mainly for food is not the major purpose for 
Texas A & M when it is working in Texas. Their 
purpose is different and quite properly and 
legitimately so. So the type of material that we 
produce may or may nct be useful to them, but 
we can hope it will be. 

One other point that I particularly want to 
mention, because it is not mentioned in your 
program, is that within mandate weour run 
training programs. Training is an important 
aspect of ICRISAT's work. I hope that some of 
you will be able to take advantage of our 
trmining programs, either directly or by en
couraging younger scientists and younger 

s in your programs and institutions to 
come to ICRISAT for training. These programs 
are primarily "dirty hands" programs; they are 
field-oriented and are not to give people 

academic background butteatch them howto be 
efficient workers in the field and how to work 
efficiently with their colleagues in other pro
grams. 

These then are the things that I wanted to 
mention. They do not cover everything that 
ICRISAT does to serve its client group, but they
include a good portion of it. Again let me 
welcome you to ICRISAT; I hope that you will 
take some time to understand our work and to 
see in what way ICRISAT can help you as well as 
the ways in which you can help ICRISAT dis
charge its responsibilities. Thank you very 
much. 
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The Importance of Sorghum 

in the Semi-Arid Tropics 

J. C. Davies* 

Sorghum is one of the five crops selected for 
research at ICRISAT and, considering Its impor-
tance in the economics ard very survival of the 
populations or many of t. e SAT countries, it is 
well chosen. 

It is estimated that around 400 million people 
live in the 49 countries represented in the low 
rainfall, seasonally dry tropical areas of the 
world and 48 of these are classified as less 
developed countries (LDCs). The region with 
the largest population is India, with 56% of the 
total, followed by WestAfrica with 13% (Fig. 1). 

The largest geographical area of the semi-
arid tropics (SAT) in any one country is also in 
India, accounting for 10% of the total SAT area. 
Onaregionalscalethemostextensiveareasare 
in West Africa (24%), East Africa (22%), South-
ern Africa (20%), and the Americas (19%) 
(Fig. 2). 

* Program Leader, Cereals Improvement Program, 
ICRISAT (now Director for International Coopera-
tion, ICRISAT). 
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In terms of world cereal production, sorghum 
occupies just over 8% of the area sown to 
cereals and produces just less than 5% of the 
world production. In the semi-arid tropics sor
ghum occupies 15.6% of the cultivated cereal 
area and produces just under 11% of the cereal 
yield. 

Thecountriesof thesem I-arid tropics account 
for80%ofthetotalworldareasowntosorghum 
(about433 million ha). India hasthemaximum 
area under the crop, but there is a very sig
nificant hectarage in West Africa. (It Is worth 
emphasizing at this point that In the 49 coun
tries in the semi-arid tropics an average of 33% 
of the land area in each has a SAT climate.) The 
SAT countries produce about 55% of the 
world'ssorghum; India accountsfor66% of this 
total and West Africa, about 25%. 

Various authorities quote various average 
yields of sorghum In the semi-arid tropics and 
most appear to be between 500 and 800 kglha. 
This is well below the 1771 kglha for the non-
SAT areas of Africa and the 4194 kglha for the 
developed areas of Europe, which produce the 

C 

'-C 

Figure 1. Population of the semi-arid tropics (SAT). 
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Figure 2. Geographical area of the semi-arid tropics (SAT). 

highest yields in the world. Thus there is con-
siderable potential for improvement in the 
semi-arid tropics. 

Thetrend ofarea sown to sorghum in the less 
developed SAT areas is a rising one. An extra 
235 000 ha annually have been brought into 
production since 1964. This increase has, how-
ever, been mainly in North, Central and South 
American countries, and to a lesser extent in 
Africa. Most of the increased production, from 
areas other than Africa, has gone into animal 
feed. Yields have also been rising, but only 
marginally (14 kg/ha per year), and the variabili-
ty from this linear trend has been surprisingly 
low, only 26%. 

Production has been increasing steadily since 
1964, and is now estimated atabout 59.1 m ill ion 
tonnes (29.1 of this is from the SAT). In spite of 
this, the FAO forecasts a deficit of coarse grains
in West Africa for 1980 compared with a 
supply-demand balance in India. The world 
demand for coarse cereals will grow at 2.4% 
annually, and it is projected that there will be a 
substantial imbalance in supply and demand in 
the LDCs. There are several estimates that by
the mid-1980s there will be deficits in India of 8 
to 10%, while the situation is graver in East, 
West, and Central Africa, where a 28% deficit is 
predicted. The long-term coarse gvains forecasts 
for the 1990s are that the LDCs will have deficits 
of about 37%. 

Against the background of these data all of us 
can place in perspective the importance of this 
workshop. Diseases are an important element 
in yield reduction and in instability of yield 
throughout the SAT. It is unlikely, given the low 
cash value of sorghum and current yield levels 
on small farmer holdings, that inputs of expen

sive chemicals for disease control can be con
templated. It is up to you as pathologists to 
place on record the latest a;,d most comprehen
sive review of the current state of the art in 
sorghum pathology research. I am particularly 
pleased to note that you have a session on the 
utilization of identified disease resistance. Iam 
positive that this gathiring will come up
with some useful and realistic recommenda
tions for future research and application that 
will greatly help to improve the lot of the small 
farmers of limited means in the semi-arid 
tropics. 

I wish you a successful and useful week of 
reporting, deliberation, discussion, and re
commendation. 
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Objectives of the Workshop on Sorghum Diseases
 

R. C. McGinnis* 

I would also like to add my warm welcome to 
tho' )f the previous speakers. We are certainly 
confident that the arrangements and prepara- 
tions for the workshop that have been carried 
out by Drs. Williams and Frederiksen will cer-
tainly meet everyone's expectations. I might 
also say thatwe are extremely happy thatTexas 
A & M are cosponsors of this workshop. We are 
looking forward to a very exciting and useful 
week of meetings at the end of which I believe 
we will all have advanced our knowledge of 
sorghum diseases internationa;;y. 

Our Institute has held a number of interna-
tional workshops in the past, and in 1979 we 
plan to hold five more in various fields related to 
our major research programs. We find this 
mechanism to be invaluable in the forward 
planning ofour research programs and in filling 
in gaps that might presently exist. 

In this workshop, we -ill focus on the follow-
ing objectives: 

e 	 to review the state of knowledge of the 
internationally important sorghum dis
eases with particular emphasis on iden
tification and utilization of host plant resis
tance. 

* 	to stimulate international cooperation In 
the control of sorghum diseases. 

0 	 to establish an international coordinated 
network for identification of stable resis
tance to the sorghum diseases. 

e 	 to explore the possibilities for integration 
of resistance with other control practices. 

I am confident that these objectives will be 
fully achieved by the end of this week. We 
intend to produce a proceedings of the work
shop that will contain all the papers presented 
and the disca:.sions and recommendations of 
the workshop. 

Associate Director for Cooperative Programs and 
Training, ICRISAT (now Dean, University of Man
itoba, Manitoba, Canada). 
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Summary and Historical Review 
of Sorghum Diseases in Argentina 

M. Frezzi and E. E. Teyssandier* 

Research on sorghum diseases in Argentina 
began in the period 1939 to 1941, whon 
Hirschhorn (1939, 1941, 1952) reported on 
'cereal smuts.' Muntanola (1950) reported on a 
bacterial disease caused by Pseudomonas an-
dropogoni(E. F.Smith) Stapp. She also studied 
the bacteria and fungi in the Tucuman province
(Muntanola 1952, 1954). The following authors 
have also contributed to the knowledge of 
sorghum diseases: Tessi (1952), Tessi and 
Frecha (1952, 1953, 1956), Carrera (1964), Nider 
et al. (1969), Fresa (1969), Frezzi et al. (1970),
Frezzi (1970, 1976), and Docampo and Laguna 
(1973). 

By 1960 the main diseases had been known. 
These" included kernel smut (Sphacelotheca 
sorghi [Link] Clinton), and bacterial diseases 
auch as bacterial stripe (Pseudomonas an-
dropogoni [E. F. Smith] Stapp), bacterial leaf 
spot (P. syringae van Hall), and bacterial leaf 
streak (Xanthomonas holcicola [Elliot] Starr 
and Burkholder). Diseases of lesser importance 
included leaf blight (Helminthosporium tur-
cicum Pass.), rust (Puccinia purpurea Cooke), 
brown leaf spot (Physoderma sp), anthracnose 
(Colletotrichum graminicola [CesatiJ Wilson),
leaf spot (Phoma insidiosa Tassi), head smut 
(Sphacelotheca reiliana [Kuhn] Clinton), sooty 
stripe (Ramulispora sorghi [Ellis and Everhart]
Olive and Lefebvre), zonate leaf spot (Gloeocer-
cospora sorghi Bain and Edgerton), grey leaf 
spot (Ce ]isporasorghi Ellis and Everhart), leaf 
spot (Pityllosticta sp), head molds (various 
fungi) and red leaf spot (cause unknown, but 
apparently nonparasitic in origin - possibly 
caused by environmental or genetic factors), 

* Head of the Plant Pathology Dept, Manfredi (Cor-
doba), E. E. A. (INTA), Argentina, and Plant 
Pathologist, Cargill (S.A.), Pergamino, Argentina. 

Bacterial leaf stripe, leaf streak, and leaf spot 
are three bacterial diseases that can attack the 
leaves, sheaths, and stalks ofaffected plants. In 
years favorable to their development, they may
completely destroy susceptible varieties, espe
cially forage sorghums. At present, with the 
new cultivars, whether hybrid or not, these 
diseases do little or no harm in the central 
continental subzones. In the more humid and 
less temperate subtropical zones, however, 
bacterial diseases significantly affect suscepti
ble sorghums. Disease incidence may also be 
severe in years with favorable weather condi
tions, as in 1976 and 1977, when intense and 
massive disease inc~idence was recorded, es
pecially bacterial leaf stripe (P. andropogoni). 

Since the development of seed treatment, 
kernel smut is nolonger a problem forsorghum 
crops. In addition to smut control, seed treat
mentprotectsgrainagainstmoldfungi,thereby 
avuidikig germination failure. 

With thewide expansion of sorghum crops in 
the period following 1960, new diseases have 
appeared: root rot, basal stalk rot, and sorgh,'m 
lodging in 1963-1964 (Frezzi 1976); downy 
mildew (Peronosclerospora sorghi [Weston
and Uppall Shaw) in 1968-1969 (Frezzi 1970),
and virus diseases such as maize dwarf mosaic 
virus (MDMV) in 1972-1973. 

The appearance of lodging and sorghum 
downy mildew, both serious and generalized, 
led to the elaboration and execution of two 
projects of the INTA Sorghum Progiam which 
deals with root rot and basal stalk rot
sorghum lodging and sorghum downy 
mildew- bioecology, infection, pathology, 
and sources of resistance. 

As regards sorghum viruses, there is no 
existing work plan, but as the disease is reach
ing quite serious levels of diffusion and viru
lence, thephytopathologydepartmentsofMan
fredi E.E.A. and Cordoba's National University, 
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and the technicians of Cargill Company have 
focused their efforts on the study of damage to, 
and susceptibility and resistance of, the main 
grain and forage sorghum crops in the country, 
as well as typical manifestations of symptoms 
and pathogenicity tests. 

Lodging 

This is a summary of the work carried out within 
the country since sorghum lodging disease 
appeared (after Frezzi 1976). The following 
fungi were isolated from diseased plants: 
Fusarium moniliforme Sheldon, 84%; 
Fusarium spp, 33%; Sclerotium bataticola 
Taub., 40.5%; Helminthosporium sativum 
Pamm. King and Bakke, 17%; Rhizoctonia sol-
ani Kuhn, 15%; Nigrospora sphaerica [Sacc.] 
Mason, 10%; Pythium spp and Tetraploa ellisii 
Cooke, (percentage not given). Except for 
Fusarium moniliforme, which is easily isolated, 
the other fungi are always found in mixed 
colonies. 

These fungi were tested for pathogenicity as 
follows: 

1. 	Root infection, in seedlings approximately 
10 days old without positive result. 

2. 	 Rathbun method, reproducing the tree 
nursery disease, or "damping-off." Al-
most all the inoculated seedlings, the re-
sistant sorghum varieties, and the cul-
tivars which were susceptible to lodging 
were diseased. 

3. 	 The hypodermic syringe inoculation 
technique. 

4. 	Modified Young method (half toothpick 
infected with the fungus), 

Large numbers of commercial cultivars, ex-
perimental cultivars, A lines, B lines, and re-
storer lines were evaluated following both 
natural and artificial infection on a 1 to 5 scale. 
The scale used was: 

1. 	Immune: no lodged plants 
2. 	 Very resistant: 1-5% lodged plants 
3. 	 Resistant: 6-10% lodged plants 
4. 	Susceptible: 11-20% lodged plants 
5. 	Very susceptible: >20% lodged plants 
After 8 years of observation with natural 

infection combined with artificial inoculation 
using the modified Young method, the follow-
ing sorghu.ns were classified as immune or 
very resistant. 

Immune 
1667AxR1 126-1 Puntano A 384AxR978 
Exp. 105 Norteno Exp. 100 
Amigazo Tops DA-42 
DA-45 77 DA-46 
DA-43 400 B E-57-A 
Exp. 701S 3026 B Indiano 
Jumbo C MfRS 4021 Morgan 101 
Morgan 103 Robusto NK 233 
Pampeano B Y-101 Pioneer 866 

Very resistant 
399AxR1267-1-1 America Baqueano 
BR-64 BR-64-R Chingolo 
Corman DA-41 DA-S-44 
Dp 4 Traful Savanna 2 
Huerin Enterriano Granador 
Mancor H-62 Ibera 
Pioneer 8440 MM 4883 Norteno A 
R 978 RI 622 RI 678 
3026xR 978 R 2544 124 QA 
Total 

The very resistant sorghums listed above are 
immune under normal field conditions. 

Since disease regularly appears from mid-
February through March, a rainfall record over 
this period was useful in correlating soil humid
ity with intensities of disease attack. In general, 
from lodging data taken over various years, 
1963 to 1964, 1969 to 1970, and 1974 to 1975 
growing seasons were periods of more intense 
and widespread attacks (Table 1). These coin
cided with high rainfall recorded during the 
period. Although the disease existed in other 
crop cycles, damage (except in isolated cases of 
a fewvery susceptible sorghums) was unimpor
tant even where rainfall equalled or exceeded 
that of high-disease years. Damage was light 
when rainfall was scarce during the observed 
period. 

There are a number of environmental factors 
involved in the stalk rot complex. In the last few 
years, there has been a growing tendency to 
believe that lodging is favored by high tempera
tures and high soil humidity. Any influence of 
dry seasons upon disease would be due to a 
certain weakening of the plant which acceler
ates early senescence, favoring death. All these 
conditions relate to Macrophomina phaseolina, 
the charcoal rot fungus. 

Although lodging may be found in all kinds of 
soils, under our conditions greater damage is 
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Table 1. LodgingInsorghumasdralnfallfrom 
15 Februa to 31 Marchat Manfredi 
Experiment Statio. (INTA) from 
1963 to 1977. 

Crop Rains (mm)Year 15 Feb to 31 M r Lodging, 

1963-0-,4 153.0 *plants
1954-65 36.5 
1965-66 250.0 * 
1966-67 153.0 
1967-68 135.0 

1968-69 87.0 . 
1969-70 142.0 ** 
1970-71 117.5 * 
1971-72 335.5 
1972-73 335.5 * 

1973-74 88.5 * 
1974-75 291.5 
197b-76 160.5 
1976-77 141.5 * 

a. 	 * little lodging; "severe lodging, 

recorded with low-lying soils where water ac-
cumulates and where cropping practices are 
recurrent. 

Lodging has not been observed on young 
plants except during its first days of life 
("damping-off"), nor has it been achieved with 
experimental inoculations when the plant is in 
full vigor, except on weakened and old tissues. 
Here the soluble solids play an important role, 
especially the carbohydrates and inorganic 
phosphates, which migrate to the head in order 
to form the grains, thereby weakening the 
tissues of the neck zone and basal internodes. 
This could be the main factor governing the 
disease, as it occurs in maize lodging and as it 
was shown in Argentina by Sarasola and 
Sarasola (1968). 

Lodging is a typical senescence disease 
which appears during the last living stageof the 
plant, shortly before harvest. This is based on 
six observations: 

1. 	While there is life within the cells and the 
plant regrows, lodging is not recorded. 

2. 	 Lodging is not observed in plants culti-
vated in pots, where the soil is kept moist 
at all times. 

3. Grain-sorghum crops are more suscepti-

ble than those with a double purpose (i.e., 
grain and forage); forage types are practi
cally isn~nune, and maintain vitality until 
the first frosts. 

4. 	The rainy or outward sorghum areas suffer 

less lodging damage than the central continental or semi-arid zones of the country.
5. 	 The following types escape attack: (a) 

that form shoots and keep their 
vitality, (b) detasseled plants, and (c) 
plants with empty heads caused by, for 
example, insect damage. 

6. 	 In the seedling stage, or within the first 10 

to 15 days of life, all sorghum roots are 
destroyed -both the very susceptible 
types and those immune to lodging. 

Currently we recommend the following pro
cedures for control of stalk rot: 

1. Select lodging-resistant cultivars. 
2. 	 Avoid planting in fields with prier serious 

attacks. 
3. 	 Avoid excessively deep, prceuse planting. 

This practice weakens the stalks, making 
them thinner. 

4. 	Plant in fields with well-balanced fertiliz
ers. Avoid excess nitrogen and insufficient 
potassium - factors that contribute to 
maize lodging. 

5. 	 Practice early harvest immediately after 
having observed the first lodged plants. 

Sorghum Downy Mildew 

Peronoscierosporasorghi (Weston and Uppal) 
Shaw is the causal agent of the "mildew" 
identified in Argentina at the present. This 
disease has spread to all Argentine sorghum
growing regions, with a wide range in suscepti
bility observed among popular hybrids. Unfor
tunately, the most widespread cultivars are 
usually susceptibleto the systemic form during 
certain years. Forage sorghum cultivars appear 
generally more susceptible to "mildew" than 
do the grain sorghums. Infection develops in 
oospore-infested soil during theseedling stage, 
giving rise to the systemic manifestation of the 
disease, and secondary infection is caused by 
conidia. Seed treatments using common and 
systemic fungicides (Benlate, Vitvax) were to
tally unsuccessful in controlling downy mildew. 
Early planting carried out during the first 2 
weeks in November can avoid or alleviate dis

13 



ease incidence, with remarkable results in sus-
ceptible sorghums and particularly in grain-
sorghum cultivars. Late plantings, during the 
middle or end of December, develop maximum 
intensity of damage in the area around the 
Manfredi Experiment Station (INTA). We have 
examined the influence of planting depth on the 
incidence of mildew. This test involved planting 
at 4 and 8 cm of depth, on two planting dates 
(23 Nov 1976 and 3 Dec 1976), using Huerin 
sorghums (very susceptible) and Ibera cultivars 
(very resistant, almost immune). The results are 
presented in Table 2. In this test the normal 
shallower planting depth favored mildew, 

Table 2. 	 Influence of planting depth on incs-
dance of mildew. 

Cultivar Depth (cm) Damage(%)o~ 

Huerin 4 18.5 
Ibera 4 1.5 
Heurin 8 14.5 
Ibera 8 0.0 
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Sorghum in Brazil 

F. T. Fernandes and R. E. Schaffert* 

In Brazil sorghum is a relatively new crop that 
has increased significantly during the last de-
cade. Grain sorghum accounts for about75% of 
the area planted, and forage sorqhum repre
sents the remainder. 

Data in Table 1 show that the area planted to 
grain sorghum increased rapidly during the first
half of the 1970s, but has slowly declined since 

1975. This decline has been caused principally 
by the lack of adequate drying and storage 
infrastructure, marketing problems, and an in-
adequate government policy for producing and 
exporting feed grains. 

Table 1. 	 Grain sorghum production in Brazil 
from 1971 to 1979. 

Area Production 
Year (1000 ha) (1000 tonnes) 

1971 80 170 

1972 120 220 

1973 210 400 

1974 250 500 

1975 230 483 


1976 210 5 

1978 104 228 


1979 	 200 450 


Table 2 shows that grain-sorghum produc-
tion is concentrated in the states of Rio Grande 
do Sul and Sao Paulo. In the semi-arid North-
east (Ceara, Rio Grande do Norte, and Per-
nambuco), the production is increasing. In this 
region sorghum is one of the best options for 
the farmer, as it is more drought-tolerant than 

Plant Pathologist and Sorghum Breeder, Centro 
NacionaldePesquisadeMilhoySorgo,EMBRAPA, 
Sete Lagoas, Brazil. 

Table 2. 	 Grain sorghum production In Br&Wl 
(statewlel)In 1977. 

Area Production Yield 
state (ha) (tonnes) (kglha) 

20N 1600 800

Rio Grnde do Norte 4615 3733 809
 

Pernambuco 106 152 1434
 
Minas Gerais 2290 2 740 1200
 
Espirito Santo 205 615 3000
 
Sao Paulo 56 E40 169 620 3000
 
Roraima 855 3470 4058
 
Santa Catarina 450 1320 2933
 
Rio Grande do Sul 91000 214000 2352
 
Mato Grosso 4583 8 2.8 1802

Goius 15000 29625 1975
 
Brazil 177644 435446 2444
 

maize and there is a large feed-grain defic-t. In
 
1977 the average yield wa: 2.5 tonne/ha. Inthe
 
state of Sao Paulo, where thesorghum arqa has
 
been increasing rapidly, the average yield is 3
 
tonne/ha; while in the Northeast the average

y0ild is much less. National trials of commercial 
ant: experimental hybrids and varieties have 
fraqL ently produced more than double the 

state-Lverage yield.
Nearl,' all the grain-sorghum acreage is 

planted vith hybr 'Js except in the Northeast 
where soi ie varieties are used. Until now sor
ghum seet. is imported or produced by a few 
commercil, companies, but soon all the seed 
will be produced in Brazil. Most of this seed will 
be produced by two companies with two or 
three other companies producing a small per
centage. 

Durirg the first Brazilian Sorghum Sym
posium held in 1977, it was shown that sor
ghum was used in thefeed industry at8% of the 
ration. If sorghum continues to be used at this 
rate, the demand for sorghum in 1980 will be 
1 million tonne, corresponding to 400 000 ha. 
This is more than double the amount of sor

15 



ghum and nearly 5% of the maize produced in 
197711978. The 1978h9S79 sorghum forecast is 
approximately 200 00 ha, the limiting factor 
being the shortage ol seed. 

Grain sorghum i, used principally for swine 
ind poultry feed. The National Maize and Sor-
ghur Research Center (CNMS) is developing 
a sorghum for direct human consumption and 
in industrialized foods. Forage sorghum is prin-
cipally used for silage for dairy cattle, but is also 
being used increasingly in beef production. 

Preliminary experimental results and eco
nomicanalysis indicate that sweet sorghum can 
be economically cultivated to produce alcohol 
for mixing with gaso~ine, and can be planted in 
areas near sUgar mills and distilleries. In Brazil 

sorghum can be harvested before or aftersweet 
the sugarcane harvest when the mills are nor-
mally idle. 

Sorghum in Brazi! is subject to damage by 
several diseases. Surveys conducted by us at 
the CNPMS showed that the principal diseases 
are foliar anthracnose, rust, sorghum downy 
mildew, and grain "weathering" (Table 3). An-
thracnose and rust are quite severe in nearly all 
the regions where sorghum is produced, princi-
pally in central and southern Brazil. 

Sorghum downy mildew is a potential prob-
lem and has been observed in many areas of the 
states of Rio Grande do Sul, Sao Paulo, and 
Santa Catarina. The importance of this disease 
increases when we consider that these states 
constitute the largest maize-producing region 
of the country. Results from downy mildew 
trials have demonstrated the existence of 
commercial and experimental material of both 
maize and sorghum with good levels of resis-
tance. 

Sorghurst grain produced in central and 
southern Brazil is damaged both internally and 
externally by fungithat reducetlhequality of the 
product. We have initiated selection for re-
sistance to this damage but have not found 
any material without tannin that is resistant, 

The economic importance of other diseases 
varies from region to region and fiom year to 
year. 

All sorghum research in Brazil is coordinated 
by the National Maize and Scrghum Research 
Center of Brazilian Enterprise for Agriculture 
Research (EMBRAPA). In addition CNPMS also 
conducts research of national importance. For 
example two subprojects, disease-control, and 

Table 3. Principal sorghum drbcases and the 
research priority in Brazil. 

Research 
Disease Pathogen priority 

Root and stalk diseases 
Red stalk rot, Colletotrichum 
anthracnose grarninicola 2 

Charcoal rot Macrophomina 2 
phaseoli 

Fcliage diseases 
Anthracnose Colletotrichum 

gramninicolp 1 
Rust Puccinia purpurea 1 
Downy mildew
Leaf blight 

Sclerospora sorghi
Helmintnosporium 

1 

turcicum 2 
Grey leaf spot Cercospora sorghi 3 
Zoniate leaf spot Gloeocercospora 

sorghi 3 
Sooty stripe tlamulisporasorghi 4 

Head diseases 
Grain 'weathering' 
Covered smut Sp'tacelotheca sorghi 

1 
-

Head smut Sphacelotheca reiliana -

Virus diseases 
Suga,-cane mosaic virus 2 

sorghum disease survey are coordinated and exe
cuted by the pathologists at CNPMS. Thisgroup 
alsoforms partof the multidisciplinary research 
team in other subprojects such as sorghum 
productivity and quality improvement, germ
plasm bank activities, etc. These and other 
research subprojects, a total of 13, are sum
marized in "Research Program and Activities of 
the National Maize and Sorghum Research 
Center-1978," and will not be discussed here. 

In addition to conducting and coordinating 
research in Brazil, CNPMS also participates in 
furnishing technical asrnistance to other re
search programs, preparas material to support 
other breeding programs in Brazil, principallyin 
the state of Rio Grande do Sul and the North
east, and prepares and aistributes a network of 
grain, forage, and sweet sorghum trials cover
ing the entire countr-, in cooperation with pri
vate firms and official institutions. Breeding for 
resistance to disease is also conducted by 
private seed companies such as AGROCERES 
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and CONTIBRASIL. Several thesi- projects at 
various universities have focused on the selec-
tion of varieties for resistance to various dis
eases. Many of the postgraduate students work
ing on these projects have been financed by 
EMBRAPA. 

Most of the research in this area conducted at 
the National Center has been to obtain varieties 
resistant to anthracnose, rust, downy mildew,
ladf blight, and grain "weathering." Selections 
are made in the field under natural epdemic
conditions. Studies of the nature of inheritance 
for resistance to these diseases are also being 
initiated. 

In 1977, EMBRAPA released two grain
sorghum hybrids, two forage-sorghum hybrids, 
and five sweet sorgoum varieties with good
agronomic characteristics and resistance to the 
principal diseases. Additional hybrids and 
breedig material will be released in 1979. 

Summary 

T'ia area p!anted to grain sorghum in Brazil has 
increased since 1970. The major production 
areas are the states of Rio Grande do Sul and 
Sao Paulo. Even though the national average
yield is 2.5 tonne/ha, results of national t=rials 
indicate that this yield can be doubled. 

The use of sorghum grain in animal feed, at 
the rate of 8% of the ration, !il! createa demand 
of 1 million tonnes of sorghum grown on 
400 000 ha by 1980. Recent problems in seed 
production have restricted the expansion of 
sorghum. Even though the potential for 1978/
1979 is in ex.ess of 1million ha, the area planted 
probably will not exceed 200 000 ha due to seed 
shortagest. Forage sorghum is being used in 
some regions, and sweet sorghum appears to 
be excellent for the production of alcohol used 
as a fuel mixture with gasoline. 

The principal diseases are anthracnose, rust, 
sorghum downy mildew, and grain "weather
ing." 

Sorghum research in Brazil iLcoordinated by
the National Maize 'nd Sorghum Research 
Center which is a par! 3f the Brazilian Enterprise
for Agricultural Research (EMBRAPA). This re
search is organized in 13 subprojects. In .977, 
two grain hybrids, two forage hybrids, -,-,d five 
sweet sorghum varieties with good agronomic
characteristics and disease resistance were re

leased to !he farmer. Additional hybrids and 
genetic material will be released in 1979. 
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The Present Status of Sorghum Diseases 
in El Salvador 

George C. Wall* 

El Salvador has a very high population density 
and growth rate, and there is an urgent need to 
maximize food production. Sorghum is its sec-
ond most important cereal crop: annually 
120000 ha are planted producing around 155 
million kg of grain at an average yield of about 
1292 kg/ha. Sorghum has several uses in El 
Salvador: (1)grain is used for feeding livestock, 
either directly or in concentrates, (2) grain is 
made into tortillas for human consumption 
(although naize tortillas are preferred), and (3) 
the whole plant is used for torage, or as a 
dual-purpose (forage and grain) crop. 

Sorghum is planted in nearly everypart of the 
country, except in the higher altitude areas. 
Ninety percent of the sorghum planted is com
posed of "native varieties", which are actually 
neither native nor varieties, but can more prop-
erly be termed populations of African origin; 
they are very primitive and sensitive to photo- 
period. The general practice is to plant these 
native varieties in association with maizi. The 
sorghurn grows practically unattended, and the 
effects of inadequate fertilization, insect pests, 
weeds, and plant diseases contribL. to low 
average yield per hectare. 

How Sorghum Is Grown 

There are two distinct seasons in El 
Salvador - a dry season and a rainy season. 
Maize isplanted at the start of the rainy season;

Maiz islantdathesartf thraiyseaon;
3 to 4 weeks later, as the maize is cultivated,I 
sorghum is planted in association with it. Three 
months after planting, the maize stalk is bent inhalf to facilitate field storage of the partially
dried ear until the dfi season is established. Itis 
not until thistimethat thesorghum plant begins 

Plant Pathologist, Parasitologia Vegetal, CENTA, 
Santa Teda, El Salvador. 

to get full sunlight. From this point on, the 
sorghum plant develops without further compe
titian from maize, but is generally completely 
unattended. Diseases and pests, as well as 
competition with maize and weeds, take a 
considerably high toll in terms of yield. Other 
factors include the growing of primitive va
rieties with low yield potential. However, con
sidering the conditions under which these va
rieties grow, perhaps no other varieties could 
survive with such lack of attention. 

The Sorghum Diseasr)
Panorama 

Little plant pathology research on sorghum was 
carried out in El Salvador prior to the 1970s. The 
following account is based on the author's 
experiences and observations, since '1975, as a 
sorghum pathologist in El Salvador. The list at 
diseases is presented according to apparent 
order of prevalence. It should be pointed out 
that no specific disease is considered to be a 
major production-limiting factor on a nation
wide basis; usually more than one disease is 
present in a given field, and it is in this way that 

they contribute to the low yield average ob
tained. 

Grey Leaf Spot 

Grey leaf spot (Cercospora sorghi) is the most 
common disease of sorghum in El Salvador and 
con de of sorghum i l on 
can be found anywhere sorghum is grown, onyoung as well as mature plants. Generally it is 
not sufficiently severs to defol late or kill plants. 
On some sorghum vaieties, it causes defolia
tion when plants approach maturity, and it will 
cause defoliation on young plants while these 
are still under the shade of the maize crop. The 
symptoms observed and microscopic observa
tions of the fungus involved coincide with 
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descriptions given by several authorities 
(Dickson 1956; Doggett 1970). 

Rust 

Rust (Puccinia purpurea) is most commonly 
found towards the end of the rainy season, and 
at the onse, of the dry season it becomes more 
severe. It can defoliate some varieties. Gener-
ah'y it causes defoliation of lower leaves. A 
parasite of rust, Darluca filum, occurs on rust of 
maize (P. sorghi), and is known to parasitize 
P. purpurea as well (Contreras and Barahona 
1974); this hyperparasite is apparently capable 
of reaching high percentageof infection on rust. 
Although rust may cause yield reduction, it is a 
latecomer in the sorghum plant cycle. It forms 
both uredospores and teliospores in El Sal-
vador. 

Zonate Leaf Spot 

Zonate leaf spot (G/o3oc.ercospora sorghi) is 
most commonly found on the lower leaves, but 
may also be ;een on the uppe. ,-,aves. Although 
it is widc-precd tnroughout the country, it does 
not appear to couse as much damage as the 
diseases previously mentioned. This conclu-
sion is based on a quick estimate of the leaf area 
affected and may not be an adequate basis for 
comparison. Nevertheless, this disease is not 
considered very important at present. 

Grain Molds 

Most of the sorghum grown in El Salvador 
flowers and sets seed near the end of the rains, 
It is harvested in the first part of the dry season 
and, if not left in the field too long after it is ready 
for harvest, grain molds (Fusarium, Curvularia 
spp, and others) affect a relatively small propor-
tion of the panicles. Several parameters can 
aggravate this situation, including the corn leaf 
aphid, excess humidity at harvest time, and 
delay in harvesting. The generalization previ-
ously mentioned refers specifically to native 
sorghum varieties, which are photoperiod sen-
sitive. The new grain varieties are photoperiod 
insensitive and can flower at any time of the 
year. However, these, too, are planted so they 
can be harvested after the rains have stopped, 
with the purpose of escaping serious damage 
from grain molds, 

Sugarcane Mosaic Virus, 
or Maize Dwarf Mosaic Virus 

This virus disease is widespread on sorghum in 
El Salvador, particularly among the native va
rieties. It seems to affect seed setting, although 
this has not yet been demonstrated here, and an 
investigation is in progress. The corn leaf aphid 
is apparently the major vector of this virus in El 
Salvador, and it is present in most parts of the 
country, along with other insect species that are 
parasitic or predatory on it. 

Leaf Blight 
Leaf blight (Exserohilum turcicum) can be 
found wherever sorghum is grown in El Sal
vador, but normally the incidence is not so 
frequent as to make it a dist, ie of prime 
importance. An outbreak was observed on ex

perimental materials in San Andrds during 
1976. 

Sorghum Downy Mildew (SDM)
 

Sorghum downy mildew (Peronoscierospora 
sorghi) is not widespread in El Salvador. While 
not presently a limiting factor in nationwide 
sorghum production, it may become the most 
important maize and sorghum disease. Con
siderable aention is being devoted to SDM
resistant material in the government breeding 
programs. Surveys have revealed increasing 
numbers of locations where SDM occurs, either 
cn sorghum or on maize. Although it seems to 
be spreading slowly, SDM causes great concern 
because of its ability to infect maize as well as 
sorghum, and because the close association of 
these two crop is common throughout the 
country. Several studies on SDM have been 
carried out (Wall 1977; Wall and Ortiz 1978), or 
are currently under way. 

Maize and sorghum varieties are being 
screened for resistance to SDM. It is hoped that 
an epiphytotic can be avoided by the timely 
identification of susceptible and resistant va
rieties, and the consequent promotion of the 
resistant materials wherever necessary. 

SDM has been observed on Zea mays, Sor
ghum bicolor, S. bicolor var. dochna, 
sorghum-sudan hybrids, S. sudanense, S. 
halepense, and S. arundinaceum. Fortunately, 
the grass hosts and wild sorghums are not 
widespread.
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Loose Smut 

Loose smut (Sphacelotheca cruenta) is most 

commonly seen on native varieties, but also 
appears on some experimental varieties. Its 
incidence is generally low, and therefore it is not 
considered to be of major importance. The seed 
of improved varieties is normally sown with 
Arasan treatment, which reduces spread of the 
disease. 

Anthracnose 

Stalk rot caused by this fungus (Colletotrichum 
graminicola) is occasionally observed in fields 
of experimental materials. It is not common and 
is not considered to be of great importance. 

Bacterial Stripe 
Sometimes see:n on Pxperimental varieties,
bacterial stripe (Pseudomonas andropogoni 

cease (sapelyunimorana ont)adr 
disease is apparently unimportant at present. 

Bacterial Spot 

One outbreak of bacterial spot (Pseudomonas 
syringae) was observed in 1977 at the Santa 
Cruz Porrillo Experiment Station. The outbreak 
occurred after a period of prolonged rain. How-
ever, the disease is seldom seen. 

Summary of the Present 
Situation 

In order to summarize the most common sor-
ghum diseases presently found in El Salvador, it 
would be convenient to describe the typical 
sorghum plant found in the field. At the top of 
the panicle we find grain molds damaging the 
seed, and this could extend to some of the grain 
throughout the panicle; we see a few grey leaf 
spots on the top leaves, along with some aphid 
cast skins and mummies. The panicle could also 
show some midge damage. The next leaves, 
going from top to bottom, present more 
numerous grey ieaf spots, and here we also find 
rust sori. Continuing below, we find more 
numerous grey spots and rust sori, and we may 
have (one or two) zonate leaf spots. The lower 
leaves will be dead and dry, and will bear large 
numbers of assorted fungal spots and sori. 
Some evidence of worm damage (Spodoptera) 
is likely in the middle or upper leaves, and the 

plant could be serving as support for some 

type of bindweed.Thesizeof t'egrain would be 
small, and the size of the panicle would not be 
imrsveylg,
impressively large. 

A Changing Situation 

Withtheaim of increasing the average sorghum 
yield, the primitive so-called native varieties are 

slowly being replaced by high-yielding varieties 
and hybrids which, of course, demand more 
care. This change in turn increases the need to 
deal with sorghum pests and diseases. 

Sorghum breeding programs are being car
ried out at CENTA (Centro Nacional de 
Technologia Agropecuaria). In the formation 
and selection of new sorghum varieties, major 
emphasis is on high-yield potential, adaptabili
ty, and resistance or tolerance to the major 
diseases. It is not economically sound for the 
farmer to invest much in sorghum pest control 

at present. 
There are various methods employed by the 

National Sorghum Program in selecting for 
disease resistance and tolerance. In the case of 
most major diseases, this is done in field plots 
where yield, adaptability, or other traits are 
under observation. The different materials are 
graded as good, moderate, or poor, depending 
upon general plant health. Grading may be for a 
specific disease. In selecting materials with 
respect to any other parameter - such as yield 

or plant height, etc. - health grading is taken 
into account. 

With certain diseases, such as SDM, a specific 
screening is carried out. Artificial inoculations 
are performed on test materials, which are then 
gradpd for percent infection. Wherever possi
ble, tesponses to natural field infections are 
utilized to detect susceptibility. 

Field inoculations with the major foliar 
pathogens were tried as a way of screening for 
resistance. At present, however, this method 
has been discontinued in preference to natural 
infection, which is less time-consuming and 
requires fewer personnel. 
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Sorghum Diseases in Mexico 

Alberto Betancourt Vallejo* 

In the past 15 years, sorghum has become one 
of the most important crops in Mexico, due 
primarily to its wide range of adaptability to 
varied environmental conditions, its usefulness 
as afeed grain, ease of mechanization, drought 
resistance, and relativetolerance to disease and 
pest problems. 

It is not possible to precisely say when sor
ghum was first introduced to Mexico, but it is 
bel ieved that it took place at the end of the 19th 
century (Angeles 1968). Other evidence sug-
gests that it was grown in small areas during 
the late 1940s and early 1950s, but production 
was very limited. Although there is no official 
report of sorghum production for this period 
(CENEINA 1967), many speculate that much of 
thereluctanceof rural peopletoacceptthisnew 
crop was probably due to the high preference 
for maize as a food grain, 

It was not until 1958 that sorghum acreage 
started to expand in northern Mexico 
(Tamaulipas), displacing cotton. A major shift 
from cotton to maize and sorghum in this area 
has been occurring since 1965 (Futrell 1973). 
Sorghum also displaced maize in areas of low 
rainfall, where it outyields native open-
pollinated maize varieties and where it with-
stands stress conditions better than most other 
cereals. Because of its excellent response to 
irrigation, sorghum is very popular in humid 
areas as well; large acreages are found in 
Tamaulipas, Guanajuato, Jalisco, Sinaloa, and 

underin Michoacan where it is grown both 


irrigation and as a rainfed crop. 

Hybrids short in height are of U.S. origin and 

are harvested with a combine harvester, with 
the exception of El Bajio in the State of 

Sorghum Breeder, INIA, Mexico, and Graduate 
Student at Texas A & M University, Dept of Soil and 
Crop Sciences, Texas, U.S.A. 

Guanajuato where 2% of the commercial hyb
rids are the result of a local breeding program 
carried out by INIA (The National Institute of 
Agricultural Research [Frederiksen 1977]). 

Sorghum-Producing Areas 

In 1976 sorghum occupied approximately 1.25 
million ha and is still expanding (Trhble 1). 
According to the available figures, not only 
have the areas and total production increased, 
but also the production per hectare, due mainly 
to batter production practices such as fertiliz
ation, pest and diseases control, and better 
hybrids. 

Sorghum in Mexico ranks third in acre
age of the crops, exceeded only by maize 
and beans, and ranks second in production, ex
ceeded only by maize. A large portion of the 
production is concentrated in the northern 
(Tamaulipas), west coast (Jalisco, Michoacan, 
and Sinaloa) and central (Guanajuato) areas. 
These states account for 82% of the total sor
ghum acreage. Other sorghum-growing states 
are: Chihuahua, Nuevo Leon, Morelos, Nayarit, 
Sonora, and Coahuila. In Mexico, sorghum is 
used primarily as a feed grain, and the expan
sion of this industry has had a substantial 
influence on the popularity of the cereal. 

Table 1. 	Grain-sorghum area and production 
for 1960, 1970, and 1976 In Mexico. 

Area harvested Production Yield 
Years (ha) (mtonne) (kglha) 

1960 116000 209000 1800 
1970 971 000 2747000 2840 
1976 1250 000 4026 864 3200 
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Table 2. 	 Clihatie charactelcrstl ot the major sorghum-poduclng area In Mwdoo (afterKoeppen 
[Anon. 176b, p. 21]). 

Average annual 
Elevation Temperatureb precipitation 

Area Climates* (m) (CC) (mm) 

Temperate humid H 1200-1800 18 800 
Humid subtropical Cfa 0-1200 24 500 
SemI-arld area BSh, BWh 0-1200 24 350 

a. 	 ; - Highland climates. 
BSh - Dry steppe climate. 
BWh - Dry dmert climate.
 
Cia - Warm temperate dlimate.
 

b. Average monthly bass. 

Adaptation 
Sorghum is grown mostly in the temperate 
humid zone and in the humid subtropical and 
semi-arid regions of Mexico (Table 2). 

Inthe temperate humid zone, 700 000 ha are 
now planted to sorghum annually. Rainfall va
'ies from 700 to 900 mm and is generally well 

distributed. Guanajuato, Jalisco, South of 
Sinaloa, Michoacan, Nayarit, and Morelos are 
majorareasof production. The El Bajio region in 
the State of Guanajuato produces yields up to 
13 tonnelha; while in Jalisco and Michoacan 
yields may vary from 5 to 8 tonne/ha. In the 

Sl!ghtly more than 40 000 ha were grown in 
Chihuahua and Nuevo Leon, while approxi
mately 20 000 ha were planted in Sonora and 
Coahuila. 

Important Sorghum Diseases 
in Mexico 
As with many other crops in which cultivation 
as iteny ohum in wich c ly 
henifped s rgou in Memshareet 
developed serious disease problems. The most 
impo crtant are: downy mildewdiseases 

temperate humid zone, slightly more than (Peronoscierospora sorghi), leaf light (Ex400000haaegrwn 	 turcicum), stalk rot (Fusariumnderaifedconitinsserohi/um 
400 000 ha are grown under rainfed conditions. 

An average of 430 000 ha are planted to 
sorghum annually inthe humid subtropical and 
semi-arid areas. Tamaulipas, north and central 
regions of Sinaloa, Chihuahua, Nuevo Leon, 
Sonora, and Coahuila are representative states 
of this area. Sorghum is grown at elevations 
from 10 to 30 m (Los Mochis, Sinaloa, and Rio 
Bravo, Tamaul ipas) up to 1200 m(some regions 
of Coahuila and Chihuahua); predominantly the 
climate isclassified as BSh and BWh (Koeppen 
[Anon. 1976b, p. 21]). In the semi-arid area, 
sorghum is better adapted to rainfed farming 
than other grain crops such as maize, and also 
performs well under irrigation. Under dry con-
ditions the average yield is about 2200 kg/ha;
irrigated crops produce approximately 3300 
kg/ha. 

Tamaulipas leads in total acreage with 
370 000 ha harvested in 1976; of this, more than 
125 000 ha are grown under rainfed conditions. 

moniliforme), rust (Puccinia purpurea), and an
thracnose(CoI/etotrichumgraminicola). Zonate
leacnot (Coeotrchum ramol)anae 
leaf spot 	(Gercospora sorghi) and grey 
leaf spot (Cercospora sorghi), although com
mon, have been causing only moderate dam
age. Diseases confirmed in the country are 
listed inTable 3. 

Dowiy Mildew 
By far the most important and damaging sor
ghum disease in Mexico is downy mildew 
(Peronosclerospora sorghi). This disease has 
caused severe losses in recent years, especially 
in northern Tamaulipas which is both humid 
and irrigated. 

The disease was first observed inthis region 
as early as 1964, but probably was present 
when it was first reported in Texas in 1961 to 
1962 (Frederiksen and Renfro 1977). The aver
age incidence of systemic infection in ccmmer
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Table 3. Dismms of sorghum InMexic 

Diseases D~tribution in Mexico 

Seed rot and seedling diseases 
Fusarlum sp Pgions of high relative humidity and
 
PthhJm sp low temperatures in the soila
 
PenIcllium up in general
 
Helminthosporium sp
 

Rot and stalk diseases 
' Charcoal rot (Macrophomina Tamaulipas, Jalisco b,£
 

phaseolina) Guanajuato
 
Stalk rot (Fusarium moniliforme)
 

Sorghum ILef diseases 
Leaf blight (Exsero.'7ilum turcicum) Jalisco, Tamaulipas, Guanajuatod, fg 
Rust (Puccinia purpurea) Guanajuato, Nayarit, Jalisco, Tamaullpas f g, h 

Grey leaf spot (Cercospora sorghl) Tamaulipas, Jalisco, Guanajuato , g 
Anthracnose (Colletotrichum Tamaulipas, Guanajuato, Jallsco" 
graminicola) 

Zonate leaf spot Yucatan, Tamaulipasg" 
(Gloeocercospora sorghi) 

Bacterial streak Sinaloa, Sonora, Yucatan, Guanajuatog, / 

(Xanthomonasholcicola) 
Bacterial stripe Tamaulipas 

(Pseudomonas andropogonl)
 
Sooty £tripe (Ramulispora sorghl) Tamoulipask
 
Maize dwarf mosaic virus Tamaullpasg
 

Infloroscence diseases 
Covered kernel smut Guanajuato, Coahuila, Sinaloa, Morelos ft 

(Sph.-celofheca sorghi) 
Loose kernel smut Sinaloa, Guanajuatodm 
(Sphacelotheca cruenta) 

Head smut Sinaloa, Jalisco, Guanajuato, Nayarit, 
9
(Sphacelothecarelliana) Tamaulipas, Estado de Mexico 1/,, , m, n 

Sorghum downy mildew Tamaulipas, Michoacan, Guanajuato, Jalisco, 
(Peronosclerospora sorghl) Guerrero, Veracruz, Pueblad, ftg, 0,4, q 

Crazy top Jalisco, Tamaulipas, GuanajLL.n" q 
(Sclerophthora macrospora) 

a. Aron.1977a, p.73 
b. Crltchfield 1960 
c.Anon. 1975a
 
d. Castro 1974 
a. Anon. 1975b, pp. 39-41 
f.Frederlkzen 1977 
g. GIron 1977 
h. Anon. 1976b, p.21 
I. Anon. 1977b, p. 18 
j. Frederlksen and Renfro 1977 
k. Valdivia B. and Batancourt 1973 
/.Rodriguez S. 1972 
m. Fuentes 1967 
n. Anon. 1976c, pp. 49-51 
o. Anon. 1976a 
p. Garcia 1977 
q. Leon 1974 
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cial fields in Tamaulipas shifted from the 10 to 
15% common prior to 1973 to 40 to 60% in 1973 
and in 1976. In 1978, some commercial hybrids 
showed up to 80% systemic infection, accord-
ing to Rodolfo Girors (personal communic
ation); sorghum downy mildew (SDM) is present 
in Jalisco, Michoacan, Guanajuato, Guerrero, 
Veracruz, and the lowlands of Puebla (Leon 
1974), where large acreages of maizeare grown 
every year. 

The earliest report of downy mildew in the 
Jalisco area was in 1974. In this region 20 to 
40% of systemic infection was observed in 1977 
(Frederiksen 1977). 

The increase of downy mildew in northern 
Mexico was mainly due to the introduction of 
high-yielding, yellow endosperm, grain sor
ghum hybrids highly susceptibleto the disease. 
They have gradually been replaced by more 
resistant but lower yielding hybrids. 

Leaf Blight 

Leaf blight (Exserohilum turcicum Pass.) is 
characteristic of humid climates and moderate 
temperatures. It has become increasingly im-
portant in Jalisco, along the west coast, and El 
Bajio as wdll as Tamaulipas. The most severe 

had an important impact on grain sorghum in 
humid areas, buL the extent of damage has not 
been recorded, probably because sorghum is 
presently occupying these areas as a new crop. 

Stalk Rot 
Stalk rot (Fusarium moniliforme) has become 
increasingly common and in recent years is 
causing severe damage to most commercial 
hybrids in the State of Jalisco. All three 
phases-crown rot, sheath rot, and head 
blight-were observed in 1977 (Frederiksen 
1977). It has also been observed at El Bajio, but 
its incidence has varied from year to year and no 
economically important damage has been re
corded (Gabriel, personal communication). 

Grey Leaf Spot, or Angular Leaf Spot 
Grey leaf spot (Cercospora sorghi) has usually 

been a common disease at Rio Bravo 
Tamaulipas, where most commercial hybrids 

have shown ratings from 2 to 3 on a i to 5 scale 
during the last 3 years (Giron 1977). Grey leaf 
spot was also commonly observed at J3lisco 
and Guanajuato, where it has caused moder
atelyseveredamage. lnmost cases, thedisease 
has been observed late in the growing season,damage has been reported in the Jalisco area.grain-fiing period is oier; con

the less humid areasg 

ealisco.Soghu t tekeydiseinis probnprofably
Jalisco. Sorghum cannot be grown profitably 

throughout this area until more resistant hy-
brids are obtained (Frederiksen 1977). 

Rust 

Rust (Puccinia purpurea) has been reported in 
several humid areas, such as Tampico, Rio 
Bravo, Tamaulipas, coastal area of Nayarit, 
Veracruz, and Jalisco (Garcia 1967; Anon. 
1976b, p. 21; Rodriguez 1972; Frederiksen 1977; 
Valdivia and Betancourt 1973). In Jalisco severe 
losses were observed in all commercial hybrids 
during 1977, with dsease intensities ranging 
from 7 to 9 on a 1 to 9 scale. In 1977, rust 
apparently developed late in the season, ag-
gravating stress-related Fusarium stalk rot and 
head blight diseases (Frederiksen 1977). 

At Rio Bravo Tamaulipas, some commercial 
hybrids in 1977 showed rust intensities of 3 to 4 
on a 1 to 5 scale (Giron 1977). This disease has 

sequently, no severe damage was noted. One 

commercial hybrid was reported to be resistantJalisco during 1977 (Frederiksen 1977), al
thuhmsco erilganogusae 
though most commercial grain sorghums are 
susceptible. 

Anthracnose 

According to observations made at Rio Bravo,
Tamaulipas, anthracnose (Colk-otrichum 
graminicola) caused economic losses in most 
grain sorghum hybrids, with disease ratings 
varying from 2.5 to 3.0 on a 1 to 5 scale (Giron 
1977). Its incidence, however, varies with en
vironmental conditions. During 1977, for exam
pie, only a few hybrids were affected by this 
disease in Jalisco as well as in Guanajuato. 

Zonate Leaf Spot 

Zonate leaf spot (Gloeocercospora sorghi) has 
been ranked according to its incidence as the 
second most important disease in northern 
Mexico (Tamaulipas), with some commercial 
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hybrids ratings as high as 3 or 4 on a lto5scale 
(Giron 1977). In other areas, such as Yucatan in 
the southern part of Mexico, commercial hy-
brids have shown a moderate incidence of 
zonate leaf spot during the last 2 or 3 years 
(Anon. 1976b, p. 21). 

Minor Diseases of Sorghum 
in Mexico 

Head Smut 
Head smut (Sphacelotheca reiliana) was a 
major problem in Rio Bravo, Tamaulipas, and 
the El Bajio regions in the late 1960s (Angeles 
1968), but was partially controlled by resistant 
hybrids. It has also been reported in Jalisco, 
Sinaloa, Sonora, Nayarit, and Baja California 
(Angeles 1968; Frederiksen 1977; Garcia 1967; 
Anon. 1976b, p. 21; Rodriguez 1972). At present, 
head smut is found in most sorghum-growing 
areas of Mexico, particularly (though of moder-area ofMexio, moer-artculaly thogh o 
ate incidence) in northern Tamaulipas, Jalisco, 
and Guanajuato. 

Other smuts, Sphacelotheca sorghi and 
Sphacelotheca cruenta, reported at El Valle de 

Culiacan in Sinaloa in 1967 (Fuentes 1967), and 
Coahuila and Guanajuato (Rodriguez 1972) 
were controlled by seed treatment and are now 
of low importance. 

Charcoal Rot 

Charcoal rot (Macrophomina phaseolina) has 
been found in northern Mexico (Giron 1977; 
Valdivia and Betancourt 1973), but apparently 
is not causing serious damage except under 
situations of severe stress late in the season. 

Seed rot and seedling diseases caused by 
the fungi Fusarium, Pythium, Penicillium, and 
Exserohilum - formerly common in some reg-
ions in Mexico (Castro 1974) - are now of low 
importance due to fungicide treatment of most 
hybrid seed. 

Other minor diseases reported in Mexico 
are maize dwarf mosaic virus (MDMV) in Rio 
Bravo, Tamaulipas (Giron 1977); sooty stripe 
(Ramulispora sorghi) in Tamaulipas (Valdivia 
and Betancourt 1973); bacterial streak (Xanth-
omonas holcicola) in Sinoloa, Sonora, Yucatrn, 
and Guanajuato (Valdivia and Betancourt 
1973); crazy top (Sclerophthora macrospora) in 
Guanajuato, Jalisco, Tamaulipas (Castro 1974; 

Garcia 1967; Giron 1977; Leon 1974'; Valdivia 
and Betancourt 1973); and rough spot (As
cochyta sorghina) in Puebla (Rodriguez 1972). 

Location and Nature 
of Research on Sorghum 
Diseases in Mexico 
The National Institute of Agricultural Research 
(INIA), carries out the sorghum-breeding pro
gram in Mexico. The goal of this program is to 
obtain high-yielding hybrids and varieties with 
good resistance or tolerance to pests and dis
eases prevalent in a wide range of climatic 
conditions. 

In order to facilitate the breeding work, three 
working regions have been established. Each 
region has a multidisciplinary group of scien
tists in breeding, entomology, physiology, pa
thology, etc. The three work areas are: 

1. 	Central plateau and high valleys with altitudes exceeding 1800 m above sea level. 
2.tLowslandsediaji180and intermediatevre
2. 	 Low lands (Bajio) and intermediate re

gions with altitudes of between 1200 and 
. 

3. 	 Humid subtropical and semi-arid areas 
with altitudes of up to 1200 m. 

As stated earlier, the major disease problem 
areas are located at the humid subtropical 
and intermediate regions with high relative 
humidity. 

Most of the research for disease resistance is 
actually conducted at CIAGON (called CIAT 
before 1978) at Rio Bravo, Tamaulipas, which is 
an excellent location for screening lines for 
SDM resistance as well as a few foliar diseases, 
such as zonate leaf spot, anthracnose, and 
bacterial diseases. Screening for resistance to 
rust is done in the Tampico area. 

A large number of parental lines for hybrids 
and materials from the world collection have 
been tested under field conditions at Rio Bravo 
for SDM resistance. Some work, however, is 
performed under greenhouse conditions 
whenever a reliable inoculation technique is 
available. We have recently introduced some 
converted lines and multiple disease-resistant 
populations developed at the Texas Agricul
tural Experiment Station (TAES), which prom
iseto beverygood sources of resistance for the 
most important diseases. Other materials, in
troduced from Kansas, Oklahoma, and Indiana 
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have also shown vory good resistance to some 
important dise&;es, as well as adaptability to 
the Rio Bravo area. 

The main aspects of this program are to 
(a) obtain disease ratings in commercial and 
experimental hybrids, (b)carry out inoculation 
techniques, (c)sel ct for disease resistance, and 
(d) ncorporate disease resistance into improved plant material. 

Achievementst Problems, 
and Prospocts of Sorghum 
Disease Research in Mexico 

Control of sorghum diseases in Mexico has 
usually been accomplished through the use of 
local or introduced resistant hybrids and 
through cultural and production practices. For 
example, early plantings, especially in SDM 
problem areas (such as Rio Bravo), avoid infec-
tion. 

Of 29 new sorg hum hybrids recently released 
by INIA, several have shown resistance or 
tolerance tu somo important diseases. These 
diseases, however, are expanding rapidly in the 
sorghum-growing areas and represent limiting 
factors to production. These include SDM in 
northern Mexico, and leaf blight, stalk rot, and 
rust on the west coast. On the west coast, for 
example, not one commercial hybrid has been 
found to be resistant to all three diseases 
at the same time (Fredt~riksen 1977). Other 
diseases -such as anthracnose, head smut, 
and zonate leaf spot - are potentially destruc-
tive diseases that can be lirniting in both humid 

and moderately humid areas. a 
A considerable effort must be made to rein-

force the breeding program. The expansion of 
sorghum acreage and its monoculture have 
caused an increase of disease and pest prob-
lems. Thefollowing actions becomeimportant: 

1. 	Reinforcetraining of personnel specialized 
in plan.t pathology, with emphasis on sor-
ghum diseases.emii diseases 

2. 	Determine effect on yield that diseases, 
either individually or in combinations, are 
causing in Mexico. 

3. 	Establish a breeding program in Jalisco for 
leaf disease resistance that will represent 
the temperate humid area problems. 

4. 	Promote and establish international co
operation with other countries in terms of 
information, sources of resistance, etc. 
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Sorghum and Sorghum Diseases in Venezuela
 

Mauricio Riccelli* 

Venezuela is located in the northern part of 
South America. Its size is about that of Texas 
and Oklahoma combined. We have different 
geographical and ecological regions. Latitude is 
from about 0'50'S to about 11°N. There are 
three important sorghum-growing areas. One is 
located in the foothills of the Andes - a very 
humid region. The second is a drier region in the 
northern central part of the country, and it is the 
most important sorghum-growing area. A third 
region, with intermediate rainfall, is located in 
the eastern states of Anzoateguiand Monagas. 

Venezuela is known for its oil, and this is still 
the basis of the economy, but we now have 
some new developments and sorghum produc-
tion is a good example of these. Sorghum first 
came to Venezuela about 15 years ago, and for 
some time it was only a curiosity at some 
experimental stations. Until 1972, only 10 000 
ha were cultivated in the country. Since then, 
sorghum production has increased very rapidly 
and in 1978there wereabout300 000 ha planted 
to sorghum in Venezuela. No crop has in
creased so fast in Venezuela as grain sorghum. 

We are still somewhat dependent on USA-
produced hybrid seed for our sorghum produc-
tion. These hybrids are very attractive, but they 
do not perform so well in the tropics. We had, 
therefore, to produce our own hybrids-
brown-seeded with a lot of tannin, but well 
adapted and high yielding, 

Sorghum is pioduced in areas where the 
climate is humid and warm during the rainy 
season, and these conditions promote dis-
eases. There is a tremendous weed problem, 
and the short U.S. hybrids can be smothered by 
weeds if control measuras are nit taken in time. 
On the other hand, our tropical sorghums, 
whicharetaller, cangrowfasterthantheweeds, 
and, even if the farmer is not careful with 

* 	Sorghum Breeder, Productora de Semilla (PRO-
SECA) Maracay, Venezuela. 

weeding, the weeds will not be as much of a 
problem as they are with the short hybrids. 
Another reason in favor of the taller hybrids is 
that the farmer needs what is left of the plants 
after harvest to feed animals during the dry 
season when other forage is not available. The 
taller hybrids present no problem for combine 
harvesting if the combine is adjusted correctly. 

Our Venezuelan hybrids have open panicles, 
and brown seeds which mature in about 100 to 
105days.Theyarephotosensitiveandtherefore 
take longer to mature in the more northern 
latitudes. 

Local seed production is not sufficient, so we 
still import about 90% of our seed, mainly from 
the USA. 

Birds are a major problem with grain sor
ghum in Venezuela, and sometimes even the 
brown-seeded sorghums are affected by them. 

Diseases 

Diseases are the main limiting factors for grain 
sorghum production in Venezuela. The occur
rence of wild sorghums increases the disease 
problems in cultivated sorghum. There are at 
least three wild sorghums -Sorghum 
halepense, S. verticilliflorum, and S. arun
dinaceum. There are possibly other species and 
many natural hybrids among them. These wild 
sorghums are very early, they shatter, and they 
have become a very serious problem. They 
grow throughout the year and serve as a reser
voir for the pathogens. It is impossible to think 
of eradication of these weeds which grow 
abundantly everywhere. 

Another abundant and important weed is 
Rotboellia exaltata, which is a reservoir for 
maizedwarfmosaicvirus(MDMV)orsugarcane 
mosaic virus (SCMV). 

Viral diseases are very important in sorghum 
in Venezuela. There is a new and devastating
strain of SCMV. SCMV can attajk the plant at 
any age and destroy the young leaves in the 
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whorl causing the plants to die. Some of the 
imported hybrids are so highly susceptible that 
they are wiped out by this disease. 

Another very important disease is sorghfim 
downy mildew (SDM). SDM was first observed 
in Venezuela about 1973, and in the follov ing 
year it was found widespread in the country. We 
first found it in five states, and now it occurs 
throughout Venezuela. Fortunately, we have 
some hybrids resistant to SDM, so that this 
disease will p;obably become 1,3ss important. 

In the humid region at the foothills of the 
Andes, anthracnose is very important. 

Cercospora leaf spot sometimes attacks the 
plants at an early stage, when it is damaging. 
Late infection probably has little effect on yield. 

Zonate leaf spot can be damaging, com
pletely blighting all the lower leaves of the 
plant. 

Rust is present in Venezuela, but it generally 
occurs near maturity and is therefore not likely 
to cause significant yield reduction. 

Head blight, charcoal rot, and Fusarium stalk 
rot also occur. 

Some hybrids, when sprayed with insec
ticides, develop "nonparasitic" disease 
symptoms, which may resemble parasitic dis
ease, and this can cause a lot of damage. 
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Country Reports Discussion
 
Session - the Americas
 

Argentina 
Craig: 

Is the fungicide Ridomil being tested as a 
seed treatment for the control of SDM in 

Argentina? 

Teyssandier: 
Ridomilis being tested in Argentina primar-
ily by Ciba-Geigy researchers in coopera-
tion with other agencies. Ihave no informa-

tion on the results. 

Mithur:
Mthrn adtion
When and where was sorghum downy mildew first observed in Argentina, and 

was it detected first on local cultivars or on 

introduced lines? 

Teyssandier: 
Sorghum downy mildeww 'detected 
in Argentina in 1968 by Dr. Frezzi, on local 
cultivars at the Manfredi Experiment Sta-
tion, Cordoba Province. Subsequently SDM 
was detected in all sorghum-growing reg-
ions of Argentina. 

Brazil 

(Dr. Fernandes wa. , not present on the first day 
of theWorkshop, dueto air travel problems, and 
so there was no discussion on his paper.) 

El Salvador 

Frederiksen: 
What percentage of the sorghum in El 
Salvador is used for human consumption 
and what percentage is used for animal 
feed? 

Wall: 
That is difficult to answer, and I will have to 
guess. Perhaps 70 to 75% is used as animal 
feed and the rest is used for human food. 

The importance of sorghum as a human 

food is increasing as more sorghum is 
grown, particularly in areas with unreliable 
rainfall. 

Dange: 

How important are the cross-infection 
problems from common pathogens in in
tercropped maize and sorghum in El Sal
vador? 

Wall: 

As 90% of the sorghum is grown in associa
with maize, these problems exist

particularly from sorghum downy mildew,
leaf blight, and zonate leaf spot. 

Balasubramanian: 

Do you find an association between the 
moreoccurrence of corn leaf aphids and 

grain mold, particularly at low humidities? 

Wall: 
In El Salvador we rarely experience low 
humidities, but there is an association bet
ween grain molds and infestation with corn 

leaf aphid. 

Mexico 

Brhane: 

Will you describe the environmental 
parameters and length of the growing sea
son that allows grain yields of 14 tonne/ha 
from sorghum in Mexico? 

Betancourt: 
These yields come from high-yielding, 
USA-developed hybrids grown in a temp
erate climate - temperatures in the range 
14 to 17°C, with 700 to 900 mm rainfall 
evenly distributed throughout a 5 to 
6-month growing season (April to Sept). 
We use 140 kg N and 80 kg P20s/ha. 
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Brhane: 
How Important are high altitude sorghums 
in Mexico and what are their major disease 
problems? 

Betancourt: 
Thereisapotentialofabout4millionhafor 
high altitude sorghum production (1000 to 
1900 m abovesea level). We aredeveloping 
cold-tolerant sorghums, based mainly on 
three cold-tolerant sorghum lines from 
Uganda, and will release three varieties in 
1979. Disease problems are minor at the 
present time. 

Murty: 
Are grain molds on sorghum important in 
the lower-altitudes of Mexico? 

Betancourt: 
Grain molds do occur, but they are unim-
portant at the present time. 

Venezuela 

Malaguti: 
Zonate leaf spot affects both sorghum and 
maize in Venezuela. The pathogen pro-
duces conidia and sclerotia. The sclerotia 
can persist for a long time io the soil. All 
[,ybrids, local and imported, are affected by 
zon~te leaf spot. There is some confusion 
about the etiology of leaf spots and streaks 
resulting icrm infection by SCMV. In Ven
ezuela, Cercospora sorghi produces 
catenulata chains of lesions and the more 
normal symptoms. The actual type of 
symptom depends on the environment, 
and vigor of the plant. 

Balasubramanian: 
Are the sclerotia of the zonate leaf spot 
fungus carried with the seed in Venezuela? 

Malaguti: 
The conidia areabundant on leaves and are 
the main source of inoculum. However, 
sclerotia can be found in the leaves. The 
scleroia are soil- and debris-borne, and so 
are important epidemiologically 

particularly if sorghum is planted on the 
sar e field year after year. 

Sundaram: 
I have observed abundant sclerotial forma
tion in zonate leaf spot in Nigeria. 

Malaguti: 
The zonate leaf spot fungus was described 
originally by Bain, a long time ago. 
Sclerotia and conidia are commonly pro
duced by this fungus. 

Rao (N. G. P.): 
How did the wild sorghums - the S. ver
ticilliflorum and the S. arundinaceum 
get into Venezuela? 

Riccelli: 
They were probably introduced in three 
ways: 

1. Purposely for forage; 
2. Along with sugarcane; and 
3. With sorghum seed. 

Malaguti: 
Johnson grass introduction is somewhat 
complicated. I believe that johnson grass 
(S. halepense), was imtroduced with rice 
seed, for it appeared first in areas of rice 
production. Rice seed was widely intro
duced 20 years ago. 
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Sorghum Diseases in East Africa 

H. Doggett* 

The sorg hum-improvement program for 
Kenya, Uganda, and Tanzania was a common 
program operated under the East African 
Community until the dissolution of that body in 
mid-1977. For much of the past 30 years, pro-
fessionalstaffnumberswerelow;attimesthere 
was only one plant breeder. A good number of 
variety-trial centers was available, covering the 
full range of ecological conditions under which 
sorghum was being grown in the region. 

Disease organisms are parasitic. Essentially, 
we are dealing with a system of two popu-
lations, each of which contains considerable 
genetic variability. During the course of evolu-
tion, there has been a constant selection pres-
sure to favor resistance mechanisms in the host 
plants and a constant selection pressure on the 
pathogens to favor variants which can success-
fully break down such resistances. The host 
plants which could not develop resistance to 
serious diseases have been eliminated; the 
pathogens which could not succeed in breaking 
down the resistance mechanisms are no longer
with us today. This statement is approximately 
true, becausethoseorganismswhichwereable 
to achieve some form of symbiosis with the 
host are probably not doing serious damage. 

The question, "which sorghum diseases are 
important in East Africa?" is automatically ask-
ing about the disease resistances possessed by
the cultivars grown there. Wild sorghums are 
indigenous to East Africa; the crop has been 
there for a long time, and there has always been 
some movement of sorghum into East Africa 
down the Nile from the Sudan. There is constant 
introgression between the wild sorghums and 
the cultivated crop, and we would therefore 
expect the indigenous cultivated sorghums to 
have accumulated sufficient resistances to en-

* Associate Director,Agricultural, Food and Nutrition 
Sciences, IDRC Regional Office, Private Bag,
Peradeniya, Sri Lanka. 

sure that diseases are not major causes ofyield 
loss. This is essentially the picture, and lists of 
the names of diseases recorded are a function 
both of the cultivars grown and the placement 
of plant pathologists. There has never been a 
sorghum pathologist working in East Africa, 
and disease records were usually the work of 
government plant pathologists responsible for 
working on the whole range of cultivated crops. 
Conspicuous among these were George and 
Maud Wallace, working in what was formerly 
Tanganyika. 

The third component of the system is the 
environment, the ecological conditions under 
which the interaction between pathogen and 
host plant is expressed. Certain diseases are 
greatly influenced by this. Among these in East 
Africa are grain (covered) smut, and downy
mildew. A planting of an introduced cultivar as a 
strip down the catena in the Lake region of 
Tanzania showed a crescendo of incidence of 
grain smut increasing from negligible levels on 
the coarse sands near the hill top to a heavy
incidence on the heavy black montmorillonitic 
clays in the valley. Similarly, cultivars which 
could begrown in the main growing seasons in 
Uganda with scarcely a sign of downy mildew 
could be quite severely affected by this disease, 
if grown during the cool period betwee:n sea
sons. 

Diseases common on indigenous cultivars 
are few in number, but a glance at Table 1 
shows that plenty of diseases occur. Some of 
these can show up in very severe forms on 
exotic germplasm; nobody knew that charcoal 
rot occurred on sorghum in Tanzania until a 
susceptible dwarf shallu was grown on light soil 
in 1952. All that I can usefully tell you is the 
names of those diseases which were recog
nized as common on the indigenous 
germplasm, and then to pick out a few which 
have shown up quite badly on exotic material. 
No doubt everything on the list will show up
badly if the appropriate susceptible germplasm
is introduced, and other pathogens not yet 
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recognized could probably be found on approp
riate exotic sorghum cultivars. 

Diseases Common 
on Indigenous Cultivars 

Covered smut (Sphacelotheca sorghi) is con-

spicuous and was considered sufficiently im-

portant to be worth recommending seed-
treatment measures; sulphur dust was used in 
the early days. Iam not aware of any estimate of 
yield loss, but Wallace (writing about Tanzania 
in 1953) commented that he had seen fields of 
grain smut, and also fields of downy mildew, 
where the loss was as great as 30%. 

I have not seen this level of damage from 
downy mildew, on indigenous cultivars grown 
in the proper season, but there are times when 
grain smut incidence can be quite high. Perhaps 
the local people have not selected very strongly 
against it, since the young smutted heads are 
eaten, especially by children. Wallace estimated 
the damage caused by all sorghum diseases as 
being not lossthat 5%: but this eye judgment by 
an experienced plant pathologist is not based 
on any yield trials of which I am aware. I have 
been hoping to hear of yield trials which esti-
mate actual grain loss due to individual dis-
eases on cultivars with good general resistance 
levels. I question the extent to which leaf dis- 
eases reduce grain yields on cultivars which 
retain three largely disease-free upper leaves 
until the stage when dry-matter accumulation in 
the grain has been completed. 

Very common leaf spots include sooty stripe 
(Ramulispora) and grey leaf spot (Cercospora). 
Rust (Puccinia) is also common. 

Diseases on Introduced 
Cultivars 

Helminthosporium turcicurn can be very se-
vere, both as a seedling blight and as a leaf 
verbloth as seedotinm gr o an aso e 
blotch. Colletotrichum graminicola can also be 
very severe, mainly as an anthracnose, but also 
as a stem rot in some cultivars. The diseases 
already mentioned as being common on local 
material have been abundant on many intro
ductions. Macrophomina phaseolina has been 
picked out by susceptible introductions, 

A real nuisance has been ergot, Sphacelia 
sorghi, in the work involving male steriles for 

Table 1. Pathogens of sorghmrn In East Africa. 

Seed rots and seedling blights 
Ascochyta sorghina 
Heiminthosporium turcicum 

Root and stalk rots 
Macrophomina phaseoli 
Gibberella fujikuroi var subglutinans (Fusarlum

moniliforme) 

Leaf spots 
Helminthosporium turcicum 
H. sorghicolaO
 
Colletotrichun graminicola
 
Cercospora sorghi
 
Gloeocercospora sorghi
 
Ramulispora sorghi 
R.sorghicola 
Phoma insidiosa ( = Phyllosticta sorghi) 
Ascochyta sorghina 
Mycosphaerella holci 
Pucciniapurpurea (often parasitized by Eudarluca 

australis)
 
Sclerospora sorghi
 
Cephalosporium zonatum
 

Head blights and grain molds 
AearaenuiChoanephora cucurbitarum 

Curvularia lunata 
Fusarium sp 
Gibberella fujikuroi 
Phoma insidiosa 
Rhinotrichum cucuerinum 
Trichothecium roseum 
Cladosporium sp 
Epicoccum purpurescens 
Sphacelia sorghi (often associated with Cerebella 

sorghi-vulgaris) 
Sphacelothecr sorghi 
Sphacelotheca cruenta 
Sphacelotheca reiliana 
Tolyposporium ehrenbergii 

a. 	 not confirmed (to my knowledge), but was certainly on 
material at Serere.Bacteriel diseases almost certainly oc
cur, especially leaf stripe. Virus symptoms are also to be 
observed, possibly including sugarcane mosaic. 

the hybrid program. Grain molds have been 
troublesome in many places where early
maturing material has been grown. 
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Disease Control 

This topic belongs properly to the session on 
utilization of disease resistances. Seed dressing 
is so cheap and convenient that grain smut, and 
some of the other seedlings problems, can be 
controlled economically by its use. Once the 
farmer population has been converted to buy
ing seed, this control method will be automatic. 
Until that time, however, it is important to check 
what happens when untreated seed is used in 
situations where smut and infection by seedling 
diseases is common. Apart from seed dressing, 
control measures in East Africa will be based on 
resistances for many years to come. As I have 
already indicated, there is no real possibi!ity of 
building in resistances step by step, in the 
classical manner. Food quality and yields, and 
pests and diseases have all got to receive 
attention; national programs are not in a posi-
tion to tackle leaf diseases one by one. 

The crop improvement system used in East 
Africa involves a wide placement of variety-trial 
centers, where promising material was grown 
and evaluated primarily for yield. Rather broad 
observations were also taken for leaf-disease 
levels, which is one of the criteria for rejecting 
particular lines. This system is very effective, 
and every national program requires ascatter of 
small but numerous experimental p;ots. There 
may be disease objectives requiring specific 
attention, such as grain molds and Sphacelia 
resistance in short-term sorghums required to 
flower and ripen under conditions which are 
sometimes wet or humid. However, in general 
the levels of disease resistance in the breeding 
material will need to be maintained by screen
ing for general levels of resistance. Effectively, 
in situations where disease levels are fairly 
high, this will amount to favoring the clean 
plants and discarding material at the suscepti
ble end of the scale. A good scatter of experi
mental plots ensures that in every season there 
is some site, and usually several sites, where 
the susceptibles and the "cleaner" lines can be 
identified. 

When the time comes to be thinking of yields 
of 14 000 kg/ha, then there may well be a place 
for "fine tuning" by breeding for specific dis
ease resistances. Currently, we would all be 
delighted if the mean sorghum grain yield in 
East Africa coulu he raised to 2000 kg of grain 
per hectare. At these levels, I think that the plant 

breeder will find it impossible to give more 
priority to disease resistance work than that 
which I have outlined. 
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Diseases of Sorghum in Ethiopia
 

Mengistu Hulluka and Brhane Gebrekidan*
 

Sorghum is perhaps the most widely distri-
buted food cereal in Ethiopia. As an Ethiopian 
food crop, it is surpassed in importance only by 
tef (Eragrostis tef). Of the more than 1 million 
tonnes of sorghum grain produced on about 1.5 
million ha, about 90% goes direct into human 
food and the rest into homemade beverages, 
Practically no sorghum is used as animal feed. 

The sorghums grown in Ethiopia can be 
divided broadly into highland and lowland 
types. The highland types are generally adapted 
to altitudes above 1600 m, exceed 3 m in height,
take about 9 months to mature, and are rela-
tively cold-tolerant. The Iow! irn'i .'.,,jhums, on 
the other hand, perform best below 1600 m 
altitude, have heights less than 3 m, mature in 
less than 4.5 months, and are best suited to the 
warmer and drier lowlands of the country. 

In both groups, the range of genetic diversity 
is tremendous. Most farmers' fields in Ethiopia 
contain many different types of sorghum.
Under these conditions, the development of 
diseases to epiphytotic levels is rare. The area in 
the country growing improved and uniform 
varieties is very small. 

Even though sorghum is one of the most 
important food crops in Ethiopia, the overall 
national effort directed towards sorghum 
pathology work has been very insignificant. 
Depending mainly on the environment, certain 
diseases in some years become economically 
significant in some parts of Ethiopia. For the 
leading sorghum diseases, specific areas in the 
country are recognized as hot spots. Disease 
surveys in the major sorghum zones have 
shown specific diseases to be important in 
selected areas. 

The Ethiopian national program on sorghum 

* 	Plant Pathologist and Sorghum BreederLeader, 
respectively, Ethiopian Sorghum Improvement 
Project, College of Agriculture, Addis Ababa Uni-
versity, Nazareth, Ethiopia. 

improvement, though concentrated on breed
ing, considers sorghum diseases as one of the 
major criteria of selection. The large Ethiopian 
sorghum germplasm holdings collected and 
maintained by the Ethiopian program have 
been visually evaluated foroverall leaf-diseases 
reaction at the high-altitude conditions of 
Alemaya. A backcross program is under way to 
incorporate anthracnose resistance from local 
and exotic sources to selected elite highland 
sorghum varieties which are now susceptible to 
anthracnose. Segregating populations, ad
vanced lines, and collections are grown in hot 
spots and resistant plants are identified for 
further advances. In general, in the breeding 
program, disease-resistant lines are a major 
group of parents used in the crossing block. 

The major and minor sorghum diseases, with 
their general distribution in Ethiopia, are briefly 
listed below. 

Grain Diseases 

Smutsi 
Generally, four types of smuts have been 
confirmed in Ethiopia. Three of these, kernel 
smut (Sphacelothecasorghi), loose kernel smut 
(S. cruenta), and head smut (S. reiiana), are 
widely distributed. Altitude and climate do nct 
seem to be the factors limiting the distributik,n 
ofthesethreetypes ofsmuts. Theyare reported 
in both lowland and highland sorghum
growing regions. Loose and covered kernel 
smuts are significant factors in reducing yield in 
some sorghum fields. On the other hand, head 
smut (S. reiliana) is probably more economi
cally important on maize than on sorghum. This 
appears to be particularly true in many of the 
major maize-producing areas in the Rift Valley, 
even if sorghum is grown in adjacentfields. The 
fourth type of grain smut, long smut (Tolypos
porium ehrenbergii, Kuhn), is usually limited to 
lowland regions, mainly in the administrative 

36 



regions of Wollo, Tigrai, and Hararghe. In some 
areas and in some fields, the level of long smut 
infection could be quite significant. 

Ergot 

Ergot (Sphaceliasorghi)seems to be a relativey 
new disease in Ethiopia. It was first recognized 
in 1972 in experimental plots in Alemaya. For 
the last 3 years ergot has been quite bother-
some at the Arsi Negele highland sorghum 
station. Infection may be initiated if the rainfall 
and the flowering time of sorghum coincide 
with the spore production of the fungus. There 
seem to be good sources of resistance against 
this disease in the breeding nursery. The Ethio-
pian sorghum program advances breeding 
linesatArsi Negele only if theyarefree of ergot. 

Grain Molds 
Ifthe sorghum grain matures under humid and 
rainy conditions, grain molds can become a 
serious problem. Early-maturing lines are gen-
erally affected by this disease. Several types of 
fungi havebeen known to causegrain mold, but 
the most common ones under our conditions 
are Phoma insidiosum, Cladosporium spp, 
Stomphyllium spp, andMycospharella species. 
Curvularia spp are rare. 

We have grown ICRISAT's International Sor-
ghum Grain Mold Nursery over the last two 
seasons at our two highland stations, Alernaya 
and Arsi Negele; grain molds develop well at 
these stations. Almost all of the entries were 
lowland types, so they were poor agronomi-
cally and mostly sterile under our cool highland 
conditions. However, some lin s have shown 
good tolerance to grain molds; some of these 
are being used as parents in our crossing 
program. 

Leaf Diseases 

Of the numerous leaf diseases of sorghum, 
several seem to be prevalent in many of the 
sorghum-growing areas of Ethiopia. In areas 
with high rainfall, anthracnose (Colletotrichum 
graminicola) seems to be the most common, 
and leaf rust (Puccinia purpurea) is perhaps 
second in importance. Leaf blight 
(Trichometasphaeria turcica) is important in 
many high-rainfall areas. Of the Ethiopian sor-

ghum experimental stations, Arsi Negele and 
Alemaya (high altitude) frequently showed a 
much higher incidence of leaf diseases on 
sorghum than did the other stations. On the 
other hand, bacteri.. streak (Xanthomonas hol
cicola) is endemic in many of the fields from 
year to year at all altitudes. Its economic impor
tance has not been assessed in Ethiopia. It 
appears to be of minor importance in its effect 
on sorghum production. 

Other leaf diseases of sorghum are minimal 
in importance and sporadic in occurrence. 
These are Ramulispora leaf spot (Ramnulispora 
sorghicola), sooty stripe (Ramulispora sorghi), 
bacterial leaf stripe (Pseudomonas andropo
goni), downy mildew (Sclerospora sorghi), leaf 
spots caused by Phoma sor-ghina, Mycos
phaerella holci, Gloeocercospora sorghi, and 
some others whose identity is not known. Of 
these diseases, downy mildew appears new to 
this area. It was first observed probably in 1972 
in sorghum nurseries in the Dakatta and 
Alemaya research centers. It might have been 
first introduced with seeds from other coun
tries. 

Since anthracnose is the most important leaf 
disease in the country, the Ethiopian Sorghum 
Improvement Project (ESIP) has a backcross 
breeding program under way for introducing 
resistance to fiv ) of its high-yielding varieties. 
The recurrent parents are ETS-21 11, ETS-2113, 
ETS-3235, Awash-1050, and WB-77. The 
resistance-donor parents are IS-2230, IS-158, 
Hafukagne x Hirna 305/547, NES-8827, and 
NES-8835. The recurrent parents are all well
adapted and high-yielding under cool highland 
conditions near 2000 m altitude. Donor parents 
have shown good resistance and excellent seed 
set in the Ethiopian highlands, though they are 
best suited to lowland areas. All possible com
binations between the susceptible and the re
sistant varieties were made. One backcross to 
each of the 25 combinations has been com
pleted to date. Crossing and identification of 
resistant segregates is done in the main season, 
while Lrossed seeds are grown for generation 
advance in the offseason. 

Stalk Diseases 

The major stalk disease observed in ESIP sta
tions is charcoal rot. In the Asobot area, in years 
such as the 1977 crop season, the disease was 
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very severe and widespread. Charcoal rot has 
been observed at Asebot, Nazareth, and 
Aiemaya. Drought and low soil-moiqture levels 
during maturity of the crop appedr very condu-
cive to the development of charcoal rot. 

One ICRISAT line, RS1 x VGC1, which looked 
excellent in several lowland Ethiopan loca
tions, was very severely affected by the disease 
during the 1978 season. 

Research on Sorghum Diseases 

Location 

Even though screening of sorghum 

germplasms and breeding materials for dis-
eases is being undertaken in the field at many of 
the ESIP stations, most work on sorghum dis-

eases has been undertaken atAlemaya College 
of Agriculture. 

Nature of Research 

As one of its objectives, ESIP has made various 
endeavors to upgrade research on crop protec-
tion. In relation to diseases of sorghum, several 
approaches have been tried to acquire know-
ledgeon the situation of diseases of sorghum all 
over the country. 

1. 	At different ESIP trial centers, germplasm 
screening for resistant lines has been 
going on since the establishment of the 
project. Advanced lines and varieties are 
evaluated each season for their reactions 
to diseases at various ecological zones, 
Resistant lines and/or varieties ide'ntified 
in such evaluations are either used as 
parants or advanced for their performance 
per se. 

2. 	Annual survey for types, trend, and inten-
sity of disease is being undertaken to 
assess any change in development of dis-
eases of sorghum. 

3. 	 Some lines are being evaluated in a dis-
ease nursery to screen the superior mate-
rials with uniform infection pressure to 
verify levels of possible resistance. 

4. 	Various seed-dressing chemicals have 
been tested for effectiveness to control 
some grain and leaf diseases. 

5. 	 In cooperation with international and 
national programs, various sorghum-
disease nurseries are normally planted for 

evaluations under Ethiopian conditions. 
In the future, further detailed studies of sor

ghum diseases are expected to be done if staff 
availability and facilities do not continue to be 
limiting factors. 

Achievements, Problems, 
and Prospects for Sorghum-
Disease Research in Ethiopia 
So far our activity in sorghum-disease research 
has been centered mostly around survey work, 
assessment of the disease situation in the coun

try, and evaluation of some of the collection of 

germplasms for their reaction to various dis

eases in the field. In this respect, we were able to 
categorize the major and minor diseases affect
ing sorghum production. Besides, in cooper
ation with breeders and other workers, we make 
periodic evaluations of all collected Ines for 
their resistance to the known diseases occur
ring naturally in the field. Few detailed studies 

involving individual diseases have bee;i under
taken. One could screen and select very good 
lines with good sources of resistanceto many of 
the diseases listed earlier. Since most of the 
lines have been selected on the basis of their 
overall performance in other factors, some 
good sources of resistance could be rejected if 
selection pressure for other factors, such as 
yield and quality, were found to outweigh dis
ease reaction. Shortages of personnel and fund
ing have limited this aspect of research in the 
improvement of sorghum production. 

Advanced lines, by nece;sity, must pass 
through disease nurseries before they are re
leased. Research on various approaches of 
disease studies, mainly on control measures 
and breeding for resistance, musi continue 
along with the breeding program. Such re
search needs an integrated team approach 
where breeders and pathologists work together 
to find solutions to the sorghum disease prob
lem. 
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Sorghum Diseases in Malawi
 

B. D. A. Beck* 

Sorghum is widely grown by smallholder far-
mers throvighout Malawi, but is of economic 
significance only in the lowland, semi-arid 
areas of the Shire Valley. 

Sorghum is grown in the warm, wet season 
as a food crop and as a source of grain for 
brewing beer. Epiphytotic outbreaks have not 
been reported, and no estimates of crop loss 
caused by diseases are available, 

The following pathogens have been recorded 
on sorghum in Malawi: 

Cercospora sorghi Ellis and Everhart - causing 
circular to elliptical lesions, which are grey with 
a red border, widespread and occasionally se-
vere (in the Shire Valley). 
Cercospora (?) vaginae Kruger - causing rot-
ting of the leaf sheaths, 
Cladosporium herbarum (Pers) Link ex 
Grey - causing mold of the inflorescence; se-
vere in late rains in the '-hire Valley. 
Colletotrichum graminicola (Cesati) Wilson 
causing a leaf spot, occasionally sufficiently 
severe to kill 'eaves. 
Gibberella (?) zeae (Schweinitz) Petch-
(conidial stage Fusarium graminearum 
Schwabe) causing long, elliptical leaf spots, 
grey with a red border and yellow halo. 
Gloeocercospora sorghi Bain and Edgerton 
causing small, oval, water-soaked leaf spots, 
with a red margin, which enlarge to elongate 
large zonate spots that may kill the leaf (wide-
spread in the Shire Valley). 
Helminthosporium maydis Nisikado and 
Miyake and Cochliobolus heterostrophus 
(Drechsler) Drechsler - causing large, elon-
gate light grey lesions with a reddish margin 
and extensive leaf necrosis (in the Shire Valley). 
Helminthosporium rostratum Drechsler 
causing small brown spots, bounded initially by 

Senior Agricultural Research Officer, Shire Valley 
Agricultural Development Project, Ngabu, Malawi. 

the leaf veins, but later coalescing to form large 
necrotic areas (occasionally severe in the Shire 
Valley). 
Mycosphaerella spp and Phoma insidiosa 
Tassi-both causing grain spotting (wide
spread in the Shire Valley). 
Puccinia purpurea Cooke- causing a typical 
rust, but generally attacking the crop too late to 
cause heavy yield loss (widespread and occa
sionally heavy in the Shire Valley). 
Ramulispora sorghi (Ellis and Everhart) Oliv3 
and Lefebvre - causing elongate, straw
colored leaf lesions which iaLer turn sooty black 
and cause large areas of leaf necrosis (wide
spread in the Shire Valley). 
Ramulispora sorghicola Harris - causing 
small, water-soaked lesions which develop into 
small, elongate spots with a marked border and 
occasionally black sclerotia. 
Sclerospora sorghi Weston and Uppal 

causing blight, leaf shredding and stunting. 
When severe, it causes the death of young 
plants. 
Sphacelotheca cruenta (Kuhn) Potter
stunting of the plant and distortion of the 
inflorescence to a "crazy top" effect. Infected 
spikelets form a typical loose smut (widespread 
in the Shire Valley and especially severe on 
ratoon crops). 
Sphacelotheca reiliana (Kuhn) Clinton
causing a typical head smut, locally causing 
severe losses, especially in seasons when the 
rainfall is low (widespread in the Shire Valley). 
Sphacelotheca sorghi (Link) Clinton - causing 
a typical covered smut with the grain being 
replaced by smut sori (widespread in the Shire 
Valley). 
Tolyposporium ehrenbargii (Kuhn) Patouillard 
- causing occasional long spore sacs replacing 
a small number of grains in the head. 
Maize Streak Virus (?) - causing symptoms in 
sorghum similartothose on maize: on the older 
leaves, necrosis occurs; buff or dark brown 
stripes appear and the vascular bundles turn 
red. 
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Control of the major leaf diseases will be 
sought by the selection of resistant cultivars. 

Control of covered smut and loose smut will 
initially be by the use of seed dressings of 
cultivars produced in the multiplication scheme 
on the project seed farm. 
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Principal Sorghum Diseases in Niger 

0. Sidibe* 

Sorghum is one of the major cereal crops in 
Niger. It is the most important cereal following 
pearl millet with an area of 732 480 ha and total 
production of 342 035 metric tons in 1977. In 
October 1978 the Directorate of the Agriculture 
Department estimated the area under sorghum 
at799 995 hawith a yield of 361 031 metrictons. 
Disease is one of several factors that reduce 
sorghum yield in Niger. 

Sorg hum is grown on light dune soils and the 
heavy clay soils of the valleys. Sorghum is 
widely grown along waterways on receding 
moisture after floods (sorghum "de decru"). On 
dune soils sorghum is grown as the sole crop. It 
is also intercropped with millet or groundnut 
and sometimes with cowpea. It is found in the 
rainfall zones from 300 to 800 mm isohyets. 

Major Sorghum Diseases 

Observations on sorghum diseases in Niger 
have bcen ;'eported by Jouan and Delassus 
(1971) and others. 

Although several pathogens infect sorghum, 
only some are of great economic importance. 
Identified pathogens include Ramulispora sor-
ghicola and R. sorghi, Cercospora sorghi, Col-
letotrichum graminicola, Ascochyta sorghina, 
Helminthosporium turcicum and Gloeocercos-
pora sorghi (loaf diseases), and Sphacelotheca 
cruenta, which is rare. Grain molds are caused 
by a complex group of pathogens such as 
Phoma insidiosa, Fusarium moniliforme, Cur-
vularia lunata, and species ofAspergilus, Hel-
minthosporium, and Colletotrichum. These 
saprophytic and facultative parasites are very 
important when grain maturity coincides with 
late rains. Very little work has been done to 

Director, Institut National de Recherches Agro-
nomiques du Niger, Dept. des Recherches Agri-
coles, Centre National de Recherches Ag-
ronomiques de Tarna, Maradi, Niger. 

study the role of these microorqanisms in the 
propagation of molds, production of myco
toxins, and contamination of harvested sor
ghum. 

Striga hermonthica is an important parasite 
of sorghum and pearl millet in Niger, causing 
considerable loss of yield. 

Sorghum yield loss due to diseases has not 
been estimated experimentally, but from ob
servations it is clear that serious infection leads 
to a considerable reduction in yield, and even to 
complete destruction of the plant. 

The principal diseases are now discussed, in 
order of importance. 

Leaf Diseases 

Oval Leaf Spot 

Oval leaf spot (Ramulispora sorghicola Harris) 
is the most important and most common dis
ease. It was recorded for the first time in the 
neighboring country, Nigeria, by Harris (1960), 
and was observed in Niger by Jouan and 
Delassus (1971). This disease attacks all sor
ghum cultivars (local varieties as well as im
proved varieties) each year, regardless of 
ecological and weather conditions. Infection 
starts in June and the fungus can infect sor
ghum at any growth stage. The first symptoms 
are small elliptical water-soaked spots, 1.5 to 
3 mm x 3 to 8 mm, surrounded by athin reddish 
purple margin. These spots often cover the 
entire leaf surface. Black sclerotia are formed in 
the center of thesespots on the lowersideof the 
leaves, and are somewhat sunken within the 
tissues. Highly infected leaves dry rapidly. 

Sooty Stripe 

In sooty stripe (Ramulispora sorghi [Ellis and 

Everhart] Olive and Lefebvre) lesions, measur
ing3tolGcm x lto3cm,de.elopontheleaves 
(particularly the lower and older leaves), and 
are elliptical, elongated, pale-colored and sur
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rcunded by a reddish purple margin which 
becomes light in color. Under humid condi-
tions, especially early in the morning, a greyish 
brown fuzz of conidia and conidiophores can be 
observed in the center of the spots. Sooty stripe 
incidence was less in 1978 than in 1977. It seems 
that the intensity and frequency of this disease 
are promoted by heavy and continual rainfall 
from emergence to flowering, 

Grey Leaf Spot 

Grey leaf spot (Cercospora sorghi Ellis and 
Everhart) is also an important sorghum disease 

tin Niger, and the symp oms can be confused 
with those of oval leaf spot particularly on 
young leaves. Several types of symptoms ap
pear, depending on the cultivars. Generally, 
infection starts atan early stage (atthe 1to4 leaf 
stage) but can appear at all growth stages. In 
cases of severe attack, infected leaves become 
completely dry. Grey leaf spot is found in all 
the Niger regions where sorghum is grown. It is 
common to observegreyish white fuzz covering 
the infected leaves early in the mornings. Yield 
losses due to grey leaf spot have not been 
estimated, but the leaf drying caused by the 
disease is accompanied by reduction in grain
size and weight. 

Anthracnose, or Red Leaf Spot 

Anthracnose (Colletotrichum graminicola 
[Cesati] Wilson) can occur on sorghum during 
periods of heavy rainfall and high humidity. 
Several types of lesions are observed on the 
leaves. Infected stems become red to purple in 
color. In 1977 and 1978 it was found that 
earlv-flowering varieties were more susceptible 
to anthracnose, particularly on heavy soils. 

Leaf Blight 

Leaf blight (Helminthosporium turcicum Pass.) 
is not a very important disease in Niger and 
appears irregularly on sorghum at the 10-leaf 
stage. Humid climatic conditions increase in
tensity of the disease, especially in heavy soils. 
H. turcicum produces elongate and somewhat 
elliptical lesions over almost half the length of 
the leaf (1 to 5 cm wide,4 to 15 cm long). Several 
yellowish brown or blackish brown lesions may 
appear. Humidity and heat promote production 
of fruiting bodies of the parasite, which can 

entirely cover the two surfaces of the infected 
parts and can be recognized by a deposit of 
blackish brown dust. Local varieties have better 
resistance to this disease than exotic varieties. 

Zonate Leaf Spot 

Zondte leaf spot (Gloeocercospora sorghi Bain 
and Edgerton) has been very severe in the 
Bengou region where rainfall is high. Large 
lesions, 7 to 10 cm in diameter of irregular 
shape, and yellowish brown to reddish purple in
color, are observed on old and young plants. 
The central part dries and becomes silver grey. 

Bacterial Leaf Streak 

In bacterial leaf streak (Xanthornonas holcicola 
[Elliot] Starr and Burkholder) disease, water
soaked bacterial lesions appear on the leaves. 
At first these spots are light in color. They 
subsequently become red, reddish purple, and 
darker. This disease is characterized by the form
ation of exudate on the leaf. The disease be
comes more important in regions where rainfall 
ranges between 450 mm and 800 mm. 

Rough Leaf Spot 
Rough leaf spot (Ascochytasorghina Saccardo) 
is of secondary importance and can attack 
sorghum leaves from the 2 to 3 leaf stage up to 
just before flowering. The lesions contain mi
nute black fruiting bodies. Apparently high 
humidity limits propagation of the disease. 

Panicle Diseases 

Among the diseases that affect the panicle, only 
the four types of smut and grain molds are of 
economic importance in Niger. Head smut and 
long smut were observed throughout Niger and 
on all existing varieties. Covered smut is less 
frequent. 

Long Smut 

Long smut (Tolyposporium ehrenbergii [Kuhn] 
Patou;Iard) is very common, especially when 
heavy rainfall accompanied by high temper
atures coincides with flowering. Even when rain
fall is low, infection by T. ehrenbergii becomes 
serious under very humid conditions in the 
morning. This is what happened to irrigated 

43 



sorghum and sorghum "de decru"grown along 
Lake Chad in 1976 and 1977. All cultivars are 
susceptible to this disease but intensity of 
infection varies with the region and year. For 
example, incideoce of long smut was very high 
during the 1977 rainy seaspn and low in 1978. 
Our observations in 1977 and 1978 have re-
vealed that intensity and percent infection of 
long smut are related to the very favorable 
climatic conditions for the disease 

Head Smut 

In head smut (Sphacelotheca reiliana [Kuhn] 
Clinton), grains are totally destroyed causing 
heavy loss. Intensity of the disease is high in 
shaded and slightly flat areas (for example 
under trees). Infected panicles are transformed 
into enormous bags (10 to 20 cm long, 5 to 15 
cm wide) filled with spores. Once the spores 
have been liberated, all that remains of the bags 
are longfibers (remnants of the vascular system 
of the panicle). 

Grain Molds 

These are mainly caused by imperfect fungi of 
the following genera: Phoma, Curvularia, A's
pergillus, Helminthosporium, Fusarium, and 
Penicillium. The problem of grain molds is 
closely related to heavy rainfall late in the 
season during or after grain maturity. In years of 
normal rainfall the problem is less important. 
Local varieties seem to have better resistance to 
this disease than introduced varieties, and late 
varieties are more resistant than early or semi-
late varieties. 

Loose Smut 

Loose smut (Sphacelotheca cruenta [Kuhn] Pot
ter) is often found in sorghum affecting secon
dary tillers. Main panicle infection by loose 
smut is rare and causes stunting of the plant. 
Low temperatures and high rainfall promote 
development and propagation of the disease. 

Covered Smut 

Covered smut (Sphacelotheca sorghi [Link] 
Clinton) is less common (few isolated cases in 
1977 and 1978) than loose smut. At present, this 
disease has no economic importance in Niger. 

Parasitic Weeds 

Striga hermonthica Benth. is present in all 
millet fields and to a lesser extent in sorghum 
and cowpea fields. Sorghum parasitized by 
Striga is slightly stunted, the color of the leaves 
changes and becomes yellowish, similar to that 
produced by water deficit symptoms. In 1978, in 
a field atTarna, we observed a milletfield highly
infected byStriga, but sorghum intheneighbor
ing field escaped attack by this phanerogamous 
parasite. More to the south, in Bengou, on the 
other hand all sorghum fields were severely 

infected with Striga and neighboring millet 
fields escaped attack. These observations make 
us wonder if there are races in the Striga 
hermonthica species that prefer or are suited to 
particular species of cereals or types of soil. 
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Sorghum Diseases in Nigeria 

P. D. Tyagi* 

Sorghum is one of the most important cereals 
grown in Nigeria. It isgrown primarily asa grain 
cropfor human consumption, but it isalso used 
for making beer, medicines, and as livestock 
feed. From 1960 to 1975, it accounted for about 
49% of the total production of cereals in Nigeria 
and, on average, 46% of the annual acreage
devoted to cereals (Abalu 1978). The estimated 
total production of sorghum in Nigeria in 1977 
was 3.5 million tonne, corresponding to a yield
of about 610 kg/ha. 

Four ecological zones are recognized within 
the sorghum-cultivation area (Table 1), and the 
prevalence and severity of sorghum diseases 
vary widely in these zones. 

Research on all aspects of sorghum, includ-
ing diseases, is the reaponsibil ity of the Institute 
for Agricultural Research, Ahmadu Bello Uni-
vorsity, Zaria. The Institute has its main re-
search center at Samaru (11003'N, 7038'E, alt 
685 m) and research stations located at Kano 
(12°03'N, 8°2'E, alt 472 m) and Mokwa (9018'N, 
504'E, alt 152 m). These three research stations, 
situated in different ecological zones, facilitate 
plant pathology trials. 

Sorghum suffers from many diseases. The 

Table 1. Sorghum-growing ecological zonse. 

Growing Average 
season rainfall 

Ecological zone (days) (mm) 

Northern Sudan savanna 90-110 600 
Sudan savanna 120-150 750 
Northern Guinea savanna 150-180 1000 
Southern Guinea savanna 180-220 1100 

Cereals Pathologist, Institute for Agricultural Re-
search, Ahmadu Bello Universit/, Zaria, Nigeria. 

Table 2. Fungal 
Nigeria. 

Disease 

Grain molds 

Foliage diseases 
Grey leaf spot 
Sooty stripe 
Anthracnose 
Leaf blight 
Downy mildew 
RoughZonate leafleaf spotspot 
Oval leaf spot 
Rust 

Smuts 
Covered smut 
Loose smut 
Head smut
Long smutLong smut 

Other diseases 
Ergot 
Top rot ("pokkah 

boeng") and 
twisted top 

Charroal rot 

Stalk rot 

Fa!se smut 


Grain Molds 

fungal diseases of sorghum reported from 
Nigeria are listed in Table 2.Whilediseases due 
to bacteria and viruses are not well docu
mented, the importance of bacterial diseases 
was emphasized by Zummo (1975). 

diseases of sorghum in 

Causal organism 

Phoma, Fusarium, 
Curvularia etc. 

Cercospora sorghi 
Ramulispora sorghi 
Coletotrichum graminicola 
Helminthosporium turcicum 
Peronosclerospora sorghi
Ascochyta sorghinaGloeocercospora sorghi 
Ramulispora sorghicola 
Puccinia purpurea 

Sphacelotheca sorghi
Sphacelotheca cruenta
Sphacelotheca re/lana
Tolopoiu renbTolyposporium ehrenbergii 

Sphacelia sorghi 

Fusarium moniliforme var. 
subglutinans 

Macrophomina phaseolina 
Fusarium moniliforme 
Cerebella sorghi-vulgaris 

In the drought years of the early 1970s, sor
ghum crops in the northern Sudan savanna and 
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Sudan savanna zones failed, or theiryieldswere 
much reduced, as the rains did not last long 
enough to allow for full growth and develop-
ment of the crop. Consequently, it was realized 
that significant advantage, both in terms of 
drought avoidance and yield potential, could be 
gained by selecting shorter-duration photo-
insensitive sorghums. However, short-season 
varietiessetandripengrainunderhumidcondi-
tions conducive to mold attack. Such sorghum 
varieties would therefore have to possess re-
sistance to grain molds, which reduce the yield 
and quality of the grain and, if they produce 
mycotoxins, may also constitute a health 
hazard. 

Grain Mold Organisms 
Th'fungi isolated from field-collected sorghum 
grain in Nigeria include Alternaria longissima, 
A. tenuis, Aspergillus flavus, A. niger, Clados
porium sp, Cochiliobolus sp, Colletotrichum sp, 
Curvularia lunata, Curvularia sp, Drechslera 
halodes, D. rostrata, Epicoccum sp, Fusarium 
equiseti, F. moniiforme, F. semitectum, Nig-
rospora sp, Penicillium sp, and Phoma sor-
ghina. The most common in relative order of 
frequency are Phoma sorghina, Fusarium, and 
Curvularia. To determine their frequency in 
grain at different stages of development and in 
different varieties, isolates were made on 
potato-dextrose agar medium from a 100-grain 

sample of each variety. The three fungi were 
detected from the "milk" stage of grain de
velopment and their numbers generally in
creased as the grain developed (Tables 3, 4). 
The predominance of Phoma sorghina over 
other fungi is interesting, in that in most other 
countries Fusarium and Curvularia are more 
common and Phoma occupies only a secondary 
position. However, the higher percentage of 
Fusarium over Phoma sorghina in variety GM-4 
needs to be reconfirmed. 

Fungi present in 31 market samples of sor
ghum collected during 1969 and 1970 from 
places situated in different ecological zones 
were identified by the Danish Government Insti
tute of Seed Pathology, Denmark. Although 
these samples were not collected directly from 
the field, they consisted largely of Phoma, 
Fusarium, and Curvularia. 

Mycotoxin Contamination of Grain 

Recent work done in the Institute for Agricul
tural Research at Samaru (Salifu, personal 
communication) has shown the presence of 
some mycotoxins in field-collected sorghum 
grains of short-season varieties. For ex,,mple, 
aflatoxins were detected in grains of varieties 
CK-60, Serena, IS-9289, and IS-5790. Another 
mycotoxin, Patulin, was found in grains of 
variety IS-5790. Zearalenone was detected in 

Table 3. Percentage of Phoma sorghina, Fusarlum, and Curvularla In four varieties of sorghum at 
different stages of grain development. 

Variety Fungus 

GM 1 Phoma sorghina 
Fusarium 
Curvularia 

GM 6 Phoma sorghina 
Fusarium 
Curvularia 

GM 4 Ph,..'asorghina 
Fusarium 
Curvularia 

GM 8 Phoma sorghina 
Fusarium 
Curvularia 

Growth stage at sampling 

Milk Soft dough Hard dough Ripe 

8 42 62 70 
6 14 25 30 
2 10 20 18 

8 10 56 67 
7 12 38 35 
0 6 8 7 

2 2 6 12 
5 18 70 90 
0 2 5 7 

7 14 64 80 
5 7 5 12 
2 2 8 9 
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Table 4. 	 Percentage of Phoma sorghina, 
Fusarlum, and Curvularla In grains 
of different varieties of sorghum.8 

Variety Phoma sorghina Fusarium Curvularia 

GM 1 70 30 18 
GM 2 80 17 8 
GM 3
GM 4GM 5 

30
12
81 

43 
90
11 

6 
7 

14 

GM 6 60 41 8 
GM 7GM 8
GM 9 
GM 10 

3283 
8 
37 

9
12 
7 

14 

2
9 

16 
3 

GM 11 59 23 4 

a. Samples were collected from field-ripened grain, 

grains of varieties CK-60 and Serena. However, 
grains of the long-season varieties Fara Fara 
and Short Kaura were free from mycotoxins.

Phoma is considered to be a nonmycotoxin-
producing fungus. However, it has recently 
been found that various strains of Phoma sor-
ghina produce a metabolite which is acutely 
toxic to rats and chickens and probably also to 
other mammalsand birds (Boerema etal. 1977). 
These reports highlight the importance of grain 
mold resistance in short-duration varieties. 

Screening for Grain Mold Resistance 
Work on 	 testing sorghum varieties against 
grain molds was initiated by King (1972) in 
Nigeria. It was further continued by Zummo 
(1974, 1975); Manzo (1976). and myself. En
vironmental conditions are normally favorable 
for the development of grain molds at Samaru. 
Screening of varieties was therefore done 
under natural conditions of infection, although 
testing under artificial conditions has its own 
utility. The following varieties/lines haveshown 
good resistance to grain molds during 1973-
1978: 

Light-Colored Grain 

SRN-374, SRN-401, SRN-412, SRN-414, SRN-
415, SRN-416, SRN-418, SRN-420, SRN-1901, 
SRN-1902, SRN-1918, SRN-1923, SRN-2265, 
SRN-2657, SRN-2658, SRN-3667, SRN-4208, 

SRN-4209, SRN-4250, SRN-4698, SRN-5374,
SRN-5695, SRN-6494, and SRN-6639. 

Dark-Colored Grain 

SRN-612, SRN-922, SRN-1956, SRN-2019, 
SRN-2111, SRN-2146, SRN-2152, SRN-2155,
SRN-2230, SRN-2272, SRN-2303, SRN-2310, 
SRN-2586, SRN-2745, SRN-2775, SRN-2816, 
SRN-2826, SRN-2859, SRN-3175, SRN-3344, 
SRN-3604, SRN-3629, SRN-3660, SRN-3964,SRN-4327, SRN-5849, SRN-5982, and SRN
6076. 

Although these lines have good resistance to 
grain molds, many of them are highly suscepti
ble to grey leaf spot at Samaru where the tests 
were done. 

Further work on grain molds at Samaru will 
include the following: 

1. Isolating Phoma sorghina, Fusarium, and 
Curvularia from parts of the grain in order 
to know the depth of infection. 

2. 	 In vitro studies on antagonism and syner
gism among Phoma, Fusarium, and Cur
vularia. 

3. 	Effect of these fungi (singly and in combi
nation) on germination of different va
rieties. 

4. 	Efficacy of various systemic and nonsys
temicfungicides in eliminating infection of 
these fungi from grain. 

5. Testing grains for mycotoxin contamin
ation at different stages of development. 

6. 	Finding newsourcesof resistance (particu
larly those which also have resistance to 
grey leaf spot and other foliar diseases). 

Diseases of Foliage 

A few years back, foliar disease- were consi
dered of little economic importance in Nigeria 
(Anon. 1970, 1971). Local varieties grown for 
many years by farmers probably had some 
tolerance or resistance to a numberofdiseases. 
Low fertility, low plant populations, and inter
cropping characteristics of most sorghum pro
duction in Nigeria, were additional deterrents to 

the development of epiphytotics of foliar dis
eases in farmers' fields. However, with the 
introduction of new high-yielding varieties and 
intensified crop production, several leaf dis
eases have become important. Grey leaf spot is 
the most common foliar disease in Nigeria. 
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Although long-season varieties suffer from the 
disease, the short-duration varieties are most 
heavily attacked. Other foliar diseases that ap-
pear in severe forms are sooty stripe and 
anthracnose. High incidence of rough leaf spot 
and zonate leaf spot has been observed in some 
varieties. Leaf blight and downy mildew are 
more common on tall varieties like YG 5760-3-
10, SFF-60, FFBL 3-1-6, C 7-4-2, ML-4, and FD-1. 

Most of the earlier work on foliar diseases 
was confined to the testing of the world sor-
ghum collection against different diseases 
using natural infection. Futrell and Webster 
(1966a) evaluated 2693 varieties/lines for re
sistance to sooty stripe; only 5% of the entries 
were resistant (Tables 5,6). Among tne resistant 
lines, 17% were from the Conspicuum race and 
10% from the Caffrorum race. The highest 
percentage of resistant entries were from Upper 
Volta (47%) followed by Nigeria (10%). 

Futrell and Webster (1966b) also tested a part 
of the world collection and the Nigerian collec
tion of grain sorghums for resistance to SDM. 
Twenty-two lines in the Nigerian collection 
remained free of the disease. Fourteen percent 
of the entries in the world collection were 
resistant, the highest percentage (47%) being 
from the Caffrorum race. During 1977, 755 lines 

Table 5. 	 Reaction to sooty stripe of a part of 

the world sorghum collection (by 
taxonomic group). 


Entries Entries 
tested resistant 

.3ce (No) (%) 

Conspi-:tum 544 17 
Durra 510 2 
Caudatum 381 1 
Roxburghii 169 1 
Dochna 142 3 
Caffrorum 97 10 

Nigricans 69 4 
Caffrorum-Birdproof 50 8 
Nervosum-Kaolang 35 3 
Membranaceum 25 8 
Caffrorum-Darso 22 5 
All others 649 0 

Total 2693 5 

of the sorghum-breeding nursery were scored 
for their reaction to downy mildew (Table 7). 
Many of the lines showing resistance may be 
escapes. A sick plot is to be developed for 
screening sorghums against downy mildew. 

King (1972) evaluated a part of the world 
sorghum collection for resistance to different 
foliar diseases (Table 8). During 1977, a sor
ghum breeding nursery consisting of 725 lines 
was tested for resistance to grey leaf spot, 
which appeared in epidemic proportions at 
Samaru and eighteen lines remained free from 
the disease (Table 9). 

Table 6. Reaction to sooty stripe of a part of 
the world sorghum collection (by 
country of origin) 

Entries Entries 
tested resistant 

Country of origin (No) (%) 

India 855 1 
USA 599 2 
Nigeria 530 10 
Sudan 194 1 
Upper Volta 75 47 

Japan 60 2 
Uganda 	 53 0
 
Mali 	 47 6
Ethiopia 	 46 2 

South Africa 	 42 2 
Rhodesia 	 26 4Mexico 	 21 0 

145 2Other countries 

Total 	 2693 5 

Table 7. 	 Frequency of breeding lines with va
rious Incidences of downy mildew 
in the sorghum-breeding nursery at 
Samaru during 1977. 

Incidence of downy mildew Number of lines 
(%) (No) 

0 652 
up to 10 73 
11-20 18 
21-30 6 
31-40 3 
41-60 3 
more than 60 	 0 
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Table 8. Reaction of the world sorghum collection to leaf diseases at Samaru during 1970, 1971, 

and 1972. 

Percent entries 

Resistant or escape Susceptible 

Disease 1970 1971 

Grey leaf spot 8.0 34.2 
Sooty stripe 31.6 15.5 
Anthracnose 86.6 67.1 
Rough leaf spot 64.1 50.8 
Zonate leaf spot 78.0 23.0 
Oval leaf spot 81.3 97.4 

Number of entries: 1970 - 4000; 1971 - 3322; 1972 - 880 

Table 9. Lines showing various grey leaf spot 
scores in sorghum-breedIng nursery 
during 1977. 

RatingN (No) 

0 18 
1 89 
2 223 
3 247 
4 131 
5 17 

a. Based on a0-5 scale, with 0being free from Infection 

1972 1970 1971 1972 

12.8 
6.5 

87.5 
51.2 
84.6 
87.4 

92.0 
68.4 
13.4 
35.9 
22.0 
18.7 

65.8 
84.5 
32.9 
49.2 
77.0 

2.6 

87.2 
93.5 
12.5 
48.8 
15.6 
12.6 

The field reaction of old and of recently
recommended varieties for different ecological 
zones tosomeleaf diseases isgiven inTables 10 
to 13. Except forgrey leaf spot, the new varieties 

have good resistance to most foliar diseases.One variety, B.E.S., is however highly suscepti
ble to anthracnose, and will need to be replaced 

by some other variety. 
Further work on foliar diseases is directed 

toward (a) estimating the losses in yield due to 
foliar diseases at different disease intensities, 
(b) studying the rate of increase of important 
foliar diseases on some varieties during differ

ent seasons, and (c) locating lines with stable 
resistance to as many diseases as possible. 

Table 10. 	 Field reaction a ofvarieties grown In the northern Sudan savanna to leaf diseases during 
1977 and 1960. 

GLS SS Anth. LB OLS SDMb 
Height Days to 

Variety (cm) heading 77 78 77 78 77 78 77 78 77 78 77 78 

G-59 270 80 2 3 2 0 2 0 2 	 2 2 1 0 0 
HP.3c 130 65 4 4 1 1 1 0 2 1 1 1 0 0 
HP-8c 140 60 3 3 1 1 1 0 1 1 1 1 0 0 
B.E.S.c 160 66 2 3 1 2 4 4 1 0 1 1 0 0 

a. Based on a0-5 scale, with 0being free from the diseases 
b. Percent downy mildew 
c. New variety 
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Table 11. Field reactionof varieties grown In the Sudan savanna to leaf diseases during 1977 and 
1978. 

OLS SDMbAnth. LB 

Height Days to 
Variety (cm) heading 77 78 77 78 77 78 77 78 77 78 77 78 

GLS 	 SS 

YG-5760 360 105 0 3 2 3 1 0 2 3 2 2 5 3
 
RZIc 190 103 0 4 1 0 1 0 1 2 1 2 0 0
 
KBLc 	 200 98 3 3 1 1 0 0 1 2 1 1 0 
 0
 

a. Based on a 0-5 scale with 0 being free from the diseases 
b. Percent downy mildew 
c. New variety 

Table 12. 	 Field reactiona of varieties grown in northern Guinea savanna to leaf diseases during 
1977 and 1978. 

OLS SDMbGLS SS Anth. LB 

Height Days to 
Variety (cm) heading 77 78 77 78 77 78 77 78 77 78 77 78 

SFF-60 360 120 1 2 0 0 0 0 3 3 1 2 6 4 
FF-B-L 360 120 1 2 0 0 1 0 4 3 1 2 9 5 
SK-5912 260 130 4 3 1 1 1 0 1 1 1 2 0 0 
SL-181c 190 127 4 2 1 1 0 0 1 1 2 3 0 0 
SL-187c 180 126 4 3 1 1 0 0 1 1 2 2 0 0 
SL-1499c 200 123 2 2 1 1 0 0 0 0 2 3 0 0 

a. Based on a 0-5 scale with 0 being free from the diseases 
b. Percent downy mildew 
c. New variety 

Table 13. 	 Field reactionr of varieties grown in the southern Guinea savanna to leaf diseases during 
1977 and 1978. 

LB OLS SDMbGLS SS Anth. 

Height Days to 
Variety (cm) heading 77 78 77 78 77 78 77 78 77 78 77 78 

C 7-4-2 400 150 1 1 0 0 0 0 2 3 1 1 7 3 
ML-4 400 150 1 1 0 0 1 0 3 3 0 1 6 3 
FD-1 400 150 1 1 1 0 0 0 3 3 1 1 4 2 

a. Based on a 0-5 scale with 0 being free from diseases 
b. Percent downy mildew 

Smuts lent in all the sorghum-growing zones. Head 
smut is next in importance and distribution. 

Sorghum in Nigeria is attacked by the four Long smut is generally confined to the Northern 
smuts. Covered smut and loose smut are preva- Sudan savanna and Sudan savanna zones. In 
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years of drought, this smut appears in epidemic 
proportions. The restricted distribution of long 
smut is probably related to temperature and 
rainfall (Table 14). Minimum and maximum 
temperatures are higher in the Northern Sudan 
savanna and Sudan savanna zones as com-
pared to the Northern Guinea savanna zone 
(based on data from Sokoto, Kano, and Sam-
aru). Further, the amount of rainfall between 
heading and anthesis seems to be a critical 
factor in long smut infection. Soil temperature 
has also to be taken into account. However, to 
reach a definite conclusion as to why long smut 
is confined to the extreme north of Nigeria, 
careful experiments under controlled condi-
tions of soil, air temperature, and humidity will 
be required. Losses in yield up to 10% have 
been reported (Anon. 1971). As a result of 
farmers practicing seed dressing during the 
past few years, losses from covered smut and 
loose smut have been substantially reduced. 
Fernasan D (25% thiram plus 20% Lindane) and 
Aldrex T (50% thiram plus 25% Aldrin) are 
generally used for seed dressing. 

King (1972, 1973) and Ma.izo (1976) did con-
siderable work on smuts in Nigeria. They stan
dardized techniques for artificial i,'oculations 
with different smuts, particularly head smut and 
long smut. Manzo (1976) made a detailed study 
of the mode of infection by Tolyposporium 
ehrenbergii and found that infection resulted 
only when sorghum plants were inoculated 
with either sporidia or germinating teliospores 
from the boot stage to not later than anthesis. 
Nongerminated teliospores did not cause in-
fection, while inoculations with germinating 
teliospores at the boot stage gave maximum 
infection. 

Work on physiologic specialization showed 
that races 2 and 4 of covered smut were preva-
lent in the wet season. An unknown race also 
existed in the dry season around Lake Chad. A 
race resembling race 2 of loose smut was 
detected, and it is believed that another race of 
loose smut, not reported elsewhere, exists in 
Nigeria. The races of head smut prevalent in 
Nigeria differ from iaces reported so far. 

Good sources of resistance to the four smuts 
are known (Table 15). It may be desirable to 
incorporate resistance against head smut and 

long smut, which as yet are not controlled 
satisfactorily by the use of fungicides. 

Table 14. 

_mm
 

1-10 Jun 
11-20 Jun 
21-30 Jun 
1-10 Jul 

11-20 Jul 
21-31 Jul 

1-10 Aug 
11-20 Aug 
21-31 Aug 
1-10 Sep 

11-20 Sep 
21-30 Sep 

1-10 Oct 
11-20 Oct 
21-30 Oct 

Table 15. 

Smut 

Mean rainfall in 10-day periods at
 
Sokoto, Kano, Samaru, and Mokwa
 

Sokoto Kano Samaru Mokwa 

34.80 31.50 46.23 76.45 
28.45 47.75 69.44 59.94 
42.16 53.59 59.94 50.80 
4E.99 54.36 58.42 54.36 
56.13 67.30 70.36 48.77 
82.0W 89.1,5 92.71 66.55 
78.49 101.85 82.55 52.83 
72.64 103.89 88.39 44.70 
98.55 108.20 110.49 71.88 
52.58 60.20 94.49 84.84 
47.50 48.00 82.55 80.26 
33.53 24.64 53.34 67.56 
14.22 10.67 22.86 54.10 
7.62 1.27 9.91 22.10 
1.27 0.76 3.30 14.99 

Varieties/lines of sorghum resis
tant to smuts In Nigeria. 

Covered smut 

Loose s.nut 
Head smut 

Long smut 

smuts, little work 

Varietyfline 

IS-9290 
CKx299b6
 
FFBL 3-1-6
 
Line 453
 
SKMDW-2347 
Durra selection
 
Spur Feterita
 
Kafir x Feterita
 

Kafirx Feterita
 
Line 4E3
 
U-10 
708 
H 37 
H 135-2 
Durra selection 
Pierce Kaferita 
Eup. Dwf. Broomcorn 
D. Of. Feterita
 
Piper
 
Desert Bishop
 
AS-3749 STd. Feterita 
Dutch Boy 

has been done on other 
Apart from grain molds, foliage diseases and sorghum diseases in Nigeria. 
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Country Reports Discussion Session - Africa
 

Williams: 	 Iwant to comment on Dr. Doggett's 
apparent view that there is no ur-
gent need to work with disease re-
sistance in breeding programs in 
East Africa. I ag.ee totally with his 
balance conce,it - i.e., that the 
local materials have over many 
years come into balance with local 
pathogens. Thus if we are just trying 
to improve the local material by
selecting within populations or 
crossing among the local types,
these diseases may not become 
very much more important. But in 
most improvement programs exotic 
material is being introduced and is 
encountering new pathogen popu-
lations and new enviro;.rnents for 
the first time. When this happens, 
severe disease can develop. We are 
also vastly changing the charac-
teristics of the cultivars grown. The 
introduction of early flowering and 
nonphotosensitivity is in effect 
changing the environment during 
flowering, and subjects the cultivars 
to stress pressure for which there 
has been no previous selection 
pressure for resistance - e.g., we 
see that most of our early improved 
cultivars are highly susceptible to 
grain molds. Also, in increasing 
yield potential, we increase sink 

size, and this creates a stress which 
does not occur in lower-yielding 
local sorghums. The sink-related 
stresses have a direct effect on sus
ceptibility to such diseases as stalk 
rots. 

Thus I do not agree that for im
proving sorghum in East Africa we 
need not worry about breeding dis
ease resistance. As we introduce 
exotic types, as we change from late 
flowering to early flowering, as we 
increase yield potential, etc., we are 
going to encounter "new" serious 
disease problems which can only be 
tackled through incorporating dis
ease resistance. 

Doggett: 	 I agree entirely with what Dr. Wil
liams has said. I would not want to 
be misunderstood on this. I was 
saying that I cannot see at the pre
sent time that it is possibie to think 
in terms cl crossing programs for 
the purpose of introducing specific 
resistances. It is absolutely essential 
to screen for susceptibilities to all 
diseases in all material that is being 
developed in East Africa for East 
African conditions. But I do not think 
that at the present time deliberate 
crossing for particular resistances is 
really called for. 
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Sorghum Diseases in Bangladesh 

M. I. H. Mian and A. Ahmed* 

Sorghum is a minor crop in Bangladesh and 
ranks eighthamongthecereals (Anon. 1978a).lt 
is grown in scattered locations throughoutthe 
country. The important sorghum-growing dis-
tricts are Noakhali, Comilla, and Rangpur. Sor-
ghum is usually cultivated as a relay, mixed, or 
border crop in fields with other crops. It is rarely 
grown as a single crop. 

The area of sorghum production is small 
(about 822 ha). The average yield is 744 kg/ha 
(Anon. 1978b). Growers of the Comilla and 
Noakhali districts, using improved methods of 
cultivation were, however, able to produce up 
to 2982 kg/ha with an averag3 of 1492 kg/ha 
(Anon. 1978c). Sorghum can be grown 
throughout the year in Bangladesh, but mid-
November to mid-December is reported to be 
the best time for planting to obtain high yields 
(Anon. 1978a). 

Problems in 
Sorghum Cultivation 

Limitations to sorghum production in Bangla-
desh include: 

1. Lack of developmental programs and 
technical personnel. 

2. Lack of adaptable, high-yielding, im-
proved varieties with palatable grains. 

3. 	 Lack of knowledge by the growers of 
modern methods of growing and using 
sorghum. 

Scope of Sorghum Cultivation 

The Bangladesh Government has established 
programs to attain self-sufficiency in food pro-
duction and attempts are being made to grow 

* Senior Scientific Officer, Bangladesh Agricultural 
Research Institute, and Plant Pathologist, Regional 
Agriculzural Research Station, Jessore, 
Bangladesh. 

more crops around the year. It is attempting to 
include sorghum in the national development 
programs because agroclimatic conditions are 
favorable for sorghum cultivation (Salahuddin 
1977). Farmers are being encouraged to culti
vate sorghum: (a) on saline and light soil with 
less fertility where no other crop can be grown 
successfully, (b) in nonirrigated areas with 
scanty or no rainfall, (c) in flood-affected areas 
where other cerea!s cannot be grown, (d) fol
lowing harvest of transplanted summer paddy 
(as a third crop), and (e) as a relay crop with 
winter vegetables (to get an additional crop). 

Uses of Sorghum 

Since the production of sorghum in Bangladesh 
is limited, its uses are also limited. Several 
preparations are made, including: 

9 	 Khoi -popped sorghum grains prepared 
by being placed on hot sand. 

* 	 Moa- popped sorghum shaped into 
small balls with molasses. 

* 	Laru -slightly crushed popped grains 
shaped into balls with molasses. 

e 	 Paesh - porridge prepared from polished 
sorghum boiled in water and milk with 
sugar or molasses. 

a 	 Flour - prepared from polished grains 
mixed with wheat. 

It is also used for poultry feed. 

Present Status of Diseases 

Sorghum is subject to many diseases. 
Symptoms include stunted growth, spotted or 
rotted parts, malformation of vegetative or 
reproductive organs, etc. Nine diseases have 
been recorded and studied to some extent 
(Table 1); others remain to be identified. 

These diseases are also reportc I from many 
other countries, but in Bangladesh only grain 
smut and red leaf spot were included in Taluk
der's (1974) list of crop diseases. The other 
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Table 1. Dieases of sorghum in Bangladesh. 

Disease Pathogens Importance 

Grain molds 	 Fusarium sp, Curvularia sp Major 
Aspergillus spp, 
Helminthosporium sp.

Grain smut 	 Sphacelotheca sorghi Minor 
Bacterial 
Leaf streak Xanthomonas holcicola Major

Red leaf spot 	 Colletotrichum graminicola Major
Leaf anthrac-
nose Colletotrichum graminicola Minor 

Leaf blight Helminthosporium turcicum Minor 
Rough leaf 
spot Ascochyta sorghi Minor 

Grey leaf spot Cercospora sorghi Minor 
Curvularia 

leaf sot Curvularia lunata Minor 

seven are additions to the list of sorghum 
diseases in the country.

Symptoms of these diseases have been de
scribed by many authors. Similarity amongst 
the early symptoms of sugarcane red stripe as 
noted by Edgerton (1958) and bacterial leaf 
streak of sorghum has been observed. Except
for bacterial leaf streak and red leaf spot, dis-
ease incidence is conspicuous in summer (May 
to Nov). As in other countries this may be due to 
high temperature, high relative humidity, and 
high rainfall. Bacterial leaf streak appears on 
sorghum from theseedling to the booting stage
(from Mar to May), whereas red leaf spot occurs 
in the period from September to December, on 
older leaves. 

Though it has not yet been assessed experi-
mentally, crop loss due to these diseases may 
not be considerable, except for the grain mold. 
Grain mold is noted as asevere constrainttothe 
production of higher yield and good quality
grains. However, other diseas6s may become a 
menace for sorghum cultivation in Bangladesh, 
as they are in many other countries, 

Research Activities 
on Sorghum 

Three organizations - the Bangladesh Agricul
tural Research Institute (BARI), Bangladesh 
Rice Research Institute (BRRI), and Mennonite 

Central Committee (MCC) - are conducting research on sorghum improvement in 
Bagladesh. 	 Research programs are based
mainly on adaptation trials and agronomic 
studies such 	as fertilizer trials, plant-spacing 
trials, planting-date trials, etc. Emphasis is also 
being placed on varietal improvement thre,'gh
breeding (Anon. 1978b, 1978c; Salahuddin 
1977). The present important selected varieties 
are Martin Milo, Granador INTA, Early Hegari,
and two breeding lines - 498002 and 498003. 

Among the three organizations, the Plant 
Pathology division of BARI is responsible for 
plant pathological work. The division's research 
programs are confined to the identification of 
diseases, studies on their etiology, seasonal 
and regional variations, and varietal reactions. 
The test locations are BARI-Central Station at 
Joydebpur, Dacca, and the Regional Agricul

tural Research Stations at Jessore, Ishurdi, and 
Jamalpur. 

Achievement, Problems, 

and Prospects for Sorghum
Disease Research 

Nine diseases have been identified in the sor
ghum fields of Bangladesh. Experiments on 
their control have not yet started. The effects of 
locations, growing seasons, and cultivated va
rieties on their incidence are still under study.

Problems facing sorghum research in 
Bangladesh include: 

1. Shortage of specialists in sorghum dis
eases. 

2. 	No capability of training for the develop
ment of skilled manpower. 

3. Lack of modern laboratory facilities and 
literature on sorghum diseases. 

4. 	Absence of proper developmental pro
grams. 

Diseases that are considered minor today 
may in time become major. Moreover, with the 
extension of sorghum cultivation, new disease 
problems may also appear. Hence, research on 
sorghum diseases and development of resis
tant varieties and other methods for controlling 
sorghum diseases are essential. 
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Sorghum Diseases in India 

V. Ravindranath* 

Importance of Sorghum 

In 1966, sorghum was the fifth most important 
food crop ofthe world, preceded by wheat, rice, 
maize, and barley (Rachie1970). During the past 
decade it has madespectacular progress in area 
planted; production and hectare yield have 
risen tothethird position among thefood crops. 
In India, it is next in importance to rice and 
wheat; it is planted on nearly 16 million ha and 
is of special importance to the country as a 
dual-purpose crop (Rao 1972). At present, its 
acreage is almost that of wheat. 

Sorghum is grown in areas receiving 500 to 
1000 mm annual precipitation and under the 
temperature requirement of 26 to 32 0C. Plains 
and plateau areas up to 1000 m elevation offer 
excellent scope forsuccessful cultivation. There 
are two seasons, kharif (June to Oct; rainfed) 
and rabi (winter, Oct to Feb; essentially rainless 

* 	 Plant Pathologist, IARI Regional Station, 
Hyderabad, India. 

except in Tamil Nadu). More than 60% of the 
total crop is raised during the kharif. The rest is 
rabi, except for some grown during late kharif 
(mag hi) in some parts of Andhra Pradesh. The 
principal areas of sorghum cultivation are 
Maharashtra, Andhra Pradesh, Madhya 
Pradesh, and Karnataka. Area, production, and 
hectare yield for 1976 to 1977 are presented in 
Table 1. 

The importance and quality of sorghum as a 
dual-purpose crop is well recognized in India. 
Sorghum grain is a staple food for human 
beings in many regions, especially in 
Maharashtra, northern Karnataka, and parts of 
Madhya Pradesh. It is prepared in many forms 
by baking, cooking, or frying. Even though the 
majority of sorghum cultivatcd in India is for 
food grain, its stalks and fodder are uti:-'ed as 
cattle feed. 

Disease Situation and Priority 
of Disease Importance 

As with any cultivated plant, a disease found 

Table 1. Area, production, and yield in major sorghum-growing states In India, 1976-1977. 

Area (1000 ha) Production (1000 MT)" Yield (kg/ha) 

Kharif Rabi Total Kharif Rabi Total Kharif Rabi 

Maharashtra 3 093.5 3345.8 6 439.3 29G8.1 1762.1 4710.2 956 527 
Karnataka 689.5 1039.4 1728.9 673.9 506.4 1 118.3 977 487 
Andhra Pradesh 1098.2 950.3 2 048.5 470.6 539.8 1010.4 429 568 
Madhya Pradesh 1937.1 17.7 1954.8 1292.5 11.7 1304.2 667 661 
Gujarat 869.9 173.8 1043.7 436.2 144.5 580.7 501 831 
Rajasthan 836.8 - 836.8 358.2 - 358.2 428 -
Uttar Pradesh 720.7 - 720.7 491.5 - 491.5 682 -
Tamil Nadu 627.6 143.1 770.7 557.1 143.1 700.2 888 1000 
Others 234.9 - 234.9 - - - 255 60 

All India 10 108.2 56703 15 778.5 7298.3 3097.7 10396.0 722 546 

Source: Agriculture Situation of India, Minist'y of Agriculture and Irrigation,'New Delhi, India, 1977. 
a. MT = metric ton 
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associated with the crop can be classified in ment Project (AICSIP) started functioning in 
terms of importance according to its spread, 1970 as a part of the program initiated by the 
nature of damage, and scope of control (Tables Indian Council of Agricultural Research (ICAR), 
2, 3). in which all sorghum-growing states participate 

through their agricultural universities. It is a 
multidisciplinary, multilocational program withLocation and Nature nine main centers in which pathologists are 

of Research on Sorghum active workers. The entire project is guided by
Diseases in India the Project Coordinator, AICSIP, Hyderabad. 

The main emphasis ofthe program in patholo-
The All-India Coordinated Sorghum Improve- gy differs among centers, depending upon the 

Table 2. Sorghum diseases of major Importance In India. 

Disease Regions of spread 

Head mold Widespread in Vidarbha, Marathwada 
of Maharashtra; parts of Andhra 
Pradesh; Coimbatore, North Arcot, 
and Salem districts of Tamil Nadu. 
Sporadic in Rajasthan. 

Charcoal rot Widespread in Karnataka, 
Macrophomina Marathwada of Maharashtra, 
phaseolina and Coimbatore region of 

Tamil Nadu. 
Downy mildew Endemic regions: northern Karnataka, 

Peronosclerospora southern Maharashtra and rainfed 
sorghi 	 areas of Tamil Nadu. 

Sporadic regions: Hyderabad
district, Delta regions of Andhra 
Pradesh; eastern Maharashtra 
(Vidarbha); Tirunelveli and 
Tiruchi districts of Tamil Nadu. 

Ergot 	 Severe inVidarbha (eastern
Sphace/ia sorghi 	 Maharashtra), southern and 

western Maharashtra; occa-
sionally inMadhya Pradesh, 
Gujarat, and is on the in
crease in Telengana and Delta 
regions of Andhra Pradesh. 

Rust Widespread in southern tndia and 
Puccinia purpurea common throughout the country. 

Leaf blight Widespread 
Trichometas-
phaeria turcica 
(Exserohilum 
turcicum) 

Anthracnose Widespread. Severe inMadhya 
Colletotrichum Pradesh, Andhra Pradesh, 
graminicola Rajasthan, Delhi, and Tamil Nadu. 

Remarks 

A high potential for 
damage, especially 
of short-duration, of 
compact-headed strains 
whose grain-formation 
stage coincides with 
heavy rains. 
High potential of loss, 
disease control difficult 

High potential of loss, 
disease control difficult. 

Some local and male 
steriles in seed-production 
plots are susceptible. 

High potential in rainfed 
and humid tracts. 

High potential in rainfed 
and humid tracts. 
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Table 3. Sorghum diseases of minor Importance In India. 

Disease 

Rough leaf spot 
Ascochyta sorghi 

Sooty stripe 
Ramulispora sorghi 
Ramulispora 
sorghina 

Zonate leaf spot 
Gloeocercospora 
sorghi 

Grey leaf spot 
Cercospora 

sorghi 


Grain smut 
Sphacelotheca 

sorghi 


Loose smut 
Sphacelotheca
 
cruenta
 

Head smut 
Sphacelotheca 
reiliana 

Long smut 
Tolyposporium 
ehrenbergii 

Sorghum red 
stripe (Sugar
cane mosaic 
virus) 

Crazy top 
Sclerophthora 


macrospora
 

Regions of spread 

Widespread in Madhya Pradesh; sporadic 
in Uttar Pradesh, Andhra Pradesh, 
and Karnataka. 

Widespread in Marathwada of 

Maharashtra. Common in Andhra 

Pradesh and Madhya Pradesh. 


Widespread in Tamil Nadu, Uttar 
Pradesh, Andhra Pradesh; commonly 
found in other regions. 
Widespread in Madhya Pradesh, 
Rajasthan, Delhi, Tamil Nadu; 
sporadic in the rest of the country. 
Very common all over 

Very common all over 

Sporadic all over. 

Rare occurrence in Tamil Nadu, 
Andhra Pradesh, Madhya 
Pradesh, and Karnataka. 

Sporadic in Maharashtra. 

Sporadic in Maharashtra 

Remarks 

Serious in young 
plants, damage 
negligible. 

Losses negligible. 
All strains, varieties/ 
hybrids are sus
ceptible. 

Hgh-yielding strains 
are more susceptible 
than locals. 
Common on improved 
varieties and hybrids. 

Though widespread and 
showing high potential 
of losses, it is 
easily controlled by 
seed dressings. 

Lev incidence, and 
as such disease 
control is not 
warranted. 
No control is 
warranted. 

No control is 
Warranted. 

regional importance of problems. All materials eases. In some cases, fundamental studies have 
in yield trials and breeders materials are been carried out on pathogens and diseases. 
tested against all important diseases (Table 4). 

Sources of Disease Resistance 
Achievements of AICSIP and Breeding for Resistance 

The entire collection of breeding material, pre-
Emphasis has been placed on search for released varieties, and hybrids is rigorously 
sources of resistance, breeding for resistance, tested at all centers. Testing against sorghum 
fungicidal, and agronomical control of dis- downy mildew (SDM) in artificial as well as 
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Table 4. important pathology problems identified with variou, centers of AICSIP. 

Average rainfall 
Center (mm) 

Dharwar 550-600 
(Karnataka) 

Parbhani 700-800 
(Maharashtra) 

Indore 1150-1200 
(Madhya Pradesh) 

Udaipur 550-600 
(Rajasthan) 

Coimbatore 650-700 
(Tamil Nadu) 

Hyderabad 900-1000 
(Andhra Pradesh) 

Akola 900-1000 
.Maharashtra) 

Delhi 600-700 

Navsari 1300-1500 
(Gujarat) 

Problems of major emphasis 

Sorghum downy mildew (SDM) testing and breeding in natural as well 
as artificial conditions; control measures. Testing against rust, ergot; 
breeding for resistance. 
Charcoal rot. Head mold. Screening and breeding for resistance to 
charcoal rot; charcoal rot control (chemical as well as agronomical). 
Leaf spots, screening under artificial and natural conditions against 
individual as well as multiple-leaf spot diseases. Breeding for resistance 
against leaf spots and head molds. 
Screening for leaf spots and breeding for resistance. Basic studies on 
head molds. 

SDM, screen',g of material, control of SDM and head molds. 

Head molds with special reference to yellow and white grain varieties. 
Testing for rust. 

Ergot, artificial as well as natural screening; breeding for resistance and 
control. Control of head molds. 

Screening for leaf spots 

Leaf spots and head molds. 

Note: In addition to these centers, Digraj (Maharashtra) is a testing location against SDM. Itis an endemic area. Similarly, 
University of Mysore collaborates with AICSIP in detailed testing against SDM. 

natural conditions is carried out u" Dharwar, 
Digraj, and Coimbatore; for charcoal rot at 
Dharwar and Parbhani; for ergot at Dharwar 
and Akola; and for leaf spots at Indore. Testing 
against leaf spots and head molds at Delhi, 
Hyderabad, Udaipur, PFrbhani, Coimbatore, 
and Navsari is done only under natural condi
tions. 

Sorghum Downy Mildew 

As a result of extensive testing for systemic as 
well as local infection, most of the hybrids and 
cultivars CSV-4 and CSV-5 are resistant. In 
addition the following 20 entries possess re-
sistance: 

CK60-B, 3660B, 1258-B, 2077-B, 2077-BE, 
2219-B, 285, SPV-35, SPV-70, SPV-101, SPV-
101A,SPV-102,SPV-102 ,,SPV-104,SPV-105, 
SPV-126, SPV-129, SPV-166, SPV-190, and 

SPV-191. 
Inheritance studies of SDM resistance with 

cultivars CSV-4 and CSV-5 as resistant parents 
and cultivar SPV-3 as a susceptible parent are 
being conducted under artificial conditions at 
Dharwar. 

Charcoal Rot and Head Mold 

Testing of material in different seasons has 
indicated that cultivars 285, SPV-126, and SPV
193, along with released variety CSV-5 and 
CSH-7R (in which CSV-5 is a parent), are resis
tant. In breeding for resistance, a number of 
crosses have been found to be free from char
coal rot in which the parents involved are 
CS-3541 x 148, CS-3541 x 3942, CS
3541 x 3924, 36A x 148/168, CS-3541 x 92793, 
CS-3541 x 302, and PD 2-5 x 302. Similarly, 
CS-3541 x 148andCS-3541 x 92793 have been 
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found to be resistant to both charcoal rot and 
head mold. 

Ergot 

Even though cultivar CSH-6 has field resistance 
to this disease, the problem of nonsynchroniza-
tion and inactivity of the pollen during seed 
production must be dealt with. Apart from this, 
there are eight lines tolerant to this disease: 
CSH-5, SPH-1, SPV-34, SPV-61, SPV-126, SPV-
129, SPV-162, and SPV-191. 

Rust 

Many tan plant types, including CSH-5 and 
CSH-6, have tolerance as well as a hypersensi-
tive reaction to leaf rust. Eight additional lines 
are rust-resistant sources: 2077-B, 2077-BE,
SPV-13, SPV-81, SPV-126, SPV-193, SPV-198, 
and SPV-199. 

At Dharwar, for inheritance studies against 
rust, some crosses have been made between 
SPV-191 and SPV-34 (both resistant), and 36B 
and CSV-5, which are susceptible. 

Rough Leaf Spot 

Six lines show resistance to this disease: 
CK60-B, 2077-B, SPV-23, SPV-101, SPH-68, and 
MSH-33. 

Anthracnose 

SPV-99,SPV-101A,SPV-110,SPV-122, SPV-156, 
and SPV-191 have been found to possess some 
resistance. 

For the other leaf spot diseases -such as 
Helminthosporium leaf blight, grey leaf spot, 
zonate leaf spot, and sooty stripe - there are a 
number of tolerant lines, but they require
further testing since the number is large. Only 
progeniesofCS-3541 x 148 have been found to 
be free from sooty stripe at Parbhani. 

A glance at the above tolerant material indi
cates that varieties or hybrids that have multiple
resistance to more than one disease are avail
able. SPV-104, SPV-126, and SPV-178 have 
sources of resistance to six diseases, and SPV-
193, CSH-6, CSV-4, and SPH-61 show resistance 
to five diseases (Table 5). 

Disease Control 

Downy Mildew 

Satisfactory control has been achieved with 
four sprays of Dithane M 45 (0.3%) at 7-dayintervals, beginning at germination. This has 
proved effective in many parts of Karnataka and 
is now recommended in the package of prac
tices for that state. Irrigation of the crop to keep 
available moisture at 80% during the fortnight 
following sowing has been found useful in 
checking the disease. 

Head Mold 

Control of head mold has been attempted for 
many years, but so far we have had no success 
in spotting sources of resistance. Fungicidal 
application has been found to be quite effective 
in reduction of head mold and improvement 
of yields. A combination of Aureofungin (200
ppm) and Captan 0.2% is found to be effective 
and economical (Table 6). This control measure 
ha been found to be essential in seed
production blocks. Control data has been col

lected at Coimbatore, Hyderabad, Navsari, and 
Udaipur. 

Ergot 

Two to three sprays of Benlate 0.1% are effec

tive in controlling the disease if sprayed at 50%
flowering. It is a good preventive spray in 
seed-production areas. Mechanical removal of 
sclerotia from seeds, by washing in 30% salt 
water followed by three rinsings in plain water 
before sowing, has been recommended by the 
Maharashtra Government. 

Basic Work 

Notable contributions in this aspect are as 
follows: 

Downy Mildew 

Oospores of Peronosclerospora sorghi germi
r3te by producing 8 to 12 conidia which are 
round, hyaline, and thin-walled (Sundaram 
1977). 
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Table 5. Sources ofapparent multiple rhelstance, b Pom nonlnoculated yield trials at AICSWcenters. 

Downy 

Entry 
mildew 

(%) 
Zonate 

leaf spot Rust 
Cercospora 

leaf spot 
Charcoal 

rot Ergot Anthracnose 
Sooty 
stripe 

Helminth 
blight 

Rough 
leaf spot 

SPV-104 Mys 0.0 Del 0 Del 0 Dha 0 Parc 0 Dha 2 . . . . . . . . 
Dha 0.0 Dha 0 Uda 1 Nav 0 Navd 0 Ako B 
Coi 0.7 Uda 0 Ind 1 Ind 0 Dha 8.8 

Ind 1 Col 1.7 Col 1.7 
Dha 3 

SPV-126 Dha 0.0 Ind 0 Ind 0 Ind 0 Nay 1.0% . . . . Ind 0 . . . . 
Coi 2.3 Uda 0 Uda 0 Nav 0 Par 4 Del 0 

Del 0 Col 2 Dha 1 Dha 7.2% 
Dha 1 

SPV-178 Col 0 Nav 0 Nav 0 Nav 0 Nay 0 Nay 0 . . . . . . 
SPV-193 Co 0 Dha 0 Dha 0 Del 0 Par 0 . . . . . . . . . . 

Dha 9.3 Del 0 Uda 0 Dha 0 Dha 4.3% 
Uda 0 Ind 1 Nav 0 
Ind 1 Uda 0 

Ind 1 
SPH-61 Dha 0 Ind 0 Dha 0 Ako 0 Ak,) A -

Ind o Uda 0 Ako 0 Par 6.2 Dha 2 
Ako 0 Col 1.7 Ind 0 Dha 14.0% 
Uda 0 Dha 2 Uda 0 

Del 1 
SPH-80 Dha 0.7 Del 0 -- Nav 0 Par 0 . . . . . . Nay 0 

Dha 0 - - Ind 0 Dha 14.9% Del 1 
Ind 0 Uda 0 
Ako 0 Del 1 
Uda 0 Dha 1 

CSV-4 Dha 1 Del 0 Ind 0 Ind 0 Par 0 - - -
Dha 0 Uda 0 Dha 0 Dha 6.0% 
Uda 0 Del 2 Del 1 
Ind 1 

CSV-5 Dha 5 Del 0 Ako A Par 0 . . . . Del 0 - -
Dha 1 Ind 0 Ako 0 . . . . Ind 1 
Uda 1 Nav 2.0% 
Ind 1 Del 1 

Dha 1 
Col 1.3 



Table 5 contd 

Entry 

Downy
mildew 

(%) 
Zonate 

leaf spot Rust 
Cercospora 

leaf spot 
Charcoal 

Rot Ergot Anthracnose 
Sooty 
stripe 

Helmlnth 
blight 

Rough 
leaf spot 

CSH-6 

SPV-70 

SPV-23 

SPV-34 

SPV-166 

Dha 
Mys 
Coi 

Coi 
Dha 

--

--

Dha 
Coi 

0 
0 
1.5 

0 

14.9 

0 
0 

Dha 
Ind 
Uda 
Del 

Del 
Uda 
Ind 
Col 
Ind 
Del 
Del 
Dha 
Ind 
Uda 

Del 
Uda 
Ind 
Dha 

0 
0 
0 
1 

0 
0 
0 
1 
0 
0 
0 
0 
1 
1 

0 
0 
1 
1 

Ind 
Nay 
Uda 
Col 
Dha 

Ind 

Uda 
Dha 

Uda 
Col 
Dha 
Uda 
Nav 
Ind 

--

0 
0 
0 
1 
2 

0 

0 
3 

0 
1 
0 
0 
1.0% 
2 

Dha0 
Nav 0 
Ind 0 
Coi 0 
Uda 0 
Del 1 

Del 0 
Dha 0 
Ind 0 
Uda 1 
Nay 2.0% 
Dha 0 
Ind 0 
Uda 0 
Del 1 
Nav 2 

-
-

-. 

-_ 

-
-

.. 

.. 

Ako 
Dha 
Nav 

0 
1 
3.7 

-

. 

. 

. 

. 

. 

. 

. 

. 

Del 

Del 
Ind 
. 

0 

0 
1 
. 

a. Head mold  no source of resistance 
b. Grades: 0 - disease free, 1  resistant. 2  moderately resistant, A 
c. Data on charcoal rot from Parbhanl Is In Arcsin values. 
d. All data from Navsarl Is expressed In % 

resistant (data from Akols) 

Mys = Mysore, Dha - Dharwar, Col - Coimbatore, Del - Delhi. Uda - Udalpur, Ind - Indore, Nay - Navasrl, Par - Parbhani, Ako - Akola 

Continued. 



Table 5 contd 

Entry 

Downy
mildew 

(%) 
Zonate 

leaf spot Rust 
Cercospora 

leaf spot 
Charcoal 

rot Ergot Anthracnose 
Sooty 
stripe 

Helmlnth 
blight 

Rough 
leaf spot 

CSV-2 Ind 0 Par 0 - Uda 0 
Del 1 Dha 0 

2077B Col 0 
Dha 
Nay 

1 
0 -

Del 
-

2 
-

Dha 0 Ind 0 
Uda 0 
Del 1 

SPV-102A Dha o Del 0 
Dha 1 

- -
Col 2.2 Dha 0 

Ind 0 

MSH-33 Dha 0 
Uda 
Dha 

0 
0 Ind 0 

Ako 0 Uda 0 
Uda 0 Dha 2 
Ind 1 
Del 1 

SPH-1 -- Nay 0 Ako 0 - - -Uda 0 
Par 0 Del 1 
Dha 19.0% Cui 1 



Table 6. Chemical control of head mold, Colmbatore centre variety 02-18. 

Treatment 


Aureofungin 200 ppm 

Aureofungin 200 ppm + Captan 0.2% 

Captan 0 '?% 

Thiram 0.2% 

Thiram 0.2% + Ziram 0.2% 


7iram 0.2% 

Dithan M.45, 0.2% 

Dithane Z.78, 0.2% 

Difolatan 0.2% 

Control 


AVT Head mold 

Source df SS 

df 2 
Treatment 9 
Error 18 
SE of mean 
LSD (0.05) 
CV (% 

58.89 
3776.67 

125.01 

a. Angular transformed value 

Ergot 

Pennisetum typhoides, Zea mays, Panicum 
maximum, and Ischeemum pilosum are col-
lateral hosts of this disease in India. Of these, 
Ischaemum pi/osum is very common in the 
Vidarbha region of Maharashtra and seems to 
be the chief source of the pathogen in that 
region. Spraying sorghum with Beniate 0.1% or 
0.2% Captan two or three times at 50% grain-
formation stage is effective, but collateral host 
plants on the field bunds must be sprayed also. 

Germination of sclerotia, production of 
perithecia, asci and ascosporps of this fungus 
have been observed at Akola. 

Head Mold 

Qualitative and quantitative studies of the fungi 
causing head mold have revealed 27 species, 
belonging to 13 genera, involved in the head 
mold complex. Quantitative and qualitative dif-
ferences have been spotted in different grades 
of head molds (Ravindranath 1976). 

Head molda 
(mean) 

Yield 
(kg/ha) 

Net profit or loss 
(Rs) 

35.54 2407 +429.12 
29.79 2556 +468.48 
36.78 2370 +512.24 
43.45 2074 +282.48 
40.59 2259 +352.80 
57.23 1593 -108.48 
54.30 1741 + 8.80 
50.39 1852 +107.04 
63.03 1370 -295.20 
62.75 1518 

AVT yield 

Mean SS Mean 

29.45 7.50 375 
419.63"* 468.08 5201 

6.95 34.5 192 
1.522 80 (kg/ha) 
2.152 2375 
6 7 

Future Problems 

In spite of multilocational testing under artificial 
and natura :onditions in the kharif and rabi 
seasons, real immunity to charcoal rot, ergot, or 
(to a lesser extent) SDM is not yet available. 
Most of the hybrids and many of the varieties 
released are partially resistant. It appears that 
intensive regional testing and searching must 
be pursued to identify high resistance in future 
varieties and hybrids. Agronomical measures 
and nursery spraying seem to be working well 
against SDM in Karnataka. There is expectation 
of better control of SDM by new systemic 
fungicides, such as Ridomil. 

The situation in terms of resistance to char
coal rot is not as encouraging as for SDM. 
Satisfactory resistance has not been found 
among existing materials; disease control, 
especially in seed-producing areas, must cur
rently be by agronomic practices. 

The situation with ergot is similar to that 
existing for charcoal rot: immunity is lacking. 
The role of collateral hosts makes the problem 
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more complex. Perhaps fungicidal control, 
coupled with seed certification and a drive for 
eradication of grass hosts, will provide control 
while the search for resistant material con
tinues. 

Fungicidal measures for several leaf spots 
may not be economically feasible; resistance 
breeding may be the only approach to further 
improvement. Fortunately, there are many 
sources of resistance. 

The problem of head mold is restricted to the 
kharif season. With the fluctuating rainfall of 
September and October, when the majority of 
the materials have heads in the grain-formation 
stage, field testir'g is rot dependable. Basic 
work on this aspect is needed. Even though 
other control measures for this disease are 
available, development of resistant cultivars 
will prove to,be superior. 
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Sorghum Diseases in Pakistan 

S. J. Hamid* 

Sorghum is the fourth most important cereal 
crop in Pakistan; in 1977, it occupied an area of 
about 450 000 ha with a production of 257 200 
tonnes (Table 1). Due to its hardy nature, sor-
ghum in Pakistan is grown mostly in the semi-
arid rainfed areas. This crop is used mostly for 
fodder purposes, but its grain is utilized for 
human consumption in rural rainfed areas. 

Little emphasis has been laid n the patholo-
gy of the sorghum crop, as attention was mainly 
iocused on diseases of the more important 
staple food crops like wheat and rice. On the 
basis of the available information, the following 
diseases of sorghum in Pakistan are listed in 
order of their importance. 

Table 1. 	Area and production of sorghum In 
Pakistan In 1977. 

Area Production 
Province (1000 ha) (1000 tonnes) 

Punjab 21T.5 115.9 
North West Frontier 
Province 22.5 11.1 

Sind 153.3 1,92.0 
Baluchistan 53.2 2b.2 

Total 447.5 257.2 

Major Diseases 

Grain, or Covered Kernel Smut 

This disease, caused by Sphacelotheca sorghi, 
occurs in almost all major sorghum-growing 
areas of Pakistan. In favorable years, incidence 

Assistar. Plant Pathologist, Cereal Disease Re-
search Institute, Agricultural Research Council, Is-
lamabad, Pakistan. 

as high as 30 to 50% has beea recorded in 
individual fields. On an average its incidence is 
around 10%, with a range from trace to 50% 
from field to field. 

Varieties Lyallpur Hybrid, 1616 X RRS-17, 
S.S.1, V-3, and Sorokartoho were resistant (with 
up to 10% head infection) in a trial comprising 
25 varieties conducted in 1973. No studies on 
physiological specialization have been carried 
out so far. 

Red Leaf Spot, or Anthracnose 

Anthracnose (Colletotrichum graminicola) is 
widespread in Pakistan. In the high summer 
rainfall year of 1977, an average intensity of up 
to 30% was recorded in most areas. Almost all 
locally cultivated commercial varieties are sus
ceptible to this disease. 

Grain Mold 
Fungal species of Fusarium, Curvularia, Alter
naria, and Ascochyta have been isolated as 
primary grain molds from infected sorghum 
heads. These are widespread in occurrence, 
under wet summer weather. During an exten
sive survey carried out in 1977, up to 70% mold 
intensities were recorded in the farmers' fields 
atSahiwal and D.I.Khan and up to 20% at Dadu, 
Sukkur, Mirpur khas, Islamabad,and Peshawar. 

Ini n artificially inoculated National Coopera
tive Sorghum Field Trial in 1977, comprising 
commercially cultivated varieties and advanced 
lines, ten entries were found moderately resis
tant to head molds (with a score of 2 on a 0 to 5 
scale, as proposed by ICRISAT pathologists)
while two moderately susceptible lines (with a 
score of 3) were identified. 

Long Smut 

Long smut (Tolyposporium ehrenbergii) is en
countered in all the major sorghum-growing 
areas of Pakistan, but its incidence is generally 
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high in low-rainfall areas. Analysis of samples 
collected from 1967 to 1971 indicated an aver-
age incidence of 18, 14, 11, 9, 5, 5, 4, and 2% 
grain infection at Sibbi, D.I.Khan, Nawab Shah, 
Dadu, D. G. Khan, Multan, Larkhana, and 
Jacobabad, respectively, 

In artificially inoculated varietal trials during 
the above period, varieties NK-125, NK-267, 
AUS-6, C-45, NK-404, Martin, and Caprock were 
resistant (0 to 0.2% grain infection) for 2 years 
whilethefirstfourvarietieslistedwereresistant 
for 3 consecutive years. 

Minor Diseases 

Downy Mildew 

Sorghum downy mildew (Peronosclerospora 
sorghi), not a major problem at present, is 
generally encountered in wet summer weather. 
During 1977, a wet year, its incidence ranged 
from traceto40% atYousafwala, Sahiwal Dadu, 
Sukkur, and D. I. Khan. The disease was not 
observed in 1978. 

Other minor diseases recorded are rough leaf 
spot (Ascochyta sorghina), grey teaf spot (Cer-
cospora sorghi), zonate leaf spot (Gloeocercos-
pora sorghi), sooty stripe (Ramulispora sorghi), 
head smut (Sphacelotheca reiliana), bacterial 
stripe and streak (Pseudomonas and Xanth-
omonas spp). The relative prevalence, distribu-
tion, and intensity of these diseases has not 
been estimated, nor have sources of resistance 
been identified. 

Location and Nature 
of Research on Sorghum 
Diseases in Pakistan 

Pakistan's Cereal Diseases Research Institute 
has recently taken up research on sorghum 
diseases at the federal level, with special em-
phasis on locating sources of resistance, iden-
tification of physiologic races, and screening of 
national and international nurseries. Headquar-
ters of this institute is located at Islamabad and 
substations with greenhouses are located at 
Mureeand Karachi. Field trials are carried out at 
outstations in the "hot-spot" areas like Pirsabak 
(Nowshera) and D. I. Khan in the North West 
Frontier Province; MMRI, Yousafwala, and ARS, 
Bahawalpur, in the Punjab; Dokri, Dadu, and 

Tandojam in Sind; and Temple Dera and 
Naseerabad in Baluchistan. At the provincial 
level, some work on agronomy and breeding is 
being carried out at ARS, D.I.Khan in the North 
West Frontier Province; NiMRI, Yousafwala, 
and ARS, Bahawalpur, in the Punjab; ARS, 
Dadu, and ARI, Tandojam, in Sind; and at 
Temple Dera in Baluchistan. 

At the international level, the Cereal Disease 
Research Institute is collaborating with ICRISAT 
and with Texas A & M University, USA, in 
varietal screening against leaf diseases and 
grain molds. It supplies regular information on 
the reactions of their material in different 
ecological zones of Pakistan. 

Achievements 

1. The Cereal Diseases Research Institute, 
(CDRI) in an attempt to provide assistance 
to the National Sorghum Improvement 
Program, has 'nitiatod regular varietal 
evaluation of breeaing material agair,*t 
major diseases. In 1978, 48 entries (pre
sent commercial varieties, parent lines, 
and advanced selections) were screened 
in a disease-scrnening nursery planted at 
various "hot-spot" locations. Results are 
being furnished to the cooperating breed
ing centers. 

2. 	As a regular feature, the CDRI cooperates 
in planting the International Sorghum 
Grain Mold and Leaf Disease Nurseries 
coordinated by ICRISAT. 

3. 	 Preliminary work has ber. started on the 
race analysis of sorghum grain smut. Dif
ferential varieties have been multiplied 
this year and smut samples have been 
collected. 

4. 	A National Sorghum Improvement Pro
gram has been developed, with the aim of 
evolving white, bold-grain types and 
swes: juicy, fast-growing varieties for tak
ing two cuttings for fodder. 

5. Varieties Pak-SS-II and J.S. 263 for the 
Punjab; Sorokartoho, Red Jampur, H-4-2, 
Depar for Sind; U.S. 75 (equal to Purdue
954125) for the North West Frontier Pro
vince; and Bagdar for Baluchistan have 
been recommended for commercial culti
vation. Among promising material, Giza-3 
proved good at D. I. Khan, but it is late
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matu-ing and attempts are under way to 
select early strains for that area. Likewise,
variety Atlas is a sweet sorghum, and 
holds promise for good green fodder. 

Pr%'blems 

1. The breeding program for sorghum isnot 
progressing satisfactorily for want of 
male-sterile lines. Crossing is primarily
aimed at earliness and green stalks. 

2. Breeding for disease resistance is yet to be 
establ~hed in the sorghum improvement 
program.

3. The importance of sorghum as afood crop
deserves more serious consideration. 
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Sorghum Diseases in the Philippines 

Samuel C. Dalmacio* 

Sorghum is a relatively new crop in the Philip-
pines, but is rapidly gaining popularity as an 
economical and efficient supplementary feed 
for poultry, swine, and cattle. As human food, 
however, Filipinos have yet to develop a taste 
for it. 

Sorghum production in the Philippines is 
quitesmall.ln 1977 the area planted tosorghum 
was 6100 ha with a total production of 10.2 
million kg valued at 9.03 million pesos. Exten-
sive cultivation is, however, anticipated in the 
next few years because of increasing support 
from the government in its attempts to reduce 
importation of feed grains. In early 1978 the 
area planted to sorghum was 8337 ha, an 
increase of 2237 ha (36.6%) over that of 1977. 
With a projected feed grain requirement of 
about 3.5 million tonnes by 1980, compared 
with the 805 307 tonnes of maize and sorghum 
utilization in 1977, maize and sorghum pro-
ducton must increase tremendously. 

Diseases may be considered as one of the 
limiting factors in sorghum production in the 
Philippines. To date, 13diseasesare reported to 
occur on sorghum in the Philippines (Karganilla 
and Elazegui 1971-1973; Quebral and Gibe 
1958). The most common and perhaps the 
most important are Phyllachora tar spot, 
Exserohilum leaf blight, grey leaf spot, head 
molds, rust, and Rhizoctonia banded leaf and 
sheath blight. The first four diseases are more 
destructive during thewet season planting; rust 
is more destructive during the dry season; and 
Rhizoctonia banded leaf and sheath blight is 
destructive in both planting seasons. Other 
diseases observed in thePhilippines and ranked 
in descending order of importance are mosaic 
or red-leaf diseases (Benigno and Vergara 
1977), charcoal stalk rot, bacterial stalk rot, 
zonate leaf spot, bacterial stripe, anthracnose, 
and an unknown virus disease. 

Assistant Professor, Department of Plant Pathol-
ogy, University of the Philippines at Los Banos, 
Laguna, Philippines. 

Research on sorghum diseases in the Philip
pines was initiated in late 1969 at the University 
of the Philippines at Los laios (UPLB), a few 
years afterthesorghum improvement program 
was started. It ceased to function temporarily in 
1973 when the principal investigator left for 
further studies . , the United States. It resumed 
in late 1977 with a research grant from the 
National Science Development Board of the 
Philippines. Presently only three institutions in 
the Philippines are doing research on sorghum 
diseases, although most of the work is done at 
the UPLB. The present staff consists of an 
assistantprofessorandtworesearchassistants. 

Early studies dealt mainly with the identifica
tion and survey of sorghum diseases in differ
ent sorghum-growing areas, assessment of 
yield losses and screening of fungicides for 
control of the major sorghum diseases. Some of 
the notable achievements on sorghum disease 
research include the identification of Erwinia 
carotovora var. chrysantheni Dye as causing 
stalkrot,and sugarcanc mosaic virusas causing 
the red leaf disease and mosaic on sorghum. 
Potential yield reductions of 22, 30, and 75% 
have been established for Exserohilum leaf 
blight, rust, and Rhizoctonia leaf and sheath 
blight (Elazegui 1971), respectively. Among 
several chemicals tested, Dithane M-45 and 
Benlate appeared effective against rust and leaf 
blight. More than 15 fungal genera have been 
observed associated with head molding, 
among which Fusarium sp, Curvularia sp, and 
Phoma sp are the most common, constituting 
about 72%. 

Current emphasis is on the screening of 
sorghum germplasm for resistancetothe major 
sorghum diseases in the country. Disease nur
series are now being establ ished at UPLB where 
all breeding materials (local and introduced) 
can be subjected to high inoculum levels. Early 
this year, of the 355 lines and varieties 
evaluated against rust, 149 were resistant to 
rust, 13 of 236 entries were resistant to leaf 
blight, while none of 213 entries had adequate 
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levels of resistance to tar spot (Dalmacio 1978).
There are some indications, however, that resis
tance to tar spot disease is expressed quantita
tively, in that some lines showed fewer lesions, 
although resistalice may be influenced by crop 
maturity. 

As sorghum cultivation is intensified, vul
nerability to disease is also increased. In antici
pation of this increased disease problem, more 
basic and adaptive research is needed. To 
establish research priorities, the distribution 
and prevalence of sorghum diseases in differ
ent areas and their consequent effect on yield
should be known. There is a pressing need to 
understand the epidemiology of certain dis
eases like tar spot to facilitate formulation of 
effective control measures and screening for 
resistance. Tar spot disease is a major concern 
in the Philippines that has received little atten
tion in most sorghum-growing countries. In the 
meantime, efforts to test the efficacy of fungi
cides will be continued, as varieties resistant t 
most of these major diseases are not avail
able. Lastly, the development of varieties and 
hybrids resistant to the major sorghum dis
eases will receive high priority. 
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Sorghum Diseases in Thailand 

Udom Pupipat* 

Sorghum cultivation on a commercial scale is a 
rather recent development in Thai agriculture. 
Cultivars were first introduced from the USA in 
the early 1950s by the USAID program, and 
sorghum is currently grown as a cash crop 
destined for export and for local utilization as 
animal fee:'. 

In 1965, the Thailand Nationa! Corn and Sor-
ghum Improvement Program was initiated 
through the cooperation of the Thailand De-
partment of Agriculture, Kasetsart University, 
and the Rockefeller Foundation. Emphasis was 
to be placed on sorghum breeding, agronomy, 
entomology, pathology, economics, and utiliza-
tion. With the introduction of several hundred 
lines from the world sorghum collection, as well 
as from other sources, the breeding program 
started with the aim of combining disease, 
insect, and bird resistance and of improving 
agronomic characteristics and yield. 

In most of the sorghum-growing area, the 
annual rainfall ranges from 900-1600 mm, with 
good distribution from May through October. 
Mean, maximum and minimum temperatures 
are 28 to 29, 40, and 10*C, respectively. Ele-
vation of the area ranges between 100 and 
150 m. 

Data on the area, production, and export value 
for selected years are presented in Table 1. 

Farmers are using the cultivars Early Hegari 
and Late Hegari. However, some new cultivars, 
e.g., IS-8719 and KU-357, were recently re-
leased. 

Three institutions, Khon Kaen University in 
the Northeast, Thai Department of Agriculture, 
and Kasetsart University, are now conducting 
research in sorghum improvement for Thai-
land. 

The major pests or sorghum in Thailand are 
birds and sorghum shoot fly (Atherigona soc-
cata). Work on various aspects of controlling 
birds and shoot fly are in progress. 

* 	Plant Pathologist, Department of Plant Pathology, 
Kasetsart University, Bangkok, Thailand. 

Table 1. 	Sorghum production and export In 
Thailand. 

Export 

Area Production Volume Value 
harvested (1000 Yield (1000 (US 

Year (1000 ha) tonnes) (kg/ha)tonnes) $1000) 

1964 20.0 30 350 13 650 
1965 29.0 87 2506 54 3050 
1970 42.3 130 1926 80 5150 
1975 21.3 250 1378 200 24084 
1976 20.4 230 1308 181 18697 

15.3 148 1156 135 149361977 
Source: Ministry of Agriculture and Cooperatives 

Sorghum Diseases 

Up to the present, 15 diseases have been 
observed in Thailand. They are listed below, in 
order of importance. 

Grain Molds 

This complex disease is considered most 
damaging to sorghum grain in Thailand. It is 
prevalent on sorghum grown in the early sea
son (Apr to July), and it is for this reason that 
most Thai farmers grow sorghum during the 
late rainy season (Aug to Nov). The fungi 
isolated from diseased grains are Curvularia 
lunata, Fusariurn sp, and Aspergillus sp. All 
fungi isolated successfully produced head mold 
symptoms on sorghum heads within 7 to 8 days 
following artificial inoculation. The Interna
tional Sorghum Grain Mold Nursery entries 
IS-2327, IS-2328, and IS-9225 have shown good 
promise in field and laboratory evaluations at 
Khon Kaen University. 

Corcospora Leaf Spot 

Cercospora leaf spot (Cercospora sorghi) is very 
severe in a number of fields in western Thai
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land, but is less prevalent in the other parts of 
the country. 

Rust 

Rust (Puccinia purpurea) is severe in some 
locations (especially in western Thailand),but is 
less prevalent in fields of central and north-
eastern Thailand. 

A hyperparasite, Darluca filum, parasitizes 
this pathogen. Unfortunately, it comes in late in 
the season - after the rust fungus is 
established - and thus provides no significant 
control of the rust fungus. 

Anthracnose and Red Rot 

These diseases, caused by Colletotrichum 
graminicola, are quite widespread in the 
sorghum-growing areas. Anthracnose became 
severe on Thai Hegari in the rainy season. 
Cross-inoculation experiments indicated that 
the sorghum isolates in this country do not in-
fect maize, nor are the maize isolates 
pathogenic to sorghum. 

Zonate Leaf Spot 

Zonate leaf spot (Gloeocercospora sorghi) is 
found occasionally associated with other leaf 
diseases in all regions. Damage is of no sig-
nificance. 

HelminthosporlumLeaf Blight 

Leaf blight (Exserohilum turcicum) is prevalent 
in the western provinces of the country, but is of 
no economic importance in other parts of Thai
land. 

Charcoal Rot 

Charcoal rot (Macrophomina phaseolina) se-
vere in the early years of the sorghum
improvement program, is gradually becoming 
less severe. This is mainly due to resistant 
selection. The pathogen can infect corn, sor-
ghum,and other economiccrops. Pycnidial and 
sclerotial stages occurred on both corn and 
sorghum. 

Tar Spot 

Tar spot (Phyllachora sorghi), scattered all over 

the country on Sorghum bicolor and other 
Sorghum spp, is of no economic importance. 

Sorghum Downy Mildew 

Sorghum downy mildew (Peronosclerospora 
sorghi) is found occasionally on experimental 
farms, but not to date in farmers' fields. The 
sorghum isolates can infect corn easily, but the 
corn isolatedoes not readily infect sorghum. So 
far, this disease is of no economic importance to 
sorghum in Thailand. On corn, the disease can 
be completely controlled by using a new sys
temic fungicide, Ridomil. Ridomil in different 
formulations can be effectively used as a foliar 
spray, seed dressing, soil banding, or broad
casting. 

Pestaolla Leaf Spot 

This disease, caused by Pestalolia sp, was 
found in 1967 on a plant in the Western Pro
vince, but we could not prove its pathogenicity 
on Hegari plants. 

Root Knot
Root knot (Meloidogyne naasi) was first found 
in 1967 at the Thai National Corn and Sorghum 
Research Centre (Farm Suwan). The disease 
was confined to a single location, and was 
completely eliminated. Inoculation experi
ments indicated that this pathogen can attack 32 
of60 plant species tested. Besides sorghum, the 
most susceptible plants are members of the 
Cruciferae. 

Mosaic (Maize Dwarf Mosaic Virus) 
MDMV is found scattered on corn, sorghum, 
johnsongrass, and some other grasses. It is, 
however, of no economic importance. 

Other Diseases 

Other diseases of minor economic importance 
include brown spot (Physoderma maydis), 
Phyllosticta leaf spot (Phyllosticta sorghina), 
and Cephalosporium stalk rot (Cephalosporium 
acremonium). 

It is interesting to note that none of the smuts 
or sugary disease (ergot) have been observed 
on sorghum in Thailand. 
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Country Reports Discussion Session - Asia
 

India 

Frederiksen: 
What is the percentage of hybrids currentiy 
planted in India? 

N. G. P. Rao: 
The distribution of hybrids in India is highly 
skewed. In Maharashtra, which is the 
number one sorghum-growing state, about 
55% of the total area was grown to hybrids 
during the rainy season last year. In Kar-
nataka, about 30 to 40%was under hybrids. 
In Madhya Pradesh, the hybrid area is 
negligible. So in some states hybrids ac
count for40 to 60% ofthe area, and in some 
areas within these states hybrid coverage is 
almost 100%. I would guess that on an 
all-India basis about 20% of the sorghum 
area is sown to hybrids in the rainy season. 
There have been no hybrids available for 
the postrainy (rabi) season until recently, 
and now seed production of two rabi 
hybrids is under way. In Andhra Pradesh, 
there is a rabi area where hybrid coverage 
is fairly high. 

Tyagi: 
Dr. Ravindranath said that two to three 
sprays of Benlate were effective in control-
ling ergot. 
What was the effect of Benlate on head 
molds? 

Ravindranath: 
We have not tried Benlate on head molds. 
Trials on the control of ergot and head mold 
are done at different centers. At some 
centers, combination of fungicides with 
Aureofungin has controlled head molds. 

Tyagi: 
In Nigeria we have found that a combina-
tion of any benzimidazole fungicide with 
Dithane M-45 sprayed twice at the appro-
priate time gives almost complete control 
cf head mold. 

Williams: 
What is the route of infection of the sor
ghum ergot pathogen? If it is principally 
through the stigma (as it is in pearl millet), it 
could be difficult to control by fungicide 
application. 

Ravindranath: 
Infection is through stigmas. In hybrid
production programs, if there is improper 
synehronization, the lines meant for seed 
production will be highly infected with 
ergot. Perhaps Dr. Sundaram can clarify 
further. 

Sundaram: 
The sorghum ergot fungus can enter the 
ovary either via the stigma or directly 
through the ovary wall. The entry of the 
fungus is restricted once the ovary wall 
becomes thickened and thestigmaswither. 

Pakistan 

Frederiksen: 
What is the situation regarding hybrid sor
ghum in Pakistan? 

Hamid: 
In Pakistan farmers want tall sorghums 
with sweet juicy stalks for feeding cattle, 
and sorghums with white bold grains for 
making bread. At the moment hybrids are 
mainly restricted to Government farms and 
there is very little hybrid production by 
farmers. We are now urging our breeders to 
produce high-yielding, disease-resistant 
sorghum with sweet juicy stalks to meet 
farmers' demands. 

Philippines 

Balasubramanian: 
Dr. Dalmacio mentioned the importance of 
tar spot (Phyllachora) in the Philippines. I 
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would like to know if this disease is worse 
on dwarf or on tall cultivars? 

Dalmacio: 
Tall and dwarf varieties and hybrids appear 
to be equally infected. 

Malaguti: 
In Venezuela, Phyllachora is not found in 
sorghum but is found only on maize in cool 
humid environments. What is your experi-
ence in the Philippines on sorghum and 
maize? 

Dalmacio: 
In the Philippines, Phyllachora is found 
throughout the year but is most predomi-
nant in the rainy season, and is not very 
common during the dry season. Of course,
in the southern part of the Philippines it 
rains almost every afternoon. 

Frederiksen: 
I was wondering if you had some specific
strategies in mind as to how you were 
attempting to control the serious leaf-
disease piroblems in the Philippines? 

Dalmacio: 
The most that can be done at this time to 
control serioussorghum disease isto avoid 
ratooning and to discourage sorghum
growing in the same area season after 
season. Also, adjusting the planting date 
may be helpful. 

Right now we do not have varieties that 
are resistantto foliar diseases, butwe hope 
that in the near future we can incorporate
the resistancegenes that we have identified 
in some materials into useful varieties. For 
Cercospora and Phyllachora we have no 
resistance at present, and while we are 
looking at possibilities of control with fun
gicides, we have no data on the economics 
of treatments. 

Thailand 

Balasubramanian: 
Does SDM on maize in Thailand produce 
abundant conidia? 

Pupipat:
 
Yes.
 

Wall: 
How was the test material inoculated in the 
Ridomil tests? 

Pupipat: 
We inoculated by spraying or dipping the 
conidial suspension of the pathogen on the 
leaves and leaf-whorls, respectively. Usu
ally we inoculated only the spreader rows,
which were planted about 10 to 11 days 
earlier. In some cases, when the test plants
did not get sufficient infection, we inocu
lated the whole plot. Tween-80 at 500 ppm 
was added to the conidial suspension in 
order to produce more infection. 

Sundaram: 
In some trials Ridomil has not given as 
much control of downy mildew in pearl
millet as reported for sorghum and maize. 

Williams: 
In many trials which Ihave been associated 
with, P'domil used as a seed dressing has 
given excellent control of downy mildew in
pearl millet up until about 40 days after 
planting. We must remember that pearl 
millet is a highly tillering crop, unlike sor
ghum and maize, and when you have the 
trial growing in adisease-nursery situation, 
with sporangial inoculum continually pro
vided by nontreated "infector rows," it is 
impossible to prevent infection on late 
tillers with seed-dressing treatments. The 
seed treatment will be much more effective 
on pearl millet in a farm situation where 
there are no infector rows to provide spo
rangial inoculum to the late tillers. 
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A Review of Sorghum Grain Mold 

R. J. Williams and K. N. Rao* 

In a recent phytopathology review article, R.R. 
Nelson states that review chapters should be 
speculative, probing, scientifically critical, and 
perhaps even provocative - rather than largely 
a review of what one author believes to be the 
relevant literature concerning a particular sub-
ject. He said authors should spend as much time 
or more looking forward as they do backwards, 
and that just as every generation of scientists is 
obligated to contribute to the existing body of 
knowledge, so is it obliged to critically assess 
the current knowledge to better guide its future 
scientific rationale (Nelson 1978). We agree
with Nelson's concept of review chapters, and 
in this paper have attempted to live up to some 
of his criteria. We have not attempted to refer to 
and list all references relating to sorghum grain 
molds; instead we give a sprinkling of refer-
ences to illustrate the points wetry to make. Our 
listings will act as literature foci for those who 
want to study further the range of literature 
published on this topic. The omission of ap-
propriatereferencesshouldnotbeconstruedas 
an oversight or as a lack of recognition of 
significant contributions, 

Sorghum is cultivated widely throughout the 
tropical, subtropical, and temperate regions 
within the latitudes 450N and 450S. It is grown
largely in Africa, Asia, the Americas, and 
Australia, in regions that are generally too dry
for consistent, reliable maize production. In 
North America and Australia,sorghum isgrown 
commercially on large farms with grain yields
averaging 3053 kg/ha and 2222 kg/ha, re-
spectively (FAO 1977); the grain is used princi-
pally for animal feed. In the tropical less de-
veloped countries, sorghum is produced pre-
dominantly on peasant farms where grain
yields are low (they average 544 kg/ha in India 
and 572 kg/ha in West Africa), and the grain is 

* 	 Principal Cereals Pathologist and Plant Pathologist, 
ICRISAT. 

used primarily for human food. These figures 
indicate the major gap between yields in the 
tropical less developed countries, where 
paradoxically the sorghum is needed to directly
feed people, and those in the more developed
countries, where the sorghum is used to feed 
animals, which ultimately further embellish the 
diets of the populations of those countries. 
There is an urgent r~ied to raise and stabillize 
sorghum yields in the tropical less developed
countries, and major efforts to Jo this are under 
way in national, regional, and international 
programs. 

Sorghums in the tropics have evolved in a 
hostile environment, where unreliable rainfall, 
poor soils, pests, diseases, and parasiticweeds 
all constantly exert a harsh selection pressure. 
The traditional cultivars may not be high
yielding under optimum conditions, but they
have a high survival value when conditions are 
tough. One of the survival mechanisms is a 
flowering time linked with daylength, so that 
the grain generally matures in dry weather 
when pest and pathogen pressures on the grain 
are much reduced. This trait, however, is re
garded as undesirable by most plant breeders, 
because photosensitive cultivars generally 
have bulky plantswitha poor harvest index and 
are suited to cultivation at low plant densities to 
reduce the risk of drought stress. In years when 
the rains cease early, there is insufficient 
moisture for good grain filling of these photo
sensitive cultivars. In order to ensure good
grain filling without the interference of drought 
stress, the production of relatively short
duration nonphotosensitive sorghums is a 
primary objective of almost all sorghum im
provement programs. The resultant cultivars, 
however, lack the built-in mold-escape 
mechanism of the local sorghums, and the 
grains that mature during wet weather are 
vulnerable to infection by several fungi. Heavy 
selection pressure for resistance to these fungi 
has not been exerted on much of our working 
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material, and thus most of our improved cul-
tivars are highly susceptible to grain mold. The 
problem of sorghum grain mold has not been 
created by plant breeders, but has achieved 
considerably greater significance because of 
the efforts to improve the crop. Because of this, 
control of sorghum grain mold has also become 
a major activity in many sorghum improvement 
programs, and the time is ripe for a thorough 
review ofthe progress made and the problems 
that remain. 

Head Mold, Grain Mold, Grain 
Weathering, and Head Blight 

Terminology 

In the various papers and reports on this topic, 
the terms head mold, sced mold, grain mold, 
grain weathering, andgrain deterioration are all 
encountered. 

In the early reports from ICRISAT Center you 
will find the term head molds, but now in 
ICRISAT Cereal Pathology reports you will find 
only the term grain mold. This reflects our 
recognition that the problem is specifically that 
of mold infection of the developing grain. In 
fact, evaluation of moldiness of the total head 
can be misleading, as some cultivars develop 
mold on the rachis and glumes but maintain 
clean seed- and vice versa. Our colleagues 
working with sorghum in the Francophone 
areas of Africa make a similar distinction (Denis 
and Girard 1977) and call the problem "moisis-
sures des grains" which translates literally as 
"molds of grains." 

The term grain weatheringrefers to the total 
physico-chemico deterioration of the grain, of 
which fungal infection and development are 
major components. Other factors contributing 
to weathering include alternate wetting and 
drying, prolonged exposure to sunlight, and 
insectand bird damage. Weathering symptoms 
include seed discoloration (staining), seed-coat 
splitting, and germination (sprouting) on the 
head. Castor (personal communication) be-
lieves thatFusarium moniliforme plays a role in 
sprouting and has experiments under way to 
test this hypothesis. Glueck et al. (1977) suggest 
that the term "field deterioration" is more 
appropriate to describe the complex weather- 
ing syndrome. We will hear more in this session 

about several aspects of grain weathering from 
other participants, and it is of course the whole 
complex with which sorghum improvers must 
be concerned. However, for the purpose of our 
reviewwe will deal principally with the problem 
of grain mold, a problem that we believe is of 
the greatest importance in sorghum grain 
weathering. 

The distinction between grain mold and head 
blight, and the possible relationship between 
the two, need discussion. Schroeder and Hein 
(1975) refer to head blight, but from their de
scriptions it appears that they were working 

with grain mold. Conversely Gray et al. (1971) in 
their discussion of losses due to head mold 
describe symptoms that are consistent with 

what we know as head blight. It may be useful if 
we record here our definitions of grain mold 
and head blight so that at least for this paper the 
distinction is clear. 

Grain Mold 

The term grain mold is used in this paper to 
describe the diseased appearance of sorghum 
grain resultinC from the infection of the de
veloping grain by one or more parasitic fungal 
species. The term is used in the literature to 
describe the diseased appearance of sorghum 
grain infected with fungi while developing in 
thefield,while standing in thefieldafter maturi
ty, and while in storage. 

Thesymptomsthatdevelopasaresultof field 
infection of the developing grain by parasitic 
fungi depend upon the fungus or fungi, and the 
time and severity of infection. Grains severely 
infected appear to be completely covered with 
pink and or black mold, and such grains disinte
grate in the threshing process. Lightly infected 
grain may appear almost normal except for 
slight pink or black discoloration on a small 
portion of the surface; internally the grain 
appears normal. 

It is our experience that grain showing no 
external symptoms may be infected by grain 
mold fungi, for we can consistently isolate 
Fusarium spp from surface-sterilized clean
appearing sorghum grain harvested during the 
rainy season. 

A Phoma sp often produces small black pyc
nidia on otherwise clean sorghum grain. We 
feel this should be regarded as a part of the 
grain mold problem, as it falls within our de
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finition stated in the first sentence of this sub-
section. 

Head Blight 

Williamsetal. (1978)describe head blight asthe 
invasion of the tissues of the inflorescence by 
Fusarium moniiforme, with florets killed to 
various degrees up to complete destruction of 
the head. The internal tissues of the panicle
develop a red to brown discoloration, which 
extends into inflorescence branches and evenexteds ntoinforecenebances nd ven 
down into the upper portion of the stem. Insevere cases the peduncles break over. 

Is There a Relationship BetweenHead Blight and Grain Molds? 

In a later section of this paper, we will show that 
Fusarium moniliforme is one of the major 
causal agents of sorghum grain mold. Head 
blight is also caused by Fusarium moniliforme 
when it attacks the structural tissues of the 
inflorescence. Is head bl ight merely the result of 
an early severe infection which, if it occurred 
later, would have been expressed as grain
mold? Are the same strains of F. moniliforme 
capable of causing both diseases? Are sorghums
resistant to head blight also resistant to grain 
molds? 

We do not know the answers to these 
questions, but from our experience with grain 
molds and head inoculations at ICRISAT we 
believe that head blight is not just the result of 
an early severe infection by one of the grain-
molding fungi. We would like the views of the 
participants on this. 

Importance of Grain Mold 

How Important is Grain Mold? 

In his authoritative text on sorghum diseases, 
Tarr (1962) does not consider sorghum grain 
mold to be of great importance. He states in the 
introduction to thesection on inflorescenceand 
grain diseases that head molds may be of 
comparatively minor importance, though
information is meager. Fifteen years later, inthe 
questionnaires returned at the International 

Sorghum Workshop held at Hyderabad in 1977, 
sorghum breeders and pathologists from 
Africa, Asia and the Americas overwhelmingly 
placed grain molds as one of the major disease 
and research problems in the improvement of 
the sorghum crop. 

It is significant that the 15-year period be
tween Tarr's book and the International Work
shop has been one of active sorghum im
provement in many countries, particularly in
India and in several African countries. It has alsobenterao"macegis"ndhegen
been the era of "miracle grains" nd the "green
revolution" in which, to begin with, it was
reouininwchtobgnihtwathought that the production of short-statured,
short-duration, fertilizer-responsive cultivars 

was the answer to the world's food problem.
Pests and pathogens have shown this doctrineto be unsound. Thewheatrusts, the riceviruses, 

and the grain molds of sorghum dearly demon
strate that if we ignore the pests and pathogens 
we may be able to produce breeding lines with 
exceedingly high-yield potential, butwewill not 
beabletoprovidethefarmersinthetropicswith 
acceptable new stable high-yielding crop cul
tivars. 

How is Grain Mold Important? 

Grain mold has become a major and wide
spread sorghum disease problem because it 
significantly reduces yield and acceptability
of the harvested grain, and because no high 
levels of grain mold resistance have been used 
in breeding most of the new short-duration 
sorghums for human consumption. 

Actual Yield Losses 

There are few reports of studies on the actual 
weight loss of grain resulting from infection by
molds. 

Bhatnagar (1971) reported a marked re
duction in thesize and weight of sorghum grain
artificially infected with Curvularia lunata, but 
provided no quantitative data. 

Gray et al. (1971), reporting from central 
Kentucky, mentioned sorghum yields of several 
head mold-susceptible cultivars of less than 30 
bu/acre, when iields of 100 bu/acre or more 
were expected. The low yieldswerethe result of 
the failure-believed to be due to head 
mold - of heads to produce mature seed. The 
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symptoms described by Gray et al. (1971) lead 
us to suspect that head blight may have been 
partially responsible. 

Glueck and Rooney (1976) report variability in 
1000-grain weight from 19.3 g to 33.5 g and 
of test weight from 47.3 Ib/bu to 62.2 lb/bu 
under severe weathering conditions a! College 
Station, Texas. They comment that although 
grain from all lines, with prolonged exposure to 
weathering, decreased in test weight, density, 
and germination, the reduction was minor for 
lines with superior weathering resisn,!A. 

In their paper for this Worshop, Denis and 
Girard report results of comparison of yield and 
mold infection at three sites in Senegal. They 
concludethatwhen there arefew otherlimiting 
factors to plant development, grain mold has a 
clear negative effect on yield, 

Castor (1977) also reports reduced yield, test 
weight, and 1000-kernel weight in sorghum due 
tU grain mold caused by Fusarium spp. 

Sundaram et al. (1972), in their report on a 
survey of sorghum and millet diseases in India, 
state that losses of up to 50% due to head mold 
were encountered in hybrid su.'ghum in ex-
perimental plots at Coimbatore. However, the 
table cited in support of their statement indi-
cates that the proportion of plants with grain 
mold infection was up to 50%, and there is no 
actual data provided for yield reduction due to 
mold. 

Glueck et al. (1977) report that significant 
losses due to grain mold occurred in Texas in 
1974 and 1976. 

Although we have not found definitive data 
on yield reduction due to grain mold, obser-
vations of several workers in different parts of 
the world suggest that they are significant. It is 
our experience that in highly susceptible cul-
tivars the yield losses can reach 100%. Do we 
need more accurate information on the rela-
tionship between invasion of grain by fungi and 
the weight loss that results? It will require-
considerable time and effort to get meaningful 
data on the relationship between time of inocu-
lation, degree of infection, and weight loss. Will 
this be time and effort well spent, or will it be 
more profitable to seek and develop resistance 
to the pathogens involved? As grain mold 
losses are not measured just in terms of weight 
loss on the head, but also in terms of loss in 
marketable grain and reduction in market value, 
we feel that determination of relationships bet-

ween infection and weight loss is not at present 
of overriding importance. 

Lossos in Quality 

Market Value 

For grains produced for direct humar, con
sumption, the quality of the harvested product 
is of considerable importance. Grain mold dis
colors the grain, reducing its acceptability and 
tnus iL5 vaiu. ;,, ;:-,rveys conducted in villages 
in central India, von ')ppen and Jambunathan 
(1978) found market pi'ices of sorghum grain to 
be negatively related tD degree of mold infec
tion. The price of the most moldy grain was 
about 20% less than that of the cleanest grain. 
The moldiest of the grain in these samples was, 
however, not nearly as severely molded as are 
iv'pical grains from many of our improved 
sorghums in our grain mold screening nurse
ri&es. 

So, in addition to actual weight losses caused 
by grain mold infection, losses in marketable 
yield occur due to a reduction in consumer 
acceptability, even with moderately molded 
grain. 

Nutritional Value 
Glueck et al. (1977) report that sorghum grain 
deterioration results from physical, physiologi
cal, and chamical changes. They state that 
starch granules of deteriorated grain have con
sideraole pitting on the surface (resulting from 
enzyme degradation), and that thr, pzotain 
matrix is weakened and partially hydrolyzed. 
However, they also state that the chemical 
composition of deteriorated sorghum is not 
greatly different from th. Zof undamaged grain, 
and that digestibility of the deteriorated grain 
may be slightly improved. In deteriorated grain, 
the content of soluble carbohydrates is usually
reduced, because they are utilized to provide 
energy for the growth and development of the 
fungi. The proteins are hydrolyzed and partially 
utilized in the synthesis of fungal protein and 
remain in the grain. These findings of Glueck et 
al., appear, however, to be based on a relatively 
light degree of grain deterioration. Studies 
bas. d on varying degrees of infection by differ
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ent weathering agents, including the different 
fungi involved, are needed. 

A second major area of concern when con-
sidering nutritive value of moldy sorghum 
grain, is the possinility that the fungi will pro-
duce rrammalio-toxic chemicals known as 
mycoloxins. The problem of mycotoxins in food 
has been recognized only in relatively recent 
times, and initially work was concentrated on 
the aflatoxin group of chemicals. The aflatoxins 
are powerful hepatic carcinogens, produced ,y 
Aspergillus spp. We now know that several 
genera of fungi - including Fusarium, Penicil-
lium, Stachybotrys, andAspergillus -- produce 
in food stuffs chemicals toxic to man and 
animals. The known mycotoxins, the fungi that 
produce them, and the nature of the diseases 
they cause are thoroughly reviewed by Mirocha 
and Christensen (1974) and Martin and Gilman 
(1976). 

The aflatoxins, produced by the Aspergil/us 
flavu: group and Aspergillus parasiticus, are 
highly )oxic to animals at very low concen-
trations. There are several reports of aflatoxins 
detected in sorghum grain and grain products. 
Coady (1965) demonstrated aflaoxin in millet, 
sorghum grain, and sorghum flour in Ethiopia, 
and Alpert et al. (1971) found aflatoxin in sor-
ghum in Uganda. In the USA, Shotwell et al. 
(1969) found aflatoxin in excess of 10 parts per 
billion in six of 533 sorghum samples. 

In a survey of southern African foodstuffs, 
Martin et al. (1971) and Martin (1974) reported 
the presence of aflatoxin in excess of 10 parts 
per billion in three of 39 good quality sorghum 
samples. 

Tripathi (1974) isolated aflatoxins Bi, B2, Gi 
and G2 from moldy sorghjm in northern India. 
The toxins were isolated from ears collected 
from the fields at least 7 days after rains and 
from ears collected immediately after the rains 
and stored at room temperature for 7 days or 
more before extraction. Aspergillus, with 13% 
of the colonies isolated, was the fourth most 
common genus detected in i,.olations from the 
moldy sorghum, following Curvularia (42%), 
Fusarium (19%), and Phoma (15%). This is 
significant, for it indicates that in certain en-
vironments aflatoxins can be important in sor-
ghum grain right from the field. However, in 
terms of thesorghum field-grain mold problem, 
Aspergillus infection is not nearly so irrportant 
as Fusarium infection. 

Rukmini and Bhat (1978) isolated Fusarium 
incarnatum from naturally occurring moldy 
sorghum grain, and found a toxic metabolite, 
which they call T-2 toxin, associated with the 
presence of this fungus. The toxin was also 
recovered from rice artificially inoculated with 
F. incarnatum. 

The fungi Fusarium roseum, F. tricinctum, F. 
oxysporum, and F. moniliforme produce the 
mycotoxin zearalenone, v" ;h has estrogenic 
properties and acutely affi,.ts some animals at 
very low cuncentratiors. Martin (1974) dempn
strated the presence of zearalenone in four 
samples of moldy sorghum and 27 pooled 
samples of "sour" fermented port idgn and beer 
made from maize and sorghum i1 Swaziland. 
Martin and Gilman (1976) state that this study 
has been extended to Lesotho, where small 
quantities of zearalenone (up to 50 parts per 
billion) were found in 16 of 71 beer samples 
(probably sorghum-bpsed), and they conclude 
that the regular ingestion of zearalenone by the 
African population could perhaps explain the 
high incidence of certain diseases (such as 
cervical cancer) in a way hitherto unsuspected. 

Schroeder and Hein(1975) found zearalenone 
in grain sorghum heavily infected with F. 
roseum "Gibbosum" and F. roseum f. ,p 
semitectum. Grains from selected infected 
heads contained twice as much zearalenone as 
grain from a combined bulk. They conclude that 
zearalenone contamination may be a signifirant 
factor when Fusarium head blight (grain mold) 
is severe :n maturing grain sorghum during 
warm, highly humid weather. 

Stipzjnovic and Schroeder (1975) investigated 
the zearalenone producing potential of 
Fusarium roseum cultures isolated from moldy 
sorghum. From one culture grown on grain 
sorght-m they isolated zearalenone and two 
related compounds, zearalenol and 8'
hydroxyzearalenone. They conclude that since 
the synthetic zearalenol diastereomers have 
uterotropic activity, their presence in grain sor
ghum may present a potential health hazard. 

From the above, it srems that the meJor 
mycotoxin danger in molded sorghum grain is 
zearalenone. Mirocha and Christensen (1974) 
state that a period of low temperature, or of 
alternating moderate and low temperature, is 
necessary for the production of zearalenone. 
However, low and moderate are not defined. 
Reports of zearalenone from several African 
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countries, including northern Nigeria (Mac-
Donald, personal communication), indicate that 
perhaps the temperature requirements need 
not be low in absolute terms. We feel that much 
more work is needed on this potentially im-
portant problem throughout tropical sorghum-
producing areas. Martin and Gilman (1976) 
raise an interesting point in their conclusions 
when they point out that the fungal estrogens 
may have impcrt...t gynr.cological impli-
cations, and that zearalenone could perhaps be 
used in the manufacture of a chemical con-
traceptive. 

Loss of Viability 
Loss in viability of molded sorghum seed and 
reduction in seedling vigor is reported by many 
workers, 

Arif and Ahmed (1969) found that all fugi 
isolated from sorghum grain reduced germi-
nation, and that Fusarium was the most inhi-
bitive, followed by Aspergillus. Penicillium, 
and Helminthosporium. 

Narasimhan and , angaswamy (1969b) found 
viability to be reduced by 40 to 80% when 
healthy sorghum seeds were treated with mold 
isolates. 

Tripathi (1974) obtained 56% germination 
with molded sorghum grain, whereas ap-
parently clean grain (of the same cultivar?) 
gave 76% germination. 

Castor (1977) reports 95 and 77% germi-
nation of grain harvested from water-sprayed and 
Fusarium-inoculated heads, respectively, 

Mathur et al. (1975) reported that Fusarium 
moniliforme adversely affected germination 
and seedling growth in sorghum grain samples, 
and they frequently detected F. monil'forme in 
embryos of sorghum seed samples. 

Rao and Williams (1977) recorded viability 
losses of up to 100% in sorghum grains with 
severe Fusarium and Curvularia infection. 

Cenis and Girard (1977) regard loss in viabili-
ty to be so important a part of the grain mold 
syndrome that they recommend a germination 
test as part of the standard evaluation for 
identification of grain mold resistance. 

It appears from these reports that the in
fection of sorghum grain by mold fungi, par-
ticularly Fusarium spp, can ha-ve a marked 
negative effect on seed viability. In addition, 
those seeds from infected grain that do germi-

natecan producebl ighted seedlings (Bhatnagar 
1971; Lambat and Ram 1969), further reducing 
the value of the seed. In terms of marketable 
yield for food, this phenomenon alone probably 
has little significance. However, for the re
searcher, the seed producer, and the farmer, 
this aspect is particularly important. 

Causal Agents,

Time of Infection,

and Predisposing Factors
 

Fung Associated with
 
Moldy Sorghum
 
In our search of theliterature on sorghum grain 
molds, the most frequently encountered re
ports were those concerned with fungi as
bo.iated with moldy sorghum grain. Many of 
these reports can be classified as seed 
mycofloril studies, and in n,,.ny of them market 
sample" or stored grains were used. Few work
ers have taken the extra step to determine the 
relative roles of thevarious fungal species in the 
etiology of the field problem of sorghum grain 
mold. We feel it will be of little use to attempt to 
list here all papers in which molds from sor
ghum grain have been described. We will just 
provide a reference from each of the main 
sorghum-growing regions so that the in
terested worker can follow up the other refer
ences listed in these papers. 

In India, where there are many papers on this 
subject, Narasimhan and Rangaswamy (1969a) 
provide a detailed quantitative analysis of 
molds from sorghum cultivars from many lo
cations. In Pakistan Junejo and Malik (1969) 
report a detailed study, and in Africa Denis and 
Girard (1977) provide a comprehensive list of 
fungi associated with moldy sorghum. There 
are also many papers on this subject from the 
USA: Hansing and Hartly (1962) report a large 
and detailed study and, more recently, Castor 
(1977) deals specifically with fungi causing 
grain molds on sorghum in Texas. 

Fungi in the following genera are reported to 
have been detected from sorghum seed: 

Acrothecium Curvularia Pellicularia 
Alternaria Cylindrocarpon Penicilfium 
Aspergillus Drechslerr, Phoma 
Bipolaris Fusarium Pestalotia 
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Chaetomium Gloeocercospora Pycf;r!ium 
Chaetopsis Gonatobotrytis Ramularia 
Cladosporium Heicosporae Rhizopus 
C/adotrichum HelminthosporiumSordaria 
Cochliobolus Mucor Thiela via 
Colletotrichum Nigrospora Trichothecium 
Cunninghamelia Qlpitrichum 

Of these, the most frequently encountered 
genera were Fusarium, Curvularia, Alternaria, 
Aspergillus, and Phoma. 

Fungi That Cause the 
Field Grain Mold Problem 

The most detailed studies on the causal agents 
of sorghum grain mold have been made at 
ICRISAT Center (Rao and Williams 1977); in 
Texas, USA (Castor 1977, Castor unpublished);
and iaGirard 1977. 
and Girard 1977). 

Rao and Williams (1977) report the develop-
ment of high levels of grain mold in sorghum 
heads inoculated at anthesis with conidial-
mycelial suspensions ofFusariummoniiforme,F. smitetumandCurvlara/unta.Undoubtedly 
F. sernitectum, and Cunvulaia lunata. 

Castor (1977) reports inoculation of sorghum 
heads in the field with isolates of Fsarium 
monififorme, F.seritectum, Curvulaia lunata, 
C. protruberata, Alternaria sp, and Helminthos-
porium sp at various times after flowering. The 
Fusarium and Curvularia isolates were the 
principal pathogens and caused discoloration 
and reduction in viabilty. Curvularia did not 
reduce germinatio:; as much as Fusariurn, and 
seeds from heads inoculated with Fusarium at 
flowering had the highest proportion of split 
pericarps. Curvularia and Fusarium were easily 
recovered from surface-sterilized seed. In 
seed-dissection studies of sorghum lines inocu-
lated with Curvularia and Fusarium, 16 and 
23%, respectively, of the embryos were found 
to be infected. Castor observed that the scutel-
lum was often partially degraded in seeds from 
Fusarium-inoculated heads, and suggests that 
thefungus can destroythe embryo indirectly by 
interfering with translocation from ',he endo-
sperm to the embryo during germiration. All of 
thegrain from susceptibleFusarium-inoculated 
heads contained Fusarium in the endosperm, 
and 78% of grain from Curvularia-inoculated 
heads had that fungus in the endosperm. 

In later studies, Castor (unpublished) found F. 
moniliforme to be more highly pathogenic than 
F. sem,itectum. 

From these observations and studies in USA, 
Africa, and India, it is evident that Fusarium 
moniliforme, Fusarium semitectum, and Cur
vularia lunata are the primary pathogens in the 

field problem of sorghum grain mold. At this 
point we should note that, in the advanced lines 
developed with resistance to Fusarium and 
Curvularia, a Phoma sp caused considerable 
grain damage at ICRISAT Center during the 
1978 rainy season. The general significance of 
infection byPhoma needs further investigation. 

Time of Infection 
The work of Rao and Williams (1977) and of 
Castor (1977, and personal communication) 

clearly shows that the principal grain mold fungi
are pathogenic, and can invade the florets at
anthesis. The grain mold problem is not a 
problem of saprophytic fungi invading a source 
of carbohydrate under moist conditions; rather, 
it is a problem of pathogenic fungi. 

Undisbprol if sorghum grain is left in theof po gni ungi. 
field long enough after maturity and the 
weather is conducive to the development of 
saprophytic molds, then they will develop on 
the grain. However, this would really come 
under the heading of storage problems, as 
under these circumstances the grain could be 
regarded as being stored on heads in the field. 

Prodisposing Factors 
Tarr (1962) recognized that mold may develop 
in the sorghum inflorescence at any stage from 
the young inflorescence to the mature head, 
provided climatic conditions are suitably 
moist. It seems to be the general experience of 
sorghum workers that wet weather following 
flowering is necessary for grain mold develop
ment, and the longer the wet period the greate
the mold development (Koteswara Rao and 
Poornachandrudu 1971; Gray et al. 1971; Rao 
and Williams 1977). Dry weather during flower
ing and grain development followed by wet 
weather near maturity will nc promote such 
serious mold as wet weather that continues 
from the time of flowering onward. 

It has been suggested to us that we should 
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determine the exact rainfall pattern, tempera-
tures, and humidities that cause serious grain 
molds in sorghum. We have resisted these 
suggestions, for we feel that our time, energy, 
and money are better spent in efforts to locate 
resistance. Is there a need to define more 
accurately conditions of tempe-ature, rainfall, 
and relative humidities associated with sor-
ghum grain mold development? Is such infor-
mation going to be useful? 

The Control of 
Sorghum Grain Mold 

The only two practically and economically 
feasible methods for the control '-f sorghum 
grain molds are avoidance and the use of grain 
mold resistant cultivars. The recommendation 
of the All-India Coordinated Sorghum Im-
provement Project to spray heads three times 
with a combination of 200 ppm Aureofungin 
and 0.2% Captan (Anon. 1978) are impractica-
ble and uneconomic, except for small plots of 
valuable research material. 

Control by Avoidance 

Grain mold avoidance isthegrain mold control 
method used by peasant farmers growing their 
traditional cultivars, because the daylength-
related flowering period of these cultivars 
generally enables the developing grain to es-
cape the most mold-conducive weather. In the 
semi-arid tropics the magnitude and duration of 
rainfall is highly variable and thus, even with 
traditional cultivars, molds are a problem in 
some years. Cultivars that have evolved repre-
sent a compromise between being early 
enough to fill the grain to a reasonable degree 
and late enough to avoid the severe mold and 
pest problems promoted by wet weather. Con-
trol through avoidance is not compatible with 
the requirements of a higher yielding 
phenotype, which must have a large number of 
headslm 2, each of which needs to have a con-
sistently high degree of grain filling. These 
requirements are met by the growing of im-
proved early-maturing cultivars. The identifica-
tionand/ordevelopmentofresistantcultivars is 
the only solution to the grain mold problem, if 
improved high-yielding cultivars are to be pro-
moted for widescale use. 

Control with Host-plant Resistance 

When we first started our resistance screening 
for sorghum grain mold, we were told that it 
was likely to be a long and futile effort. This 
opinion was based on the idea that the mold 
problem is caused by many weakly parasitic 
and purely saprophytic fungi. Based on our 
knowledge thatthe major problem is caused by 
two to three species of parasitic fungi, and our 
belief that, given the appropriate selection 
pressure on a genetically variable population, 
many unsuspected and unselected traits can be 
identified and strengthened, we were much 
more optimistic. Since 1974 we have made 
major efforts to identify and utilize grain mold 
resistance in sorghums with white, cream
colored, yellow, and light red grains. K. N. Rao, 
in his paper later in this session will give a more 
detailed account of our progress. 

Other programs that have or have had a 
major component of sorghum grain mold re
sistance identification are the now-terminated 
JP-26 Project based in Nigeria (King 1974; 
Zummo 1975, 1976), the IDRC-ISRA program 
based at Bambey, Senegal; the program 
centered at Texas A & M University (Anon. 
1976; Castor 1977); and the All-India Coordi
nated Sorghum Improvement Project based at 
Rajendranagar (Rana et al. 1978). 

Since 1976, a cooperative international grain 
mold resistance screening program has been 
conducted annually (ICRISAT 1978b) with the 
objective of identifying mold resistance that is 
not location specific. 

In all these programs, no entry has proved 
immune to grain mold, and no entry has shown 
a consistently high degree of resistance at all 
locations. However, certain lines consistently 
develop less mold than others at many lo
cations and across seasons. M.)re details are 
provided in the paper on the activities of the 
International Sorghum Grain Mold Nursery. 

Identification and development of grain mold 
resistance in sorghum is a slow and difficult 
process. However, we believethat high levels of 
grain mold resistance can be assembled, and 
that in the past 4 years considerable progress 
has been made to this end. 

It appears that the additive genes contri 
buting to mold resistance in food grain sorghum 
are scattered in thegermplasm. In the evolution 
of tropical sorghums, the development of the 
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avoidance mechanism was probably an easier 
and generally more advantageous process than 
the development of a high degree of resistance 
specifically to grain mold. 

Let us now discuss in more detail important 
principles on screening for mold resistance, 
sources o' resistance, and factors that may be 
associated with or responsible for mold re-
sistance. 

Identification, Nature,
and Genetics of Grain 
Mold Resistance 

Screening Techniques 

Except for the ICRISAT and Texas A & M 
screening programs, the search for grain mold 
resistance in sorghum has been conducted 
mainly under natural incidence of mold in the 
field. While this method is satisfactory in years 
when the rains are frequent and prolonged 
throughout the flowering and grain-filling 
period of all the test entries, it is unsatisfactory 
when these conditions do not occur. 

Strategies to rtir'uce the chances of escape
under natural mwjdincidence screening are to 
plant early (under irrigation) so that the flower-
ing period of the test entries is more likely to 
coincide with prolonged wet weather, and/or to 
move the screening to wetter locations. The 
latter strategy has been successfully adopted by 
Denis and Girard (1977) in Senegal and by 
Frowd (personal communication) in Upper 
Volta. However, the semi-arid tropics are 
characterized by erratic rainfall (magnitude, 
duration, and distribution), and reliance on 
natural mold incidence for resistance screening 
will result in failures in some years. 

At ICRISAT, we inoculate inflorescences at 
anthesis with conidial/mycelial suspensions of 
Fusarium moniliforme, F. semitectum, and Cur
vularia lunata. We attempt to provide the 
humidity required to promote mold develop
ment by bagging inoculated heads and (on
rainless days) using sprinkler irrigation in the 
evening hours during the grain-filling period,
This screening method works well, and is used 
on a large scale (3.5 ha) to screen thousands of 
breeding lines during each rainy season. The 
technique does not work in the extremely hot 
and dry part of the year. 

Castor (1977)at TexasA & M usesa technique 
similar to that developed at ICRISAT Center. 

The lack of a screening technique that can be 
used in the dry season slows down progress in 
the development of resistant cultivars, as only a 
single generation can be tested during any one 
year. Selections and progenies of crosses made 
in one year must wait until the next rainy 
season for evaluation. One way to overcome 
this problem is to develop cooperative links 
with scientists in areas where the calendar 
provides a rainy season during the dry season 
at one's own location. The rainy season in 
Tanzania is coincident with the dry season at 
ICRISAT Center. Now that ICRISAT has a sor
ghum breeder stationed there, we will attemptto exploit this strategy. However, phytosanitary 

regulations may well reduce, or perhaps even 
totally thwart, the effectiveness of such a sys
tem. 

A second strategy to permit screening of 
more than one generation in a year would be to 
develop a laboratory-based technique, that 
would function independent of the weather. 
During thelast 12 months at ICRISAT Center, we 
have attempted to develop a laboratory 
technique whereby meaningful selections can 
be made for degrees of grain mold resistance. 
By incubating grain harvested in therabi (post
rainy) season on moist blotting paper at 25"C in 
an alternating 12 hr light and 12 hr dark regime, 
we are able to distinguish between cultivars in 
degree of mold development. Even when seed 
is maturing during thedry season, it seems that 
there is sufficient nighttime relative humidity 
(and dew formation) to support some grain 
infection. Differences among cultivars are not 
evident by visual examination of the grain, but 
become evident during the incubation de
scribed. If these results are well correlated with 
field reactions, the method will become an 
important tool in the screening process. 

Rating Scales 

The use of a meaningful rating scale or system
is as important as the choice of an effective 
inoculation technique. Denis and Girard (1977)
reviewed in depth the merits of and problems 
with grain mold-rating scales used in several 
programs. They concluded that a combination 
of several evaluation methods is useful in at
tempting to classify grain mold reactions. They 
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recommended including not only an estimation 
ofthedegreeofmoldedgrainsurface, butalsoa 
germination test. At ICRISAT Center, we have 
found a visual on-table ranking of threshed 
grain from "least molded" to "most molded" a 
very simple and reproducible method for cul-
tivar differentiation. A less detailed method can 
be employed in initially screening large num-
bers of source material, but will not be effective 
in attempting to distinguish between elite 
mold-resistant breeding progenies. The scoring 
method employed must allow meaningful dif-
ferentiation of test entries, and should be reli
able and reproducible. We recommend that the 
Denis and Girard (1977) review be studied, and 

that the appropriate combination of scoring 
methods be used to meet the requirements of 
the particular stage of the individual program. 

Sources of Grain Mold Resistance 
The acute problem of grain nold susceptibility 
and the subsequent search f'or resistance are 
relatively recent in origin. The problem is par-
ticularly difficult in the tropic,, because in this 
situation factors that contribute to resistance 
must be consistent with acceptability of grain as 
a human food. 

One of the earliest repors on grain mold 

resistance was made by Gray et al. (1971), who 

reported that Funks 814 was less susceptible 

than two other cultivars tograin molds, and that 

out of 16 Northrups-King sorghum lines, 3008
 
and 3016 had few or no head mold symptoms.
 
These results were apparently obtained under
 
natural field conditions, and no information is 

provided on the flowering time of these lines. 


In the study of Koteswara Rao and Poorna-

chandrudu (1971), the varieties IS-452, IS-455, 

IS-472, and IS-473 appeared to be fairly resis-

tant to molds, though again no data on flower-

ing dates are provided, 


Other reports of sources of resistance (Table 
1) include Zummo (1976), Glueck and Rooney 
(1976), ICRISAT (1O78a, 1978b) and Rana et al. 
('1978). 

Rao and Williams (1977) report that from a 
field-screening program of about 6000 sorghum 
lines in 1975 and 1976, they identified only 43 as 
relatively less susceptible. 

Since 1976 an international cooperative grain 
mold screening program has been coordinated 
from ICRISAT (this is discussed :..- ,-fail later in 

Table 1. Reported sourcee of reslstance to 
sorghum grain mold. 

r eores 
reported 

Gray et al. 1971 Funks 814, Acc. No. 3008
 
and 3016
 

Poornachandrudu
 
1971 IS-452, IS-455, IS-472,
 

IS-473
 

Zummo 1975 IS-3555, IS-477, IS-473,
 
IS-453
 

Glueck and Rooney 
1976 SC-748, SC-279-14, SC

566-14, 74 PR 759,
 
SC-103-12
 

ICRISAT 1978b IS-2327, IS 2261, E35-1,
 
IS-9225, IS-2328
 

Glueck ot al. 1977 SC-279-14, SC-748-5, 
74 PR 759, SC-566-14, 
BTX-398, SC-103-12 

Rana fat al. 1978 CSV-4 (CS-3541), CSV-5
 
(148/168), SPV-81,
 
SPV-141
 

ICRISAT 1978a M-36008,
M-36284, M-36091,M-35078,
 
M-36188, M-35078,
 
M-36188, M-35115,
 
M-35194, M-35052
 

this session), and entries that have consis
tently shown up well across seasons and loca
tions are E 35-1, IS-2328, IS-2327, IS-14332,
 
IS-2261, and IS-9225. Flowering periods of
 
these lines range from 68 days (IS-14332) to 80
 
days (E 35-1). These sources have been used
 
intensively in the ICRISATgrair. mold resistance
 
breeding program, and some impressive ad
vanced progenies from them were identified
 
during 1978 at ICRISAT Center. In particular, E
 
35-1 progenies are very promising, with little
 
mold development on large heads with plump
 
white grain.
 

There is probably a need to look for further 
sources of grain mold resistance, with empha
sis on gcr iil:m from the wetter regions of 
sorghum prwuction. However, much of this 
material is likely [o be highly photosensitiveand 
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thus will not have been subjected to mold 
resistance selection pressures. We believe 
considerable progress can be made by inter-
mating the present sources of low susceptibility 
to generate variability and to concentrate the 
scattered resistance genes. 

Factors Rosponsible for 
or Associated with Resistance 

Glueck et al. (1977) cite several sources in which 
grains with certain plant or kernel character-
istics are reported to be relatively resistant to field 
deterioration -e.g., open heads with seeds 
completely enclosed in long papery glumes 
(Murty 1975), and brown seeds with high tannin 
content and the presence of a pigmented testa 
(Ellis 1972; Harris and Burnes 1973; Murty 
1975). Some of these characteristics are unde-
sirable from other standpoints, and we have 
concluded from our examination of several 
thousanddiversesorghum linesatlCRISATthat 
there is no apparent correlation between evi-
dent panicle and/or grain characters and the 
capacity to resist becoming severely molded. 
For example, we have seen severe mold de
velop on grain in very loose and in very tight 
panicles, in grain enclosed by long glumes and 
by normal glumes, and on dark red, white, and 
yellow grain. The low susceptible lines E35-1, 
IS-2327, and IS-2328 are all white-grained, with 
relatively small glumes, and E35-1 has a com-
pact panicle. 

Glueck et al. (1977) suggest several possible 
mechanisms for resistance to grain deteriora-
tion (a term that includes more than just grain 
mold), including rate of water absorption and 
conductivity of seed leachates. They suggest 
that water-absorption and leachate tests may 
be useful as preliminary screening methods. 
However, we believe that it is unwise zo embark 
on screening for mold resistance by measuring 
a character that may or may not be always 
strongly correlated with mold resistance. As 
mold resistance is probably composed of a 
complex of characteristics, we believe that it is 
best to use the pathogens to integrate the many 
and various plant and grain characteristics that 
together result in resistance. It is better to use 
limited resources to look for additional sources 
of resistance and for further intermating and 
progeny testing of resistance sources, than to 
put effort into detailed studies of why a particu-

lar line or group of lines happens to be resistant. 
This is our personal bias and we will be in
terested to hear comments from participants on 
this issue. 

The Genetics of Resistance 

It is almost certain that grain mold rbsistance in 
sorghum is the result of the additive effects of 
many genes affecting several plant character

istics. This hypothesis issupported by the results 
of Murty et al. (1978) in studies with progeny of 
crosses between low-, moderate-, and high
susceptible parents. Rana et al. (1978) found 
that water absorption capacity and seed hard
ness (considered as probably important factors 
insusceptibility ofgrains to mold) are governed 
by additive genes. 

We raise the question whether further studies 
on the genetics of resistance to grain mold are 
likely to be of any practical use or importance in 
the effort to further develop grain mold resis
tant cultivars. 

Summary 

The sorghum grain-deterioration problem has 
become acute with the development of early 
flowering sorghum cultivars, which frequently 
fill grain during wet weather. Grain mold, 
caused principally by Fusarium spp and Cur
vularia spp, is a major component of the grain
deterioration complex. Grain mold reduces the 
quality and quantity of marketable grain, 
though quantitative data on losses are not 
available. The possibility of the mold fungi 
producing mammalio-toxic chemicals in the 
grain needsfurther investigation. Theonlyfeas
ible way to control grain mold in early-flowering 
cultivars is through the use of host-plant resis
tance. It has been difficult to find a combination 
of good seed quality (from the consumer
preference aspect) and high level of grain mold 
resistance, and prog,'ams are under way to 
concentrate resistance factors in acceptable 
grain types. An international network of 
cooperators is testing elite products from these 
programs. Attempts have been made to identify 
factors responsible for or associated with resis
tance, but a complex of cha-acteristics is likely 
to be operating against this complex problem. 
The genetic basis of resistance is likely to 
include the additive effects of many genes. 

89 



Questions 	 References 

In order that grain mold control programs mayprogress inthe most direct and sensible way, ALPERT, M. E., HUn-, M. S. R., WOGAN, G. N., and we would like the discussion on grain mold to DAVIDSON, C.S.1971.Association between aflatoxinincwulud coieatediscion oherlinginclude 	 q- tcontent offood and hepatoma frequency in Uganda.consideration of the following ques- Ca cr2 : 53 60 
tions: 

1. Is grain mold still considered a major prob-
lem for sorghum improvement in the 
tropics? 

2. Are there situations, locations, regions, 
etc., in which grain mold is not a problem 
and for which we need not provide grain 
mold resistant cultivars? Keep in mind the 
evidence from dry-season sorghum grain
production, in which grains of highly sus-
ceptible cultivars are infected particularly 
withFusarium spp, eventhough thegrains 
appear relatively clean, 

3. 	 Is there a need for quantitative studies on 
relationships between yield loss and mold 
incidence or (in view of the other impor-
tant effects of grain mold on market value, 
viability, nutritive value, and mycotoxin 
potential) can weacceptthatthe onlygood 
grain is a mold-free grain and use our 
resources on research to control grain 
mold? 

4. 	What improvements can participants 
suggest in the screening and rating proce
dures described? 

5. 	 Is thy, international testing program 
wortLwhile? (More questions on this in the 
paper on the International Sorghum Grain
Mold Nursery.)6. Is more emphasis needed on identification 
of factors responsible for or associated 
wifcth rsresstance? Ifothe orasise" 

how is the information to be used? 
7. Do we need to study further the genetic 

basis of resistance? 
8. 	 Is there a need to intensify research on the 

mvrctoxin dangers of molded sorghum? If 
so, where can the work be done? 

We hope that participants will help us answer 
these questions and raise others that they feel 
are important. 
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Fusarium and Curvularia Grain Molds in Texas
 

L. L. Castor and R. A. Frederiksen* 

Grain sorghum is grown on 14.5 million acres (6 
million ha) in the USA, producing annually 
about 800 million bu (22 million tonnes). Grain 
production in Texas accounts for about 40% of 
the USA total. Sorghum in Texas is grown 
under a wide range of climatic conditions 
from the rainy humid southeastern coastal 
areas to the dryland agriculture areas of the 
northwest. Rainfall is evenly distributed 
throughout the year and is usually sufficient for 
crop growth, although in the dryland areas 
winter rainfall and summer irrigation are im-
portant for maximum crop yields. Typically, 
Texas sorghum hybrids are photoperiod-
inensitive plhybds re-srhu" andhinsensitive "red" plant types, and they are 
usually short-statured to facilitate combine har-
vesting. The grain is characterized by a pig-
mented (nonwhite) pericarp and the absence of 
a testa. Sorghum grain is used for feed, food, 
and industrial purposes in the USA, although in 
Texas the grain is used almost exclusively as 
animal feed. 

Grain molds are a sporadic problem in Texas, 
usually associated with prolonged rain at ma
turity or during the grain-filling period. Rain 
favors fungal growth and delays harvest (which 
is by combine), in turn compounding the prob
lem. Generally, grain molds are more often 
encountered in the southeastern areas; here 
unusually heavy rains, as the crop neared 
maturity in i976, affected 400000 ha and 
caused 46 million dollars loss (Texas Agricul-
tural Experiment Station 1978). However, in 
1974 grain mold and head blight fungi caused 
substantial losses on the High Plains, an area in 
northwestern Texas that is normally very dry. 
These experiences emphasize the importance 
of research on grain molds and the need to 
develop varieties with gre'ter levels of resis-
tance to grain mold fungi. 

* Graduate Student and Professor, Department of 
Plant Sciences, Texas A & M University, College 
Station, Texas, USA. 

Grain mold research in Texas has dealt with 
several basic and applied problems during the 
past 3 years. We have attempted to answer the 
following questions: 

1. Which fungi cause grain molding? 
2. 	What types of damage can grain mold 

fungi cause, and how can the damage be 
measured? 

3. Which fungal species is/are the most 
damaging? 

4. When and how does infection occur? 
5. 	How can resistant sorghum lines be 

identified?
6. What is the most efficient and effective 

screening program? 
These questions are interrelated to varying 

degrees. This paper will consider each sepa
rately. Speculation will be included, where ap
propriate, to stimulate thought and discussion. 
In addition, areas of thought important for 
future research are listed. 

Causal Fungi 

Numerous reports have listed the large number 
of fungi which can be isolated from sorghum 
grain, in storage as well as in the field. In Texas 
thepredominant field fungi, in decreasing order 
of prevalence, belong to the genera Alternaria, 
Fusarium, and Curvularia. Alternaria spp are 
commonly found in 50to90% oftheseedsfrom 
"normal" grain having high germination. A 
comparison of surface-sterilized with 
nonsurface-sterilized seeds indicated that the 
growth of Alternaria spp was relptively super
ficial; the percentage recovery was reduced 
with surface sterilization. In contrast, Fusarium 
and Curvularia spp were identified in high 
numbers from seeds of molded samples low in 
germination. Therefore Fusarium and Cur
vularia spp were identified as the important 
grain-molding fungi in Texas. The main species 
of 	Fusarium and Curvularia identified were 
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F. moniliforme, F. semitectum, C. lunata, C. 
protuberata and C. trifolii. 

Types of Damage 

Grain mold fungi may cause losses in yield and 
quality of harvested grain in five major ways. 
These types of damage are often related, and 
the importance of each depends on how the 
grain is used. 

Grain mold fungican producediscolorations, 
and the fruiting structures (e.g., pycnidia of 
Phoma spp) of fungi appear on the pericarp or 
outer endosperm regions of the kernel. These 
"blemishes" can reduce market value and 
cause an off color in grain processed for human 
food. This damage will be of less importance in 
areas of the world, such as Texas, where grain is 
used as an animal feed. 

Fungi such as F. moniliforme and C. lunata 
secrete enzymes that can degrade endosperm 
(starch) and germ tissues; the process is often 
accompanied by visibly molded kernels (Wadje 
and Deshpande 1976). In addition, plant en-
zymes especially with F. moniliforme, may be 
stimulated, causing the initiation of germi-
nation and the subsequent breakdcwn of endo-
sperm tissue. Regardless of the source, the 
enzymes reduce feed or food value per kernel. 
Generally, feeding trials have shown that there 
is little difference in energy value between 
degraded and nondegraded kernels (Texas 
Agricultural Experiment Station 1978).

F. moniliforme and C. lunata appear to inter-
fere with carbohydrate translocation to develop-
ing kernels, causing a reduction in kernel size 
and/or weight (Bhatnagar 1971; Castor et al. 
1978; Castor and Frederiksen 1977; Gray et al. 
1971; Mathur et al. 1975). This possibly occurs 
when fungi colonize rachis branches or the hilar 
region. In this case, grain yield can be reduced 
without the occurrence of visibly molded ker-
nels. 

Fungus-infected seeds often exhibit a reduc-
tion in germination and emergence, which 
cause poor stands in farmers' fields (Bhatnagar 
1971; Castor 1977). In addition, seedlings may 
be killed after emergence, or their growth may
be reduced (Bhatnagar 1971). This is especially 
important in areas of Asia and Africa where 
farmers plant varieties (rather than hybrids)and 
save their seed for the next crop. F. 
moniliforme, in particular, seems to initially 

colonize the scutellar region. Such proximity to 
the embryo could easily explain the reduced 
germination of infected seeds (Castor 1977; 
Mathur et al. 1975). This damage also can occur 
without producing visibly molded kernels. 

Finally, certain fungi can produce metabolites 
(mycotoxins) that are toxic or debilitating when 
fed to animals or humans. F. moniliforme and F. 
semitectum are known to produce zearalenone 
or its derivatives (Schroeder and Hein 1975; 
Stipanovic and Schroeder 1975). Fusarial 
mycotoxins, zearalenone and T-2, have been 
identified from molded sorghum in India and 
Texas (Rukmini and Bhat 1978; £-hroeder and 
Hein 1975). 

Measurement of Damage 

Damage from grain mold fungi may take sev
eral forms and be measured in several ways. 
Molded and/or discolored kernels represent 
one of the most obvious and easily measured 
signs of damage by these fungi. In addition, 
molded grain usually has a reduced test weight
when compared with nonmolded grain. Other 
types of damage may be determined by 
measuring such factors as germination, test 
weight, 100-kernel weight, preharvest sprout
ing, kernel hardness, conductivity of seed 
leachates, digestible nutrients, etc. Many of 
these are related; for example, test weight,
100-kernel weight, and kernel hardness would 
reflect the degree of fungal colonization (and
digestion) of endosperm and germ tissues. 
Since most of these tests measure character
istics that depend to a large extent on variety, 
the true effect of grain mold fungi can be 
determined only by comparing molded or fungal 
inoculated grains with nonmolded or noninocu
lated grains. This is especially important when 
attempts are made to identify lines resistant to 
grain mold fungi. 

Field ratings are .iniversafly used to identify
resistant sorghum lines, although the exact 
rating scale mayvaryamong researchers. Table 
11 ists field and threshed-seed ratings of natural, 
noninoculated, and inoculated heads for 14 
grain sorghum lines. The lines are ranked in 
order of increasing field ratings. Thesameorder 
of the lines is maintained in subsequent tables 
for ease in comparison. The reactions of the 
lines range from resistant (SC-0103) to suscep
tible (Tx-2536), based on field ratings. When 
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Table 1. Comperison of 1977 grain mold field and thrmhed-seed ratings among 14 grain sorghum
8llne. 

Threshed-seed Ratingc
Sorghum IS Field
 

line Numberb Rating' No Cd Fd
 

SC-0103 2403 1.0 2.0 2.8 2.2
SC-0719 7013 1.1 1.5 2.5 4.5
SC-0630 1269 1.5 2.7 2.3 2.5
SC-0748 3552 1.5 2.3 3.3 2.3
SC-0566 7254C 1.6 2.0 2.2 2.0 
SC-0279 7419C 1.8 2.0 2.5 2.3 
74 PR-759 - 1.9 1.4 1.7 4.5
SC-0097 12602C 2.0 2.5 3.0 4.5 
CS-3541 - 2.1 1.5 1.5 1.7
SC-0599 17459 2A 2.3 33 3.0 
B-2219 - 2.5 1.7 1.7 2.2 
BTx-398 412 2.9 23 3.5 23 
TAM-428 12610 3.0 2.5 3.0 2.8 
Tx-2536 10542 3.6 2.7 4.0 5.0 

a. Heads Inoculated at flowering; bagged for 1 week 
b. Most entries are partially converted sorghums; those IS Items followed by a "C" are fully convened 
c. Rating on 1-5 scale where 1 - clean seed with no discoloration and no mold; 5 - molded seed 
d. Treatments are N nonlnoculated, bagged control; C Inoculation with a mixture of Isolates from three Curvularls spp; F 

Inoculation with a mixture of Isolates from two Fusarlum spp. 

looking atthethreshed-seed ratings,twothings 
become apparent. First, field and threshed-seed 
ratings are not necessarily related. Three lines 
(SC-0719,74 PR-759, and SC-0097) appear resis-
tant, based on field ratings, but ratings on 
threshed seeds from Fusarium-inoculated 
heads show all three lines to be very suscepti-
ble. Field ratings on natural or Fusarium-
inoculated heads would have permitted these 
lines to escape detection, since mold growth on 
kernels was predominantly hidden by the 
glumes and became visible only after threshing. 
Second, resistance to Fusarium spp is not re-
lated to resistance toCurvulariaspp. Three lines 
(SC-0103, SC-0748, and BTx-398) appear resis-
tant to Fusarium, based on threshed-seed rat-
ings, but moderately susceptible to Curvularia. 
CS-3541, B-2219, and SC-0566 would be iden-
tified as the best or most resistant lines, 

Test weight and germination are two com-
monly used means of measuring grain mold 
damage. Since 100-kernel weight relates 
reasonably well to test weight and is less 

variable, only kernel-wt data are considered. 
The percent reduction in 100-kernel weight and 
germination by Curvularia and Fusarium spp, 
compared with a noninoculated control, 
are presented in Table 2. In general, kernel 
weight and germination are reduced more by 
Fusarium than by Curvularia spp. Based on 
kernel weight and germination data, SC-0719, 
74 PR-759, and SC-0097 again appear very 
susceptible, confirming the evaluation of 
threshed-seed ratings. SC-0103 and SC-0748 
again appear more susceptible to Curvularia 
spp than to Fusarium spp, based on germi
nation data. Howev6r, BTx-398 had little reduc
tion in germination with either Curvularia or 
Fusarium, indicating that the discoloration/ 
mold on the kernels was superficial; very little 
internal damage occurred. Two lines, SC-0103 
and BTx-398, had little reduction in germi
nation, but sizeable reductions in kernel weight. 
Apparently, reduction in kernel weight need not 
be related to a reduction in germination or to 
visibly molded or discolored kernels. Fungal 
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Table 2. Comparisonofthepercentreduction 
In 100-kernel weight and germina-
tion by Curvularla (C) and Fusarlum 
(F) species among 14 grain sorghum 
lines. 

Percent reductiona 

100-kernel weight Germ-nation 
Sorghumline CSC-0630

line C F C F 

SC-0103 12 16 7 1 
SC-0719 4 16 6 36 
SC-0630 0 0 6 2 
SC-0748 1 13 13 6 
SC-0566 2 3 12 13 
SC-0279 0 3 15 47--79 0 3 15 47 

74-P 75 	 2525 16 45SC-0097 166 16 45 

CS-3541 9 5 18 17 
SC-0599 5 1 4 16 

B-2219 5 13 2 10 

BTx-398 11 11 2 1 

TAM-428 0 15 4 34 
Tx-2536 1 25 60 92 

100 (N-C) 100 (N-F) 
a. Percent reduction - and 

N N 

treated heads often had noticeably smaller 
kernels when compared with ncninoculated 
controls. The three best lines based on 
thresned-seed ratings appeared relatively sus-
ceptible; CS-3541 and SC-0566 had reduced 
germination, while B-2219 had reduced kernel 
weight. Only one line, SC-0630, had little or no 
reduction in kernel weight and germination, 

Preharvest sprouting can occur under condi-
tions of excessive moisture from the time sor-
ghum kernels approach physiological maturity 
until harvest. Sprouting can be measured in the 
field as the shoots become visible, or in hat-
vested seed by observing the ruptured pericarp 
above the germ -often with an elongated 
epicotyl or hypocotyl present. Preharvest sprout-
ing for this study was measured by the latter 
method. One point emerging from these 
studies is that, with certain varieties, Fusarium 
spp increase preharvest sprouting when inocu-
lated into heads at flowering (Tables 3, 4, 5). 
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"able 3. 	 Percentage preharvetsprouting and 
Fusarlum sprouting index for 14 
grain sorghum lines In 1977. 

Preharvest sproutinga Fuserium 
Sorghum b b sprouting 

F indexcline N C 

.9 .9 i.8 1.8 
SC-0719 .3 2.0 
SC-0103 

10.3 ',429.9 
0 0 0 0 

SC-0748 0 0 .5 0 
SC-0566 1.2 4.7 5.5 82.5 
SC-0279 .4 .8 1.3 2.6 
74-PR-759 .9 7.3 28.3 23 602.2 
SC-0097 2.3 2.0 12.7 596.9 
CS-3541 .5 1.3 1.2 1.2 
SC-0599 .4 .3 4.9 250.0 

B-2219 .3 1.7 S.3 1356.0BTx-398 .5 .2 2.7 27.0 

.1 1.3 1.3 18.2TAM-428Tx-2536 2.4 	 4.3 15.9 1228.4 

a. Measured by observing ruptured perlcarp abov, germ 

b. Treatments are: N noninoculated contra!; C !. cuietlon 

wth three Curvularla spp; F Inoculation wltn twoFusarlum 

F (N-F)2 
c. 	 Sprouting Index = 

N 

Seitz et al. (1975) measured sprouted kernels, 
incidence of Fusarium, and germination of 
samples of weathered sorghum in Kansas. Al
though not discussed in their paper, their data 
(Table 3, p.1262) show an inverse relationship 
between germination and incidence of 
Fusarium. In addition, the inc;dence of 
Fusarim was positively related to the amount 
of sprouting. SinceCurvularia spp havelittle or 
ro effect on preharvest sprouting, a "Fusarium 
sprouting index" was devised to measure the 
relative resistance of lines to Fusarium-induced 
sprouting. A large sprouting index dbiotes a 
susceptible line, and is obtained when thereisa 
large difference in sproiting between Fusarium 
and noninoculated tr,'atments. SC-0719, 74 
PR-759, B-2219, and Tx-2536 were among the 
lines more susceptible to Fusarium-induced 
sprouting under the conditions of this study. 
SC-0630, SC-0748, CS-3541, and SC-0103 were 
the lines more resistant to Fusarium-induced 
sprouting. Fusarium-induced preharvest 
sprouting was negatively correlated with ger
mination, but not with any of the other variables 



Table 4. 	 Comparison of average values among treatments applied to eight grain sorglhum Ilnes I
1976. 

Treatmentso 

NAT N NW C F 

Field ratingb 2.0 1.7 1.7 1.9 1.8 
Molsturec (%) 18.5 16.5 16.4 15.2 13.0 
Yioldd (g) 604.0 448.0 497.0 422.0 376.0 
100-kernel wt (g) 3.02 2.76 2.89 2.77 2.55 

Germination' (% 92.0 97.0 95.0 94.0 77.0 
L. uting (%) 1.0 6.0 6.0 8.0 16.0 
Curvularia (%) 0 8.0 11.0 80.0 0 
Fusarium (%) 4.0 28.0 29.0 36.0 100.0 

a. 	 Heads Inoculated at flowering and bagged until harvest. Treatments are: NAT noninoculated, nonbagged control; N 
noninoculated, bagged control; NW water-sprayed, bagged control; CInoculated with Curvularia sr'p, bagged; FInoculated 
with Fusarlum app, bagged. 

b. Ratings on 1-5 scale where 1 = clean seeds; 5 - molded seeds. 
c. Dry-wol2ht basis. 
d. 10 heackh.reatment/llne. 
v. Rolled-tcey'l method. 

Table 5. 	 Comparison of seed rating, kernel 
weight, germination, and preharveat 
sprouting among treatments applied 
.,o14 grain sorghum lines In 1977. 

Treatments 

NAT N C F 

Threshed-seed ratingb 2.4 2.1 2.7 3.0 
100-kernel wt (g) 2.62 2.68 2.53 2.34 
Germinationc (%) 84.0 90.0 79.0 71.0 
Sproutingd (%) 1.1 0.7 2.0 6.6 

a. Heads Inoculated at flowering; bagged for 1week. 
Treatments are: NAT noninoculated, nonbagged; N 
noninoculated; Cinoculated with three Curvularla spp; F 
Inoculated with two Fusarlum app. 

b.Ratings on 1-5 scale, where 1- dean reeds; 5 = mold 
seeds. 

c. Rolled-towel method. 

measured. However, a reduction in germination 
could occur independently of sprouting. 

Identification of Resistant Lines 

Two major points emerge from the preceding 

studies. First, lines resistant to Fusarium are not 
nocessarily resistant to Curvularia. Second, 
!ine.- tesistant to one type of damage (and pne 
moct of fungal attack) are not necessarihy 
resistantto other types of damage(and possib!y 
other modes of attack). Since particular tests 
(field rating, threshed-seed rating, germination, 

etc.) measure particular types of damage, no 
one test has yet been found that can reliably 
identify sorghum lines resistant to grain mold 
fungi. In fact, reductions in kernel weight or 
kernel size could easily be overlooked or attri
buted to other causes, unless a specific effort 

was made to compare fungus-Inoculated heads 
with controls. Several tests would offer a much 
better chance of find ing Iines with resistance. In 
an effort to integrate the results of several tests, 
lines were ranked from least-damaged to 

most-damaged for each of eight tests. Rank 
values for each line were summed to obtain an 
overall acceptability rating (Table 6). SC-0630, 
SC-0297, and SC-0566 are the three lines most 
resistant to Curvularia and Fusarium spp. Actu
ally, SC-0630 may show a slight reduction in 
germination with Curvularia. SC-0279 may 
show a sizeable reduction in germination with 
Curvularia. SC-0566 may show reduced germi
nation with both Curvularia and Fusarium and a 
slight tendency to sprout Interestingly, some of 
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Table 6. Relative acceptability of 14 grain sorghum lines for resistance to Fuswrlum and 
Curvular/e grain mold fungi, based on rankings for eight critawla 

Seed rating 100-kernel weight Germination 
Sorghum 

line 
Field 
rating C F C F C F 

Sprouting 
index 

Acceptability 
value 

SC-0630 3 5 8 1 1 5 3 1 27 
SC-n279 6 6 5 1 3 10 4 5 40 
SC-0566 5 4 2 6 3 8 7 8 43 
SC-0748 3 11 5 4 7 9 5 1 45 
SC-0103 1 8 3 12 10 7 1 4 46 
B-2219 11 2 3 8 7 1 6 12 50 
CS-3541 9 1 1 10 5 12 9 3 50 
BTx-398 12 13 5 11 6 1 1 7 56 
TAM-428 13 9 9 1 9 3 10 6 60 
SC-0599 10 11 10 8 2 3 8 9 61 
SC-0719 2 6 11 7 10 5 11 14 66 
74-PR-759 7 2 11 12 12 13 13 13 83 
SC-0097 8 9 11 14 13 11 12 10 88 
Tx-2536 14 14 14 4 13 14 14 11 98 

v. Determined by ranking lines from least-damaged to most-damaged, and summing rank values for each line. Minimum 
score = 8; maximum score - 112. 

the same lines - SC-0630, SC-0279, SC-0566, 
SC-0748, and BTx-398 - have been identified 
as being relatively resistant to field deteriora-
tion (weathering). Glueck and Rooney (1976), 
and Glueck (1979) have measured various 
physical characteristics of the grain from these 
lines in relation to their resistance. Rooney 
summarizes their findings in this session (see 
"Chemistry and structure of grain in relation to 
grain mold resistance"), 

Importance of Fungal Species 

Results from studies comparing Curvularia and 
Fusariumspparesummarized inTables4and 5. 
Fusarium spp are generally more damaging 
than Curvularia spp, although particular lines 
(SC-0103 and SC-0748) may be damaged more 
by Curvularia spp. Fusarium spp reduce yield, 
moisture content, 100-kernel weight, and ger-
mination more than Curvularia spp, when com-
pared with noninoculated controls. The re-
duced moisture content at harvest may indicate 
thatFusarium can cause premature senescence 
of the kernels. Maturity earlier than normal 
could easily explain the reductions in kernel 

weight, size, and yield with the Fusarium treat
ments. 

A comparison was made between the two 
Fusarium spp to determine their relative impor
tance (Table 7). F. moniliforme was found io be 
much more damaging than F. semitectum; F. 
moniliforme reduced yield, 100-kernel weight, 
and germination to a much greate, ?xtent than 
F. semitectum compared with the noninocu
lated controls. F. monififorme appears to be 
responsible for the increased preharvest 
sprouting. Inoculations with a mixture of iso
lates of both Fusarium species resulted in less 
reduction in yield aidi 100-kemel weight than 
when F. moniiforme alone was inoculated. This 
indicates that single-species inoculation would 
give a more reliable measure of damage. This is 
supported by data from experiments conducted 
at ICRISAT (Castor et al. 1978). Mixtures of 
Fusarium spp or mixtures of Fusarium and 
Curvularia spp produced less damage than 
inoculation with single species. Additionally, 
C. lunata and F. moniiforme both reduced 
moisture content at harvest under ICRISAT 
Center conditions; F. semitectum did not re
duce moisture content. 

F. moniifortne is generally more damaging 
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Table 7. Comparison offour charactoristices among five treatments applied tothree grain sorghum 

lines In 1977. 

Yield' (g) 
100-kernel wt (g) 
Germinationc (%) 
Sproutingd (%) 

Treatmentsa 

NAT N F FS FM 

385 344 284 291 269 
2.30 2.39 2.31 2.35 2.23 

81 92 76 85 78 
1.6 2.0 9.1 3.6 6.9 

a. Inoculated at flowering; bagged for 1 week. Treatments Include: NAT nonlnoculated, nonbaggd control; N nonlnoculated 
control; F Inoculation with two Fusarlum s.p; FS Inoculation with F. aemitectum Isolates; and FM Inoculalon with F. 
moniliforme Isolates. 

b. Based on 10 heads/trestmenttvarlty 
o.Rolled-towel method 
d. Bihsd on split perlcarp above germ 

than Curvularia spp (primarily C. lunata) under 
Texas conditions. This is in contrast to experi-
ments at ICRISAT where C. lunata was found to 
be more damaging than F. monififorme. F. 
semitectum was relatively unimportant in 
Texas or at ICRISAT. 

Infection 

Field experiments in Texas and at ICRISAT 
Center have shown that the greatest damage, 
based on reduction in germination, occurs 
when sorghum heads are inoculated at anthesis 
or within 2 to 3 days of anthesis (Castor 1977; 
Rao and Williams 1977). This indicates that 
floral tissues (glumes, stigmas, styles, etc.) are 
most susceptible at flowering and become less 
susceptible thereafter. Additional support for 
early infection comes from information about 
the types of damage caused by grain mold 
fungi. Reduction in kernel weight or size would 
suggest an early and prolonged exposureto the 
pathogen's influence, 

A comparison of seeds from heads inoculated 
with F. moniliforme, F. semitectum, and Cur-
vularia has shown that F. semitectum produces 
minimal discoloration of kernels and no cdegra-
dation of endosperm and germ tissues. Cur-
vularia damage, a partial degradation of the 
endosperm, appeared to progress slowly in-
ward from the pericar'. In contrast, F. 
moniliforme appeared to initially colonize the 
region where the hilum, scutellum, and endos-
perm join. Progressive colonization of the 

scutellum and endosperm followed. The em
bryo appeared to be the last tissue to be 
damaged. This observation is supported by 
data from experiments where embryos were 
excised. Seeds from inoculated susceptible 
lines exhibited very low germination (27%), 
even though embryo viability was high (68%) 
(Castor 1977). Glueck states that the germ ap
pears to be the primary and initial area of 
preharvest grain deterioration, although no dis
tinction is made between weathe - or fungal
caused deterioration (Glueck 1979). Addition
ally, fungal isolations from glumes, seeds with
out ,-mbryos, and embryos have shown that 
embryos contain less fungi than any other 
tissue (Castor 1979; Mathur et al. 1975). The 
location of mycelial (mold) growth on kernels 
would support these observations. F. semitec
tumrproduced little or no mold. Curvularia spp 
first produced mold on portions of the seed not 
covered by the glumes. F. monififorme mold 
was found initially beneath the glumes, around 
the germ and hilum. Eventually, mold of Cur
vularia sp and F. moniliforme could cover the 
entire kernp' surface. There is some evidence 
suggesting th., 5.moniliforme mold growth 
over the kernel surface occurs only after com
plete colonization (and degradation) of the en
dosperm tissues. How infection, kernel de
velcpment, and damage are related, based on 
current evidenceforF.moniiforme, is shown in 
Fig. 1. 

The preceding discussion is based on general 
observations. The avenue of entrance of a 
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Figure 1. Schematic diagram showing the relation between inffection and physiologicmaturity of 
sorghum by common grain-molding fungi. 

particular fungal species and the degree of 
damage could and probably does vary among 
sorghum lines. Specific studies are now in 
progress to show where pathogens (F. 
moniliforma and C. lunata) enter the kernels 
and when this occurs. 

Screening Program 

The screening oLsorg hum lines for resistance to 
grain mold fungi is complicated by several 
factors, including the large number of causal 
fungi, the different types of damage (probably 
indicating different modes of fungal attack), hnd 
the large number of lines. The following screen-
ing system is proposed as one method to 
identify lines with the best resistance to grain 
mold fungi: 

Stage 1 
Lines are grown at several locations known 
to be favorable for grain mold develop-
ment. Susceptible lines are discarded, 
based on field ratings. (As a first step in a 
screening program, field ratings are ac-
ceptable, despite their shortcomings. Sus-
ceptible lines may escape detection due to 
differences in maturity among lines, or to 
variability in weather. Mod may be hidden 
by glumes. Lines with reduced kernel 
weight or size and sprouting may escape 
detection.) 

Stage 2 

Lines selected during Stage 1are grown at 
one location and inoculated at flowering 
with a mixture of fungi. Noninoculated 
controls for each line are grown. Suscepti
ble lines are discarded, based on field 
ratings. "Resistant" lines, including inouu
lated and noninoculated heads, are har
vested. Thre had-seed measurements are 
taken and susceptible lines are discarded. 
Depending on the number of lines selected 
in Stage 1, this stage could be skipped 
entirely. 

Stage 3 
Lines selected in Stage 2 are grown at one 
location and inoculated with individual 
species. Noninoculated controls are grown 

with each line. Based on field and 
threshed-seed ratings, susceptible lines are 
discarded. Additional tests, such as 100
kernel weight, germination, sprouting, etc., 
are conductec to determine the levels of 
resistance of the remaining lines. At this 
point, selected lines could be crossed 
among themselves or to high-yielding ag
ronomic varieties in an efiort to increase 
the level of resistance. 
(Artificial inoculation of early generation 
breeding progenies may be feasible as a 
way of identifying resistant sorghum lines. 
Data from Texas indicate that inoculatio)n of 
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F2 plants followed by selection of individual 
heads can be an effective means of rapidly
developing grain mold resistant lines.) 

Stage 4 
Elite lines from Stage3 are tested for other 
characters such as nutritional quality, pro-
tein content, and protein quality, as well as 
for reactions to other field fungi (Phoma 
and Alternaria) and to storage fungi 
(Penicillium and Aspergillus). 

This program is comprehensive and theoreti-
cal; no other sorghum improvement program is 
as thorough, so far as is known. Most programs 
generally rely on Stage 1 or Stage 2 screening. 
Lines developed by such programs are rela-
tively resistant to molding caused by the fungi, 
but may very well be susceptible to a reduction 
in kernel weight or size or to F. moniliforme-
induced sprouting. As the more immediate and 
obvious problem of molding is overcome, an 
attempt to ensure that linesare resistant to the 
cter types of damage must be made as well. 

Future Research 

Future research should include several impor-
tant areas. Phoma grain mold may become an 
increasing problem as sorghum lines with 
greater levels of re!;istance to Fusarium and 
Curvularia spo are developed. Observations 
suggest that the presence of other fungi inhibits 
colonization of kernels by Phoma, which ap-
pears to colonize kernels superficially without 
doing much damage to the endosperm. How-
ever, the grain is discolored and appears to be 
of poor quality. In addition,Phoma sorghina has 
been reported to produce a mycotoxin 
(Boerema et al. 1977). 

Generally, storage fungi such as Penicillium 
andAspergillus sppoccur in very lowfrequenco/
in sorghum kernels. The presence of field fungi 
may also inhibit the development of storage 
fungi (Pettit and Taber 1978; Seitz et al. 1975). 
Unfortunately, susceptibility of lines to storage
fungi or Phoma may be detected only after 
resistance to Curvularia and Fusarium spp has 
been developed.

Alternaiia spp were considered unimportant 
in Texas, because they did not mold kernels or 
reduce germination. What about reduction in 
kernel weight or size? Grain mold resistant lines 
should be tested for their reaction to some of 

the less common grain fungi (Alternaria spp, 
Helminthosporium spp, etc.). 

Attention should be given to nutritional qual
ity. Isgrain that is less "digestible" by fungi also 
less nutritious when used as a feed or food?
This is perhaps not as improbable as it may 
s3em. Sorghum lines having a testa are more 
resistant to grain mold fungi (and to birds).
However, the testa contains relatively large 
amounts of polyphenolic compounds (tannins), 
which can crmplex with grain proteins, making 
them less available for digestion. Such grain is 
less nutritious. 

The relationship between physical charac
teristics of grain (conductivity of seed leachate, 
rate of water absorption, etc.) and resistance to 
sp-ecific grain mold fungi needs to be worked 
out. Is resistance due to grain structure, to grain
physiology, or to a combination of both? Grain 
physical characteristics may be more important
during the postmaturity period, when grain 
deterioration due to weather and fungi, both 
saprophytic and pathogenic, occur. 

Research on Fusarium-produced mycotoxins 
might seem less important today, since mold
resistant lines are being identified. However, 
many of these relatively resistant lines do show 
limited mold development, especially under 
environmental conditions favorable to the 
paihogen. Just how this limited fungal growth 
relates to the presence of mycotoxins and their 
concentration is not known. In this regard, the 
determination of therelationshipamong fungal
growth (colonization); visible mold, and 
mycotoxin concentr3tion would be of major 
value to researchers and consumers. 

Much progress in the understanding of Cur
vularia and Fusarium grain molds and in the 
identification of mold-resistant sorghum lines 
has been made during the past few years. 
Mold-resistant agronomically acceptable var
ieties are currently being developed in many 
areas of the world. Much additional research 
needs to be carried out to determine how good 
these grain mold resistart varieties actually 
are, and howacceptablethe willbetofarmers. 
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Screening for Sorghum Grcin Mold Resistance
 
at ICRISAT 

K. N. Rao and R. J. Williams* 

Native landrace sorghums are generally of long 
duration and are relatively low yielders. High
yielding sorghums are being developed using 
exotic germplasm and daylength-neutral 
sorghum-conversion lines. Improved varieties 
flower and mature early when soil moisture 
levels are adequate for grain filling. When rains 
persist beyond flowering and maturity, these 
improved varieties may develop molds on the 
grain, reducing its quality and quantity. The 
problem of grain molds is widespread and is 
considered one of the top-priority problems in 
the ICRISAT Sorghum Improvement Program. 
Systematic work on grain molds at ICRISAT 
Center began in 1974. Our priorities were 
sharpened with the information provided in the 
1977 International Sorghum Workshop. 

Objecti-.es 

The objectives of the ICRISAT sorghum grain
mold projects are: 

" to elucidate the epidemiology and biology 
of the disease complex; 

* 	to develop effective large-scale field and 
laboratory screening techniques; 

* 	 to screen large numbers of germplasm and 
breeding materials for identification of 
sources of resistance; and 

" 	to utilize resistance sources in developing 
mold-resistant cultivars with good ag-
ronomic traits, in a cooperative program 
with sorghum breeders. 

Research activities aimed at the first three 
objectives are briefly discussed in this paper. 
Research activities on the fourth objective will 
be presented later in this session by our col-
league, plant breeder Dr. D. S. Murty. 

* 	 Plant Pathologist and Principal Cereal, Pathologist, 
ICRISAT. 

Symptoms 

Initial mold symptoms appear as white or grey 
mycelial growth on rachis, glumes,and anthers. 
The grains become discolored and at physio
logical maturity, discolorations are observed. 
black for Curvularia sp; pink for Fusarium sp; 
snow white for Qipitrichum sp; and grey for 
Alternaria orDrechslera sp. The fruiting bodies 
of Phoma sp and Colletotrichum sp appear as 
small raised black dots. Severely molded grains 
are generally lighter than clean grains and 
disintegrate when pressed between thumb 
and forefinger. Alternate wetting and drying
coupled with infection by mold fungi cause 
grain deterioration. It is difficult to differentiate 
physical and physiological qrain deterioration 
from deterioration caused directly by fungi. 

Associated Microflora 

Seventeen fungal species in 11 genera were 
isolated from field-collected molded sorghum 
grain (with assistance in identification from 
the Commonwealth Mycological Institute, 
England). The fungi isolated were: Alternaria 
triticina, Cladosporium tenniussimum, 
Cochliobolus spicifer,Colletotrichum sp, Curvu
laria lunata, Curvularia verruculosa, Drechslerd 
halodes, Drechs/era sp, Fusarium semitectum, 
F. fusarioides, F. monififorme, F.acuminatum, F. 
lateritium, Olpitrichum sp, Penicil/ium 
oxa/icum, Phoma sorghina, Trichothecium 
roseum. 

The most frequently isolated genera were 
Fusarium, Curvularia, Phoma, and 
Trichothecium. 

Effect of Mold on Seed Viability 

Molded grain and ipparently clean grain of the 
same cultivar were incubated on moist blotters, 
and observations on viability were recorded. 
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Molded grain of CSV-3 was subdivided on the 

basis of color and each color was again sub-

divided into two lots - surface-sterilized with 

0.1% mercuricchloridesolutionfori.5min, and 

nonsurface-sterilized. Germination values after 

7 days in moist chambers were 0.8% for pink 

nonsterilized, 0.8% for pink sterilized, 4.1% for 
blackblack nonsterilized, and 9.2% for 

sterilized. Apparently clean grain of the same 

variety from postrainy season harvest gave up 

to 100% gerriination. In similar studies with 
other cultivar, using 400 seeds in each case, 

wasloss in viability of molded grain up to 99% 

observed in molded grain. 

Screening Techniques 

Host-plant resistance is the only control method 

for sorghum grain molds that will be viable 

economically and technically on peasant farms. 

G ain mold resistance screening has been 

carried out in various programs utilizing natural 
mold development, when the materials were 
exposed to rains during flowering and maturity, 
There is a possibility that lines selected under 

such natural screening are not truly resistant; 
they could be escapes. To minimize escapes, 
there was a need to develop an effective screen-
ing method. The method developed at ICRISAT 
Center for field and laboratory screenings is 
briefly described here. 

Field Screeninq 

with brownSorghum earheads are covered 


paper bags at emergence from the boot.
 

Pathogenic isolates of Fusarium moniliforme, 

F. semitectum, and Curvularia lunata are grown 
on autoclaved sorghum grain for one week. 
Aqueous mycelial/conidial suspensions 
(2 x 103 conidia/ml) are prepared and sprayed 

onto the sorghum heads 7 days after bagging, 

and bags are replaced for another 14 days, after 

which they are removed. Scoring for mold 
development is carried out on inoculated and 
on open panicles 45 days after inoculation. On 

rain-free days, sprinkler irrigation is provided 

for half an hour in the evenings to maintain highhumiity.Advanced 

humidity. 


Laboratory Screening 

Field screening allows only one screening in a 

year, and its 3uccess depends on the weather 

during the critical flowering period. In an at

tempt to make screening independent of sea

son and local weather conditions, we experi

mented with laboratory screening procedures. 

At the present stage of development, the 

laboratory screening procfedure is divided into 

two phases with progretisively more severe 

pressure on the test mate'ials. 

Preliminary Screening 

Forty grams grain per entry is taken from 

postrainy-season harvested (7 to 10 days after 

physiological maturity) bulk samples. Grains 

are soaked for 2 hr in tap water in 2-litar plastic 
buckets. Disposable plastic petri plate moist 
chambers are prepared containing blotting 

paper and cotton pads moistened witl, 10 ml of 

0.2% 2,4-D solution. The lids of the peri plate 

are free from blotting paper and cotton paos to 

allowli httopenetratetothegrain.Thesoaked 
washed grain is spread over the blotting paper 
in a single layer, and the petri plates are incu
bated at 25 0C with 12-hr alternate light and dark 

regimes. Each entry is replicated four times and 

randomized to minimize position effects within 
the incubators. Three infection parameters are 
measured: 

Percent Grain Infected 

Simple calculations of percent grain infected 

are made on 400 randomly selected seeds (100 

seeds from each of four petri plates). 

Actual Severity 
Indivirual grains are rated on a 1 to 5 severity 
scale (1 = no mold; 5 = severe mold) and the 
average of 400 grains is calculated. 

Visual Scoring 

Visual rating on a 1 to 5 scale, based on overall 
moldiness of the grain, is performed for indi 
vidual entries 

Screening 
(For rea.,ions to Curvularia only) 

Selected entries from the preliminary screening 

aregiven a more severe test by inoculating their 
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grain with an aqueous suspension ofCurvularia 
lunata conidia (10x 104 conidia/ml). A40-g sam-
pie of seed is dip-inoculated after soaking and 
washing in tap water. Petri plates are incubated 
for 4 days and observations recorded as de-
scribed in preliminary screening. 

Screening at ICRISAT 

Field Screening 

A summary of the field-screening activities at 
ICRISAT Center from 1974 to 1978 is presented 
in Table 1. Initially, breeding materials were 
screened for mold resistance under natural 

mold infections. Most of the materials desig
nated less susceptible vere either brown 
or dark brown pericarp types. Single-head 
harvests were taken for lurther head-to-row 
progeny tests. In 1974, the field-screening tech
niquewas developed and itwas used on a large 
scale in 1975 and 1976. Various groups of 
materials screened are briefly discuss')d belrw. 

Germplasm 

A total of 4036 germplasm lines with white, 
yellow, dull yellow, and light red grains were 
screened during rainyseason 1975. Rainfall was 
frequent and heavy during grain filling and 

Table 1. 	 Summary of the grain mold realatance-screenling activities at ICRISAT Center, 1974 to 
1978. 

Entries screened Entries selected 
Season, and material screened 

Rainy season 1974 
1. Sorghum breeding material 
2. Early maturing lines 
3. Mold resistant nursery & zera zera lines 

Rainy season 1975 
1. Sorghum germplasm 
2. Selected lines from 1974 tests 

Rainy scason 1976 
1. Sorghum germplasm 
2. Elite lines from 1975 tests 
3. Advanced populations 
4. Grain grass material 
5. Population x variety crosses 
6. JP-26 material 

Rainy season 1977 
1. Mold resistance b.eeding material
 

a) First sowing 

b) Second sowing 


2. ISGMN 1977 
3. Advanced populations 
4. Grain grass material 

Rainy season 1978 
1. ISGMN 1978 
2. SEPON 1978 
3. Less-susceptible lines from laboratory screening 
4. International nurseries other than ISGMN-1978 
5. Elite selections from mold resistance-breeding project 
6. Single-head selections from rainy season 1977 
7. Mold resistance-breeding progenies (F, and F2) 

(no) (no) (%) 

2617 27 1.0 
280 26 9.3 
62 14 22.6 

4036 93 2.3 
67 10 14.9 

1421 12 0.8 
103 31 30.1 

2612 10 0.4 
1446 5 0.4 
234 4 1.7 
65 15 23.1 

3004 
4740 564 7.3 

35 7 20.0 
55 - 

636 - 

30 14 46.7 
48 6 12.5 
82 14 17.1 

109 5 4.6 
111 9 8.1 
564 112 19.7 

2096 223 10.6 
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maturation, resulting in heavy mold develop-
ment, both on inoculated and noninoculated 
panicl.s. Entries were scored on a 1 to 9 scale 
(1 = no mold; 9 = completely molded) and 103 
entries were selected with a rating of _-3. These 
entries were increased in the postrainy season 
1975-1976 for further testing. During rainy 
season 1976, an additional 1441 sorghum 
germplasm lines were screened in the field. Of 
1544 entries, only 43 were rated as low sus-
ceptible, and these were further screened dur-
ing the 1977 and 1978 rainy seasons. Relatively 
less-susceptible entries were tested on a wide 
scale in a cooperative multilocation testing 
program- the International Sorghum Grain 
Mold Nursery (ISGMN). Results obtained in the 
period 1976 to 1978 are presented in a paper 
later in the session. Entries consistently low in 
susceptibility in all seasons were E 35-I, IS-
9225, IS-2328, IS-2327, IS-2261, IS-2435, and 
IS-14332. These low-susceptible sources were 
supplied to the ICRISAT sorghum breeding 
group for utilization in the grain mold resistance 
breeding program. 

Breeding Progenies 

Several groups of materials from advanced 
populations, grain-grass materials, and popu-
lation x variety crosses were screened in the 
1976 rainy season. Most of the material planted 
was highly susceptible to grain molds with less 
than 2% of the entries rated as low susceptible. 

Field screening of selected material from the 
mold resistance breeding project, involving 
crosses with adapted parents and resistant 
sources identified in the germplasm, was first 
done in the 1977 rainy season. A significant 
feature of that year's screening was the use of 
an early season planting (middle of April) so 
that flowering and grain filling would coincidetoS~uy)withtheime1 hen ainas ostw ith the time (I to 15 July) w hen rain w as most 
probabluat ICRISAT Center. The normal main-
season screening was also made. Severe molds
developed in both early- and main-seasondeveopedin arl- man-sesonoth an 
plantings. In a collaborative effort with the 
sorghur breeding staff, selections were made 
for mold resistance and desirable agronomic 
traits. i,; :I.was uniformly free from molds, so 
564 _ngle-heads were selected, and the seed 
from these increased in postrainy season 1977. 

Selected entries of breeding progenies from 
rainy season 1977, and new breeding lines (F3 
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and F4) were screened in rainy seazon 1978 
under high inoculum pressure in the fieid. Many 
of the retested selections were relatively free 
from Fusarium and Curvularia. However, in
fection with Phoma sp was more on this clean 
background. Future efforts must include the 
identification and utilization ofPhoma-resistant 
sources. From among the new material 
screened, only about 10% of the lines were low 
in susceptibility to molds. This year again, 254 
single heads - representing different families 
invoved in crossing - were harvested. Breed
ing lines M-35052, M-36284, M-36091, M-36008, 
M-36023, M-36040, and M-36088 showed high 
levels of grain mold resistance in addition to a 
good agronomic background. Screening large 
numbers of materials under high inoculum 
pressure and practicing intensive selection on 
an individual plant basis appear to be the key 
factors for success in dealing with the complex 
problem of sorghum grain molds. 

JP-26 Mold-Resistant Lines 

Lines selected under natural mold development 
at Samaru, Nigeria, in the JP-26 project were 
tested at ICRISAT Center in 1976. Of the 65 lines 
tested, two with dark seeds (A-2616 and A-2626) 
were mold-free, and 13 lines had only slight 
mold. During screening of the less susceptible 
entries in subsequent years, only one entry 
(JP-2579) was selected for wide-scale testing. 

Laboratory Screening 
Head-to-row progenies of selections made in 
the 1977 rainy season were increased in the 
followin ostrainy season and the increased 
seedsedwaswsg pscrenyscreened inin the laboratory inthe duringg 

sme 9 nthe l test notonthe 659 entries tested with 4 days incubation w si ~ u et r i o d i f ci n h r awas im~nune to grain mold infection, whereas 
77 entries were rated as 2 by visual scoring. 
After 3 more days incubation - i.e., 7days total 
incubation - 14 1lines were rated as 2 (Table 2). 

Correlations Between Three Grain 
Mold Infection Parameters Measured 

Rank correlations were made for the entries 
based on the three grain mold infection 
parameters (Table 3). Maximum correlation 



Table 2. 	 Grain mold-reaction of selected en-
tries in laboratory screening. 

No. of entries 
Days in reaction category 
incu-
bated Temp. 1 2 3 4 5 Total 

4 250C 0 70 0 0 0 70 
7 25°C 0 14 55 1 0 70 

Tfable 3. 	 Rank correlations between three 

grain mold-Infection parameters in 
the laboratory screening for grain
mold resistance. 

Percent grain infected 1 
Average severity 0.72 1 
Visual scoring 	 0.62 0.67 

was obtained between percent grain infected 
and average severity. Visual scoring was corre-
lated '37 and 62% with average severity and 
percent grain infected, respectively. Visual scor-
ing can be used for large-scale screening, and 
all three parameters can be recorded for inten
,ive screening of a small number of lines. 

Relationship Between Field 
and Laboratory Ratings of Grain 
Mold Incidence 

Entries with a visual rating of 2 in the laboratory 
were planted in a replicated trial in rainy season 
1978 to study the relationship between laborat-
ory and field testing. Eighty-three percent of the 
lines selected as promising in the laboratory 
gave a rating of -_ 3 in the field under high 
inocul urn pressure (Table 4). Known high sus-
ceptibles in field screening gave consistently 
high grain mold ratings in the laboratory (Table 
5). Some entries which were low susceptible, 
even after inoculation in the laboratory, have 
also performed well in the field screening. 

The laboratory screening techniques may be 
used to eliminate large numbers of high sus-
ceptibles from the breeding progenies, to sc-
reen photosensitive sorghum germplasm 
material, and to provide additional information 
on other less-susceptible entries. The laborat-

Table 4. 	 Relationship between grain mold 
ratings in field and laborato-vscrean-
Ings. 

No. of intrles in reaction category

Screening
 
location 1 2 3 4 5
 

Laboratory - 82 -.. 

Field (rainy 
season 1978) - 16 52 14 -

Table 5. Field grain mold ratings of selected 

entries from laboratory screening. 

Laboratory ratings 

W Field ratings,
 
Without With rainy season
 

Entry inoculation inoculation 1978
 

M-36091 1.25 2.2 2.3 
M-36294 1.5 2.2 2.2 
M-36088 1.5 2.5 2.2M-36040 2.0 3.0 2.4
M-36023 2.0 3.0 2.4 
PP2B 3.5 5.0 5.0 
ms bulk 5.0 5.0 5.0 

ory screening is complementary to the field 
screening and will allow more rapid progress in 
the selection of grain mold resistant progenies. 

Summary 

The sorghum grain mold problem, its impor
tance, and symptom development are discus
sed. Seventeen fungal species belonging to 11 
genera were isolated from molded sorghur., 
grain. In some cases complete loss in viability 
occurred in molded sorghum grain. An effective 
field-screening technique was developed and 
used to screen several thousand sorghum 
germplasm and breeding progenies from 1975 
to 1978. Consistently low-susceptible source 
material identified from germplasm lines was 
utilized in a cooperative program with sorghum 
breeders to develop mold-resistant cultivars. 
Careful selection of individual heads from the 
susceptible populations under high inoculum 
pressure, and subsequent genetic manipula
tion, have yielded promising lines which com
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bine resistance with desirable agronomic qual
ities. Considerable progress has been made in 
developing a laboratory-screening technique to 
differentiate cultivar susceptibility to grain 
molds. 

108
 



The International Sorghum Grain Mold Nursery
 

R. J. Williams and K. N. Raof 

The International Sorghum Grain Mold Nursery 
(ISGMN) program was initiated by ICRISAT in 
1976 with the foliwing objectives: 
* 	 to identify suurces of stable grain mold 

resistance; 
* 	 to obtain information on the variability of 

the grain mold causal agents;, 
* 	 to distribute grain mold resistant genot,/pes 

* 	 Principal Cereals Pathologist and Plant Pathologist, 
ICRISAT. 

to scientists in national programs; and 
* 	to promote the development of a com

municating cooperating international net
work ot scientists working on sorghum 
grain m3lds. 

Cooperators in 13 countries in Asia andAfrica 
(Table 1) have participated in the ISGMN 
program. The basic requirement of cooperators 
is that they should be able to expose the ISGMN 
test entries to sufficient grain mold pressure to 
adequately test reactions of entries to grain 
molds. 

Table 1. Cooperators and locations In the International Sorghum Grain Mold Nursery Program 

from 197U W1978. 

Cooperator 

J. C.Girard 
S. A. Clarke and J. A. Frowd 
J. A. Frowd 
0. Sidibe 
S. 0. Okiror and J. C.Selvaraj 

N. V. Sundaram 
Shrane Gebrekidan 
Yilma Kebede and 
Mengistu Hulluka 
V. Van Arkel and M. F.Vis 

S. Z. Mukuru 
B. D.A. Beck 
K. N. Rao 
K. V. L. N. Rao and G. K. Rao 
Aftab Ahmed and G. K. Rao 

H. L. Chauhan 
C.S. Sangit Rao 
T. B. Garud 
K. N. Rao and D. S. Murthy 
S. M. Naik 

M. 	N. Prasad 
S. F.Hassan 
C. Pannabokke 
S. Patanothai 

Location 

Nioro, Senegal Sefa, Senegal 
Sotuba, Mali 
Far- o-Ba, Upper Volta 
Tarna, Niger 
Kano, Nigria 

Samaru, Nigeria 
Alemaya 1 

and 
Arsi Negele 
Lanet 
and 


Busia J 
Ilonga, Tanzania 
Shire Valley, Malawi 
IRISAT, India 
Adilabad, India 
Warangal, India 

Navsari, India 
Akola, India 
Parbhani, India 
Bhavanisagar, India 
Udaipur, India 

Coimbatore, India 
Yousafwalla, Pakistan 
Sri Lanka 

Thailand 

Year(s) 

1976, 1977 
1976, 1977, 1978 
1E116, 1977, 1978 

1977, 1978 
1976 

1977, 1978 

Ethiopia 1977, 1978 

Kenya 1977, 1978
 

1978 
1978 

1976, 1977, 1978 
1977, 1978 
1977,1978 

1977, 1978 
1977, 1978 

1978 
1978 

1977, 1978 

1978 
1977, 1978 

1978
 
1977, 1978 
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Selection of ISGMN Test Entries 

The entries included in the ISGMN trials of 1976 
and 1977 were those identified as relatively less 
susceptible (RLS) to grain molds in the lC;iISAT 
screening program. In 1978 promising progeny 
of crosses among the RLS lines, and between 
them end elitegrain quality lines, were included 
as test entires. Each year two known highly 
susceptible lines are included to serve as indi-
cators of grain mold pressure. 

Operation of 
the ISGMN Program 

Seedoftestenmriesisassembledandmultiplied 
at ICRISAT Center. All coopnrators receive seed 
from the same seed lot ior each entry. This is 
important in order to avoid erroneous infor-
mation on pathogen variability, 

A set of entries is sent to each cooperator with 
a book of data sheets that includes information 
on the objectives of the trial, suggestions for 
planting, fertilization, inoculumn provision, time 
and method of scoring, and data record sheets 
for climatic and plant-re3ction data. 

Cooperators are requested to return one copy 
of the data sheets to ICRISAT as soon as 
possible after completion of the trial. Data from 
all cooperators and a discussion of the im-
portant aspects of the results are published as a 
report and distributed to all cooperators. 

The 1976, 1977, 
and 1978 Results 

1976 

The rains were particularly heavy in West Africa 
during October and early November, and thus 
the entries in the West African locations were 
subjected to a severe test. In many parts of 
India, unfortunate!y, September and early Oc-
tober vere extremely dry. This is the time that 
most of the sorghum was maturing, so tests at 
Indian locations in 1976 were not exposed to 
conditions conducive to mold development. 

Entry E35-1, a zera zera with bold white grain 
from Ethiopia, was the best across locations, 
and was selected for uniform trials in Mali. 

Rnbledo and Frowd (personal o:ommunication) 
list the following as most piomiting in Upper 

Volta, IS-2327, IS-2261, IS-2328, IS-3443, and 
F35-1 based on head mold ratings, and IS-9225 
and IS.2388 were the best, based on threshed
grain mold ratings. 

The high degree of mold development in 
West Africnz tests indicates the importance of 
high rainfall during grain maturation for iden
tification of mold-resistant lines. The 1976 
ISGMN provided a modest but useful start to 
the ISGMN orogram, and enabled us to identify 
some lines tl-,ught promising by West African 
cooperators. 

1977 

The 1977 ISGMN saw a major exnr.,n in 
cooperators and locations, and three roups of 
entries were tested under the ISG'.iN program. 
For those locations where main-.eason planting 
is carried out during January through March, an 
Early-Season ISGMN (ES-ISGMN) consisting of 
22 entries was provided. For the majority cf the 
cooperative locations in India and VVsc Africa, 
planting takes place during the June-July 
period and these locations were provided with a 
30-entry Main-Season ISGMN (MS-ISGMN); 15 
entries wore common with the ES-ISGMN. The 
third group of materials included entries (not 
multiplied and distributed by ICRISAT) supplied 
directly to selected cooperators by other sor
ghum scientists. 

Results of trials with these three groups are 
reported separately in order to minimize con
fusions in comparisons. 

Early-Season ISGMN 

Flowering and mold data for the 22 entries at 
five locations are presented in Tables 2 and 3. 
Only field ratings were taken in the trials at 
Alemaya and Arsi Negele, whileat Busia,Lanet, 
and Khon Kaen, Thailand, three grain mold 
infection parameters were recorded (Table 3). 
At Busia, which provided the greatest pressure 
(Iocatfzn mean of 4.4), entries with the least 
fielo grain mold ratings were IS-9504 and IS
5246 (Table 2). Five entries (IS-2327, IS-2328, 
IS-9225, IS-9504, and IS-9331) averaged a field 
grain mold rating of 3 or less. In Table 4 the 
relative rank of entries is compared fcr each 
parameter. Six entries appeared in the best ten 
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Table 2. Field grain mold ratings" of 22 entrli In the 1977 Early-Seen Bt3EPtI at five locations. 

Entry DTFb Khon Keen Alemaya Arsi Negele Lanet Busia Mean 

IS-2327 87 1 2 2.5 2 5 2.5
 
IS-2328 116 1.5 
 2 3 2.5 4 2.6
 
IS-9225 91 T.5 2 3 2.5 4 2.6
 
IS-9504 86 3 2 - 3 2.5 2.6
 
IS-9331 96 3 2 
 - 4 - 3.0 

E-35-1 90 1.5 3 2.5 3.5 5 3.1
 
IS-3443 86 1 3 3 3.5 5 3.1
 
IS-5246 103 4.5 2 3 3.5 2.5 3.1
 
IS-1545 99 2.5 3 
 2 5 3 3.1
 
IS-9533 91 3 2.5 2.5 4 5 3.4
 
IS-2495 93 2 4 4 3 4.5 3.5
 
IS-9521 100 3.5 1  5 5 3.6
 
IS-9327 95 3 3 - 4.5 4 3.6
 
IS-1087 87 2.5 3 - 5 4 3.6 
IS-2261 84 1.5 4 4 4 5 3.7 
IS-9468 99 4 2 - 5 - 3.7 
IS-9544 94 4 2 - 5 - 3.7 
CS-3541 90 3.5 3 3 J.5 5 3.8 
IS-179 89 3 4 4 3.5 5 3.9 
IS-2583 88 2 4 4 5 5 4.0 
"Y x IS511 78 3.5 5 5 5 5 4.7 
PP2B x 11167 91 4.5 5 5 5 5 4.8 

Location Mean 2.7 2.9 3.4 4.0 4.4 3.4 

a. 1 to 5 scalf, where 1- absence of mold; 5 - severe mold 
b. Days to flowering (mban across locations) 

for all infection parameters. The correlation more than 3), eight flowered in 66 days or less 
matrix for the ranks of thuse three parameters (the correlation coefficient of mean days to 
is: flowering and mean field rating is 0.772, sig-

Field rating rank 1 nificant at 0.1%). Thus there seems to be an 
Lab asting rank 0.605 1 element of escape in the lower mold values of 
L~' ranking rank 0.776 0.623 the later flowering entries. However, entry IS

14332 combined early flowering (68 days) with 
Main-Season ISGMN good performance (overall fifth, Table 5) and 

thus is probably the most valuable entry in the 
Data for 30 entries at 12 locations are presented trial. Rank values for three infection parameters 
in Tabics 5, 6 and 7. Field grain mold rating of the 30 entries are listed in Table 8; seven 
averages varied from 1.6 to 4.4, and eight entries appear in the best ten for all three 
entris- (Large glume 7, IS-22b1, IS-9225, IS- parameters (IS-2327, IS-2328, IS-2261, IS
3443, IS-2328, 15-2327, E35-1, and IS-2583) had 14332, E 35-1, Large glume-7, and IS-2435). 
ratings of 3 or less at all locations (Table 5). Nine Thecorrelation matrixforthe rank valuesforthe 
entries had a mean field grain mold rating of 2 three parameters is: 
cr less, but it should be pointed out that eight of Field mold rating 1 
thesa entries took more than 70 days to flower Lab mold rating 0.846 1 
whereas of the nine poorest entries (average Lab ranking 0.815 0.960 1 
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Table 3. Threshed gmtn mold rating' and ran kin of 22 entries In the Early Season IMQN. 

Lab rating 	 Lab ranking 

Entry Khon Kaen Busia Lanet Mean Khon Kaen Busia Lanet Mean 

IS-9225 1 4 3 2.7 	 1 7 4 4 
1 12 1 4.7IS-2327 1 5 3.5 3.2 

9 5IS-2328 1 3 5 2.3 	 1 5 
- 5IS-5246 3.5 3 2 2.8 6 4 

IS-9504 4.5 1.5 4 3.3 11 1 1 4.3 

8 3 - 5.5IS-1545 3.5 2 - 2.8 
1 - 5IS-9521 4.5 - 4.5 4.5 9 

CS-3541 4.5 2 4.5 3.7 9 2 5 5.3 
IS-2435 2.5 5 5 4.2 3 9 8 6.7 

7 6 9 7.3E-35-1 3 4 5 4 

8IS-2261 1.5 5 5 3.8 2 11 11 
IS-3443 2.5 5 5 4.2 4 13 10 9 

5 15 9 9.7IS-2583 2.5 5 5 4.2 
- 3 5.3IS-9331 5 - 4 4.5 13 

IS-179 5 4.5 5 4.8 14 8 6 9.3 

IS-1087 4.5 4.5 2.5 3.8 10 10 - 6.7 
4.3 15 - 2 5.7IS-9533 5 - 3.5 

7 11.7PP2B x 11167 5 5 4.5 4.8 14 14 
IS-9327 5 - 3 4 10 - - 10 
IS-9544 5 - 2 3.5 11 - - 11 

5 14 16 12 14BYx IS 511 5 5 5 
IS-9468 5 - 4 4.5 12 - - 12 

- -Location Mean 3.6 4.0 4.0 	 

a. 1to 5 scale, moan of two replications at each location 
b. based on the mean of two replications at each location 

Local Program Entries 	 ship between flowering time Fnd grain mold 
severity is dear. 

The entries IS-452, IS-455, IS-457, IS-472, IS- 1978 
473, IS-474, and IS-855 were tested at Samaru, 
Sefa, Sotuba, Farako-Ba, and at ICRISAT Center. At the time of preparation of this paper, results 

field have been returned from seven locations. AsIS-472 was the only entry with a mean 
rating of less than 3 (mean of 2.6, maximum 4.5 there were not sufficient time to prepare a full 

at Sefa). analysis (this will appear in the report of the 
1978 ISGMN, to be circulated to cooperators inEntries from Texas A & M and from the ISRA 

tested at Sefa in early 1979), reactions are given of the best(Senegal) program were 
Senegal and at two locations in Ethiopia. They entries carried forward from the 1976 and 1977 

arrived and were planted late at the Ethiopian ISGMN trials, together with the two best breed

locations, and consequently were not exposed ing progenies in the trial and three lines from 
national programs, plus reactions of a susceptito severe mold pressures there. At Sefa, they 
ble check. The field mold ratings (on a 1 to 5

had considerable exposure to molds and the 
field grain mold ratings there are given for ten scale) are presented in Table 10, and the 

entries in Table 9. Again the negative relation- laboratory rankings are given in Table 11. 
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there (IS-9225, E35-1, IM-2327, IS-2261, IS-2328,Table 4. Rank values of 22 .driles for three M-36285, and M-36284;. vere regarded as beinggroin mold parameterse based on.evgransmofdsevralmoats.o O in the best ten entri.K ,- in both replicati6 ms, with 
r oIS-9225 and IS-2327 witn an average rank of 1.5 

Entry Field rating Lab rating Lab ranking 
_ ____ 

IS 725 3 2 1 
IS232872 
IS2327 1 

1 53 
5 3 

IS9504 4 6 2 
IS 5246 8 3 4 

IS 1545 9 4 6 
E35-1 6 11 9 
IS9331 5 19 5 
IS 3443 7 13 11 
C~S3541 18 8 5 

IS 1087 14 10 8 
IS9533 10 16 7 
IS 9521 12 17 
IS2435 11 15 8 

IS 9327 13 12 14 
IS9544 17 7 15 
IS2583 20 14 13I59468 16 18 16 

IS 179 19 20 12 

BYxIS 511 21 21 17
PP2B x 11167 22 22 16 

a. Field rating ranks based on data from five locations. Lab 
rating and lab ranking ranks based on data from throe 
locations 

The severest mold ratings were recorded at 
Khon Kaen, where most of the entries were 
given a field rating of 5. Notable exceptions 
there were IS-9225 (2 and 1), IS-2261 (4 and 3), 
IS-2327 (3 and 4), and E35-1, which was given a 
1 in the first replication but strangely received a 
5 in the second replication. Over all locations, 
five entries (IS-9225, IS-14332, E35-1, IS-2327, 
and IS-2261)averaged a field mold rating of 2 or 
less, and an additioni four (IS-2328, iS-2435, 
M-36285, and M-36284) averaged a field mold 
rating of less than 2.5. The known high-
susceptible line averaged a field mold rating of 
4.8. 

The laboratory ranking data (Table 11) are 
interesting. Althuugh the field mold ratings 
given at Khon Kaen were high, theseven entries 

and 2, respectively. The rankings at Warangal 
are a little difficu!t to under.-tand, for entries 
with very low field mold sco:es (e.g., E 35-1,IS-2261, and IS-2327) have relatively high rank 
values. Over all locations six entries (IS-9225, 

IS-14332, E 35-1, IS-2327, M-36285, and 
M-36284) were in the best ten rank in at least 
80% of the possible occurrences, and eight
entries had a mean rank of ten or less. 

Overall Perforiaance 
No entry has been scored highly resistant at all 

locations for the 3 years of testing. However, 
there are seven lines (E 35-1, IS-9225, IS-2327, 
IS-2328, IS-14332, IS-2261, and IS-2435) the I re 
consistently better than others at most lo,.a
tions. The earliest flowering is IS-14332 (av
erage of 68 days in 1977), and the remaL'.de;' 
flower up to 10 days later. It is encouraging that 

the breeding lines M-36284 and M-36285 have 
performed as well as the best source lines, and 
that in the rankings they were in the best tenentries in 90% and 100%, respectively, of thepossible occurrences. These are sister lines 

from crosses between SC 108-3 and E 35-1, 
these havegood visiblegrain quality and flower 
in about 75 days. 

Discussion 

In its 3 years of operation to date, the ISGMN 
program has cornea long way towards meeting 
its objectives. 

Entries with consistently lower relative grain 
mold scores have been identified, and have 
been distributed to interested scientists in many 
programs in Africa and Asia. 

There does not seem to be strong evidence 
for pathogenic variability among locations. Dif
ferences in general mold severity in any one 
year can probably be attributed to variation in 
climate during the critical flowering and grain
filling periods. 

An extensive network of cooperators is now 
in existence in the ISGMN program, and there is 
a good coverage of the Indian and West African 
sorghurn-growing regions. 

In the future, entries are likely to consist 
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~ ,4Toble 5. ReWk -peah inol of< 1977 i3GMN it 

Entry DTFb 1 2 3 4 5 6 7 8 9 10 11 12 Mean 

Large glume 7 76 3 2 1 - 2 - - 1 1.5 - 1 - 1.6 

IS2261 72 1.5 2 1.5 2 - - - 2.5 1.5 1.5 1 2 1.7 
1.8IS9225 75 1 2 2.5 3 - - - 1.5 2 1 1 2 

I 344,3 79 2 2 1 25 - - 2 1.5 2.5 1 1.5 - 1.8 
,..,2328 76 1 2 2 2 3 - - 1.5 2.5 1 1 2 19 

1 2 3 - 2 1.5 1.8 

E 35-1 80 1.5 2 2 2 2.5 - - 1.5 2 - 1.5 2 1.9 

IS14332 68 1 2 1 2 3 3.5 1 1.5 1 2 3 2.5 1.9 
IS2583 72 1.5 2 2.5 2.5 - - 1 2 2.5 1 1 3 2.0 

2 2 - - 1 3.5 2.1 

IS2327 77 2 2 - 1.5 1 2 

IS2435 80 2 2 - 2 - 3 

2.227006-10 64 1 2 1 2.5 3 4.5 1 3.5 2 3 1 
2.3IS15788 74 2 2 2 2.5 5 - - 3 2 1 1.5 3 

IS "246 79 1.5 2 3.5 - 4 4.5 - 1 1.5 - 1.5 - 2.3 
LG Sol-1 65 1 1 - 3 3.5 4.5 1.5 2 3 1 1.5 5 2.5 
Large glume 3 67 1 2 2 2.5 3 4.5 1 1 - 3 3 5 2.6 

27006.43 60 4 2 - - - 5 2.5 2.5 2 1 1 5 2.6 

CS 3541 73 1.5 1 2 2.5 3 4 - 2 2 2 4.5 4 2.6 
2.6IS1545 74 3.5 2 2 2 3 4 1 2.5 2 2 2.5 4.5 
2.6IS1087 70 1 2 1 2 4.5 4 2 2.5 3 3 3 3.5 

CSH-6 65 2 3 2.5 2 3.5 4.5 1.5 2 ?.5 3 2 4.5 2.7 

4.5IS9521 65 3.5 2 1 2 4.5 3 1 2 3 2.5 5 2.9 
IS2404 62 1 2 4.5 2.5 3 4.5 1.5 ;e.5 2 4 4.5 5 3.1 

1.5 2 5 4 41 3 2 4 4 5 3.1G 69-1-3 58 1.5 2 
CSH-5 73 1 3 3.5 2 4 5 - 3 2.5 2 5 4 3.2 

3.6IS179 66 4 2 3.5 3.5 3.5 5 1 3 4 2.5 5 5 

A 4186 65 3.5 2 3.5 3 4 5 2 3 3 4.5 4 5 3.6 
3.7G 81-111 60 2 2 4.5 3 5 5 4.5 2 2.5 5 3.5 5 
3.7NP x EL-18-2 62 1 2 4 3 4 5 3.5 3 4.5 5 4 5 

3 4 5 4 5 4.0BY x IS 5111 63 2 4 5 3 4.5 5 3 
PP2E x 11167 60 4 4 5 3.5 5 5 4 3 4.5 5 5 5 4.4 

2.1 2.2 2.4 2.6 2.7 3.9 2.6Location Mean 1.9 2.1 2.4 2.5 3.7 4.5 

a. 1 to 5 sczle where 1 - absence of mold; 5 - severe mold 
b. Days to flowering (mean across locations) 
c. 1-6 India: (1. Pantnagar; 2. Akola; 3. Navsarl; 4. Adllabad; 5. ICRISAT Center-2; S. ICRISAT Center-i) 

7. Pakistan (Yousafwala)
 
8-12. West Africa: (8.Samaru, Nigeria; 9. Tarna, Niger; 10. Sotuba, Mail; 11. Faroks-B, Upper Volta; 12. Sefa, Senegal)
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Table 6. Threshed grain mh'4 r0,- of 30 1977 ISGMN entries at 10 IocatOiOM. 

b 
Location 

Entry 1 2 3 4 5 6 7 8 9 10 Mean 

2 2 2 1 2 - 2 2 2 3.5 2.1 
3 2 1.5 1 2 3 2 2 2.5 4 2.3 

IS-2328 
3 
4 

2 
2 

2 
2 

1 
1 

2 
2.5 

-
-

1.5 
2 

2 
1 

3 
1.5 

4 
4 

2.3 
2.2 

IS-2261 2 2 2 2 - - 2.5 2 2 4 2.3 

IS-1087 2.5 2 2 1 3 3 3 3 5 5 2.9 
Large glure 7 4 2 1 - 2 - 1.5 2.5 2.5 4 2.4 
C , 3.5 3 2 1 3 2.5 3.5 2 2.5 5 2.8 

3 2 2 2.5 2 3 2 2.5 4.5 4 2.7 
4 2 2 2 - - 1.5 2 3 4.5 2.6 

IS-9225 3.5 2 2.5 2 - - 3 2 2 4 2.6 
IS-3443 4 2 2 3 - - 2 3.5 2 4 2.8 
Large glume 3 2.5 2 2.f 3 4 3.5 3 2.5 4 4 3.1 
IS, -45 5 2 2 1 3.5 4 4 2.5 3 4.5 3.1 
: -. ) 43 5 2 - - - 4 1.5 4.5 2.5 5 3.5 

1-2583 2.5 2 2 3 - - 2.5 3 4 5 3.0 
IS-5246 3.5 2 3.5 - 4 4 1 2 2.5 4.5 3.0 
LG Selection-1 2.5 2 2 3.5 4.5 3 3 3.5 3.5 5 3.2 
IS-15788 
G-69-1-3 

3 
4 

2 
2 

2 
2.5 

2.5 
2.5 

5 
4 

-
4 

2 
4.5 

-
2 

3.5 
3 

5 
5 

3,1 
3.3 

27006-10 3 2 1 2.5 5 5 4.5 3.5 2.5 5 3.4 
Is C21 3.5 2 1 1 4 2.5 4 3 5 4.5 3.1 
C'4H-s 2 3 2 2.5 4 5 4 3 4 5 3.5 
iz3-179 3 2 3 3.5 4.5 4 4 3.5 3 5 3.6 
A-4186 5 2 3.5 3 5 4.5 4 4.5 5 5 4.2 
NPx EL-18-2 2 2 3 3.5 5 5 4 5 4 5 3.9 
G-81-111 3 2 4 3 4 4.5 5 5 4 6 4.0 
IS-2404 2 2 4 2.5 4.5 4 4.5 4.5 5 5 3.8 
BYx IS511 3.5 5 3.5 4 5 5 5 5 5 5 4.6 
PP2B x 11167 5 r, 5 4.5 5 5 2.5 5 5 5 4.7 

Location Mean 3.3 23 2.4 2 3 3.7 3.9 3.0 3.0 3.4 4.6 

a. 1 to 5 scale where I = absence of mold; 5 = severe molM 
b. 1-6 India: (1. Pantnagar; 2. Akola; 3. Navsari; 4. Adiinbad; 5. ICRISAT Center-2" 6. ICRISAT Center-I).

7-10 Wast Africa: (7. Samaru, Nigeria; 8. Sotuba, Mall; 9. Faroka-Ba, Upper Volta, 1). Sefa, Senegal) 
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Table 7. Laboratc , rankc j ulqea (based on the mean of t-re replcatlonz) o ZO 1977 ISGMN ntrlies 
at8 iocatkms. 

Location' 

Entry 1 2 3 4 5 6 7 8 Mean 

2327 1 16 4 2 9 3 3 1 4.9 
is, 472 10 2 4 11 6 1 4 4 5.3 

4 7 10 - 14 8 1 5 7.0 
23 17 1 4 6 5 2 2 7.5 
11 16 6 3 2 16 10 3 8.4 

4F,;ge gIume 7 
CSH-3 

26 
12 

3 
13 

-
2 

6 
7 

2 
19 

19 
4 

5 
7 

7 
16 

9.7 
10.0 

lb-2435 22 7 9 - 2 2 21 12 10.7 
IS-2583 5 9 20 - 9 12 13 14 11.7 
CS-3541 15 11 13 1 13 11 22 8 11.8 

IS-922 , 
IS-S4,3 

19 
25 

20 
4 

12 
17 

-
-

15 
9 

6 
8 

6 
15 

5 
9 

11.9 
12.1 

LQF;2 
!S.15788 

20 
12 

23 
18 

-
17 

5 
7 

1 
8 

10 
-

16 
8 

13 
23 

12.6 
13.3 

IS-1087 8 4 8 - 18 13 28 15 13.4 

IS-1545 27 15 2 12 25 13 9 11 14.3 
CSH-5 6 12 11 9 20 13 25 19 14.3 
G 69-1-3 21 13 16 10 27 7 11 21 15.8 
LG Sel-1 9 14 26 4 17 20 11 19 163 
IS-9521 23 1 7 21 20 17 29 16 16.8 

Large glume 3 
27006-10 

7 
14 

19 
6 

22 
15 

-
-

16 
27 

18 
25 

27 
18 

10 
20 

17.0 
17.9 

IS179 15 10 20 13 23 21 17 25 18.0 
27006-43 30 - - - 2 26 14 22 18.8 

IS-2404 1 23 14 16 26 22 26 24 19.0 

NFx EL-18-2 3 22 24 17 23 29 24 29 21.4 
G 81-111 18 25 19 14 30 23 19 28 22.0 
A-4186 28 21 22 18 20 28 23 26 23.3 
PP2B x 11167 29 27 27 20 9 24 20 30 23.3 
BYx IS 5111 17 26 25 19 27 27 30 27 24.8 

a. 1-4 India: (1. Pantnagar; 2. Navsarl; 3. Adllabad; 4. ICRISAT Center-2) 
5--8 West Africa: (5. Samaru, Nigeria; 6. Sotuba, Mall; 7. Farako-BA, Upper Votte; 8. Sofa, Senegal). 
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Table 8. 	 Rank va*uas of 30 ontes for three 

Entry 

S 

S 2 .1 


-23 2.3 

i.i. g!urne 7b 
I$1,32 

E35-1IS-9225 

IS-2435 
IS-3443 
IS-2583 

CS-3541 
CSH-6 
IS-5246 
IS-15788 
IS-1087 

IS-1545 
Largeglume3 
LG Selections-1 
27006-10 
IS-9521 

G69-1-3 
CSH-5 
IS-179 
27006-43
IS-2404 

NPx EL-18-2 
G81-111 
A4186 
BY x IS 511 
PP2B x IS 11167 

%,.pararnq~-w based on a. 
, of 12 f ,,'tz,.. 

Field r Lor. b rating Lab ranking' 

6 1 1 
2 5 3 
5 2 4 
1 6 5 
8 4 :2 

7 33 8 116 

10 7 8 
4 11 12 
9 13 9 

17 9 10 
20 10 7 
13 14 13 
12 18 14 
19 12 15 

18 17 16 
15 16 21 
14 19 19 
11 21 22 
21 15 20 
23 20 18 
24 22 16 
25 24 23 
16 23 24
22 25 25 

28 26 26 
27 27 27 
26 28 28 
29 29 30 
30 30 28 

a. Based on eight locations 

mainly of breeding progenies, in which the 
emphasis will be on increasing the mold resis-
tance and co? nbining it with earl ines:; and good 
grain quality. The dtails of he progr3m foV the 
production of these progen;es will be presented 
in the paper by, Murty et a,. during this session. 

Some Questions 

The ISGMN program should be contributing to 

Table 9. 	 ie-4t. 
r ! 

Entry 

74-1055-051 
74-10.KL 
IS-3552-DER(Sc-745-5) 
CE-90 
74-31-V 15 

Sc-630-1195-40-63T x 3927-4 

IS-7254C (Sc-566) 
IS-1260C (SC-97) 
IS-7419C (SC-279) 

ata and field grain mold 
, ' sorghum entries at 

O., DTF" GM rating 

ISRA 86 2 
ISRA 75 3 
TAXI 73 3 
ISRA 70 4 
ISRA 70 4 

TAM!SRA 7068 44 

TAM 58 5 
TAM 56 5 
TAM 48 5 

a. ISRA -Sambey, Senegal (Program of J.Danis); Ti -
Texas A & M (Program of R. A. Frederlksen) 

b. DTF - Days to flowering 

national pr!-grams. In order that we can im
prove thi pogram to better contribute, the 
participa-,s' answers to the followirg jues
tions will 	bo volvable. 

1. Is the IS014N program co',i-ereid to be 
worthwha;' and should Ih 

2. What changes can be r:;' i; its .:trucure 
and operation to make - rnore 

meffective - e.g., should therm be: rore en

tries, are the rating methods adequate for 
entry differentiation? 

3. 	 In how many days does a cuitar have to 
flower to be classified as "arly?" Is a 
flowering time of between 70 and 80 days 

early enough for the majority of SAT situ
ations? 

Acknowledgment 
We are indebted :o all the cooperators in the ISGMN 
program who have given their time, enargy, and 
resources in order to produce the results reported In 
this paper. 

117 

http:74-10.KL


Table 10. Field grain mold relangs of V sorghu-,o 1'eza In two replications at each of 7 locations In the zW ISGMN. 

Entry 
Sotuba 

Rep 1 Rep 2 
Farako-BA 

Rep1 Rep 2 
IC-"; . 
apI 

Cgnter 
Rep 2 

Adllabad 
Rep 1 Rep 2 

Warangal 
Rep 1 Rep 2 

Ohaw .-
Rep I 

tr 
Re 2 

Khon 
Rep I 

Keen 
Rep 2 Mean 

IS-9225 
IS-14332 
E-35-1 
IS-2327 

IS-2261 
IS-2328 
IS-2435 
M-36285 

1 
1 
2 
1 
1 
1 
2 
2 

1 
1 
2 
2 

1 
2 
2 
2 

1 
1 
2 
2 

1 
1 
2 
2 

1 
2 
2 
2 

2 
2 
2 
2 

1 
1.5 
2 
1.5 
2 
1.5 
2 
2 

1 
1 
1.5 
1 
1 
1.5 
1.5 
1.5 

1 
1 
1 
1 
1 
1 
1.5 
1.5 

1 
1 
1 
1 
1 
1 
1.5 
1.5 

2 
1 
1 
2 

1 
3 
1 
2 

2 
1 
1 
2 

2 
3 
1 
1 

2 
1.5 
2 
2 

4 
3 
3 
2 

2.6 
1.5 
2.5 
2 

3.5 
2 
3.5 
2.5 

2 
5 
1 
3 
4 
5 
5 
5 

1 
5 
5(0) 
4 
3 
5 
5 
5 

1.4 
1.8 
1.0 
1.9 
2.0 
2.3 
2.4 
2.3 

M-36284 
JP-2579 
CS-3541 
IS-472 
9991-Bulk 

2 
2 
3 
5 
5 

2 
4 
3 
5 
5 

2 
4 
3 
4 
5 

2 
5 
4 
5 
5 

2.5 
3 
3 
3 
5 

1.5 
2 
2.5 
2.5 
5 

1.5 
1.5 
2 
1.5 
5 

1.5 
1.5 
2 
1.5 
5 

1 
1 
2 
1 
5 

2 
1 
2 
1 
5 

2 
2.5 
2.5 
1.5 
3.5 

2.5 
2 
2.5 
2 
4 

5 
5 
5 
5 
5 

5 
5 
5 
5 
5 

2.3 
2.8 
3.0 
3.1 
4.9 

a. 1 to 5, where 1  mold-free; 5  severely molded 

Table 11. Rank values" of 13 sorghum entries based on the evaluation of 30 entries In the 1978 ISGMN at 5 Ioc tia-n. 

Farako-B1 ICRISAT Center Adliabad Warangal Khon Keen 
Rep 2 Rep I Rep 2 Rep 1 Rep 2 Mean % Inlst 1CEntry 	 Rep 1 Rep 2 Rep I Rep 2 Rep 1 

3 3 19 19 1 2 6.0 F0IS-9225 1 6 3 	 1 
1 13 10 4.8 80IS-14332 4 3 6 	 8 1 1 1 

8.2 89E-35-1 - 24(7) 5 	 7 5 5 8 9 5 6 
2 2 16 15 3 1 5.4 80IS-2327 3 8 2 	 2 

5 6 6 14 14 4 4 10.2 60IS-2261 	 17 23 9 
3 4 4 24 25 2 5 9.3 70IS-2328 	 24 1 1 

8 6 6 13 10 6.8 70IS-2435 7 2 4 	 4 8 
5 9 7 5.3 100M-36285 2 5 8 6 3 3 5 

M-36284 21 9 10 9 10 10 7 7 8 9 10.0 90 
JP-2579 22 7 17 12 9 9 3 3 13 10 10.5 50 

17 23 24 22 22 9 8 13 10 15.9 20CS-3541 11 
13 10 11.5 40IS-472 23 19 19 13 7 7 2 2 

9991-Bulk 27 29 29 29 29 29 30 30 13 10 19.7 0 

a. ranked from 1 - least molded to 30 - most molded 
b. ranking was not done at Sotuba and Ehavanlsagsr 
c. A 10 In the second rep at Khon Keen Is not counted because the 20 most severely molded were all ranked 10 



Chemistry and Structure of Grain in Relation
 
to M d Resistance 

J. A. Glueck and L. W. Rooney* 

The purpose of this paper is to review some 
current findings regarding changes that occur 
in the kernel when sorghum deteriorates in the 
field as a result of attack by molds or other 
associated reactions. The role of kernel struc-
ture in water uptake will he discussed. Finaly, 
the physical, structural, and chemical factois of 
significance in explaining why certain 
ghums are more resistant th~n others to moid 
deterioration (weathering) wviN discussed. 

The term "molding" will be used in this pape, 
interchangeably with the term "weathering," 
which is commonly used in the United States. 
Microorganisms play the C:cminant role in 
causing grain to deirior ;.; however, en-
zymes from the grain its'lf elso cause signifi-
cant deterioration. Changes in the physical pro-
perties of the grain occur because of alternate 
wetting nnd drying. Insect damage during grmir. 
matu.rir!n can stimulate deterioration, and 
providlr3 a means for entry of microorganisms 
into the sorghum kernel. Prolonged rainfall, 
high humidity, high temperature, and alternate 
periods of wetting and drying, before and after 
physiological maturity of the grain, all favor 
deterioration. The kind of microorganisms and 
their growth rate, as well as the initiation of 
kernel germination, are affected by environ-
mentalconditions. Significant losses from grain 
mold thar occurred on the High Plains of Te,;(s 
in 1974wererused primarily by invasion of the 
kernels by micro .rganisms, while those losses 
in South Texas in 1976 were due to the com-
bined effects of sproutingq and microorganisms. 
High temperature during an extended period of 
rainfall accelerated the deterioration process in 
South Texas. 

Research AssociatejLecturer and Professor, Cereal 
Quality Laboratory, Soil and Crop Science D .part-
ment, Texas A & M University, College Station, 
Texas, USA. 

Kernel Structure 

The kernel or c;.ryopsis is composed of three 
main parts, the outer covering (pericarp), the 
storage tissue (endosperm), ar-d the embryo 
(germ). The structure has been discussed in 
detail (Rooney and Clark 1968; Rooney and 
Sullins 1;77; Sanders 1955; Sullins and Rooney 
1974, 1975).
 

Prlc; p
 

The pericarpcan be subdivided intothe epicarp, 
mesocarp, and endocarp as illustrated in Figure 
la.Thefirstoroutrmostportion istheepicarp, 
which usually consists of .woto three cell 
layers. These cells are long bd rectangular in 
shape, and contain wax and sometimes pig
ments. 

The middle layer is the mesocarp, which may 
contain small starch granules that are visible 
under polarized light (Fig. 1b). This layer may 
vary in thickness from a thick stnrchy chalky 
appearance3 to : thin, translucent mesocarp.
The mesocarp is usually thickest opposite the 
embryo. Mesocarp thickness is controlled by 
theZ-gene, wherethinisdominanttothick.Thin 
mesocarp sorphums appear to withstand 
weathering better than those with thick 
mesocarps. Milling yields itom sorghums with 
thin mesocarp ara superior to those from sor
ghum from thick mesocarps. Thethin mesocarp 
contains few, if any, starch granules. 

The innermost layer of the pericarp is the 
endocarp, consisting of cross and tube cells. 
The cross cells are long and narrow, and the 
long axis is at right angles to thelong axis of the 
"ernel. The tube cells are 5p wide and up to
20 0 p in length, and the long axis of each cell 
parallels the long axis of the kernel. One of the 
main functions of cross and tube cells is the 
transport of moisture. These cells are also the 
point of breakage when the pericarp ("bran," in 

119 



M-

Qthat 

Figure 1. 	Photomicrographs of athin section 

ofamature sorghum kernel viewed 

with ordinary light (A) and with 
plane-polarized light (8). 400X. 
Ep-epicarp, M-mesocarp, En-
endocarp, Al-aleurone layer,
PE-peripheral endosperm, CE-
corneous endosperm, S-starch 
granule, CW- cell wall, PB-
protein body. in photo B,the starch 
granules appear as Maltese crosses 
and can be observed in the endo-
sperm and mesocarp. 

milling terminology) is removed during milling 
of the grain. It is probable that fungi enter into 
the kernel with water. 

The presence or absence of pigments in the 
pericarp is controlled by R-Y-I genes. Grain 
color (appearance) varies greatly, and is af-
fected by the actual color of the pigments, by 
the thickness of the mesocarp, presence of a 
testa, color of the endosperm, and plant and 
glume color. In a white-kerneled sorghum, 

pigments from the glume may leach into the 
grain. During milling, the pigments can cause 
an off color in the grits, flour, or other products. 

Just beneath the pericarp, some sorghum ker
nels have a high!y pigmented layer called thetesta or subcoat (Fig. 2; compare Fig. 2a with 

2b). The pirc-ence or absence of the testa is 
controlled by the Bi and B2 genes. Testa is 
present when genes are B1-82-, while testa is 
absent with all other gene combinations. Some 
sorghum lines contain a pigmented partial testa 

is found at certain places around the kernel. 
The testa also varies in thickness from one line 
to another and from one are-; of the kernel to 
another. It is usually thickest at the crown of the 
kernel and thinnest over the embryo. The color 
of the testa varies among sorghum lines. 

The testa origin7;iy, in the immature seed, is 
the inner integument which has a definite struc
ture. However, as the kernel matures and the 
endosperm expands, tita cellular configuration 
of the testa gives way to a contihuous layer. 
Pigmentation is associated with a high concen
tration of polyphenols or tannins. High tannin 
content appears to improve weatherability by 
retarding preharvest seed germination and re
ducing seed molding.

The tannins also serve as a deterrent to birds. 
Tannins in the bire-resistant sorghums reduce 
dry-matter digestibility by binding proteins and 
possibly complexing with digestive enzymes. 

Compared with low-tannin sorghums, the
high-tannin grains have poor feed efficiency 
when fed to livestock. Some color precursors 
are located in the endosperm. When some 
white sorghim flours are treated with dilute 
alkali, thes, precursors produce greenish yel
low to off-white food products. There is consid
erable variability in intensity of color amongst 
different white sorghum varieties. 

Endosperm Structure 

The endosperm of sorghum consists of the 
aleurone layer and the peripheral, corneous, 
and floury portions. The aleurone cell layer, 
located beneath the pericarp (Fig. 1,2a), or testa 
(Fig. 2b) if it is present, is a single layer of 
block-like rectangular cells. When viewed under 
greater magnification, the aleurone cells con
tain spherical bodies that vary in size and 
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Figure 2. Cross sections of the sorghum kernel. (A) White pericarp without testa. P - pericarp; 
A - aleurone; E - endosperm. (B) White pericarp with testa. T - testa. (C) Red pericarp 
without testa. In this section, heavily pigmented dark spots were observed in the 
aleurone layer. There was no visible damage to the kernel by insect or disease that 
penetrated the pericarp. (D) Scanning-electron photomicrograph of the testa (1000X). 
Light photographs are 400X. 

contain protein and perhaps phytin. The proteins and prolamins. The prolamins, al
aleurone cells contain a high level of oil, large -ohol-soluble protein, exist in small spheres 
amounts of minerals, water-soluble vitamins, called protein bodies. The amorphous matrix 
and autolytic enzymes. They do not contain protein can be preferentially removed by pro
starch granules. The aleurone proteins are of nase enzyme to expose the protein bodies. 
good nutritive quality. The aleurone cells play However, alpha-amylase will remove the 
an essential role in autolysis and mobilization of starch, which also exposes some of the protein 
kernel components during germination, bodies. The endosperm contains both free pro-

The peripheral endosperm is beneath the tein bodies and those located in the matrix 
aleurone layer, and is an ill-defined area consist- protein. When the active cell cytoplasm, which 
ing of the first two to six endosperm cells. These is in greatest cnncentration around the 
cells 3re small and blocky, and contain small periphery of the endosperm, dries during mat
starch granules (Fig. 3) embedded in a dense uration of the kernel, it encases the protein 
proteinaceous matrix. The matrix protein is bodies and becomes the cementing protein 
comprised mainly of glutelins or alkali-soluble matrix. The protein bodies of the peripheral and 
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Sections of untreatednonwaxy and waxy sorghum endosperm viewed with the light mricroscope at magnification of 320X. AC-
Figure 3. 

protein bodies,"SG - starchgranules.PhotoA is a nonwaxy Kafir B is a waxy Kafir, C and D are 
aleuronecells; CW- cell walls; PB-


waxy andnonwaxy Redlan, respectively.
 



corneous endosperm range from 0.3 to 3.0p in 
diameter and decrease in size and number 
toward the center of the kernel. The protein 
bodies in the floury endosperm range from 0.3 
to 1.5,u in diameter. 

Figures 3 and 4b illustrate how the starch 
granules are embedded in a nest of protein 
bodies and matrix. Enzyme treatment of 

thousands of kernels has consistently indicated 
that hydrolysis of the starch in the peripheral 
area is slowed by the high concentration of 
protein bodies and matrix. The enzymes or 
digestive fluids have a hard time contacting the 
starch granules to facilitate digestion. This ren
ders much of the starch in the peripheral area 
unavailable for utilization. Newer processing 

'A1 

,~4, 

Figure 4. Scanningelectron photomicrographs of the corneous and floury endosperm areas 
withina sorghumkernel. Kernels were cutlongitudinallyand examined atareas labelled 
in Photo A. Photo B illustratesthe typicalstructure of the corneous endosperm where
there is a continuou~sinterfacebetween the starch and protein, resulting in no air spece
between the starch granules. The corn eous area, therefore, appears extremely dense 
and vitreous. In contrast, the floury endosperm (Photo 0) contains air spaces of areas
between the starch granules not filled with protein, which gives a loosely packed or 
chalkyappearance to the centerportion of the endosperm. Photo C is a transitionarea
where some endosperm cells are corneous and some are floury.SG - starch granule;
PM - protein matrix; PB - protein bodies; BG - broken granule. 
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methods mechanically disrupt the orgarizition 
of this area, which greatly increases the acces-
sibility of the starch and protein to the digestive 
enzymes. The organization of the peripheral 
endosperm area is affected by ge;etic and 
environment factors. 

The corneous endosperm (hard, flinty, 
horny), located beneath the peripheral endos-
perm (Fig. 4), has a continuous interface bet-
ween thestarch and protein (Fig. 4b). Thestarch 
granules are very angular or polyhedral in 
shape, with deprc.; ions where protein bodies 
were trapped between expanding starch 
granules. The starch/prclein bond is strong 
enough to allow some starch granules to break 
rather than pull from the matrix. The :lardness 
and appearance of the corneous endosperm is 
explained by this structure, 

The floury endosperm area (Fig. 4d) has loosely 
packed endosperm cells. The starch granules 
are spherical, and they are not held together by 
prot';n matrix. In addition, small voids occur 
between starch granules,and it is difficulttosee 
any protein matrix. The air spaces alternating 
',.ithcell ccnstituents diffuse light as it passes 
through the endosperm, which explains the 
chalky or opaque appearance of the floury 
endosperm. Protein bodies and matrix are pre-
sent in the floury endosperm (Fig. 4d), but the 
matrix protein is not continuous and consists of 
relatively thin sheets spread over the surface of 
the starch granules. Within the sorghum en-
dosperm, the protein content is lowest in the 
floury area. The floury endosperm is soft and 
extremely susceptib:e to enzyme attack. 

At some place in the endosperm, there is a 
transition from corneous to floury endosperm; 
Figure 4c shows this transition zone. Some cells 
in the floury portion contain starch grar~ules 
that appear well-meshed together, while other 
cells are loosely packed and contain large voids 
between the starch granules. 

Embryo 

The embryo, or germ, of sorghur: contains 
approximately 10% of the kernel's total dry 
weight. The scutellum and the embryonic axis 
are the major parts of the embryo. The scutel-
lum surrounds the embryonic axis, and is 
thought to facilitate movement of nutrients into 
the developing roots and leaf tissues of the 
embryonic axis during germination. The scutel-

lum consists primarily of large vasculated 
parenchyr ia cells with a surface layer of epithe
lial cells in the posterior surface(Paulson 1969). 
Apos:ently, a well-developed v&scdlar system 
in the scutellum facilitates movement of mate
rials to the embryonic axis. The vascular system 
in the scutellum may be connected to the 
transfer cells in the endosperm adjacent to the 
scutellur,-. The structure of the embryo has not 
been characterized fully. 

Other Structural Features 
of kIportance 

Thestylarand hylar areas of thesorghum kernel 
may be of great importance in grain deteriora
tion, since these are natural openings in the 
kernel. The hylar region has been referred to as 
closing tissue, or "dark layer" and "placento
chalazal" regions (Eastin et al. 1973; Giles et al. 
1975; Glueck 1979; Kiesselbach and Walker 
1952; Wolf et al. 1952). In maize, the enlarge
ment of the scutellum crushes a layer of cells 
external to the placento-chalazal pad, which 
upon maturity becomes dark in color and is 
called a "black layer." Harringtc;t and Crocker 
(1923) described the closing tissue in Sorghum 
halepense as an intensely pigmented layer of 
thick-walled cells forming a protective cover to 
the large hilar opening throu,.h the inner in
tegument. When the closing tissue was com
pletely bleached, the cells of this dark central 
region and those above and below it were 
almost identical in appearance. In sorghum the 
placento-chalazal pad lies bet ,-'", the band of 
phloem parenchyma tissue on the abgerminal 
side of the pericarp and the "transfer cells", 
which are modified basal endosperm cells 
(Giles et al. 1975). The "transfer cells" may 
function in solute transfer from the phloem 
vascular system of the pedicel to the transport 
systems of the developing sorghum caryopsis. 

In addition to the hilar and stylar regions, 
Kiesselbach and Walker (1952) describe a thin 
noncellular membrane located between the 
nucleus and inner integument; the membrane 
completely surrounds the maize sced, except 
over the placento-chalazal region. Such a 
membrane has not been reported in sorghum. 
Since the genetic variability among sorghums 
is great, grain containing a membrane may 
exist, and it would be expected to affect solute 
and solvent transfer. 
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Grain-weathering tests have been conducted 
on a statewidebasis in Texassince 1975. Data in 
Table 1,takenfrom some of these tests in 1975, 
show typical changes that occur as grain de-
teriorates in the field (Glueck 1979; Gluecketal. 
1978). 

Deterioration results from physical, phys-
iological and chemical changes in the kernel, 
causing breakdc)-on of kernel structure and 
eventual loss of viability. D.ie,'iorated grain is 
usually dark and discolored in external ap-
pearance, has a dark discolored germ, and the 
inside of the kernel is chalky in appearance due 
tr%.i,-t:.,l:,ydrolysis of starch and protein (Fig. 
5). When environmental conditions are favora-
ble, sprouting may occur, as in southern Texas 
in 1976 (Fig. 5f). Among 15 selections grown in 
the Corpus Christi test nursery and harvested 
after a 12-day rainy period, sprout damage was 
extensive in all heads, ranging from 38 to 100%. 
In general, grains with highest sprout damage 
also had more molu damage and greater dis-
coloration. Bushel weight of the line that 
showed the greatest degree of deterioration 
was 42 lbs. Grain of the same line grown at a 
different location and harvested without de-
terioration weighed 58 lb/bu. Although the per-
cent of trash is regulated by combine con-
ditions, deteriorated grain tends to be more 
"trashy," perhaps as a result of attempts to 
maximize the amount of grain harvested. The 

Table 1. Mean and range of measurarnents 

percentage offines and broken kernels was also 
higher in the deteriorated grain. The processing 
propeties of this grain were altered, because it 
io:dily iell apart when handled. 

Physical, physiological, and chemical 
changes result in loss of dry matter and de
creased test weight, 1000-kernel weight, 
density, and hardness of the grain (Table 1). 
Changes in physical properties can be 
explained by comparing scanning-electron mic
rographs of undamaged and deteriorated sor
ghum kernels (Fig. 6, 7). Undamaged starch 
granules are spherical and have a smooth sur
face. In contrit, starch granules of deteriorated 
grain show considerable pitting on the surface, 
resulting from enzyme attack (Fig. 7d), and the 
protein matrix is weakened and partially hyd
rolyzed (compare Fig. 6b, c with Fig 7b, c). The 
fungal mycelium, which appears as a threadlike 
network, penetrated through the endosperm 
and partially hydrolyzed the protein and starch 
(Fig.7b, c). Other enzymes ;re produced by the 
kernel itif during the initial stages of germi
nation. The individual or comb;ned action of the 
fungal and/or grain enzymes produces a softer 
kernel which may break when handled and 
produce fine particles when processed into 
food by milling processes. 

Chemical composition of weathered grain 
was not very different from that of non
weathered grain, as indicated by average 
values for 12 lines grown at Corpus Christi and 
harvested before and after the rain in 1976 
(Table2). Weath ring decreased the proportion 
of crude protein and fat, and increased crude 

of the effect of fld deterioration on physical 
properties of grain from 25 sorghum lines grown at three Texas locations In 1978. 

1000-K(ernel

Test weighta weight Density Hardnessb Germination 

Lub CSi CS2 Lub CSi CS2 Lub CS, CS2 Lub CSi CS2 Lub CSt CS2 

(lb/bu) (g) (g/cc) (%) 

Mean 63 59 56 28 26 25 1.36 1.36 1.35 22.9 22.3 20.0 95 78 32 
Minimum 56 52 47 20 19 18 1.27 1.29 1.29 0.5 1.8 2.7 87 33 2 
Maximum 65 62 59 38 33 34 1.39 1.39 1.37 33.7 34.9 30.6 99 93 75 

a. All lines were grown at Lubbock (Lub) and College Station (CS,,cS). Lubbock grain was essentially free of deterioration, 
while grain from CS, and CS2 had moderate to severe deterioration, respectively. Sprouting was not observed. 

b. 	 Hardness was determined by a standardized pearling procedure. The highest values have the greatest resistance to pearling, 
which is an index of hardness 
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Figure 5. Light photornicroiyaphs of undamaged and deteriorated sorghum kernels. Photo A) 

whole and half kernels with yellow endosperm, intermediate texture,Undamaged 

magnification about 4.0X. CE-corneous endosperm; FE-floury endosperm; OP-

Undamaged half kernel with yellow endosperm, inter
surface of pericarp. Photo B) 


mediate te-ture, ca 6. 4X. S - scutellum; EP - epicotyl, radicle, and coleorhiza of germ.
 

Photo C) Whole and halfkernel.s with normnalimtermediatetelture aid sprout damage, ca
 

seed; R -- elongated radicle. Photo D) Half
4.OX. EP - epicotyl that ha', emerged from 

kernel of grain with sprout and microbial damage, a 6.4X. DG - dinaged germ. Photo 

Whole and half kernelr with /ellow endospemm, mterinedate teture, and severeEl 
damage, ca 4,0X. Photo F, Half kernel with /e//ow eindosperm, intermediate telture, and 

severe damage, ca 6.4X. 
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fiber and ash; however, only the difference in compared with nonweathered grain. For 
ash was significant, and the variability among weathered grain, aportion of the carbohydrates 
lines was quite great, as indicated by the stan- is utilized to provide energy for growth and 
dard deviations. Nitrogen-free extract (NFE) development of the fungi and respiration of 
and starch coitent were not affected. Other data the grain. Therefore, dry weight is lost as carbon 
have shown a slight decrease in NFE and slight dioxide and water. The grain protein may be 
increases in protein, fat, ash, and fiber as partially hydrolyzed and used to synthesize 
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Figure 6. Scanning-electron photomicrographs of undamaged yellow-endosperm intermediate
texture sorghum kernels. Photo A) Endosperm cross section. P - pericarp; AL - aleurone 
cell layer; PE -peripheral endosperm; CE - corneous endosperm, ca 200X. Photo B) 
Corneous-endosperm area; SV- starch void; SG - starch granule, ca 1000X. Photo C) 
Protein and starch of corneous endosperm; PM - protein matrix; PB - protein bodies; 
SG - starch granule, ca 2000X. Photo D) Starch of floury endosperm, ca 4000X 
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fungal protein which remains in the grain. Seed grain components could explain the increased 
protein used in production of protein in the percentages of protein, ash, fat, and fiber. The 

. 
sprout may or may not remain with the grain, degree of weathering, ranging from surfav, 
depending upon whether or not it dries, breaks discoloration caused by microorganisms to ex
off, and is lost during harvest and cleaning tensive growth of mold and the penetration of 
operations. Slight losses of NFE relative to other the seed by mycelia accompanied by sprouting, 
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Figure 7. Scanning-electron photomicrographs of deteriorated yellow-endosperm, 
intermediate-texture sorghum kernels. Photo A) Endosperm cross section; 

P- pericarp; AL - aleurone cell layer; PE peripheral endosperm; CE - corneous 

endosperm; FE-floury endosperm, ca 200X. Photo B) Corneous-endosperm area; 

PB-proteinbody; FM - fungus mycelium; SG -starch granule, ca OOX. Photo C) 

Fungus, protein, and starch or corneous endosperm, ca 2000X. Photo D) Starch offloury 

endosperm, ca 4000X. 
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may have quite variable effects on composition. 
The severely weathered grain from southern 

Texas in 1976 was fed to livestock with no 
reduction in animal health or performance 
(Glueck et al. 1978). Aflatoxin was not found in 
the weathered grain samples. In general, sor-
ghum grain, for unknown reasons, appears to 
have a low incidence of aflatoxins, at least 
under our conditions in the USA. Certainly the 
quality of these sorghums for food preparation 
for human 	consumption was destroyed. 

Characterization of Sorghum
Grains with Resistance 
to Weathering 

Several sorghum lines that consistently ranked 
among the most resistant to weathering at all 
locations and over several years of testing have 
been identified. These lines were included in 

Kernel '."haracteristics 
and Physical Properties 

All resistant as well as susceptible lines, except 
SC-0103 and SC-0719 had intermediate endo
sperm texture. The proportion of corneous to 
floury endosperm was approximately equal; 
however, most resistant selections had slightly 
more corneous endosperni relative to floury. 
SC-0103 and SC-0719 had a more floury endo
sperm texture; the grain of each contained a 
testa layer. The corneous endosperm charac
teristics are not necessary for resistance to 
weathering; however, if all other things were 
equal, a line with more corneous grain would 
resist deterioration more than would a floury 
endosperm line, because of the more dense 
structure and organization (Clark et al. 1973; 
Ellis 19 7 2 ,1975).Apparentlywaterand fungiare 
not able to proceed as readily through a more 
organized structure. Some F5 progeny of a 

Table 2. 	 Effect of weathering on chemical compositbn of grain of 12 sorghum lines grown In the 
coastal belt of Texas In 1976. 

Constituent 1%) 
Graina loisture Protein Fat Fiber Ash NFEb 

Nonweathered 13.9 10.7 3.1 2.3 1.7 82.3 
Weathered 12.5 10.5 3.0 2.4 	 1.9 82.4 

Weathered as per cent of nonweathered 
Percent 89.9 98.1 96.8 104.4 111.8 100.1 
Std. deviation 9.2 6.8 11.0 13.4 9.6 1.2 

a. Averg e of 12 lines. Nonweathered grain was harvested prior to the rains, while the weathered grain was harvested from the 
same plots after the rains. 

b. Nitrogen-free extract. 

studies designed to determine why they were 
resistant in comparison to susceptible checks. 
The approach was to combine observations in 
the field with detailed studies of grain structure 
and physical and chemical properties. The sus-
pected genotypes of the resistant and suscepti-
ble lines with respect to pericarp characteristics 
are described in Table 3. Since genetic studies 
were not designed, many of the genotypes are 
postulations based on F3 populations of limited 
crosses. 

TX-09 (floury endosperm texture) by SC-0170 
(intermediate texture) cross had some re
sistance, even thou'gh the grain had floury 
endosperm and did not contain a testa. The 
grain did contain one or two dense peripheral 
cell layers surrounding the endosperm, which 
probably imparted the resistance to the floury 
endosperm sorghum. 

In general, sorghum kernel size did not ap
pear to be a major factor related to weathering 
resistance. Obviously, extremely large kernels 
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Table 3. Genotypes and grain appearance of mold resistant and susceptile lines. 

Line Genotype 

SC0279-14 BIBibzb2SS 

SC0566-14 

SC0748-5 blbiB2B2'SS' 
rrYYllzz 

74PR759 
SCO103-12 BIBiB2BZSSRR 
TAM428 
BTX398 bibIB2B2SSRRYY 

lizz 
TX2536 bibiB2B2SSRR 

yyiiZZ 
SCO630-IIE-4 blbiB2B2SSRR 

YYliZZ 
SCO71J,-IIE BIBiB2B2SSRR 

YYIIZZ 
SC0599-6 

a. I-Intermediate, Fl-floury. 

Reaction 
Mesocarp Endosperm to grain 
thickness textures deterioration" Appearance 

thin, pearly I R bright red 
translucent 

thin, pearly I R bright red 
translucent 

thin I R lemon yellow 
intermediate I R red 
thick chalky F R brown 
thin I M white 

intermediate I R red 

thin pearly I S yellow 

thin I R bright red - redC 

thick chalky 
thin 

FII 
I 

R 
R 

dark red 
red 

b. R-resistant, M-moderate resistant, S-susceptible.
 
SC0630 was segregating for intensity of pericarp color, which Is controlled by the i loci.
 

are usually more susceptible than medium or 
small kernels. Kernel hardness and density was 
in general positively related to weathering re-
sistance. The soft floury grain of SC-0103 has 
resistance because of the high tannin content. 

Giume Size and Shape 

A grain type enclosed in long enveloping 
glumes is not guaranteed to resist deterio
ration. The conspicuum type has long glumes, 
and although SC-0279 is resistant (especially 
to microorganism degradation), many of the 
conspicuum types have little grain mold resis-
tance. The open-glume type probably promotes 
sprouting in the panicle, since the open cupped 
glumes hold water that is taken up by the grain. 
In addition, some microorganisms, especially 
theFusarium spp, probably enter the grain prior 
to physiological maturity through the con-
nective tissue between the developing grain 
and pedicel. 

Grain shape probably has an indirect effect on 
resistarce or susceptibility to deterioration. 
Field observations and studies involving the 

uptake of water by dry grain suggest that the 
durra-type grain is prone to fissure. Breaks in 
the pericarp due to fissures or insect damage 
are entry sites for microorganisms and mois
ture into the grain (Fig. 8). We have observed 
this happening in the field; but we do not know 

how frequently it happens. 

Grain and Glume Color 

Pigmentation in the pericarp and (glume may 
impart a slight degree of resistance to grain 
deterioration. The scope of this study did not 
allow conclusions to be made on this parame
ter. All of the identified resistant lines contained 
some coloration; however, there were some 
colorless or white pearly lines included in our 
field trials at most locations (SC-0283 and 
several zera zera types) that had good resis
tance to grain mold at some locations. Many of 
the more resistant lines have tan plant color; 
however, the charactristic does not seem es
sential for the expression of resistance. Grain of 
SC-283 has a very high proportion of corneous 
endosperm. A sorghum kernel with a testa, thin 
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Figure 8. Fissures and insect damage of sorghum grain. Photo A) Fissured grain in the panicle 
which occurred after exposure to high moisture while in the field. Fl - fissures, ca 2.5X. 

Photo B) Close-up ofa sorghum kernel with a large fissure or break across the crown area 
as well as surface fungal growth. FU - fungal growth on the kernelsurface, ca 5X. Photo 
C) Sorghum kernel damaged by an insect with piercing mouth parts. Darkened area 
surrounding and spreading from the puncture is due to fungal growth. ID -insect 

damage, ca 5X. Photo D) Grain with insect damage fungalgrowth in the panicle, ca 2. 5X. 
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pericarp, and a highly corneous texture should 
give excellent mold resistance. Unfortunately, 
its food quality would not be good. 

Chemical Characteristics 

The grain of sorghum lines with resistance to 
deterioration does not differ significantly from 
susceptible grains in protein, fat, ash, fiber, and 
starch content. Thetannin content of thebrown 
grains (with a pigmented testa) was high, and 
probably accounted for their resistance. There 
were no real differences in tannin content that 
could be detected among the nonbrown grains. 
The nonbrown grains have polyphenolic com-
pounds, which are possibly important. For in-
stance, water extracts of all the nonbrown 
grains in the ttudy retarded the growth of 
sorghum seedlings placed on filter paper con-
taining the concentrated extract. Normal seed-
ling growth was resumed when seedlings ex-
posed to the water extract for 60 hours were 
switched to distilled water. The extracts did not 
inhibit germination, but they did retard the 
growth rate. 

Paper chromatographic separation of the 
grain extracts resulted in great variability 
among lines in number and quantity of sepa
rated compounds (Fig. 9). Two high tannin 
lines, SC-07 19 and GA-615, had iewer separated 
bands than other lines. Preliminary assays of 
the recovered separated bands indicated in-
hibit ry as well as stimulatory responses of 
seedling growth to various bands. Thase data 
indicate the conmplex nature of these extracts. 
Further detailed analyw.;s are needed. 

Epicarp Cell Appearance
and Surface Wax 

Initial observations of resistant and susceptible 
linessuggestedthatthesurfacewaxquantityor 
coverage on thegrain affected water uptake and 
grain mold. Measurements of surface wax on 
selected lines indicated that the quantity of wax 
was probably not a factor, since the more 
susceptible lines had equal or greater quantities 
of surface wax when compared to resistant 
lines (Table 4). 

Examination of the surface of normal and 
dewaxed grains of susceptible and resistant 
lines revealed differences in the appearance of 
surface wax and the dewaxed epidermal cell 
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Figure 9. 	 Chromatographic separations of 
water-soluble heat-stable extracts 
of sorghum grain. Bands from the 
extract of each grain type were visi
ble under the conditions indicated 
by the number in the shaded band. 

surface. Alterations in the distribution of the 
wax on the surface of the pericarp (Fig. 10) may
affect water uptake by the grain. The fungus
found on thegrain surface causes discoloration. 

However, penetration of the fungus through the 
epicarp cell surface was not observed. This 
supports the hypothesis that primary microbial 
entry is through the hylar and stylar areas, and 
not through direct penetration of the epicarp. 

Water Uptake and Movement 
in the Grain 

Water uptake and movement in wheat and 
sorghum has been studied (Grosh and Miller 
1959; Jowett 1965). We have tried to determine 
the pathways by which water enters the kernel. 

132 



Table 4. 	 Surface wax content o-,aln of sor-
ghuminesaimceptb '..rlatant 
to grain mold. 

Quantity of surface wax -

Lines 
College Stationa 

(%) 
Dallasb 
(%) 

SC-0279-14 
SC074 
PR-759 

0.267 
0.210 
0.327 

0.290 dc 
0.2laboratory 
0.356 c 

SC-0103 0.220 0.218 f 
BTX-398 0.233 0.260 de 
TX-2536
SC-0630-11E 

0.387 
-

0.453
0.520 

b 
a 

SC-0719-IIE - 0.233 ef 
SC-0599 - 0.322 c 
GA-615 - 0.288 d 

a. Values from Dr. LarrySeitz, US.GraIn Marketing Research 
Center, Manhattan, KS. Represents an average of early 
and late harvested grain from College Station Li 1975 and 
grain from Dallas. Determinations were made with a 
benzene extraction methodology, 

b. Average of two replications of 1977 grain samples from 
Dallas extracted for 10 minutes with hot chloroform and 
reported as percent wax of a dry grain weight basi3. 

c. 	Means followed by the rame letter In each column are not 
different at the 5% iwal of significance, by Duncan's 
Multiple Range Test. 

For a floury-endosperm sorghum, TX-09, the 
primary entry pathway for water is the dis-
rupted connective tissue between the pericarp 
and rachis branch (Fig. 11). Water enters the 
cross and tube cells of the pericarp, and ra:idly 
moves around the seed. Concurrently, water 
movement appears to be through the hilum 
(black layer) into the germ. After 30 min, water 
moved into the endosperm in the void area 
where endosperm, germ, and pericarp meet. 
Some water enters the kernel through the style, 
and moves around the kernel in the cross and 
tube cells. 

After 60 min soaking time, water movement 
into the endosperm wasgreatest near the upper 
area of the scutellum. It is possible that water 
moves via the scutellum vascular system into 
the endosperm. This observation was more 
pronounced after 90 min. 

Once the water was in the endosperm, it 
moved readily through the I',ss-organized 
central floury endosperm. After 3 hr the water 
began to move into the corneous endosperm. 

At 7, water had moved through all areas of the 
kernel. The movementof waterwas followed by
inbibing the kernels for a given time, cutting
them in half,and observing them after exposure 
to iodine vapor. The starch grains turn blue 
when the 	moisture content reaches a certain 
level. 

Breaks in the kernel altered the rate and 
pattern of water uptake. Field observations and 

water-uptake studies indicate that 
the rapid 	 increases in moisture of sorghum 

grain may cause stresses which disrupt the 
cellular compactness of the caryopsis (Fig. 8).
Kernels of some lines are more prone thanothers to breakage whan subjected to moisture. 

Cracks in 	the kernel would allow more rapid 
water uptake as well as entry ways for fungi. In 
the corneous endosperm of wheat, uptake of 
water causes fissuring, which allows a more 
rapid entry of water into the endosperm (Grosh
and Miller 1959). A similar situation may exist 
with sorghum; however, it was difficult to 

assess the amount of damage of advance of 
moisture in the corneous endosperm with the 
iodine-vapor methodology.

Coating the germ area with paraffin impaired 

water uptake by the kernel (Fig. 12). Covering 
the stylar half of the kernel with paraffin caused 
a reduction in water uptake compared with the 
control; complete control of water uptake oc
cured when the hilar area was covered. This 
simple exercise supports the microscopic ob
servations which indicate that the germ area is 
the primary pathway for w3ter to enter the dry 
kernel. In the field, the stylar area may be of 
greater importance because the kernel is still 
attached to the glumes. 

Evaluation of sorghum lines for rate of water 
uptake indicates that lines more susceptible to 
grain mold absorb moisture more readily than 
do resistant lines with similar grain character
istics (Fig. 13). Both TX-2536 and SC-0279 have 
thin translucent pericarps, average kernel size, 
and intermediate endosperm texture. The sus
ceptible line, TX-2536, had a high rate of water 
uptake, whereas SC-0279, a resistant line, had a 
low rate of water uptake. Other lines with vary
ing levels of resistance had water uptake rates 
that primarily reflect differences in mesocarp 
thickness and endosperm texture. Water uptake 
by grain of Iines used to study a grain-leachate 
test was greater for susceptible lines than for 
resistant lines. Grain characteristics (endo
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Figure 10. Surface wax and dewax ed epidermal cell-surface appearance of sorghum grain. Photo 

A) Surface wax of TX 2536 over the dorsal area of the grain, illustrating various wax 

formations. WT - wax tuft; WC continuous wax layer; WP flattened wax projec

tions. Photo B) Surface wax of SC0279 over the dorsal area of the grain. Photo C) 

Dewaxed epidermal cell surface of TX 2536 over the dorsal area of the grain illustrating 

slight surface pitting and elongated appearance of cells. GV -grooves or valleys 

formed by epidermal cells, R ridges. Photo D) Dewaxed epidermal cell surface of 

SC0279 over the dorsalarea of the grain, illutrating a more-nettedsurface appearance 

than TX 2536. Pho to E Surface wa. of TX2536 over the grain geri. Photo F) Surface wax 

of SC0279 over the germn. Photo G) Dewaxed cell surface over the germ of TX 2536, 

illustrating elongated tubular cel appearance. Photo H, Dewaxed (ell surface over the 

germ of SC0279 
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Figure 17. 	 Water uptake and movement in a 

sorghum kernel. Arrows indicate 
primary water-entry areas and 

subsequentmovement in the kernel. 
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Figure 12. 	 Effect of wax coverage of the germ 
orstylarareas ofsorghum grain on 
the rate of increase in grain mois-
ture. 


sperm texture and pericarp thickness) and ex-
tent of deterioration both affect the rate of water 
uptake. Observations suggest that glumes 
slightly retard water uptake and loss. The rela-
tive differences among lines, however, were 
small. 

40 

TX2538 
BTX398 
5C0103 

0TAM428 
30 

0 
T 

SCOS66 
SC0748 
74PA759 

Figure 13. 	 Effect of sorghum type on the rate 

of increase in grain moisture. 

Stylar Structure at Maturity 

Portions of the style branches remain attached 
to the mature caryopsis on the rounded apexthe point of caryopsis attachment (Fig.

Variability exists among lines in respect 
to length, position, or curvature of the style 
remnants, organization of the internal style 

tissue, and possible dosing or plugging of the 
openings with pectin or mucilage com

pounds.
 
stylar branches of harvested threshed 

grain of TX-2536 are usually broken off, and the 
mesocarp tissue of the pericarp is exposed and 
vulnerable to entry by microorganisms or water 

14c). Harvested threshed grain of SC-0279 
(Fig. 14b) and many of the more resistant lines 
tend to retain their stylar branches or greater 

portions of the branches when compared with 
TX-2536. This difference in breakage of the style 
indicates a structural difference among lines. 
Longitudinal sections of SC-0279, as well as 
scanning-electron microscopy ,SEM) observa
tions, suggest that the stylar tissue may be 
closed with pectin- or mucilage-type materials. 
The deposit of materials in the sty!ar tissue was 
also evident in other resistant lines - SC-0748 
especially, as indicated by staining with safranin. 
In addition, TX-2536 was the only line examined 
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Figure 14. 	 Stylar area ofsorghum lines resistantandsusceptible to preharvest grain deterioration. 
Photo A) Longitudinal section of style of SC0279 (resistant), 18 days postanthesis. 
En - endosperm; P - pericarp; PAR parenchyma tissue of inner style; ca 40X. Photo 
B) Styles ofSC0279 kernel. TP - tubular shaped outer pericarp cells; ca 10OX. Photo C) 
Surface view of stylar area of TX2536 (susceptible) with one style broken off near the 
base, exposing the inner parenchyma tissue, and the other style lying perpendicular 
with the pericarp surface; ca 10OX. Photo D) Longitudinal section of TX2536, 18 days 
postanthesis; ca 40X. Photo E) Longitudinal section of SC0279, 48 days postanthesis, 
illustrating constricted stylar opening (arrow). AL - aleurone cell layer; ca 200X. Photo 
F) Longitudinal section ofsusceptible line 48 days postanthesis, illustrating more-open 
stylar area; ca 200X. 

in which surface discoloration proceeded from Hilar Development 
the stylar area. Appearance of the grain of and Structure 
TX-2536 suggested that the microorganisms 
had entered the pericarp through the style, and Comparison of the hilar region of mature grain 

as they advanced through the pericarp the of TX-2536 and SC-0279 (Fig. 15) suggests a 
translucent pearly appearance was lost due to more organized complete closure of the trans
cellular disruption. location tissue in SC-0279, compared to TX
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Figure 15. Hilar area ofsorghum lines, both resistant and susceptible to preharvest grain deterioratio;,. Photo A) Longitudi-althin section of the 
susceptible line, TX2536, 10 days postanthesis. EN-endos,erm; EA -embryonic axis; HV-hilar void; TC- transf,.r cells or modified 
endosperm cells; AL -aleurone cell Iayer; SC-scutellum; P-pericarp; PA -point of grain attachment; ca 25X. Photo B) Longitudinal
thin section of the resistant line SC0279, 18 days postanthesis; ca 25X. Photo C) Cross secticn of TX2536, 38 days postanthesis; ca 
25X. Photo D) Cross section of SC0279, 38 days postanthesis; ca 25X. 



2536. Cross sections of TX-2536 depict dik-
ruption of the closure tissue along with voids in 
the endosperm, which would provide reduced 
resistanceto water and microorganism entry. In 
contrast, cross sections of the hilar area of 
SC-0279 suggest an organized complete clo-
sure of the hilar region. Although much of the 
pigmented black layer can be removed by 
removal of the pericarp, pigmented tissue re-
mains, and it appears continuous with the 
aleurone layer. This continuous tissue layer is 
especially evident in grain of SC-0279 and other 
more resistant lines. It is not so apparent in 
TX-2536, a susceptible line. Wolf et al. (1952) 
reported the hilar layer splitting into an upper 
and lower layer in corn; however, Giles et al. 
(1975) failed to mention hilar layer separation in 
the sorghum grain they examined, 

During caryopsis development, the hilar area 
serves as the site of translocation of nutrients 
from the vegetative plant portions into the 
ovule. Ifmicroorganisms enter into the vascular 
system of the plant, they could enter the 
caryopsis and possibly gain entry into the em-
bryo and endosperm through the hilar area. 
Translocation of nutriunts into the developing 
endosperm appear to be via specialized basal 
endosperm cells or transfer cells (Giles et al. 
1975; Gunning and Pate 1969) (Fig. 15). Sec-
tions of grain from different lines were 15p 
thick, and it was not possible to discern differ-
ences among lines in transfer-cell structure, 
Since one of the primary differences between 
susceptible and resistant lines was the rapid 
degradation of endosperm of susceptible lines, 
some type of ban ter must be restricting micro-
organism movemer't into the endosperm of 
resistant lines. This harrier is probably due to 
differences in transfer-cell structure and/or the 
structure and continuity of the aleurone cell 
layer, as well as the ovcrall organization of the 
endosperm in this critical area of pericarp, 
endosperm, and germ association. 

Grain shape, especially in the abgerminal 
area near the black layer, appears to affect the 
progression of grain deterioration. As grain of 
TX-2536 reaches physiological maturity and 
begins to lose moisture, extreme indentation of 
the black layer in relation to the yoke of sur-
rounding endosperm is observed. This mature 
grain conformation may relate to the cellular 
disruption observed in the area where the 
hilum, endosperm, and germ come together. 

Summary 

A multitude of factors affect th3 development of 
expression of mold and weather deterioration 
of sorghum grain. Nine lines with high levels of 
resistance -S-0279, SC-0748, SC-0599, SC
0566, SC-0630, PR-759, BTx-398, SC-0103, and 
SC-0719 - were identified. The first seven lines 
are of primary importance because they do not 
contain the testa layer and have low tannin 
levels, whereas SC-0103 and SC-071tx;o,sess a 
pigmented testa layer. The identification of 
these lines resulted primarily from visual field 
ratings of the grain at six to eight locations 
throughout Texas for 2 to 4 years of evaluation. 
Other lines exhibited high levels of resistance at 
limited locations or during snme years, but they 
did not posses- those qualities imparting 
general resistance. 

The seven nonbrown resistant lines origi
nated from varied backgrounds. Amount and 
appearance of surface wax, as well as dewaxed 
epicarp surface appearance, varied among 
grain types. In SC-0279 and BTx398 sorghum 
kernels, the pericarp surface nearthe black layer 
is more completely covered with wax than are 
kernels of TX-2536. However, there were no 
consistent differences that would explain the 
improved resistance to deterioration. Sepa
ration of the water-soluble heat-stable grain 
extracts indicated variability in number, type, 
and quantity of compounds in the different 
grains. The lemon-yellow line, SC-0748, had 
several unique bands of compounds which 
restricted seedlirg growth; however, other 
lines also restricted seedling growth. The ex
tract of SC-0630 had only a few bands, which 
was also true of the brown sorghum lines 
SC-0103, SC-0719, and GA-615. SC-0630 had less 
sprouting in the panicle during the rains in 
southern Texas in 1976. Since the brown sor
ghums usually possess some level of grain 
dormancy, similarities in grain extracts suggest 
achemical inhibition to germination in SC-0630. 

The more prominent factors associated with 
resistance to preharvest grain deterioration re
late to moisture loss, movement in the grain, 
and uptake. The longer the period of time the 
moisture content of the grain is at 18 to 20% or 
more, the more prolific will be microorganism 
growth. TX-2536 tends to dry down slowly in 
comparison with more resistant nonbrown 
lines; thus a favorable atmosphere for micro
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organism growth is maintained. Grain that has 
undergone some deterioration and cellular dis
ruption takes up water readily; thus the pro
gression of deterioration is enhanced. Undam-
aged excellent quality grain of TX-2536 has 
increased rates of water uptake when compared 
with thin-pericarp resistant types (SC0279). This 
may re!ate to grain structure in the hilar area. 
The more disorganized appearance of the hilar 
area and associated endospprm and germ tis-
sue of TX-2536 suggests greater accessibility 
to microorganism establishment and growth. 
Grain shape, continuity of the aleurone layer in 
the hilar area, and the organized solid ap-
pearance of grain of most resistant nonbrown 
lines would affect water uptake and movement 
in the grain, and microorganism entry and 
ultimate expression of preharvestgrain deterio-
ration.Inaddition, theinitialdiscolorationofthe 
pericarp of TX-2536 occurs at the stylar area, 
which suggests the entry of mic' oorganisms 
and moisture through the style. Since this type
of pericarp discoloration was not observed in 
the resistant lines, there may be some obstruc-
tion in the style tissue that prevents entry. This 
obstruction appears to be a pectin- or 
mucilage-type material.Thestucige-e mis e hGLUECK,

The studies discussed here have shown that 
certain structural features of the sorghum 
kernel may playan important role in limiting the 
movement of water and entry of micro-
organisms into the sorghum kernel. Additional 
studies are needed to compare sorghum ker-
nels from lines with closely related plant and 
kernel characteristics that have good and poor 
resistance to deterioration. Close interaction 
and collaboration amorg scientists will be 
necessary to conduct the critical tests required 
to clarify which of the multitude of factors have 
the greatest influence. 
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Mycotoxins in Sorghum: Toxigenic Fungi During

Storage and Natural Occurrence of T2 Toxin
 

Ramesh V. Bhat and C. Rukmini* 

The importance of mycotoxins in human foods 
has been recognized in recent years. Mycoto-
xins may be potentially harmful to various 
human organs such as the liver, kidney, and 
gastrointestinal tract. From the standpoint of 
health, harmful effects could be appreciable 
when staple foods are contaminated, since the 
amount ingested over time will be considera-
ble. Under normal conditions of harvest and 
storage, the risk of aflatoxins in a staple like rice 
is much less than when it is stored under 
abnormal conditions- such as cyclone, 
floods, and unseasonal rains (Tulpule and Bhat 
1978). Two major disease outbreaks -aflatoxic 
hepatitis and enteroergotism - attributable to 
mycotoxins have been reported from India(Bhat and Krishnamachari 1978).In India, mycotoxins in sorghum have not

In Idiamyctoxisi sorhumhavenot 
been studied extensively. A screening investi-
gation on head molds of sorghum grains in 
Pantnagar, UP, showed contamination with As-
pergi//us, Co/letotrichum, Curvularia, Fusarium, 
Penici/lium, and Phoma. The species of Asper-
gil/us isolated resembled A. flavus. Aflatoxins 
B1, B2, G1, and G2 were detected in samples of 
sorghum infected with head molds (Tripathy 
1973). 

One of the promising methods of preventing 
aflatoxin accumulation in food grains is to 
select varieties that will support the least 
amount of aflatoxins. Varieties of corn, peanut, 
sunflower, and soybean promising in this re-
gard have been identified (Tulpule et al. 1978).
However, the stability of the resistance charac-

ter under different climatic conditions must be 
studied. Research in the Department of Plant 
Pathology, Andhra Pradesh Agricultural Uni-
versity at Hyderabad, is under way to select 
varieties of sorghum that resist aflatoxin pro-
nuction. 

Besides aflatoxins, ergot alkaloids may occur 

Research Officer, and Senior Research Officer, 
National Institute of Nutrition, Indian Council of 
Medical Research, Hyderabad, India. 

in sorghum. Most, if not all, varieties of sor
ghum grown in Karnataka and Maharashtra in 
India are susceptible to Claviceps spp. Ergoty 
grains of sorghum generally remain soft and 
rarely harden. 

As part of the program of mycotoxin surveil
lance of staples, studies have been undertaken 
at the National Institute of Nutrition on screen
ing various commodities such as rice, maize, 
pearl millet, and sorghum for mycotoxins 
(Tulpule and Bhat 1978). This paper deals with 
our studies on sorghum. 

Mycoflora Pattern in
 
Stored Sorghum Samples
 

Sixty-four samples of sorghum collected fromthe villages of Krishna and Kurnool in Andhra 
tages orisaand Kunol A ra 
Pradesh were examined. The samples were 
collected mostly from "Patra," the most com
mon storage structure in either district. Patra is 
at underground pit lined with paddy straw or 
straw rope. In Kurnool district, samples were 
also collected from other storage structuressuch as "jade," "ga rise,"~ and gunny bags. Jade s a gaern aGarise a stone or ce 
is a big earthern jar. Garise is a stone or cement 
bin constructed inside the house, sometimes 
provided with a stone slab bed that may be 
plastered with cementmud/dung. The moisture 
content of samples obtained from Krishna dis
trict ranged from 10.3 to 14.4%, whilo that of the 
samples obtained from Kurnool district ranged
from 10.0 to 15.5%. Aspergillus flavus was 
isolated from 50% of the samples collected 
from Kurnool district and from 77.5% of the 
samples cbtained from Krishna district. The 
percentage of grain infected in each sample 
ranged from4to28%. Inabout40% ofsamples 
with A. flavus, the percentage was 8 or less. In 
57% of the samples, other species ofAspergillus 
were also isolated. In 42% of the samples, other 
fungi-such as Alternaria, Curvularia, 
Chaetomium, Fusariumandafewnonsporulat
ing fungi-were present. Aflatoxin was not 
found in any of the samples. 
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These studies have indicated that toxigenic 
fungi can be present in the sorghum samples 
stored under usual conditions. However, unless 
certain environmental conditions (such as ex-
cess moisture) exist, toxin production will not 
take place. 

Natural Occurrence of T2 Toxin 
in Ingested Moldy Sorghum 

Fungi such as Fusarium and Myrothecium, 
which belong to the group "fungi imperfect," 
produce a class of mycotoxins collectively 
known as Trichothecenes. Among these, T2 
toxin is the most important (Saito and Ohtsubo 
1974). Circumstantial evidence has implicated 
T2 toxin in disease outbreaks in man and in 
animals. "Alimentary toxic aleukia," prevalent 
during World War II in the USSR, may have 
been due to T2 toxins, 

Species of Fusarium are often found in sor-
ghum infected with head molds. Other fungi 
that invade sorghum grains during rainy har-
vest periods are Drechslera, Alternaria, and 
Curvularia. Extracts from moldy sorghum and 
from nonmoldy sorghum were injected in-
traperitoneally into rats; toxic symptoms in rats 
receiving extracts from the moldy sorghum 
included reduction in weight gain, general 
weakness, sluggishress, and untidy fur. Acute 
inflammatory lesions were revealed on 
pathological examination of the gastro-
intestinal tract. 

When the extracts were applied externally to 
theshaved skin ofguinea pigs, rats, and rabbits, 
the skin showed marked redness, inflam-
mation, and crust formation. Other signs in-
cluded pinpoint hemorrhage, scab formation, 
and subdermal hemorrhage. 

Some of the fusarial toxins-such as 
zearalenone - exhibit uterotrophic activity. To 
determine if moldy sorghum extracts show 
such toxicity, they were given orally to weanling 
female rats. After 24 hours, the animals were 
sacrificed, and uterine weights were taken. 
Uterine weights of the treated animals were not 
significantly different from those of control rats. 

The Fusarium species isolated from moldy 
sorghum was identified as Fusarium incar-
natum, belonging to the arthrosporiella group. 
It may be appropriate to mention that the 
system of speciation in Fusarium is far from 

satisfactory. However, since the isolate of 
Fusaria obtained is a tropical one, the classi
fication proposed by Subramanian (1971) was 
followed in species identification. 

The fungus F. incarnatum was inoculated on 
autodaved rice. After 7 days of incubation, the 
artificially contaminated rice was dried and 
extracted with solvents such as petroleum 
ether, ether, and ethyl acetate. Similar extracts 
were obtained from noninfected rice for use as a 

control. 
Toxicological investigations with extracts of 

F. incarnatum-infected rice included intra
peritoneal injection of rats, dermal application 
to guinea pigs, and oral feeding to weanling 
rats. Effects were similar to those with moldy 
sorghum extracts, clearly indicating that the 
toxicity of moldy sorghum was primarily duo to 
mycotoxins elaborated by F. incarnatum. 

Extracts from moldy sorghums as well as 
from rice infected with F. incarnatum were 
partially purified by passing over a column of 
silica gel after partitioning with petroleum 
ether. The solvent mixture of n-hexane-ethyl 
acetate in the ratio of 1:3, 1:5, and 1:7 was 
successively passed through the column. The 
effluents were collected separately, and spotted 
over silica gel-coated thin layer chromatog
raphy plates. The plates were developed sepa
rately in various solvents systems, such as 
chloroform-methanol (97:3), ethyl acetate-n
hexane (3:1), and toluene-ethyl-acetate-ethyl 
ether (90:5:5). After development, the plates 
wereair dried at 11000 for 10 min. In thesecona 
fraction, i.e., n-hexane-ethyl acetate (1:5), a 
sky-blue fluorescent spot was visible under 
ultraviolet light. This compound was identified 
as T2 toxin. Further chemical confirmation ofT2 
was done after crystallizing the toxin. Melting 
point, IR spectrum, NMR, and GLC pattern of the 
T2 toxin from rice infected with F. incarnatum 
were identical with authentic T2 toxin. 

Although natural occurrence of T2 toxin in 
sorghum is known, disease outbreaks attribut
able to this mycotoxin have so far not been 
identified in sorghum-eating populations. This 
may be mainly because of thelack of correlation 
between vaguesymptoms of poisoning - such 
as diarrhoea and vomiting - and identification 
of the Fusarial toxir, in moldy sorghum This is 
precisely the area that needs an in depth col
laborative study by epidemiologists, clinicians, 
mycologists, and toxicologists. 
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Factors Affecting the Development of Sorghum
 

Grain Molds in Senegal 

J. C. Denis and J. C. Girard* 

Sorghum is the second most important cereal in 
Senegal - after pearl millet - and there are 
plans to increase its production through inten-
sification. This is not possible with traditional 
varieties because of their height, photoperiod 
sensitivity, lateness, and little or no response to 
mineral fertilization. Thus there are increased 
efforts to obtain improved sorghum varieties. 

Two sorghum improvement programs are 
under way, one covering the northern and 
central northern zones of Senegal and the other 
covering the more humid reg ions to the central 
south and southeast of the country. One of the 
important objectives of the second program is 
the development of varieties of relatively short 
duration (90 to 105 days) that are grain mold 
resistant. These varieties mature early, before 
the end of the rainy season, and should resist 
molds to ensure that the grain is fit for human 
consumption. 

Methods 

In an earlier article (Denis and Girard 1977), we 
described in detail the different methods that 
could then be used to identity mold resistant 
varieties. In this paper, we present only those 
that are most commonly used in Senegal. 

Field Trials 
Since the climate is unpredictable, mold de
velopment is not always adequate for proper 
screening of varieties. In Senegal there are two 
methods for ensuring high infestation pressure 
while selecting for mold resistance: 

0 	 Planting in Bambey in June under irriga-

Plant Breeder, Institut Sondgalais de Recherches 
Agricoles, CNRA de Bambey, Bambey, Sengal, 
and Plant Pathologist, Institut de Recherches Ag-
ronomiques Tropicales et des Cultures Vivrieres, 
Amelioration des Plantes, Montpellier Cedex, 
France. 
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tion, before the start of the rainy season, so 
that generally photoinsensitive varieties 
mature during a very wet period (Aug to 
Sep). 

e 	 Planting in Sefa in mid-Casamance, in a 
region where conditions are more humid 
than those required for the varieties. 

At a ;ater stage the selected lines are tested 
over several years and in locations in the area 
where they will be ultimately cultivated. 

MethlS for Analysis 
and Evaluation of Molds 
Several methods are used for evaluating the 
resistance capacity of varieties: 

9 	A rapid technique where threshed grains 
are compared, using a hand lens, to grain 
ranging from nonmolded (1 rating) to very 
molded (10 rating), (atechnique developed 
by Dr. Natale Zummo and thus called the 
Zummo scale). 

* 	A laboratory technique for qualitative and 
quantitative evaluation of molds, through 
estimation of the grain surface covered by 
mold and the proportion of grains carrying 
the fungus. 

* Seed germination tests.
 
As the results are expressed in percentage
 

values, the observations are subjected to angu
lar transformation before statistical analysis. 

Presentation and Discussion 
of Results 

Grain Infection Gtage and Relativa 
Importance of the Fungi 

Ten days after flowering, grains were taken at 
5-day intervals from panicles of two sorghum 
varieties (CE 90 and 68-25)that had flowered on 
the same day. These samples were analyzed in 
the laboratory to determine the percent molded 
area and the composition of the mycoflora by 



incubating the grains on filter paper for 24 and 
48 hr at 27 to 280 C. 

Damage due to molds is first apparent on 
grain about 30 days after flowering (Table 1). 
However, certain types of molds (Fusarium, 
Curvularia) can be identified from the first 
sampling 10 days after flowering; this signifies 
that they are established relatively early in the 
grains, but develop only when the grains are 
close to maturity (Table 2). It was possible to 
verify that these fungi can be present on the 
panicles as early as anthesis. Curvularia pre-
dominates at the start of grain development, 

while Fusarium predominates at maturity 
(Table 2). Curvularia and Fusarium tend to infect 
grain in inverse proportion during grain de
velopment. These two fungi were the most 
important and Fusarium is apparent!y more 
closely associated with percent molded area. 

Yield, Height, Duration Relationships 
with Moldiness 

A four-replicate trial with 54 F5 progeny derived 
from 67-17 x CE 90, and the parents, was 
planted at Bambey, Darou, and Nioro in 

Table 1. 	 Index* of molded area of sorghum grain taken at different dates after flowering (17 Sept 
1974). 

Number of days after flowering
 
Varieties 10 20
15 	 25 30 35 40 

CE 90 	 0 0.1 0.2 2.8 50.9 54.1 58.7
63-25 0 	 1.1 79.60.6 	 15.0 79.1 81.5 

n1 x 0 x n2 x 16 + n3 x 50 + n4 x 100a. Index 

n
Where nl, n2, n3, n4 are the number of grains belonging to respective categories 1, 2, 3,4 given below: 

1 - visible molded grain area < 1% 
2 - visble molded grain area ; 1% and % 19% 
3 - visible molded grain area > 20% and r. 79% 
4 - visible molded grain area -- 80%
 

and n is the total number of grains observed
 

Table 2. 	 Percentage of sorghum grains Infected with various fungi harvested at different dates 
after flowering. 

Number of days after flowering 
Varieties/Fungi 10 23 3015 25 	 35 40 

CE-90 
Fusarium 26 	 22 35 46 51 76 61 
Curvularia 	 71 89 	 75 46 41 10 27 
Helminthosporium 6 	 4 5
Pycnidial fungus 6 5 	 6 1 4
Others 5 	 3 10 8 

68-25 
Fusarium 21 30 49 48 52 59 67
 
Curvularia 41 78 44
76 	 45 39 30
Helminthosporium 1 1 6 2

Pycnidial fungus 37 6 3 
 2
Others 1 7 2 2 
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Senegal. Moldiness (Zummo scale) was de-
termined twice by three observers on grain 
samples taken at threshing. The mean of obser-
vations per variety and location were used to 
calculatethe coefficients of correlation between 
yield, height, plant maturity, and moldiness of 
grains (Table 3). 

Table 3. 	 Coefficients of correlation with the 
Zummo scale. 

Yield 	 Height Maturity 

aBambey -. 468 " -.569** -. 240 
Darou -. 278 ° -. 070 -
Nioro -. 216 -. 120 -. 244 

a. 	 Significance thresholds of the coefficient of correlation 
with 54 degrees of freedom; 5%().264, 1%(9).342. 

The results for Bambey indicate a negative 
relationship between moldiness and yield as 
well as plant height. Apparently, the least 
molded plants are the tallest. 

At Darou, where plant height was low and 
mold infection was high in comparison with 
Bambey (Table 4), the relationship between 
moldiness and yield was negative, but it is less 
negative than in Bambey. Moreover, there was 
no relationship with plant height. 

At Nioro, where plant height was much lower 
but mold infection was similar to that in Darou, 
there was no relationship between these differ-
ent criteria and moldiness. This is undoubtedly 
due to the presence of more important limiting 
factor-. We believe that when there are not 
many factors limiting plant development, grain 
molds have a more definite relationship with 

Table 4. 	 Averageyleld, height, timetoflower-
Ing, and mold rating of the 56 var-
lotls tested. 

Yield Height Flowering Zummo 
Locations (kg/ha) (cm) (days) (1-10) 

71 5.04Bamhey 6157 245 
229 	 - 5.85Darou 5112 

5.90
Nioro 2846 179 64 

yield and plant height. ln all cases, p.antmaturi
tyseemstobelessrelatedtomoldinessinthese 
varieties. 

Relationship between Locations 
and Grain Moids 

In an eight-replicate trial, four varieties were 
tested at four ecologically different locations. 
An analysis of combined variance of the results 
(Table 5) has shown that differences between 
locations are highly significant for all the 

characters considered - percent molded area 
and percentage of grains carrying Fusarium, 

Curvularia, and a pycnidial fungus. 
The varieties differ only for percent molded 

area, while the variety x location interaction, 
like the locations, is always significant. Per
formance of varieties in relation to fungi was 
not significantly different over all locations but 

differences occur between them at each indi
vidual location (Table 6). Varieties should there
fore be recommended according to locations. 
These results require confirmation by long
term experiments. If these results are consis
tent, they should be explained by interaction 
between fungi in terms of their qualitative and 
quantitative presence and environmental con
ditions. 

Relationship between Locations, 
Years, and Grain Molds 

Eight varieties were compared in a trial with 
three replicates conducted in 1975 and 1976 at 
Bambey and Nioro. 

Combined analysis of variance (Table 7) indi
cates that locations, and years, as well as their 
interaction, differ significantly for percent 
molded area, nongermination rates, and per
centage of grain carrying the pycnidia. These 
sources of varlation do not differ significantly 
for the percentage of grain carrying Fusarium 
and Curvularia, except the locations x years 
interaction for Fusarium, which is highly sig
nificant. We interpreted this by saying that 
these fungi are always present in large quanti
ties, whatever the year or location. 

The results also show that the performance of 

varieties, in relation to all the fungi considered, 

changed with location and year. This verifies 

the earlier hypothesis, knowing that the fungi 
interact among themselves. 
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Table 5. Analysis of combined varlance and averages of sorghum varietlee grown at Boulel, Darou, 

Nioro, and Sofa for molded area and ganera of fungi present. 

Sources of variation 

A. Variances 
Location 

Error (a) 


Replicates
 
between trials 


Varieties 

Varieties x
 
Locations 

Error (b) 
Total 

B. Averages of varieties 
1. 7531-V33=7410-122.5 
2. 7531-V1=7410-140-1-1 
3. 7531-V36=7410-122-3 
4. 7531-V35=7410-186-1 
LSD 5% 

C.Averages over locations 
Boulel 

Darou 

Nioro 
Sdfa 

LSD 5% 

D.F. Molded area Fusarium Curvularia Pycnidial fungus 

3 
29 

1432.01"-' 
1.62 

2272.67* 
15.17 

2401.94"* 
49.35 

4455.09** 
56.28 

31 
3 

140.04 
95.38" 

233.64 
88.6 

277.02 
9349 

481.97 
389.49 

9 
84 

127 

21.46*0 
4.90 

261.55"* 
34.56 

74.46* 
30.02 

311.68"* 
67.37 

18.31 
19.54 
20.65 
22.37 

1.10 

33.24 
36.91 
34.82 
33.56 

2.92 

35.15 
32.56 
36.57 
35.58 
2.73 

23.12 
26.71 
28.45 
31.48 
4.08 

10.37 
22.26 
22.95 
25.28 

26.26 
29.99 
36.85 
45.43 

25.76 
42.94 
41.76 
29.41 

15.69 
29.87 
21.37 
42.83 

0.65 2.00 3.60 3.84 

a. Differences are significant st 5%(*) and 1%(**) levels, respectively. 

Relationships between Certain 
Sorghum Grain Molds 

During the 1977 rainy season, 44 varieties 
were studied in a trial with four replicates for 
their performance in relation to grain molds. 
The following fungi were studied: Fusarium, 
Curvularia, Helminthosporium, Alternaria, 
Cladosporium, Colletotrichum, the pycnidial 
fungus and other unidentified fungi referred to 
as "other fungi." The different coefficients of 
correlation between the fungi were calculated 
using the averages over four replicates (Table 
8). 

Fusarium aiid Curvularia are the most impor-
tant fungi among those studied. These fungi 
interact with all the other fungi. Fusarium is 
negatively related with Helminthosporium, the 
pycnidial fungus, and Colletotrichum, and posi- 

tively with the "other fungi." Curvularia, on the 
other hand, is negatively related with "other 
fungi" and positively with Helminthosporium, 
Alternaria, and Cladosporium. There is proba
bly an antagonistic relationship between 
Fusarium and Curvularia. 

Relationship between Fusarlum 
and Curvularla on Sorghum Grains 

A trial was conducted at Bambey during the 
1974 rainy season with staggered planting of 
seven varieties showing different performance 
in relation to grain molds. Observations were 
carried out on six flowering dates at 3-day 
intervals for percent molded area and per
centage of grains carrying Fusarium and Cur
vularia (Table 9). 
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Table 6. Development of grain mold and frequency of Isolation of Fusarlum Curvularla and the 
pycnidlal fungun at Boutl, Darou, Nioro, and Safe. 

Varieties Bouies Darou Nioro Sofa 

V1. 7531V33 (7410-122-5) 8.17 
V2. 7531VI (7410-140-1-1) 8.10 
V3. 7531V36=7410-122-3 11.46 
V4. 7531V35 = 7410-186-1 13.76 

V1. 7531V33 (7410-122-5) 19.63 
V2. 7531V1 (7410-140-1-1) 24.40 
V3. 7531V36 = 7410-122-3 36.49 
V4. 7531V35 = 7410-186-1 24.53 

V1. 7531V33 (7410-122-5) 26.02 
V2. 7531V1 (7410-140-1-1) 19.15 
V3. 7531V36 = 7410-122-3 30.33 
V4. 7531V35 = 7410-186-1 27.56 

V1. 7531V33 (7410-122-5) 9.91 
V2. 7531V1 (7410-140-1-1) 7.38 
V3. 7531V36 = 7410-122-3 18.92 
V4. 7531V35 = 7410-186-1 26.56 

Effect of Molds 
on Sorghum Grain 

The effects of molds on sorghum grain ob-
served todate are given inTables 10 and 11.The 
molded area of grains increases with the con-
centration of Fusarium and other fungi (Table 
10). It 's also seen that the unidentified fungi 
con.rbute to increased moldiness of grains 
(Zufnmo sc.le), and the nongermination of 
se.-d as well as the number of abnormal seed-
I ngs. Therefore it would be useful to identify 
them. Finally, we can say that Fusarium im-
pedes seed germination, 

The interpretation of the positive relation-
ship presented is not arbitrary and is therefore 
acceptable. This is not the case for interpre
tation of negative relationships. With present 
knowledge, it is difficult to understand that 
grains are less molded and germination is 
better as the pycnidial fungus increases, or that 
grain appearance and germination are better 
and there are fewer abnormal seedlings as 
Alternaria increases, 

Molded area 

18.73 21.34 25.00 
24.54 21.80 23.71 
21.31 23.42 26.42 
24.47 25.25 26.00 

Frequenc/ of Fusarium isolation 
32.64 32.21 48.49 
37.30 40.93 45.00 
24.49 35.02 43.27 
25.52 39.24 44.96 

Frequency of Curvularia isolation 
40.00 45.79 28.79 
42.98 37.93 30.22 
43.61 41.51 30.85 
45.15 41.82 27.79 

Frequency of Pycnidial fungus isolation 
28.31 13.05 4.22 
23.19 30.54 45.72 
32.92 22.32 39.64 
35.06 19.56 44.73 

It also appears that molds have adepressive 
effect on the chemical composition of grain 
(Table 11). Results show a significant decrease 
in protein rates in the higoily molded sample 
compared to other samples. Content of amino 
acids isoleucine and valine is also lower in 
highly molded samples. Lysine content is a 
limiting factor in both healthy and molded 
sorghum. 

Fusarium, Curvularia, Helminthosporium, 
and the pycAidial fungus could all be involved in 
the deterioration of grain food value (Table 11). 
However, further details are required to verify if 
the observed differencs are statistically sig
nificant and biologically important, and to de
te-mine the fungi causing most damage. 

Conclusions 

These few resufts enable us to appreciate the 
complex nature of the problem. Several fungi 
have been identified, and those ,hat are yet to 
be identified are relatively important. A certain 
hierarchy could be established however, with 
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Table 7. Combined analysis of variance for microflor of sorghum grains at Bambay and Nloro, 
1975-1976. 

Sources of Non-	 Pycnidial
variation D.F. Molded Area germinated Fusarium Curvularia fungus 

A-Variance 
Between trials (3) 
Locations 1 60.87" * 5398.03" 0.69 258.33 2582.75** 
Years i 3.05** 1902.730 33.58 54.90 3192.43"* 
Locations x Years 1 	 1383.43*853.71" 420.01"* 182.99 252.27* 
Error (a) 8 0.19 239.69 15.88 76.08 41.71 

Replicates (11)
 
Varieties 7 656.27** 
 956.43** 107.44"* 139.51" 598.05** 
Varieties x Locations 7 39.05** 266.13"* 80.82** 39.33"* 270.76** 
Varieties x Years 39.53** 38.25**7 	 157.06"* 90.98"* 631.28"* 
Var x Loc x Years 7 36.52** 164.92"* 23.84 84.76** 324.07** 
Error (b) 56 0.48 35.26 12.03 12.85 24.97 
Total 96 

B-Average of varieties 
1 NKX-3183 20.22 48.15 38.27 27.23 35.43 
2 B-3197 2531 46.98 44.70 27.15 28.87
3 TAM-680 	 21.23 48.26 28.9641.32 	 29.05 
4 TAM-420 22.63 56.99 48.38 20.74 15.99 
5 CE-90 21.46 56.58 43.95 28.58 31.36 
6 7420062-2 	 25.96 48.78 33.0744.32 	 22.74 
7 7403048-1 28.43 52.64 42.92 28.76 36.23 
8 M 35-1 42.98 73.53 28.2945.59 	 21.53 

LSD 5% 0.57 4.85 2.83 2.93 4.08 

a. Differencus are significant at 5%(*) and 1%(*°) levels, respectively 

Table 8. 	 Correlation coefficients among the fungi observed on molded sorghum grains on 44 
varieties at Sdfa 1977. 

Fusarium 
Helmintho-

Curvularia sporium Alternaria 
Clados-
porium Pycnides 

Colletot
richum Others 

Non germinated 
NG and Abnormal 
Fusarium 

.481" * 

.167 
-

-. 445 
-. 421" 
-. 206 

-. 360** 
-. 141 
-. 492"* 

-. 444"* 
-. 528"* 
-. 202 

-. 277 
.012 
.225 

-. 442" 
-. 264 
-. 516"* 

.082 

.196 
-.304 

.481"* 

.457"* 

.377* 
Curvularia -. 206 - .356' .383* .343* -. 080 .039 -. 453** 

Helininthosporium 
Alternaria 

-A92 
-. 202 

.356 
-383 

-
.082 

.082 
-

.161 

.190 
.178 
.004 

.155 
-. 257 

.182 
-. 162 

Cladosporium -. 225 .343* .161 .190 - -. 155 -. 195 -. 190 
Pycnides 
Colletotrichum 
Others 

-. 516"* 
-. 304' 

.377* 

-. 080 
.039 

-. 453"* 

.178 
.155 
.182 

.004 
-. 257 
-. 162 

-. 155 
-. 195 
-. 190 

-
.259 

-. 207 

.259 
-

-. 105 

-. 207 
-. 105 

-

a. Significantly different coefficients of correlation from 0 to probabllm thresholds of 5%(*) and 1%(**) respectively 
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Table 9. Relations between grain molds and flowering dates (Bombey 1974). 

Varieties 
Ranking by 

mortality 14/9 
Flowering dates 

17/9 20/9 23/9 26/9 29/9 Averages 

Molded area 70.2 23.3 - 14.8 20.2 25.6 30.9 
68-19 1 Fusarium 69.0 57.0 - 74.0 58.0 72.0 66.0 

Curvularia 22.0 23.0 - 15.0 27.0 13.0 20.0 

Molded area 41.1 23.3 - 16.0 28.5 13.1 24.4 
Meloland 2 Fusarium 48.0 68.0 - 67.0 50.0 74.0 61.4 

Curvularia 41.0 25.0 - 8.0 35.0 19.0 25.6 

Molded area 36.4 47.2 - 34.8 50.5 37.4 41.3 
68-17 3 Fusarium 55.0 53.0 - 68.0 42.0 81.0 59.8 

Curvularia 29.0 30.0 - 25.0 45.0 14.0 28.6 

Molded area 51.3 33.4 69.1 8.2 30.7 13.0 34.3 
67-17 4 Fusarium 54.0 66.0 84.0 77.0 49.0 72.0 67.0 

Curvulana 41.0 19.0 18.0 14.0 28.0 12.0 22.0 

Molded area 32.1 31.3 31.7 16.6 38.1 16.3 27.7 
69-4 5 Fusarium 43.0 50.0 44.0 44.0 45.0 67.0 48.8 

Curvularia 42.0 38.0 39.0 27.0 19.0 15.0 30.0 

Molded area 19.8 19.4 48.5 15.8 18.1 8.9 21.8 
CE-90 6 Fusarium 47.0 24.0 45.0 57.0 32.0 35.0 40.0 

Curvularia 26.0 39.0 49.0 22.0 19.0 17.0 28.7 

Molded area - 43.4 41.8 20.3 19.9 6.9 26.5 
CE-99 7 Fusarium - 38.0 68.0 60.0 59.0 70.0 59.0 

Curvularia - 46.0 29.0 16.0 22.0 13.0 25.0 

- Molded area 41.8 31.6 47.8 18.1 29.5 17.3 29.6 
Averages - Fusarium 52.7 50.9 60.3 63.9 47.9 67.3 57.4 

- Curvularia 33.5 31.4 33.8 18.1 27.9 14.7 25.7 

Table 10. Relatlonsh9p between moldiness, germination, and grain molds (Sf.1977). 

Molded Zummo No,'jer."iinated 
Character area Scale Nongerminated anu abnormal 

Nongerminated .7122"* .474* - .620"* 
Nongerminated & abnormal .507 * 1 .618"* .620"* -

Fusarium .708"* .152 .481 ** .167 
Curvularia -. 275 - .658"* - .445"* -.421** 

Helminthosporium - .303" - .233 - .360* -. 141 
Alternaria -. 279 - .361 - .444"* - .528"* 
Cladosporium -.170 .157 - .277 .012 
Pycnidial fungus -.701"* - .022 - .442"* - .264 

.196Colletotrichum -. 084 - .007 .082 
Others .505"* .379' .48 "** .457** 

a. Significantly different coefficients of correlation from 0 to probability thresholds of 5(*) and l(*l% respectively. 
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Table 11. Relations between molds and chemical composition of grains. 

Molds' Chemical compositionb 

Coefficient Isoleucine ValinePercent Helmin- Pycnidial Protein of protein g100 g g/100 g LimitingSamples molded area Fusarium Curvularia thosporium fungus g/100 g efficiency proteins protein factor' 

CE-90
Healthy 0 - - - - 13.43 0.73 4.3 5.3 Lysine-56 

CE-90 
Slightly 5.1 46.5 26.5 5.5 14.5 14.67 0.69 
molded 

CE-90
Very 28.7 43.0 33.0 15.0 19.5 11.68 0.66 3.4 4.2 Lysine-54
molded 

a. According to analyses done at CNRA. Bambey, Senegal 1978. b. According to M. (.ANONNE, ORANA, DAKAR, Senegal, 1978. c. FAO type combination percentage. 

Table 12. rllcrofloral evaluation of grain-mold "tolerant" sorghum varieties grown at S6fa 1977. 
Moldy Nonger- Nongerminated Pycnidial 

Varieties Rank surface minated & abnormal Scale Fusarium Curvul. fungus Others 
1. IS-2327 1 13.0b a 10.5a 31.Oa 4.50 28.Obcd 38.5c 55.Ob 11.5a2. IS-14332 2 10.Oa 39.5cd 59.Obc 6.25 17.Oa 14.Oab 76.0e 14.5a3. IS-2328 2 16.6d 26.0b 55.Ob 6.25 23.Oabc 14.Oab 65.5cde 21.5ab4. E-35-1 4 12.1b 36.5bM- 72.Scde 6.50 27.Obcd 14.5ab 73.Ode 19.5ab5. 74-10SS.051 5 21.6e 33.Obc 89.Ofg 6.0 26.5bcd 16.Oab 57.5bcd 18.5ab6. Large glume-7 6 31.3f 82.Oe 13.Og 6.75 45.Oe 12.5ah 30.0a7. 74-10-KHb 6 22.7e 46.5d 82.Xf 23.5b

6.0 29.5cd 15.0Jab 57.Obcd 21.5ab8. IS-7225 8 15.5c 26.Ob 72.5ccd 6.75 22.Oabc 27.Ob 47.5b 14.0a9. IS-2261 9 11.5b 31.Obc 79.5dof 6.75 21.Oab 1.i1.5ab 69.5cde 17.5ab10. CS-3541 9 22.Oe 37.0tsa 64.0bci 6.75 45.Oe 7.4o 59.Obcd 23.Oab 
11. CE 90b 10 17.5d 37.Obcd 80.Odef 7.0 32.5d 8.09 61.0bcde 24.0ab 
a. Only values with different letz-s, within columns, differ significantly from each other at 5% level
b. Varieties developed at CNRA, Bambey, Senegal 



Table 13. Evaluation of the International Sorghum Grain Mold Nursery at Sae 1977. 

Characters evaluated 

Varieties Rank Zummo scale Field scoring Days to flowering 

IS-2327 1 4.63 2 74 
IS-2328 4 5.88 2 79 
E-35.1 4 6.00 4 81 
IS-14332 b 5 5.88 3 81 
741D-SS051 6 6.13 2 84 

2KH1-E20 7 6.50 - 94 
7410-KHb 8 6.25 3 72 
IS-2261 8 6.50 2 78 
IS-7225 8 6.38 6 85 
Large glume-7 
CS-3541 

9 
10 

6.25 
6.50 

-
4 

81 
67 

IS-3443 11 6.63 - 91 
Large glume-3 
95-40-63 

15 
18 

6.75 
6.88 

5 
4 

57 
65 

CE-90b 18 6.88 4 67 

7 53 1-V15b 
IS-1097 

19 
21 

6.88 
7.00 

4 
4 

67 
65 

IS-452 22 7.63 5 72 
IS-3552 DER (SC-7488-5) 
IS-7254 C(SC-566) 

22 
23 

7.00 
7.13 

3 
5 

73 
56 

a. Average of 2 replicates 
b. Varieties developed at CNRA, Bambey, (Senegal). 

Fusarium and Curvularia among the most im-
portant fungi followed by the pycnidial fungis 
and othcl unidentified fungi. The problem is 
made more complex by the fact that the fungi, 
being living organisms, develop according to 
their own properties and ecological conditions 
and interact. Thus, for Senegal, it would -be 
useful to first study Fusarium and Curvularia 
individually and then study their interactions, 
Laboratory trials under controlled conditions 
would be suited for individual sLudies of these 
fungi and natural field conditions for studying 
their interactions. This will not affect accuracy 
of observations which will be taken on a hourly 
basis. 

These results also reveal the urgent need for 
sources of genetic resistance to grain molds 
(Tables 12, 13). In two trials involving acces
sions from several countries, we observed that 
there is only one variety (IS-2327) that can be 
called resistant; a few others, generally ac-
cepted for want of anything better, can be 
classified only as slightly tolerant to grain 

molds. Therefore, additional varieties shouldbe 
identified and/or large-scale detailed screening 
should be carried out to identify genetic re
sources of resistance available for work on 
sorghum grain molds. 

One aspect of sorghum grain molds not 
discussed in this paper concerns the relation
ship between dormancy and sorghum grain 
molds. We suspect that dormancy could pre
ventdevelopment of fungi ongrain. Thisshould 
be investigated. 

Finally, where sorghum is used for human 
consumption, attention should be paid to toxi
city incidence sometimes caused by certain 
fungi. 

Summary 

In Senegal, local varieties of sorghum usually 
mature at the end of the rainy season, thus 
escaping grain mold infection. The decision to 
introduce early varieties in one area, where in 
general only late and/or photosensitive sor
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ghums are grown, stimulates the need for grain 
mold resistant varieties. Grain molding is a 
comj.!ex problem -several species of fungi 
are involved, and they interact with one another 
in a dynamic fashion, depending on the con
ditions of the grain and the environment. 

Presumably this is one of the reasons why 
sources of multiple (for many fungi) genetic 
resistance are scarce. This situation calls for a 
fragmentation of the problem, wo.l ng first 
with the most important fungi as far as grain 
appearance and deterioration are concerned. In 
Senegal, L,-;es some unidentified fungi, 
Fusarium, Curvularia, and Phoma would be the 
first to be studied. Sources of resistance to 
these fungi are urgently needed. In Senegal, 
IS-2327 appears to be grain mold resistant 
followed by IS-14332 and E35-1, which should 
be called grain mold tolerant. Some varieties 
developed in our program are classified as
'cceptable" when harvest is not delayed. 
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Breeding for Grain Mold Resistant Sorghums
 

at ICRISAT
 

D. S. Murty, K. N. Rao, and L. R. House*
 

Sorghum is grown in the semi-arid tropics 
(SAT) mostly as a food crop in the rainy season. 
Traditional cultivars in this region generally 
flower at the end of the rains and their grains 
mature essentially during dry weather. There
fore, grains retain the original characteristics 
which farmers prefer. On the other hand, the 
recently improved genotypes have a higher 
harvest index and give stable and high yields 
across environments, but they flower early and 
their grains fill and often ripen in wet weather. 
These genotypes pose the following problems: 

1. 	Susceptibility to parasitic and saprophytic 
fungi that destroy the grain; 

2. 	 Pigmentation and grain weathering; 
3. 	 Loss of seed viability and/or (in extreme 

cases) sprouting on the panicle; and 
4. 	Poor food quality. 

These interrelated problems are usually re-
ferred to by the all-inclusive term "grain de-
terioration." In recent years, grain deterioration 
has been receiving increased attention in many 
sorghum-growing areas, and significant de-
velopmentshavebeenreportedbyGluecketal. 
(1976), Murty (1977), and Rana et al. (1978). 

Since farmers' preferences depend upon the 
consumption value of the grain and its maiket 
price, grain-deterioration problems become 
crucial for the extension of high-yielding 
genotypes. The ICRISAT Sorghum Improve-
ment Program has given high priority to this 
area of research, and has specific collaborative 
projects on each of the problems listed. This 
paper reviews the progress of the ICRISAT 
sorghum breeding work on resistance to the 
two most important grain molds, Curvularia 
and Fusarium, during the last 4 years. 

Plant Breeder, Plant Pathologist, and Principal Sor-
ghum Breeder, Sorghum Improvement Program, 
ICRISAT. 

Objectives 

The project on improvement for grain mold 
resistance has the following objectives: 

1. 	Incorporation of mold resistance into elite 
material (varieties and hybrids) of good 
grain quality and yield; 

2. 	 Identification oi .dditional sources of re
sistance to various grain molds and their 
further utilization; and 

3. 	 Improvement of the available degrees of 
mold resistance by appropriate selection 
and recombination techniques. 

Progress 

The Breeding Scheme 

Grain molds appear to be a universal 

phenomenon in regions where breeders are 
attempting to breed for sorghums that flower 
earlier than the local types. Therefore mold 
resistance needs to be incorporated into ap
propriate maturity groups adapted to broad 
ecological zones in the SAT. To achieve this 
objective, ICRISAT breeders have attempted an 
elaborate program (Fig. 1) to be carried forward 
with intensive selection in the segregating 
generations for mold resistance and good grain 
quality. Parents are selected from various 
sources and appropriate crosses made in large 
numberf. Selected Fi hybrids are carried for
ward to F2. Selection in F2 populations is carried 
out under natural conditions, but from the F3/F4 
generation onwards artificial screening is done. 
The F2 populations are less protected, and are 
grown under moderate stress conditions so as to 
eliminate genotypes highly susceptible to shoot 
flyand borer. Protection against midge and head 
bug damage is provided, as such damage might 

interfere with grain mold ratings. Grain vield 
assessments are made from the F4 generation 
onward. Evaluations at Dharwar (15"27'N), 
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CROSSING BLOCK 

Grain quality Mold resistance Elite lines, broad 

Composite 

'X random mating 

Fi - Three-wsy and multiple 

crosses
I 

iL 
F2 - Selection for clean grains

and good plants in natural - so 

conditions; 40-50% stress 
for shoot fly and borer 

F3 - Severe mold screen with - S1 
I inoculation at ICRISAT Center 

F4 - Severe mold screen with Seleed 
inoculation at ICRISAT Center - S2 S2 lines 
Adaptability, disease, and 
pest evaluation at three 
locations in India 

F5 - S3 Food quality evaluation; 
I Seed increase 

F6 - S4 Preliminary yield trials 
in India 

SEPON 
Intense grain mold screen 

F? - So Food quality evaluation; 
I seed increase 

Fe - S6 Advanced yield trials in SAT 

Figure 1. Improvement for grain mold resistance and quajity breeding scheme. 
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Bhavanisagar (11027'N), and ICRISAT Center ram in the last3 years is presented inTable 1.To 
(17027'N) provide an opportunity to select for date about 12 700 crosses have been made and 
better adapted types less susceptible to dis- the Ft generations evaluated. Of these, only 
eases and pests. Food-quality evaluations are 1967 Ft hybrids (17%) were advanced. The 
done 0enerally from the Fs generation onward, philosophy behind making a large number of 
either at ICRISAT Center or at the ICRISAT crosses is to (a) generate enormous variation 
regional stations. Selected lines are distributed and broaden the genetic diversity, (b) sample 
to cooperators as a nursery called "Sorghum many crosses and select more among rather 
Elite Progeny Observation Nursery" (SEPON). ;han within crosses, and (c) identify useful 
The scores we receive from cooperators help us combiners for various traits in the world collec
identify widely adapted mold-resistant prog- tion and breeding stocks. A summary of the 
enies. Selections from this observation nursery number of crosses and segregating families 
will enter advanced yield trials in theSAT. There evaluated for grain molds in the last 3 years is 
is also a parallel recurrent selection program in presented in Table 2. It may )e noted that 
a broadbased composite for improving mold 
resistance. Artificial inoculation is done in the S2 
generation and the selected families recom- Table 1. Cirossing block-parental array In 
bined for the next cycle. They can also be gralnmoldresistanceandgralnqual
advanced by pedigree breeding and the S4 and Ity Improvement trials at ICRISAT 
Ss lines could go into SEPON. Selections from Center. 
preliminary yield trials are recycled into the 
crossing block. No. of 

Breeding for semiphotosensitive and photo- Group parents 

sensitive groups of material cannot be carried 
out at ICRISAT Center because of flowering Zera zeras and other less mold suscep- 52 
problems. In the nearthisworfuturehavnisaar,we theexpect to do tib-elinat High-yielding and adapted lines from India, 
part of this work at Bhavanisagar, using the Upper Volta, Nigeria, Senegal, Sudan, 
scheme essentially as outlined, but with minor Egypt, Uganda, Ethiopia, Kenya, U3A, 
modifications. and ICRISAT 116 

Good rain quality entries from the world 
Crossing Block collection 45 

Popular Indian farmer types 48 
Parents were selected from the world collec- Yellow endosperm types from Karper's 
tion, international nurseries, and advanced nursery 60 
yield trials of national programs for their IS conversion lines from Puerto Rico 18 
superiority in grain mold resistance, good grain Waxy and highly corneous grain types 16 
quality, adaptation, earliness, and yield. New Disease- and pest-resistant lines 15 
sources of resistances to Curvularia and 

370Fusarium were identified at ICRISAT (e.g., IS- Total 

9327, E 35-1, IS-14332, IS-2328, IS-9225) by 
inoculation and intensive screening of the 
world collection. These, along with CS-3541, a Table 2. Breeding material evaluated by 
released variety from the All India Coordinated lCRlSAT for grain molds during 
Project, have been used extensively. Several of 1975-78. 
the zera zeras are known to be free of pigmenta
tion and weathering problems, and hence have Generation 1975-76 1977 1978 
been used frequently. Parents possessing 
broad-spectrum resistances to various other F1 3574 3400 5735 
diseases and pest. were also used. Single, F2 427 592 948 

double, and three-w' crosses were made bet- F3 2820 2119 612 

ween adapted, good grain, and mold-resistant F4 - 1576 1364 
- 770 

on height and maturity. The Fsvarieties based 
range of parents included in the crossing prog- _ _6_ _ _663 
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approximately 3000 early generation progenies 
are generated for grain mold-resista nce screen-
ing each year. 

Selection for Grain Mold Resistance 

Generally 800 plants were grown for each F2. 
However, in some interesting crosses 1600 
plants were grown. In 1976, a mixture of Cur-
vularia and Fusarium inoculum was sprayed 
onto the heads a few days after flowering, and 
the heads were left open. Artificial inoculation 
of a large number of hectares is impractical, so 
selection for resistance was later limited to 
mold and weathering under natural conditions. 
Agronomically desirable plants with clean and 
good grains were selected. The weather was 
favorable for selection against molds in 1976 
and 1978. Individual panicle selections were 
advanced in the offscason, and each of the rows 
was bulk harvested with minimal selection. 
Some of the F2s were grown in the summer 
at Bhavanisagar, and the F3s were advanced in 
the rainy season under artificial inoculation at 
ICRISAT Center. 

The F31F4 progenies were planted during the 
rainy season in separate rows, and several 
panicles were inoculated a few days after 
flowering. In 1978, however, panicles were 
bagged before anthesis to ensure self-
pollination. The selfing bags were removed 
after anthesis and the panicles sprayed with a 
mixture of Curvularia and Fusarium (22 000 
conidia/ml) and the bags replaced. Twenty days 
later the bags were removed. Head mold ratings 
were taken on inoculated as well as noninocu-
lated heads 50 to 55 days after flowering. All 
rows were evaluated for their reaction to Cur-
vularia and Fusarium, on a scale of 1 to 5, where 
1= no molds, 2 = less than 10% of the grains 
moldy, 3= 11 to 25% of the grains moldy, 4= 26 
to 40% of the grains moldy, and 5= more than 
40% of the grains moldy. Relatively clean pani
cle grains (with a score of 3 or less) were 
selected from low susceptible progenies. Dur-
ing the postflowering period, humidity in the 
field was ensured by operating sprinklers for a 
few hours each day. The sprinklers were he!pful 
in promoting mold development, and they 
created a severe stress for this trait, but posed 
extreme problems of sprouting on the head. 
Therefore, sprinkler use was later restricted to 
30 minutes i',1 the evening on each rain-free day. 

Selection was successful, and the details of 
results are presented in Tables 3 and 4. It may be 
noted that in rainy season 1977 we made 487 
less susceptible selections, out of which only 50 
had a score of 2. Advanced generation lines 
from the 487 selections were retested in rainy 
season 1978, when the majority of them had a 
score of 2. We retained only 62, however, after 
discarding sister selections and lines of similar 
origin and genetic background. F3 and Fi prog
enies from a fresh lot of crosses contributed 192 
additional selections. 

Laboratory Evaluation 

The seed increased in the postrainy season of 
1977 (November to February) from the 487 

Table 3. 	 Mold-reslstantselectlons obtalnend In 
rainy seaaon 1977 by screening 4465 
F3, F4 and Fs progenies after Inocu
latlon with Curvularla and Fi;=.:rlum. 

Score 
Origin 	 Total 

2 3 
Single crosses 34 330 364 
Double crosses - 49 49 
Three-way crosses 16 58 74 

Total 	 50 437 487 

Table 4. 	 Mold-resistantsolectionsobtalnedIn 
rainy season 1978 byscreening 2639 
F3 F,, F, and Feprogonlle aft,w inocu
latlon with Curvularla and Fusarlum. 

Score 
Orii.in Total 

1.5 2.0 2.5 3.0 

1977 selections 
Single crosses 11 44 2 - 57 
Three-way crosses - 4 - - 4 

Segregating generations: 
Single crosses 10 29 4 2 45 
Double crosses 5 2 1 - 8 
Three-way crosses 42 86 8 4 140 

Total 68 165 15 6 254 
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selections made during rainy season 1977 was 
evaluated in the laboratory for relative fungal 
infection. Grain samples were inoculated and 
incubated for 4 days (12 hr dark and 12 hr light) 
at 250C. The severity of infection was visually 
rated on a scale of 1 to 5 (increasing order of 
infection) in replicated sets of petri dishes. Fif
teen percent of the 487 selections hid an infec-
tion severity score of 2. Some of the selections 
which showed the least infection in the laborat-
ory as well as in field testing in rainy seasons 
1977 and 1978 were (SC-108-4-8 x CS-3541)-
29-1, (SC-423 x CS-3541)-57-1, (2219B x CS-
3541)-12-1, (SC-108-3xE 35-1)-l-1, (SC-108-
3xE 35-1)-29-2, (10680xCS-3541)-6-1, and 
(SC-108-3xUchv2)-15-1. Single, double, and 
three-way crosses, involving parents like CS-
3541, E35-1, IS-9530, IS-9327, IS-2328, 2219-B, 
SC-108, SC-423, CS-3687, 2KX-2, 8272, Uchv2, 
and IS-3443, contributed mostly to the less 
mold susceptible selections. 

Resistance to other important fungi, such as 
Phoma andAlternarid, isyet to be identified and 
incorporated into the breeding program. We 
propose to begin to do this soon. 

Selective Intermating 

An examination of the available degree of mold 
resistance in the world collection and various 
breeding stocks at ICRISAT indicates that there 
is no line possessing absolute resistance to 
either one or all the molds, and that the term 
"resistance" to grain molds is relative. Re-
sistance to different fungi is present in various 
degrees in various li.es, and its genetic basis is 
probably polygenic.An improvement in natural 
levels of resistance should be possible through 
selective intermating of resistant progenies in 
specific crosses or recurrent selection in ran-
dom mating populations. We have attempted 
both these approaches, using our mold less-
susceptible selections. 

In the offseason of 1977, we divided the 487 
mold less-susceptible selections into 12 broad 
groups, based on origin, pedigree, plant mor- 
phology, maturity, and grain quality parame-
ters. We intercrossed members between these 
1.2 different groups. A total of 2045 such inter-
crosses were advanced in the summer, and a 
selected set of 182 crosses were grown under 
natural conditions favorable for grain mold 
screening. The general level of resistance to 
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Curvularia and Fusarium was better in these 
than in other groups of material. We selected 
1009 plants scoring 1.5 or 2.0. Advanced
generation progenies of these selections will be 
tested under artificial inoculated conditions in 
the next rainy season (1979). 

Mold Resistance Composite 

As a long-term approach, a broad-based com
posite is being built, wherein recurrent se
lection for grain quality and mold resistanceina 
good agronomic background will ba. practiced. 
In 1976, bulk pollen from many ofthe Ft hybrids 
was dusted on male steriles segregating in an 
early ms7 sterile bulk. Later, the first backcross 
to the steriles segregating in the F2 population 
was done, using confirmed mold-resistant 
sources and other elite F4 selections. The sec
ond backcross was made in the 1977 postrainy 
season, using the mold less-susceptible se
lections from artificial screening. Another 
backcross will be made in the postrainy season 
of 1978 with the latest mold-resistant selections 
and elite material. In addition to grain mold 
resistance, we want to incorporate good food
quality characters into this composite, and it 
will then be handled in three subpopulations, 
based on maturity. 

Genetics of Grain Mold Resistance 

Information on the genetics of grain mold re
sistance is scanty. Ranaetal.(1978)andDabhol
kar and Baghel (1978) found that general com
bining ability effects seem to be important. 

In 1976 at CRISAT, three parents less sus
ceptible to Curvularia and Fusarium infection, 
three moderately susceptible parents, and three 
highly susceptible parents were crossed in all 
possible combinations. Six of the hybrids were 
backcrossed to both parents, while 14 were 
advanced to F2. The parental, Fi, F2, and 
backcross generation material was evaluated 
for grain molds under inoculated conditions. 
Unfortunately, severe damage by head bugs 
interfered with assessments of the panicles for 
grain molds. However, the wide range of 
maturities and grain colors in the segregating 
generations seemed to have affected the mold 
scores. Nevertheless, a cursory examination of 
the generation mean data showed some evi
dence for partial dominance. 
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In 1978, we initiated a new set of crosses, 
where segregation for days-to-flower, plant- Table 6. Generation means of scesr on re
color, and seed-color factors is expected to be action to FusarIum monliforme ar
minimal. Nine parents exhibiting various de- tfilally Inoculated at ICRISAT 
grees of susceptibility to Curvularia and Fuse- _ Center. 

rium, 12 Ft hybrids involving these parents, and Cross (Pi x P.) Pt P2 Mid-parent Ft F2 
12 F2 populations were planted under compar
able conditions on the same date in the rainy IS-9327 x H 112 2.2 6.4 4.30 4.5 4.5 
season. A few days after flowering, panicles IS-9327 x IS 9530 2.2 2.8 2.50 2.4 3.8 
were sprayed separately either with Curvularia SPV-104 x CS 3541 6.3 2.6 4.45 4.9 5.6 
lunata or Fusarium moniliforme inoculum, and SPV-104 x E35-1 6.3 2.7 4.50 - 5.8 
then bagged. The bags were removed 20 days E35-1 x CS 3541 2.7 2.6 2.65 3.1 3.9 
after flowering and grain mold scores given on 370 x IS 9327 7.6 2.2 4.90 5.3 5.1 
a scale of 1 to 10 (increasing order of infection) SC-120 x 9327 4.4 2.2 3.30 2.7 4.8 
50 days after flowering. The number of plants SC-120 x CS 3541 4.4 2.6 3.50 3.5 4.9 
inoculated in the nonsegregating parental and SC-120 x 10939 4.4 7.0 5.70 - 4.5 
Fi generations varied between 3 to 20, while in SC-120 / SPV 104 4.4 6.3 5.35 5.4 5.8 
F2 it ranged from 85 to 288. Generation means 
for all the 12 crosses are presented in Tables 5 
and 6 for Curvularia and Fusarium, respectively. 
The frequency distribution of mold scores liminary observations indicate the predomi
showed that the variation for resistance to the nance of additive gene action and the presence
fungi studied is continuous, and is probably of partial dominance in some crosses. This is in 
controlled by polygenes. Keeping in mind that conformity with the conclusion drawn from 
sampling errors exist, we may observe from the 1977 data. Some of the interesting crz)ss-, are 
generation means in Tables 5 and 6 that, in being followed up inamoredetaile, mannerfor 
general, the Fi means are close to the midpa- a generation mean and variance component 
rent, indicating mostly additive type of gene study. 
action. Occasionally, however, the Ft mean is 
slightly higher than the average of parents, Fertility Restoration Studies 
probably because of partial dominance of sus
ceptibility in that particular cross. The average Development of A-lines possessing good grain 
scores of F2 progenies of several crosses also quality and mold resistanco could be a sig
indicate the same situation. Overall, these pre- nificant contribution to hybrid breeding. About 

600 selections in F4, Fs, and F6 generations were 
tested as pollinators on two cytosteriles from 
the All India Coordinated Sorghum Improve-

Table 5. 	 Generation meana of scores on re- ment Project (AICSIP), namely 2219A and 
action to Curvularle lunata Inocula- 2077A, and fertility-restoration studies on these 
tion. hybrids are under way. Preliminary results indi

cate parents (10680 x 3541 )-7 and (Bulk Yx GPR 
Cross (Pt X P2) PI P2 Mid-parent F, F2 165)-4-3 to be maintainers. 

IS-9327 H 112 23 6.4 4.35 4.5 6.1 Yield Tests 
IS-9327 × IS 9530 2.3 2.6 2.45 2.5 4.1sPv-104 s 	 cs 3541 8.3 2.1 5.20 6.2 5.7SPV104 	 ES 351 8.3 2.15.2 62.0 5 GrainSPV- 104 ×E 35-1 8.3 2.5 5.40 7.0 55 yield was measured on 210 F& bulks 
370 / IS 9327 6.5 2.3 4.40 4.7 5.5 	 grown in 7.5 m 2 plots planted in a randomized 

block design, with three replications at ICRISATCS-3541 7 370 2.1 6.5 4.30 5.0 6.2 Center in rainy season 1977. Several of the
IS-9530 IS 10939 2.6 6.5 4.55 5.8 6.1 	 entries yielded 4000 to 5000 kgiha grain, comSC-120 / IS9327 5.0 2.3 3.65 3.3 5.2SC-120 CS 3541 5.0 2.1 3.55 5.1 5.6 pared to 4800 kgiha of the hybrid check, CSH-6.SC-120 / SPV 104 5.0 8.3 6.65 7.1 6.0 Selections from rainy season 1977 tests wereadvanced under inbreeding, and again yield 
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tested in replicated trials in rainy season 1978 at 
ICRISAT Center, Dharwar, and Bhavanisagar. 
Grain yield data on some of the promising 
entries is presented in Table 7, along with 
adjunct notes on days to flowering, plant 
height, and grain-mold scores under artificial 
inoculation. It may be noted that the best entries 
gave average yields of 5300 to 5600 kg/ha. 

Sorghum Elite Progeny Observation 
Nursery JSEPON) 

Seed of 72 elite selections from Adapted x Mold 
crosses in the Fs generation wasResistant 

supplied to 12 cooperators in various regions of 

the SAT in the form of a nursery called 1977 
Sorghum Elite Progeny Observation Nursery 
(SEPON 1977). In addition to the local check 

(contributed by the cooperator), a varietal check 

(SC-108-3) and a hybrid check (CSH-6), selected 
for wide adaptation in earlier nurseries, were 

also included. Overall scores and comments 
givoo by the cooperators for grain molds, yield, 

and adaptation revealed that a majority of the 
iines exhibited satisfactory to good perfor-
mance in comparison with local checks, and 

were likely to contribute to national programs. 
The entries selected in each location (with an 
overall performance of 2 on a scale of 1= very 
good to 5= poor) arelisted in Table 8. Notable 
among the entries that performed well across 
several locations are Nos. 10, 29,30,36, 37, 38, 
42, 53. and 74, CSH-6. In the Ethiopian high 

altitudes, however, the nursery did no, show 
good adaptation, although resistance to leaf 
diseases was pronounced. In Thailand, some of 
the lines were reported to be free from gray leaf 
spot, and yielded well compared with the 
checks. In Mali, someof the linesyielded 4500 to 
4900 kg/ha in replicated trials, far surpassing the 
local checks, while some of the others were 
susceptible to lodging and possibly charcoal 
rot. In Senegal,some of the lines yielded 3700 to 
4200 kg/ha, and a few were selected in the field 
aswellasinthelaboratoryforlesssusceptibi!ity 
to grain molds. In Upper Volta, also, selections 
with good yield and less susceptibility to grain 
molds were made. Many lines exhibited 
grain-mold resistance in the low altitudes of 
Mexico (Poza Rica), while some appeared to be 

good in Tanzania. SEPON 1978 "oprising 46 
selections in Fs to F7 generrions, has been 
despatched to 15 cooperators throughout the 
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Table 8. Sorghum Elko Progeny Observation Nursery 1977 (SEPON)- Overall performance of 
lines mcross location. 

Entry
No. Pedigree 1 2 3 4 5 

Locations 

6 7 8 9 10 11 12 

1. (IS 12622C x CS 3541)-i 
2. (SC 423 x CS 3541)-16 
3. (SC 423 x CS 3541)-47 
4. (SC 423 x CS 3541)-23 
5. (SC 423 x CS 3541)-24 
6. (SC 423 x CS 3541-27 
7. (SC 423 x CS 3541)-52 
8. (SC 423 x CS 3541)41
9. (SC 423 x CS 3541)-85 

10. (SC 423 x CS 3541)-113 
11. (0222 x CS 3541)-l0 
12. (0222 x CS 3541)-13 
13. (10596 x CS 3541)-6 
14. (10262 x CS 3541)-1 
15. (10262 x CS 3541)-2 
16. (10262 x CS 3541)-13
17. (10262 x CS 3541)-20 
18. (10262 x CS 3541)-21 
19. (10262 x CS 3541)-22
20. (10880 x CS 3541)-2 
21. (10680 x CS 3541)4 
22. (10680 x CS 3541)-6 
23. (2219 Bx CS 3541)12 
24. (2219 P x CS 3541)-22
25. (SC-108-3 x CS 3541)-i 
26. (SC-108-3 x CS 3541)-3 
27. (SC-108-3 x CS 3541)-7 
28. (S"108-3 x CS 3641)-14 
29. (SC-103-3 x CS 3541)-j8 
30. (SC-108-3 x CS 3541)-30 
31. (SC-108-3 x CS 3541)39 
32. (SC-108-3 x CS 3541)-5i 
33. (SC- 108-3 x CS 3541)-53 
34. (SC-108-3 x CS 3541)-57 
35. (SC-108-3 x CS 3541)-3 
36. (SC-108-4-8 x CS 3541)-11 
37. (SC-108-4-8 x CS 3541)-13 
38. (SC-108-4-8 x CS 3541)-14 
39. (SC-108-4-8 x CS 3541-35 
40. (SC-108-4-8 x CS 3541)-37
41. (SC-108-4-8 x CS 3541)-38 
42. (SC-108-4-8 x CS 3541)-43 
43. (SC-108-4-8 x CS 3541)-46 
44. (SC-108-4-8 x CS 3541)-55 
45. (SC-108-4-8 x CS 3541)-60 
46. (SC-108-4-8 x CS 3541)-64 
47. (SC-108-4-8 x CS 3541)-70 
48. (SC- 108-4-8 X CS 3541)-73 
49. (SC-108-4-8 x CS 3541)-77 
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Table 6. Continued 

Locationa 
Entry 

No. Pedigree 1 2 3 4 5 6 7 8 9 10 11 12 

50. (SC-108-4-8 x CS 3541)-81 x x x x 
51. (SC-108-4-8 x CS 3541)-92 x x x 
52. (IS 12645C x CS 3541)-40 x 
53. (IS 7994C x CS 3541)-8 x x X x x 
54. (IS 146 x CS 3541)-28 x 
55. (CS 3541 x GPR 148)-2 
56. (CS 3541 x GPR 148)-4 
57. (CS 3541 x GPR 148)-5 
50. (CS 3541 x GPIR 148)-18 
59. (CS 3541 x ET 2039)-4 x 
60. (CS 3541 x ET 2039)-11 X 
61. (2219 B x GPR 148)-8 X x 
62. (SC-108-3 x GPR 148)-6 x 
63. (SC-108-3 x GPR 148)-12 X x 
64. (SC-108-3 x GPR 148)-26 x 
65. (SC-108-3 x GPR 148)-27 x 
66. (2219 B x Swarna)-1 X X 
67. (CS 3541 x Swarna)-4 x x x x 
68. (SC-108-3 x Swarna)-12 x x x x 
69. (SC-108-3 x Swarna)-18 x 
70. (WABC x Entomology) x 
71. (Bulk Y x GPR 165)-4-3 x 
72. Bulk 'Y' 
73. 3C 108-3 x x x x 
74. CSH-6 x x x x x 
75 Local check x x x x x 

a. 1. ICRISAT Center 5. Busla, Kenya 9. Sofa, Senegal 
2. Kovilpatti, India 6. Kamboinse, U. Volta 10. Massantolu, Mall 
3. Khon Keen, Thailand 7. Farako-Ba, U.Volta 11. Ilonga, Tanzania 
4. Alemaya, Ethiopia 8. Maradl, Niger 12. Poza Rica, Mexico 

b. Overall performance of the line was better and was selected for one or more attrib eto,including less susceptibilityto molds. 

SAT. Yield data (Table 7) pertains to some of the governing grainmold resistance appears to be 

entries included in SEPON 1978. Preliminary largely additive, though there is some evidence 
reports indicate that a number of these pro- for partial dominance. The progress of selective 

genies are performing well, and are useful to intermating in pedigree crosses and the pos
the cooperators. sibilities for recurrent selection in random

mating populations are discussed. 

Summary 

A large number of crosses between mold- Acknowledgment
resistant, good grain, and adapted types, fol

seyeg n- We gratefully acknowledge the cooperation of all 
lowed by intensive inoculated those who grew,3orghum Elite Progeny Observation 
early segregating generations, revealed lines Nursery 1977 and contributed to the data presented. 
less susceptible to Curvularia and Fusarium. We are also indebted to Dr. R.J. Williams, Principal 
Some of those in advanced generations appear Cereal Pathologist, ICRISAT, whose advice was very 
to be valuable to national programs, their yield valuable during all the stages of the breeding prog
potential being moderately high. Gene action ram. 
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Grain Mold Discussion Session
 

Causal Agents and 
Time of Infection 

Frederiksen: 
What is the relative importance of early 
infection comoared with infection on the 
mature grains? 

Castor: 
Early infection is probably very important 
in causing severe damage. Although infec-
tion can occur at any time during grain 
development, less damage results from 
late infections. 

K. N. Rao: 
We carried out daily inoculations with 
Fusarium and Curvularia during a period 
following inflorescence emergence. Inocu-
lations from 3 to 8 days after head 
emergence resulted in maximum mold in-
cidence. Inoculation at later stages of grain 
development did not produce so high a 
degree of mold. We also took infected 
florets out of the panicle following inocula-
tions and found that the Fusarium had 
penetrated the ovary. 

Denis: 
In our studies with several planting dates 
(whereby different flowering stages could 
be examined at the same time), we found 
that Curvularia generally infects very early 
and decreases in importance as the crop 
matures. Conversely Fusarium increases in 
importance as the crop matures and is most 
important at harvest. However, indications 
of the infection by any fungus remains 
visible up to maturity, regardless of the 
time of infection, 

Rosenow: 
InTexas severe mold infestation on mature 
grain can develop in as shot. a period as 6 
days of rain. I think the late-season infec-
tions are more important, and suggest that 
the bags should be removed earlier than 14 

days after inoculation, to allow the heads to 
be exposed for the maximum time to 
natural weathering. Has anyone observed a 
case in which grain moid developed when 
the environment was wet and humid dur
ing flowering and early grain development, 
but dry at physiological maturity? The 
majority of mold problems occur when the 
weather is wet at and from physiological 
maturity. 

Denis: 
Mold will develop on grain after a single 
rain when fungi are already present and the 
grain is at or near the hard-dough stage. 

Williams: 
Infection occurs early in the grain
development process. The symptomsman
ifest themselves near or at maturity if the 
environment is conducive. The appearance 
of symptoms at or near maturity does not 
mean that the infection took place only at 
that time. 

Zummo: 
In Nigeria, short Kaura and Fara-Fara ma
ture at about the same time, after the end of 
the rainy season. In storage, short Kaura 
J;eteriorates under high humidity, whereas 
Fara-Fara does not We attribute this differ
ence to differences in susceptibility to the 
mold fungi during the wet period before 
maturity. 

N. G. P. Rao: 
While there has been a great deal of work 
done on the fungi that invade the florets at 
an early stage under wet conditions, there 
is a need for more information about fungi 
that infect the grain at a later stage. Which 
fungi infect the grain after it starts to lose 
moisture and during postmaturity? Does 
bagging interfere with the development of 
these later-infecting fungi? In the effort to 
reduce deterioration problems, both the 
early and the late infecting fungi have to be 
tackled. 
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Williams: 
Curvularia and Fusarium have been so 
overwhelmingly important that it was not 
until we had material that could resist their 
infections that we could begin to work with 
the later-infecting fungi. APhomasp can be 
severe on lines which have low susceptibil-
ity to Fusarium and Curvularia. I do not 
think bags' ng prevents later-infecting fungi
from getting to the grain, for we removethe 
bags 14 days after inoculation, 

Munhy: 
IS-14332 has performed well not only 
against Fusarium and Curvularia, but also 
against Phoma. 

N. G. P. Rao: 
SPV-102 is also resistant to these three 
fungi. 

Screening for Resistance 

Inoculation Methods 

Frederiks.n: 
What are the best inoculation procedures 
for resistance screening? 

Denis: 
InSenegal, factorsimportantforsuccessful 
screening are: 
1. Provision of inoculum and humidity at 

flowering time. If natural inoculum is 
relied upon, then it is very important to 
promote high humidity during flower-
ing; 

2. A good distribution of susceptible lines 
throughout the nursery to provide addi-
tional inoculum; 

3. 	 Use of several replications and locations 
to avoid local variations due to several 
factors - including rainfall duration 
and distribution; and 

4. 	Several readings in the same trial, 

Bidinger: 
When you use cultures of the grain mold 
pathogens to inoculate dry mature grain in 
laboratory tests, are the fungi acting as 
parasites or saprophytes? Does the answer 
to this have any bearing on the correlations 

between the laboratory and field screen
ing? 

Williams: 
This is a question I have raised within pur 
group. If grain molds are primarily a prob
lem of fungi irectig floreta at early stage
ol grain development, how can we have a 
reliable method of laboratory screening
using dry mature grain? We are not sure we 
know the answer, but we are able to dif
ferentiate between cultivars in our laboratory tests. When we incubete thi grain from 
the dry-season crop we find out what fungi 
entered the seed during ts development, 
and the degree of colonization that oc
curred. There is probably enough dew toinitiate infection of the grain of highly 
susceptible lines in the dry-season crop,
but the environment is not conducive to 
symptom development. By incubation of 
the mature grain, we can evaluate the 
degree of such infection. 

Sundaram: 
While bagging of heads may help promote
molds in dry regions, will it not reduce mold 
development in wet areas by preventing 
the rain getting to the head? 

K. N. Rao: 
Bagging of heads does not reduce mold 
development in wet weather. Results from 
India, from jnegal, and from the USA 
show that bagging helps promote mold 
development. The bags are not water 
proof; they become wet and the heads 
inside become wet. The heads dry out more 
slowly after rain if they are bagged, and this 
promotes mold infection and development. 

N. G. P. Rao: 
We need to combine field screening, using
inoculations with Fusarium and Curvularia 
at anthesis, with laboratory screening of 
mature grain for resistance to Phoma. 

Murthy: 
It is important to use "checks" of varying
maturities. We now use three checks
early, medium, and late maturing- after 
every 30 to 40 test rows, so that meaningful 
comparisons can be made. In ICRISAT 
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screening, nm[ all heads in a row are bagged, 
and the bags are removed from the bagged 
heads 14 to 20 days after inoculation. The 
Phoma infection is estimated on nonino-
culated heads to avoid any possible Phoma-
Curvularia-Fusarium antagonism. I think 
thi3 gives ample chance to measure 
adequately reactions to the major mold 
fungi. 

Balasubramanian: 
Can one use the rate of imbibition of water

fr gain-oldresstace?whenscrenigwhen screening for grain-mold resistance? 

Rooney: 

Yes, it is possible. But you have to keep 

comparisons within the same grain types to 
avoid confounding factors. 

N. G. P. Rao: 

We have develope. , laboratory selection 
technique based on the capacity for water 

in 2 hr),absorption (the uptake of water 
grain hardness, and the presence of a tan 

background. The selection is based on ap- 
propriate weightage of these three 
parameters. 

Rating Scales 

Frederiksen: 
How good are rating systems such as the 
Zummo scale? How well do field ratings 
relate to laboratory ratings? 

Den'q: 
The Zui-,..o scale is very useful. Checks 
rated at 4 or 5 (on a 1-9 scale) can be used 
throughout the field, and used for compari-
sons with experimental lines pla:,ted in a 
replicated manner. One makes a rating in 
comparison with the checks. Only the check 
lines need to be common from one location 
to the other. 

K. N. Rao: 
There appears to be good correlation be-
tween field and laboratory ratings. Field 
rating alone will eliminate a vast number of 
susceptible materials, but both field and 
laboratory ratings are needed for more 
critical comparisons. A third stage could 
involve laboratory inoculation of threshed 
grain to further differentiate lines, 

Castor: 
But we must remember that field ratings 
and laboratory ratings only fairly highly 
correlated under favorable environmental 
conditions. In less favorable conditions the 
correlatior rm,,.y not exist, since mold can 
develop beneath the glumes, and will not 
be seen until the grain is threshed. 

Denis:
The two sets of obse,-':. ,>..s should be 

It is i t ol atceta
cornplementary. It is important to look at
the frequency of a "good" rating in ^',--field 

(one line might appear "good" in 10% of 
the tests and another might appear "good" 
in 90% of the tests). Postharvest handling 

may influence the appearance of molds on 
myifuneteapaac fmlso 
seed prepared for laboratory examination. 

Sundaram: 

The presence of an easily visible fungus on 
t. ;ed exterior, lke Phoma, may con
found the evaluation of grain quality. 

Rosenow: 
I have observed that some lines develop 
extensive mold on the grain exterior, but 

the internal quality is good, while c¢hers 
may be quite the reverse. We r..sd a rating 
system which takes this irto account. 

Williams: 
If the environmental conditions in the field 
have not been conducive to severe mold 
development, then it may be necussary not 
onlytoexaminethreshed grains, butaloto 
platethem out and seewhic;= fungi emerge. 
Lines apparently similar can be differen
tiated in this way. 

Mechanisms and Genetics 
of Resistance 

Riccelli: 
We have heard this morning thatthere is no 
relationship between individual seed 
characters and grain-mold resistance. 
From my observations in Venezuela I think 
brown-seeded sorghums are much more 
resistant to grain molds than are other 
types. SC-103, which has a floury endo
sperm, is resistant to grain molds, because 
of the presence of a testa layer. 
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Rooney: 
I agree that the presence of a testa layer is 
associated with resistance. 

Williams: 
In our experience at ICRISAT, even dark-
seeded lines, particularly dark red-seeded 
lines, can become severely molded under 
prolonged hot and humid conditions. We 
have conc'.:';.:! ilat there is no necessary 
correlation between any one particular 
character and the ability to resist molds. We 
think resistanc; is the result of a complex of 
additive effects of several different charac-
ters, and we know that we an develop 
acceptable levels of resistance in white-
seeded types. 

Denis: 
A new version of NK-300 has notannin, and 
is less resistant to grain molds than the 
version with tannin, 

Doggett: 
I would like to draw attention again to the 
potential value of sorghums with large 
membranaceous glumes. While they may 
not be useful against Curvularia and 
Fusarium, they may offer protectinn from 
Phoma and other late-infocting fungi, for 
they wrap the grain fairly tijhtly.They may, 
however be difficult to work with, and 
probably will not be useable ir ;,yhrids. 

K. N. Rao: 
Large Glume-7 has done well in the ISGMN 

program, but some other large-glume lines 
were not good. 

Denis: 
Large glumes may allow more fungal 
spores and moisture to remain in close 
contact with the grain, and thus they can 
also have detrimental effects. Good head 
Pxsertion and a moderately loose panicleto 
allow aeration may also contribute to rosis
tance. Seed dormancy may also relate to 
grain-mold resistance. I have observed va-
rieties which take 120 to 125 days to reach 
maturity with both ahigh level of resistance 
and a high level of dormancy. In summary, I 
think the cheracteristics of grain mold re-
sistant lines are as follows: (a) a barrier 

exists to prevent fungal penetration; (b) a 
barrier exists to prevent fungal colonization 
if penetration occurs; (c) large glumes pro
tect the grain, (d) pigments or other chemi
cals in the glumes inhibit fungal develop
ment. 

Crosses between lines with intermediate 
levels of resistance might be more bene
ficial than crossing resistant lines with a 
high-yielding susceptible line. 

Rosenow: 
Dormancy needs aJditional research in re
lation to grain mold. 

Murthy: 
We need more information on preharvest 
sprouting induced by Fusarium. 

Dodd: 
Is there a relationship between host-plant 
senescence and grain-mold development? 
Plants that die prematurely develop more 
severe mold than do others. Other 
factors - such as the association of grain 
molds with early maturity, reduced grain 
weight, maturity differences within the 
panicle, nearly saprophytic fungi, and less 
corneous endosperm - suggest an as
sociation between grain mold and senes
cence. Can we select for grain-mold resis
tance by selecting nonsenescent types? 

Williams: 
How necessarysu~so and useful are detaileda h eeiso eitne 
and ( ) the eni s of resistance 
and (b) the mechanisms of resistance? 

Craig: 
It is important to have some idea of the 
numbers of genes involv.. in grain-mold 
resistance, because the selection for mold 
re ;,Iqtance will occur at the same time as 
selection for several other characters. 

Rosenow: 
There is a need for identification of resis
tance factors, because a breeder has to 
determine which lines to use as parental 
lines. Also, a general knowledge of inheri
tance is necessary to be successful in 
oreeding efforts. A knowledge of breeding 
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behavior might be even more valuable than 
inheritance studies. 

Rooney: 
We definitely r.eed fundamental studies on 
factors associated with resistance, so that 
wc can tell the breeders what specific 
characters to breed for -e.g., we know 
that seeds with very hard corneous endo-
sperm, brown pericarp, and persistent testa 
should be low-susceptible. We need to see 
what other factors are associated with ro
sistance. Selections for all these parame-
tere might not be desirable without a precise 
knowledge of how the grain is to be used. 

Doggett: 
Such detailed basic work should be done at 
cooperating universities. A program such 
as that at ICRiSAT should concentrate on 
the identification of the resistant lines. 

Resistance Sources 

Bhrane:Banee tto
We need to expand our sources of resis-
tance, for at present the number of lines 
with resistance is small. The area inwthresistance E35rismate arahin-
Ethiopia where E35-1 originated is a high-

rainfall, long-season, high-temperature 
Other sorghums collected from this area. 

area ara likely to have mold resistance. 
There must be other locations where mold 
resistance occurs. Can ICRISAT conduct 
specific collections for grain-mold resis-
tance' 

House: 
Yes, we have plans for this. 

Doggett: 
It would be helpful to know the origins of 
resistant lines, so that we can collect more 
material from these areas. We should, 
however, try to lroaden the genetic base of 
resistance by collections in several geo-
graphical locations. If we have a broad ge-
netic base for grain-mold resistance, the 
material can be utilized in population 
breeding. 

Williams: 
Are changes necessary in the operation of 

ICRISAT's International Sorghum Grain 
Mold Nursery? 

Rosenow: 
To aid in evaluation of sorghums of differ
ing maturities, I suggest you add suscepti
ble check entries which span the maturity 
range in the ISGMN. The experimental 
entries could then be compared with the 
susceptible check of the corresponding 
maturity. 

Sundaram: 
The ISGMN should be continued, but the 
number of entries should be restricted and 
only the very best retained from the previ
ous season. The cooperator, should ba 
allowed flexibility in managing the nursery 
to guarantee maximum infection pressure. 

Denis: 

The entries in the ISCMN should include 
some good agronomic types. Checks 
should be distributed throughout the field 

demonstrate variations in inoculum or in
local environmental conditions which
might influence mold development. Ex
mihinlecmodevop ntEx 
perimental entries should then be rated in
compa-rison with these widely distributed 
checks. 

Selvaraj: 
The success of screening for graen molds at 
most ISGMN test locations depends on 
natural mold development, and thus en
vironmental factors at a critical stage of 
plant development are important. As all 
test lines do not flower at the same time, 
some may get conditions more conducive 
to molds than others at the critical growth 
stage. Plaiong the test lines at different 
dates could allow flowering at the same 
time. 

Williams: 
This is an important problem which is 
encountered in many disease-resistance 
screening programs. It is not practicable to 
have different planting dates of different 
entries, for several reasons. The dates of 
flowering should be recorded and used in 
the analysis of the final data. 

168 



Grain Ouality and Mycotoxins 

Frederiksen: 
What is the need for marketability and 
yield-loss studies? Isthe only good product 
completely mold-free? 

Denis: 
One needs to see the appearance of the 
graih before making a decision. For exam
ple, if it is for human consumption, is 
anthocyanin present? We must also know 
the consumer's circumstances -does he 
have the opportunity to choose between a 
molded product and anonmolded product?
If there is food shortage, relatively moldy
grain has to be, and is, consumed. Even 
very susceptible lines may be useful for 
other purposes, such as beer making. 

Frederiksen: 
Although there are reports of mycotoxins in 
sorghum they reem to occur rarely. Is this 
so,and why?
 

Bhat: 
Maize, groundnuts, rice, and wheat are 
more important for mycotoxins than sor
ghum. We do not know why. 

Frederiksen: 
Apart from mycotoxins, do other poten
tially injurious products occur in sorghum
grain? As we develop higher resistance to 
grain molds, is there a chance that we will 
build up levels of plant-produced carcino
gens or other toxic products? 

Bhat: 
I do not think so. I know of no naturally 
occurring plant-produced carcinogens de
tected in sorghum grains. 

Chemical Control 

Anahosur: 
Is chemical control of grain molds feasible 
for seed-production crops? 

Williams: 
It probably is feasible to think of controlling 
grain molds with fungicides in the case of a 

few valuable breeding stocks. Jdo not think 

ft is feasible on a crop basis for several 
reasons. For seed production, the best con
trol method is avoidance, by planting the 
crop at a location in a season when grain 
molds are not a problem. 
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Sorghum Downy Mildew in Asia: Assessment 
of Present Knowledge and Future Research Needs 

K. M. Safeoulla and H. Shekarn .1etty 

Sorghum downy mildew (SDM), caused by 
Peronosclerospora sorghi (Weston and Uppal)
Shaw, was first reported in India by Butler 
(1907). Subsequently, it has been reported 
from China, the Phillippines (Anon. 1966), and 
Thailand (Exconde 1970). Downy mildew on 
sorghum is of economic importance ir, the 
South Indian states of Karnataka, Tamil Nadu, 
and in Maharashtra. Considerable work on 
many aspects of the disease and its causal 
organism has been documented by Safeeulla 
(1975a), including information on distribution, 
host range, taxonomy, morphology of the 
asexual and sexual spores, disease symptoms, 
cytology, spore production, liberation, disper-
sal and germination, inoculation techniques, 
cross inoculation studies, tissue culture studies, 
host variety reactions, and an extensive bibli-
ography.

In the present paper, we attempt to bring 
into focus recent work with special emphasis 
on the work which is being done at the Downy
Mildew Research Laboratory at Mysore. Critical 
gaps in our knowledge and areas that require
further investigation or confirmation will be 
highlighted, 

Host Range 

Sorghum downy mildew is reported to infect 
the following species in Asia: 

" Euchlaena mexicana Schrad. 
" Heteropogon contortus (L.) Beauv. 
* Panicum typheron Schultz. 

" Sorghum halepense (L.) Pers. 

* Sorghum bicc'gr (L.) Moench 

" Zea mays Linn. 

H. contortus is reported as a host of P. sorghi 

Professor, and Senior Research Officer, Downy
Mildew Research Laboratory, University of Mysore,
Manasagangotri, Mysore 570 006, India. 

in 	Rajasthan, India (Dange et al. 1974). Oos
pores have not been reported on maize in 
Rajasthan, but occur there on H. contortus, 
which is an important colb'teral host in per
petuating the disease. In other parts of India 
where SDM iscommon on sorghum and maize, 
and abundantly produces oospores, the role of 
collateral hosts is limited. In Venezuela, col
lateral hosts play a major role in the perpetua
tion and spread of SDM (Malaguti 1976). Con
sidering the extent to which SDM is spreading, 
there is a possibility of finding more collateral 
hosts. In Thailand, Scierospora spp have been 
reported on Dichanthium caricosum, Panicum 
cambogiense and sorghum (Pupipat 1976; 
Renfro and Pupipat 1976). These DM pathogens
need to be studied in detail, and assigned to the 
proper species. 

Taxonomy 

The causal agent of SDM was first reported as 
Scierospora graminicola (Sacc.) Schroet. on the 
basis of its oogonial phase. Kulkarni (1913)
observed the asexual phase of the fungus and 
described it as a variety of S. graminicola. 

Weston and Uppal (1932) assigned Kulkarni's 
variety to a new species as Sclerospora sorghi. 
Shaw (1978) has separated S. sorghi from S. 
graminicola, and included it in the genus 
Peronosclerospora, along with other species of 
conidia-producing Sclerosporas. The causal 
organism is now known as Peronosclerospora 
sorghi (Weston and Uppal) Shaw. The 
synonyms are: 

* 	S. sorghi Weston and Uppal (1932); 
9 	S. graminicola var. andropogonis-sorghi 

Kulkarni (1913); 
* 	S. graminicola auct. non Schroeter (1879); 
* 	Protomycesgraminicola auct. non Schroe

ter (1876). 
The fungus that causes SDM in Karnataka, 

Tamil Nadu, Maharashtra, and Andhra Pradesh 
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belongs to the same species; however, the 
sameocannot be said about the SDM fungus that 
occurs In Rajasthan (India), Thailand, and the 
Philippi:ies. There is very little information 
available on the SDM fungus reportrd from 
China. I is difficult to comment on the similarity 
or differences between the pathogens reported 
from China 3rd other Asian countries until 
comparative studies havo been made. How-
ever, there is a clear distinction between the 
SDM pathogens present in south India on sor-
ghum and on maize, and in Rajasthan on maize 
which has been dentified asP. sorghi.There are 
differences in the morphology of i;ie asexual 
phase in degree of oospore formation and in 
host range. The SDM fungus in Rajasthan does 
not infect sorghum, infects maize and Teosinte, 
producir;j only the conidial stage in these two 
hosts, but producing abundant oospores in 
Heteropogon contortus. The SDM fungus 
common in some parts of South India infects 
sorghum and maize forming oospores, but 
does not infect H. contortus. The malformation 
of tassels on SDM infected maize commonly 
observed in Karnataka is not noticed in Rajas-
than. These differences have been documented 
by various workers (Safeeulla et al. 1975a; 
Safeeulla 1976a; Payak 1975). Another impor-
tant difference between the SDM fungi from 
South India and Thailand is in the number of 
nuclei present in the conidia. The number of 
nuclei per conioium at Mysorevaries from 16 to 
34 (average 22) whereas the number observed 
in the conidia from Thailand varies from 8 to 15 
(average 11.6) (Bhat, personal communication). 
Counts of nuclei in the conidia from Rajasthan 
will be helpful in identifying the downy mildew 
on maize there. 

Kenneth (1976) expressed the opinion that S. 
maydis (Flacib.) Butler and the SDM fungus 
belong to the same species, existing as two 
different physiological races, one infecting sor-
ghum and maize and the other exclusively 
related to maize or maize-teosinte hybrids. In-
formation now available does not support this 
view. Ample evidence exists to prove that the 
fungusfromRajasthanisdistinctfromP sorghi, 
and is so considered in this paper. Recent 
investigations at the Mysore Downy Mildew 
Research Laboratoy indicate that the mor-
phology of the oospores of the SDM fungus 
from Rajasthan is different from the morphol-
ngy of P. sorghi oospores from South India. 

Differences in oospore morphology are of 
taxonomic significance as reported by 
Safeeulla and Shaw (1963). 

Conidia 

In P. sorghi conidia are borne on erect coni
diophores with a basal cell and a main axis 
which is usually dichotomously branched. The 
basal cell is knobbed and bulbosed at the 
bottom and is 100 to 150u long. The main axis 
extends in length from 80 to 150p from the 
septum of the basal cell to the beginning of the 
branchedsystem.Thediametarofthemainaxis 
varies from 10 to 25.. The branched system 
consints of a succession of short, dichotomies 
usually involving primary, secondary and terti
ary branches terminating in tapering sterigmata 
usually about 13p long. Conidia vary in size 
from 15 to 28.9 x 15 to 26.9p. Most frequently 
they measure 21 to 24.2 x 19 to 22.9u under 
natural conditions. Conidia are hyaline with a 
thin wall, continuous at the apex, unmodified 
and without any papilla of dehiscence, and 
germinate invariably by hyphae. The mor
phology and measurements of the con
idiophores and conidia are important in dif
ferentiating P. sorghifrom other downy mildew 
(DM) fungi. Under excessive humidity and 
temperatures exceeding 300C the morphology 
of the conidiophores changes (Safeeulla 1976). 
When defining the fungi involved in the DM 
complex, measurements of the basal cell, main 
axis up to the level of branching, and branches 
with conidia, should be given separately. 

Conidia can produce local and systemic in
fection (Safeeulla and Thirumalachar 1956; 
Safeeulla 1976). Inoculations of healthy leaves 
with conidia confirmed that secondary infection 
of neighboring plants occurs by the conidia 
liberated from systemicaliy infected plants and 
from local lesions. A big leaf canopy and high 
humidity favor secondary infection by conidia. 
Conidia not disseminated after production 
germinate on the surface of the leaf, producing 
a downy mycelial mat. 

Wind plays an important part in the dis
semination of conidia from infected plants. P. 
sorghi conidia were detected in the air-spora 
from a sorghum field at Mysore (Shenoy and 
Ramalingam 1976a)during 137daysoftheyear. 
The yeady mean concentration of P. sorghi 
conidia was 10.6/rl. The period of occurrence 
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of conidia was between May and December. 
The peak period was during July and August.
The highest number of conidia 81091m 3 were 
trapped in the month ofJune. The percentage in 
total air-spora being 0.23. 

More than 12 000 conidia/cm 2of infected leaf 
surface have been recorded (Safeeulla 1976a;
Shenoy and Ramalingam 1976b). More conidia 
are liberated from the lower surface of the leaf 
than from the upper surface. Maximum sporu-
lation takes place at 100% relative humidity 
(RH). At 80% RH and below, no conidia are 
produced. Optimum temperature for sporula-
tion is 21 to 230C.The optimum temperature for 
conidial germination is 23*C. Conidial germi-
nation does not take place below 100Cor above 
32°C. Like RH and temperature, light also plays 
an important part in sporulation. Darkness un-
doubtedly promotes sporulation, but exposure
of the infected plant to light is a prerequisite for 
sporulation. Our experiments have shown that 
exposure of the infected plant to light for at least 
1hr prior to incubation is necessary for sporula-
tion. 

Chemical analysis of the asexual phase of P. 
sorghi may give a clue to the nutritional re-
quirements and chemical composition of the 
fungus. Rasheed et al. (1978) gave corrobora-
tive evidence for recognizing physiological dif-
ferences within S. graminicola on the basis of 
examination of sporangia for soluble proteins
using polyacrylamidegel electrophoresis.Simi-

Ir studies with conidia of P. sorghi may also be 
rewarding. 

Systemic infection results if conidia come in 
contact with seedlings. Sorghum plants are 
susceptible to conidial inoculum up to 25 days
after sowing. Plants inoculated just after 
emergence produced systemic infection. Plants 
inoculated at the 1- to 2-leaf stage showed 
systemic symptoms at the 4- to 5-leaf stage. In 
plants inoculated at the 3- to 4-leaf stage 
symptoms took 12 days to appear (at the 7 to 8 
leaf stage). As the leaf stage at inoculation 
advances, the incubation period for systemic 
symptoms becomes longer. When plants are 
inoculated after the 6th leaf stage (20 days after 
seeding) systemic symptoms are not observed, 
and only local lesions appeir (Table 1). Local 
lesions appear even if tho plant is inoculated at 
the boot-leaf stage. With increase of conidial 
inoculum load, the percentage of infected 
plants also increases. At conidial concentration 
of 100 to 400 conidia/ml it takes 10 to 14 days for 
expression of the disease. More than 20 days 
are required if the conidial concentration is 
lower. Seedlings inoculated with higher con
centration of conidia (more than 1000 conidial 
ml) show symptoms earl ier, and the symptoms 
appear on the first leaf. 

Shenoy and Ramalingam (1976b) in their 
aerobiological and epidemiological studies on 
SDM, have developed scales for estimating the 
severity of SDM in the field from data on the 

Table 1. Downy mildew Incidence In sorghum plants Inoculated at nine growth stages. 

Inoculation at* Rating at 

Leaf 
stage 

Days after 
seedling 

Leaf 
stage 

Days after 
inoculation 

0 (coleoptile) 4 1-2 5 
1-2 5 4-5 8 
2-3 
3-4 
4-5 

8 
10 
14 

5-6 
7-8 
8-9 

10 
12 
12 

5-6 18 8-9 12 
5-6 20 9-10 12 
6-7 
7-8 

25 
30 

9-10 
11-12 

12 
12 

"lnoculum concentration: 25 000-40 000 conidia/ml 

Systemically Plants showing 
infected plants local spots

% % 

100 0 
100 0 
100 0 
100 0 

90 0 

90 10 
5 95 
0 100 
0 100 
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occurrenceof conidia. They describe thefollow-
ing stages in the development of local lesions: 

1. Water-soaked spots of 0.2 to 0.6 mm in 
length; 

2. 	 Leaf decolorized in the infected area, with 
spots increasing in yellow areas; 

3. 	 Spots appearing yellow on the upper 
surface of the leaf with downy growth on 
the lower surface; 

4. 	Spots turning brow,; 
5. 	 Dark greyish or brown necrotic spots. 
Symptomsappearonthelowerleafsurfacein 

the form of water-soaked, chlorotic or brown 
patches. Sporulation takes place in the latter 
two stages. Thespot, are moreabundant on the 
tips than at the base, because the conidia first 
come in contact with the tips of the unfolding 
leaves. Local lesions are common in susceptible 
sorghum cultivars. 

Oospores 

In South India P. sorghi produces abundant 
oospores in sorghum and it occasionally pro-
duces oospores in some varieties of maize, but 
does not in others. The occurrence of oospores 
in 11 entries of maize, when inoculated with 
conidia and held in the glasshouse, suggests 
that the production of oospores is not mainly 
dependent upon host variety but is governed by 
temperature, humidity, and other environ-
mental factors (Safeeulla et al. 1975a). 

As many as 155800 oospores have been 
obtained from 1g dry weight of systemically 
infected sorghum leaf (Shenoy and Rama-
lingam 1976b). This is equivalent to 856 oos-
pores per 1 c.n2 of the leaf. 

There is ample evidence to prove that P. 
sorghi is perpetuated from season to season 
and transmitted to new areas through oos-
pores. Transmission of the pathogen in the 
form of oospore-infected soil has been reported 
by McRae (1924). Oospores have also been 
located on seed, and in glumes and pericarp of 
systemically infected sorghum plants 
(Safeeulla 1976a). 

In aerobiological studies of a downy mildew 
infected sorghum field cospores were detected 
in spore catches on 21 days in a year during the 
months of May, July, and December (Shenoy 
and Ramalingam 1976b). The same authors 
determined the yearly mean concentration of 
oospores to be 0.12;m 3. The percentage of 
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oospores among the total air-spora was 0.01. 
Viable oospores have been found in droppings 
of cattle fed with infected leaves (Safeeulla 
1976a). 

Oospores of P. sorghi remain viable in soil 
and in the laboratory for several years. For the 
oospores stored in the labora'tory in the form of 
debris, the percentage of infected plants ob
tained was 22.5, 10, and 3.6 respectively at the 
end of the first, second, and third year of 
storage. The percentage of infected plants from 
oospores mixed with soil and expoed to 
weathering was higher than that from oospores 
stored in the laboratory in all the 3 years. 
However, there was a gradual reduction in the 
percentage of infected plants after 1 year. Up 
to 60% of the plants were infected by fresh 
oospores. 

Oospore Germination 

Many workers have failed to observe oospore 
germination in the laboratory although they 
have succeeded in inoculating sorghum plants 
with oospores in soil. Weston and Uppal (1932) 
reported direct germination of oospores by 
following the technique of Hiura (1930). 
Safeeulla (1970) reported up to 10% oospore 
germination of 1-year-old oospores in contact 
with the germina~ting seeds of susceptible sor
ghum varieties. This was confirmed by 
Safeeulla et al. (1975a), who observed 5 to 20% 
germination of oospores in contact with sus
ceptible sorghum and maize varieties. Germi
nation of oospores has been observed in the 
presence of roots of maize, wheat, oats, cotton, 
and sorghum seedlings (Pratt 1978). No germi
nation was observed in oospores incubated 
with resistant cultivars. Safeeulla et al. (1975a) 
described the germination process. The germ 
tubes emerge from any point in the spore wall. 
They were branched in some cases. The con
tents of the oospores migrated into the germ 
tubes, leaving the oospores empty. Septa were 
formed at the bases of the germ tubes. Twelve 
to 14 nuclei migrated into the germ tubes 
immediately after their formation. Weathered 
oospores had higher percentage germination 
than fresh oospores (Table 2). SDM infection 
wasobtainedinaseriesofcropsgrowninsoilto 
which oospores were added only once. This 
indicates that all oospores do not germinate at 
the same time. Active substances from host 



Table 2. Germination capacity of ocepores of different ages when inoculated with seedings of 
SDM  susceptible DMS 652 sorghum. 

Date of Date of 
collection incubation 

5.12.1972 5.12.1972 
5.12.1972 5.3.1973 
5.12.1972 6.7.1973 
5.12.1972 5.11.1973 
5.12.1972 5.2.1974 
5.12.1972 C.6.1974 
5.12.1972 5.10.1974 
5.12.1972 5.11.1974 
16.8.1969 10.12.1972 
16.8.1969 12.11.1973 
16.8.1969 11.11.1974 

roots may trigger the process of germination, 
and only those oospores which come within the 
sphere of host root exudates germinate, 

The ability of oospores to remain viable for 
several years is important for the spread of 
SDM. As all oospos do not germinate at the 
same time, the fungus is able to perpetuate for 
several seasons. Considering the genetic differ-
ences among the varieties and physiological 
changes due to aging, one would expect the 
root exudates to have definite effects on the 
behavior of the pathogen in the rhizosphere. 
This has been emphasized by several workers. 
Since oospores of P. sorghi germinate only 
under the influence of living susceptible host 
plant roots, investigations have been carried 
out (Safeeulla et al. 1975b) on biochemical 
differences in susceptible and resistant va-
rieties (Tables 3, 4). Fifteen free amino acids 
were detected in the susceptible and resistant 
varieties. Of these, there wss more cysteic acid, 
cysteine, valine, and proline in the susceptible 
variety DMS-652 than in the resistant variety. 
Aspartic acid, glutamic acid, serine, lysine, ar-
ginine, hydroxyproline, methionine, and 
phenylalanine were present in medium con-
centrations in both varieties. 

No qualitative differences in the free amino 
acids and carbohydrate content of root exu-
dates of susceptible and resistant varieties of 
sorghum were observed. However, quantitative 
differences are evident, and concentration may 
be a factor in stimulating oospore germination, 

Dates oospores Oospore germination 
germinated % 

9.12.1972 2.5 
8.3.1973 4.2 
9.7.1973 6.6 
8.11.1973 12.8 
8.2.1974 3.0 
8.6.1974 4.5 
8.10.1974 7.2 
8.11.1974 6.0 
15.12.1972 4.4 
16.11.1973 2.0 
15.11.1974 1.5 

Table 3. Comparlson of relative quantities of 
free amino acids In 3-day-old seed
linge of susceptible and resistant 
sorghum varieties. 

Susceptible Resistant
 
Amino acids (DMS 652) (IS-184)
 

Cysteine 
Cysteic acid 
Aspartic acid 
Glutamic acid 
Glycine * 
Lysine 
Serine 
Arginine ** 
Hydroxyprollne 
Valine ** 

Methionine 
Phenyl alanine 
Leucine and 

isoleucine * *
 
Proline *** 
 * 

* Low " Medium ***High 

Germination of P. sorghi oospores was not 
stimulated by pure samples of anyoftheamino 
acids or carbohydrates detected in the root 
exudate, individually or in combination. Other 
substances, such as organic acids and phenolic 
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sequent spread of the fungus into the tissue. 
Table 4. Free amino acid content In root- Sorghum seedlings, killed and brought in con

exudate from 4-day-old seedlings of tact with germinated oospores, did not induce 
susceptible and resitant sorghum appressorial formation. 
variete. Infection by germinating oospores in soil 

results in systemic symptoms, which appear atSusceptible Resistant 
variety variety different stages of plant growth from the 3-leaf 

Amino acids (DMS-652) (IS-184) stageto maturity. Firstsymptoms of the disease 
in Lhe field occur on the second leaf onwards, 

Cysteic acid * never on the first leaf. If the symptoms do not 
Glutamic acid appear before 35 days of sowing, third and 
Glycine " fourth leaves escape infection. After 55 days, 
Lysine " symptoms appear only at the 5-to 10-leaf stage. 
Arginine * In 75-day-old plants, symptoms appear on 5-to 

12-leaf stage (Table 5). However, downy mildewSerine * 


Alanine .... symptoms can appear on basal and nodal tillers
 
Hydroxyproline * in the later stages. In resistant sorghum cul-
Valine * tivars, symptom expression is normally on 
Phenyl alanine * basal and nodal tillers. More investigations are 

necessary to determine the relative importance 
Low •* Medium High of thevarious sources of inoculum, thedifferent 

types of symptoms expressed, and the extent of 
damage caused at different stages of plant 

compounds, which may affect germination, growth. 
have not been studied. It is possible that root 
exudates may harbor organisms which synth- Reaction of Sorghums 
esize growth factors, which in turn may stimu- to Peronosclerosporasorghi 
late oospore germination. Exudate from a 
highly susceptible variety shows a higher con- Safeeulla and Thirumalachar (1955) screened a 

centration of some amino acids than exudates few lines of sorghum and maize, using both 

from the resistant variety (Table 3). The pre- conidial and oosporic inoculum. Sundaram 

sence of some of these amino acids in higher (1972) listed sources of resistance to SDM as a 

concentration may be conducive to the growth result of field evaluation in India. Safeeulla 

of microorganisms, thus creating a complex of (1976a) screened morethan 500 sorghum entries 
rhizosphere microflora. against P. sorghi in sick plots at Mysore, and 

found 18 lines free from infection, 87 moder-

Infection Process ately resistant, and the remaining entries highly 
susceptible. None of them were resistant to 

Infection process of the oosporic germ tube conidial inoculation in the laboratory. Sub
through host root has been followed (Safeeulla sequently, a large number of inbreds, hybrids, 

et al. 1975a). Germ tubes towards the root and and varieties have been screened in sick plots at 

thelength of thegermtubes depended upon the Mysore, including the materials of the Inter

distance between the germinating oospore and nationJ Sorghum Downy Mildew Nursery and 
host root surface. Soon after the germ tube All India Coordinated Sorghum Improvement 
came in contact with the surface of the root, an Project. There is good SDM resistance in diffe

appressorium was formed which developed a rent groups of sorghums from different coun
narrow finger-shaped infection peg which tries. Some of this resistance has been incorpo
penetrated the epidermal cell. Most of the rated in the hybrids and varieties released for 
germinated oospores brought in contact with cultivation in India. However, scientists should 
nonhost seedlings of pearl millet and finger be vigilant about the performance of the re
millet (ragi) developed appressoria, but there leased cultivars, and replace them with suitable 

was no entry. Although infection pegs were varieties when the resistance breaks down. 

noticed on ragi seedlings, there was no sub- Safeeulla (1977) indicated that SDM resistance 
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Table 5. Sorghum reaction to downy mildew In plot@ at Myscre Infected by Paronosderospora 

sorghloosporee. 

Plant age 

35 days 55 days 75days Total plants
Total with systemic

Entry plants No. of plants with systemic infection infection 

Ag 1002 50 0 0 0 8.33
 
Ag 1010 36 2 (4,5)" 1 (7,8,9) 8.33
 
Ag 1012 74 1(5,6) 1.35
 
Ag 1003 43 1 (5,6) 1 (6,7,8) 1 (7,8,9) 6.97

Ag 77007 33  - 5 (6,7,8) 15.15
 
Ag 77012-2 54 - - 1 (6,7) 1.85
 
Ag 77012-3 42 1(6,7)  - 2.38Ag 77018-1 41 -  1 (7,8) 2.43
 
Ag 77018-2 54 3 (5,6,7) 
 1(6,7) 8 (8,9,10) 22.22
 
Ag 77018-3 49 1(4,5,6) - 2 (5,6,7) 
 6.12 
Ag 77559 75 3 (4,5) 2 (6,7) 14 (5,6,8) 25.33
 
Ag 77567 41 1(4,5) -  2.43 
Ag 77603 47 - - _ 0.00 
Ag 77711 49 -  _ 0.00 
Ag 77735 70  1(5,6) 4 (7,8,9) 7.14 
Ag 771002 71 3 (5,6) 4 (6,7,8) - 9.85 
Ag 771006 54 -  2 (6,7) 3.70
Ag 771009 68 2(5,6) 6 (7,8,9) 11.76 
Ag 771014 62 1(5,6) - 2 (10,11,12) 4.83 
Ag 771041 50 1(4,5) - 4 (6,7,8) 10.00 
Ag 77045 110  - _ 0.00 
Ag 771049 81 2 (3,4,5) 6, (7,8,10) 9.87 
Ag San 79 1 (4,5) 1 (9,10) 2.53 
Ag Brandes 100 4 (5,6) 3 (6,7,8) 28 (6,7,8,9,12) 35.00 
Control DMS 652 148 41 60 68.24 

a. Number of leaves on which chlorotIc symptoms first appeared is Indicated In parertheses. 

is breaking down in some cultivars. Subsequent Biochemical Status ofthe Susceptible
investigations and observations have and Resistant Sorghum Plants 
confirmed this (Table 6). There can be no 
disagreement that some of the resistant culti- Aspartic acid, B-alanine, cysteine, glutamic 
vars become vulnerable to either a new patho- acid, serine, glycine, lysine, arginine were in 
gen, a new race of the old pathogen, or both. higher concentration in healthy leaves than in 
Pathologists have to strive constantly to locate diseased leaves (Table7). Cysteine and arginine
and incorporate genes that are resistant to new were absent from diseased leaves. These re
pathogens subsequent to the release of new suits indicate that the physiology of the sor
hybrids and varieties of sorghum. ghum plant with SDM is greatly altered. Other 

At the Downy Mildew Research Laboratory at groups of substances such as carbohydrates,
Mysore, resistance breaks down under artificial organic acids, phenols, etc., may also change 
epiphytotic conditions earlier than it would in with SDM infection. 
the farmers' fields. Such information could be There is no qualitative or detectable quantita
used in providing information to farmers and tive difference between protein-bound amino 
breeders. acid of healthy and mildewed leaves of sor
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Sorghum reactions to sorghum downy mildew In sick plots at Mysore* (1972-1978).Table 6. 

Percentage of systemically Infected plants 

Entry No. IS-8850 IS-8865 IS-8867 IS-168 IS-2382 	 IS-3364 IS-3926 IS-4324 IS-9283 IS-148 CS-3541 CSH-5 CSH-6 IS-184 IS-2918 

Trial 
0 01. 	 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 02. 0 0 0 0 0 
0 0 0 03. 0 0 0 0 0 	 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 04. 6 4 4 0 
5. 	 2 1 5 16 1 12 0 0 0 0 0 0 

2 4 2 2 0 06.7. 	 0 0 

0 08. 
0 09. 
4 610. 

a. Susceptible check. DMS-652 showed lnfwction ranging from 70 to 100% 
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Anthocyanin corntent of seeds of resistant 
varieties (IS-5314, IS-184, IS-2042) is more 
than in the susceptible varieties (DMS-652, 
IS-302 and IS-555, Table 9). 

Susceptible sorghum (DMS-652, Swarna) in-
fected with P. sorghi contain more tannic acid 
than the healthy plants. In the resistant varieties 
CSV-5andlS-184,alesseramountoftannicacid 
is detected, compared to the susceptible ones. 
The total amount of phenolic compounds in 
sorghums in the healthy regions adjacent to the 
areas colonized by the fungus is higher (Table 
10). 

Healthy leaves of susceptible varieties show a 
lesser amount of phenolics than the infected 

Table 9. Anthocyanln content of sorghum 
seeds, susceptible and resistant to 
sorghum downy mildew. 

Optical 
Class Variety density* 

Susceptible DMS-652 0.925 
555 0.248 
302 0.523 

Resistant IS-14 1.91 
IS-2042 1.96 
IS-5314 1.928 

* Solvent: Solute ratio = 4:1 

ones. The tannic acid and total phenols are 
more in seedlings of susceptible than in the 
resistant varieties. However, their concen
tration increased in 2-week-old plants and the 
same trend was recorded up to 6 weeks. This 
increase in tannic acid and total phenolic com
pounds can be correlated with the increase in 
resistance to SDM infection. Sorghum plants 
are normally SDM susceptible up to 3 weeks 
andbecomeresistantafterthisperiod(Shettyet 
al. 1975). 

Seed Transmission 

Butler (1918) postulated the presence of P 

sorghi mycelium in the seeds of systemically 
infected sorghum plants. Jones et al. (1972) 
reported the occurrence of hyphae of P. sorghi 
in the style, ovary wall, nucellus of carpellate 
flowers, pedicels, and pericarp of mature seeds 
of maize. Safeeulla and Shetty (1974) observed 
mycelium not only in the pericarp and endo
sperm of maize, but also in the coleoptile and 
coleorhiza regions. Reduction in the moisture 
content of the infected seeds as a factor affect
ing transmissibility of the pathogen has been 
reported for P. sorghi in maize (Jones et al. 
1972). Sorghum seeds without glumes de

veloped systemic infection when they were 
sown in sterilized soil without drying or storage. 
Seeds with persistent glumes containing oos
pores developed downy mildew symptoms ir
respective of drying on storage (Safeeulla and 
Shetty 1974). 

Table 10. Total phenolic contents ofsorghum leaves susceptible and resistant to sorghum downy 

mildew. 

Class Variety 

Susceptible DMS-652 

Swarna 

Resistant 148 (CSV-5) 
IS-184 

Stato 

Healthy 
Diseased 
Adjacent to diseased area 
Healthy 
Diseased 
Adjacent to diseased area 

Agn of the plants In weeks mg/g 

1 2 6 
0.665 1.85 2.1 
1.25 2.32 2.27 
1.92 2.92 3.36 
0.72 1.92 2.42 
1.65 2.92 3.15 
1.95 2.98 3.85 

0.625 1.32 1.85 
0.613 1.12 1.54 
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Ahmad (personal communication) found 
oospores in 13 out of 20 seed samples obtained 
from Argentina, Venezuela, and India. All the 
seed samples were collected from systemically 
infected plants, except the seeds of four sam
ples from India, which were collected from 
artificially inoculated earheads. Six of the 20 
seed samples showed the presence of internally 
seed-borne inoculum. The infection in the 
glumes varied from 33 to 76%, whereas in the 
pericarp, the infection was 38 to 59%. In many 
of the seeds the glumes and pedunc;es were 
completely occupied by oospores. 

More investigations are essential to deter-
mine the factors affecting viabil ity ofP. sorghi in 
and on sorghum and maize seeds in order to 
know what risks there are in seed shipment, and 
to provide guidance to technical personnel. 

Chemical Control 

The chemical seed treatmert long sought for to 
control SDM has been found. CGA-48988, a new 

system icfungicide (developed by CIBA-GEIGY), 

is effective against P. sorghi on sorghum and 
maize. Applied as seed dressing, CGA-48988 
gave excellen, control under heavy inoculum 
pressure from oospores present in the sick 
plots, oospores coating on the seed, addition of 
oospore materi:l in the form of leaf debris, and 
conidial inoculum froM infector rows planted 3 
weeks earlier than tested plants. The control of 
SDM under these circumstances is encourag

ing.Thechemical seed treatmentcan be used to 
prevent introduction of seed-bor'ge inoculum, 
check the spread of mildew to disease-free 
areas, and reduce soilborne oospore ino-
culum. We already have preliminary data 
on the efficacy of the new chemical (Venugopal 
and Safeeulla 1978; Safeeulla and Venugopal
1978).Detailed investigations, in collaboration with 

scientists from CIBA-GEIGY, on the efficacy of 
the different formulations, method of applica-
tion, optimum dusage, phytotoxicity, effect on 
seed germination, field and laboratory evalua-
tion of different chemical formulations, artificial 
inoculation of chemically treated plants, and the 
effect of the new chemical along with other 
fungicides rtcommended for controlling other 
important diseases and pests, have been under
taken, and will be published elsewhere. 
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Sorghum Downy Mildew in the Americas 

Gino Malaguti* 

Sorghum (Sorghum bicolor [L.] Moench) was 
long considered a "stranger" in the Americas, 
where its cultivation was limited to experimen-
tal plots, frequently as a curiosity, 

The first variety of sorghum to be extensively 
planted in almost all the countries of the 
Americas was forage sorghum, "forraje 
criollo.' It is a tall, easy tillering plant, and we 
now knowthat it is very susceptible to sorghum 
downy mildew (SCM). The area of these forage 
sorghums has gradually decreased, being re-
placed by grain sorghums, which a~e widely 
grown today. 

In Venezuela in 1947 to 1948, only small 
experimental grain sorghum plots were culti-
vated, in order to observe their adaptation and 
yield. From these tests the first Venezuelan 
studies on smut (Sphacelotheca sorghi), leaf 
spots (Cercospora sorghi and Gloeocercospora 
sorghi), and midge (Contarinia sorghicola) 
were initiated. 

There is no doubt that the first experimental 
sorghum seeds, and with them probably many 
diseases, were introduced into Latin America 
from the United States. The USA in turn re-
ceived sorghum seeds, and probably with them 
many sorghum pathogens, from some African 
and Asian countries. 

In the case of Peronosclerospora sorghi 
(Weston and Uppal) Shaw it is well known that 
oospores of the fungus contaminate seed sur-
faces. They may be contained in the glumes of 
the seedq. and in this way be easily dissemi-
nated. 

We think it is irrelevant to discuss or to 
speculate where the SDM agent came from. It is 
an inevitable fact that when the cultivated area 
wTs expanded year after year, diseases started 
to appear. Often genetic improvement for bet-
ter quality, higheryield, and uniformity leads to 
a greater vulnerabilityto pathogens, with more 

Professor, Agricultural Research Center, Apartado 
4690. Marac3y, Venezuela. 

possibilities of epiphytotics, e.g., the recent 
epidemics caused by Helminthosporium 
maydis among maize hybrids with "T" cyto
plasm. 

Thirty years ago P. sorghi was limited to four 
African and two Asian countries, and Italy. 
According to Harlan (in Frederiksen and Renfro 
1977) the first sorghums might have been culti
vated in some savannas of tropical Africa, and 
from there taken to India and Pakistan. Later, 
improved sorghums might have ione back to 
Africa from India, probably carrying some new 
diseases, among them SDM, whose pathogenic 
agent might have existed in a local wild host 
such as Heteropogon contortus. We can also 
assume that the first sorghums were rought 
to America in the seventeenth century along 
with the slave trafficfrom Africa. In many Central 
and South Amer can countries, there are some 
"indigenous" or "criollo" big, white-grained 
sorg hums that natives use mostly for preparing 
beverages or toasted foods. It is evident thatthe 
present commercially cultivated sor-ghums or 
their ancestors, were reimported from Asia and 
Africa into the American continent, especially 
into the USA, and from there to the other 
American countries. 

It seems that the h,'.pothesis suggested by 
Dickson (1956), that the SDM pathogen might 
have been previously present in the Americas 
on teosinte (Euchlaena mexikana) or maize, 
both hosts of American origin, is unlikely, but 
not impossible. 

P. sorghi was unknown in the Americas be
fore 1960, but two other graminicolous DM 
pathogens were known: Sclerospora 
graminicola and Sclerophthora macrospora. 
The former was reported in 1909 on maize in 
Argentina and on Setaria viridis and maize in 
the USA between 1925 to 1928 (Melhus et al. 
1928; Frederiksen and Renfro 1977); the 
latter - S. macrospora - wa. reported on va
rious graminicolous plants (JVhitehead 1958) 
around 1920 in the USA. Later it was observed 
on wheat in Mexico and the USA; on sorghum 
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and maize in the USA and on sugarcane in Peru 
(Revilla 1955). Recently, it was observed by the 
author in Venezuela on Eleusine indica. 

The fact the S. graminicola has been found 
only sporadically, and S. macrospora only oc-
casionally and under special flooding condi-
tions on maize and sorghum in tie Americas, 
indicates that P. sorghi is the only serious 
downy mildew (DM) pathogen of sorghum and 
corn, and it is a real threat to the cultivation of 
these cereals. 

The grain sorghum cultivated areas have 
increased enormously in the Americas in the 
last decade (Maunder 1975). Sorghum has in-
creased in Venezuela from 1000 ha in 1965, to 
6000 ha in 1973, to 300 000 ha in 1978. Accord-
ing to FAO data for 1974,Argentina increased its 
sorghum cultivated area from 865 000 ha in 
1965 to 2.5 million ha in 1974; Mexico from 
200 000 ha to 1.2 million ha; and South America 
in general from 800 000 ha to more than 3.2 
million ha. This increase is due to the great 
adaptability of sorghum to marginal soils and 
different climatic conditions of the semi-arid 
regions, and, to a certain extent, to its resistance 
to drought and diseases. It also lends itself well 
to combine harvesting. In many regions, sor-
ghums have been replacing other crops such as 
maize, cotton, rice, ard sugarcane, which re-
quire better soil quality, larger quantities of 
water, and more labor and management. It is 
probable that in the near future the diet of our 
people will have to change because of the 
greater availability of sorghum. 

Peronosclerospora .orghi was first observed 
on the American continent in Texas between 
1958 and 1961 (Reyes et al. 1964). Not long 
afterwards, it was reported in other states of the 
USA and different countries of Central and 
South America. The disease has now been 
reported in five countries of South America; 
four countries of Central America, and 13 states 
of the USA. It is probable that the disease will 
extend to other regions of the Americas, where 
sorghum and maize are planted, due to the 
likelihood of the fungus spreading though 
oospores on infested sorghum seeds. 

Sorg hum Downy Mildew 
in the Americas 

In their excellent review, Frederiksen and 

Renfro (1977) offered a panoramic view of the 
global status of the DM diseases of maize, 
including SDM. Historical aspects, geographic 
distribution, incidence, and information about 
etiology, epiphytology, and control are partly 
summarized in this review. 

P. sorghi became established in the Americas 
some time in the decade 1965 to 1975, a period 
in which sorghum cultivation greatly increased. 
In Venezuela, Brazil, Bolivia, and Mexico sor
ghum and maize are commonly both hosts of 
the disease. Sometimes the disease is prevalent 
in sorghum and maize, as in Argentina, parts of 
Mexico, and some states of the USA. Some
times SDM may be more prevalent in maize. 
SDM symptoms display great variability in the 
two main hosts, e.g., in maize, phyllody and 
tassel malformations may or may not be 
prominent. It is difficult to assert whether diffe
rent biotypes of the fungus are present, or if the 
above-mentioned variations are due to the 
influenceofenvironmental conditions, or if they 
are simply related to host reactions. 

In almost all countries SDM was first ob
served on forage sorghum or on sudangrass 
(Sorghum sudanense) and sorghumxsudan
grass hybrids, which are undoubtedly the most 
susceptible hosts. At the same time it has been 
reported on johnsongrass (S. halepense) or 
"false" johnsongrass (S. verticilliflorum and S. 
arundinaceum), and on many natural hybrids 
between them. P. sorghi frequently produces 
local lesions with abundant conidia in old 
leaves of these species, Cerccspora infection is 
generally found in the same lesions. 

In this paper I present up-to-date information 
on SDM obtained from different countries, 
based on the available literature and personal 
communications received from the plant 
pathologists, plant breeders, and agronomists 
of South and Central America who answered 
my requests for information. 

North America 

United States of America 

The USA is the largest sorghum producer on the 
American continent, where more than 6 million 
ha are grown. This is about tv,,ce the area 
planted in all Latin America. It is therefore not 
surprising that, in the Americas, SDM first 
appeared in the USA. Sorghum genetic material 
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was introduced into the USA a century ago, and 
research has been conducted for more than 60 
years (Edmunds 1975). As might be expected, 
the disease first appeared in three areas of 
northern Texals (Futrell and Frederiksen 1970; 
Reyes et al. 1964), the region where 40% of the 
national sorghum area is cultivated. Later it 
appeared in the nearby state of Kansas, which 
produces 24%. 

Between 1961 and 1978 the disease spread to 
Alabama, Oklahoma, Arkansas, Georgia, 
Louisiana, Mississippi, New Mexico, Tennes-
see. In 1972 it appeared in Kentucky (Williams 
and Herron 1974) and Indiana (Warren et al. 
1974), and in 1974 in Illinois (White et al. 1978). 
SDM has not been reported in Nebraska, a state 
accounting for 17% of the national productki , 
or in Florida; however, Sclerospora macros-
pora has been observed in this state on Augus-
tine grass (Jones and Amador 1969). 

The presence of SDM in the states of Ken-
tucky, Indiana, and Illinois isalarming since they 
form part of the famous "corn belt" region. In 
Illinois the disease was reported in both sor-
ghum and maize, with the highest incidence in 
maize, where it reached 80% in certain areas far 
from the original infection focus. 

The symptoms of the mildewed maize plants 
in Indiana are brown discoloration of the in-
ternal pith, and the formation ofabundant brace 
roots along the stem, up to the sixth node 
(Warren et al. 1974). 

In Texas, incidence of more than 25 to 30% 
has been reported in sorghum, with up to 80% 
in certain areas of some fields. Symptoms 
induced by P. sorghi have been compaied with 
those incited by S. macrospora (Frederiksen 
and Bockholt 1977; Futrell and Frederiksen 
1970). In most of the states johnsongrass and 
shattercane are common wild hosts that act as 
natural and perennial inoculum reservoirs of 
the SDM fungus. 

Undoubtedly, the most complete and most 
extensive research on DM in the American 
continent has been conducted in the USA. Many 
aspects of the disease have been studied, and 
valuable information on etiology, inoculation 
techniques, epiphytotic characteristics, cultivar 
reactions to the disease, sources of resistance, 
and possibilities of control have been made 
available. 

Many of these results have been usefully 
applied in manyother countries oftheAmericas 

where similar tests and research have been or 
are being carried out. 

SDM was first reported in Mexico in 1964 in the 
north-eastern region, north of Tamaulipas 
State. In 1966 there was an SDM epidemic, 
suggesting thatthepathogen had been present 
there some years before. Later, it was observed 
in the higher regions of Guerrero State, at an 
elevation of 1200 m. At present, the disease is 
found in the states of Michoacan, Guanaguato, 
Veracruz, Tabasco, and Nuevo Leon. 

Research deals more with breeding for 
genetic resistance in both maize and sor
ghum and is mainly conducted in the Centro de 
Investigaciones Agricolas de Tamaulipas 
(CIAT), where sources of stable resistance are 
available. The common hosts are: maize, 
teosinte, sorghum, and johnsongrass. Besides 
planting at different dates (Lnticipating or re
tarding), researchers at CIAT use oversowing to 
destory the diseased plants when young, and 
probably use seed protectant. Tests with 
Ridomil (CIBA-Geigy 48988) are being con
ducted at the present time. Among entries in the 
ICRISAT SDM Nursery, QL-3, CSV-4 and IS-5273 
were found to be resistant. 

Central America 

Among Central American countries, SDM has 
been reported in El Salvador, Guatemala, and 
Honduras, but not in Nicaragua, Costa Rica, and 
Panama. 

El Salvador 

Among Central American countries El Sal',ador 
is the largest sorghum producer, cultivating 
about 150 000 ha. The disease was detected in 
1973 on sorghum, maize, johnsongrass, suelan
grass, and broomcorn. 

In general the disease has not developed in 
epiphytotic proportions, but has remained 
localized in several limited areas. A sorghum 
improvement project is under way, testing 
genetic materials by conidial inoculations, and 
evaluating disease resistance of crystalline 
endosperm selections of CENTA S-1 sorghum 
(Wall et al. 1977). 
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Guatemala 

SDM was recorded in 1976 in the Jutiapa
Department, in the southeast of the country, in 
separate areas of five counties (Cordova and 
Poey 1979). .rojects designed to incorporate 
resistance intothelocal maizevarieties by using
Philippine and Thailand DM resistance sources 
are in progress at the Instituto de Ciencias y
Tecnologia Agricola de Guatemala (IOCTA). This 
improvement program is carried on in collab-
oration with CIMMYT, Mexico. 

Honduras 

SDM is present in certain areas with a variable 
incidence. 

Costa Rica 

The disease is not present in this country. 

Panama 

It seems that the disease is not present, in spite 
of previous doubtft.' eports (Frederiksen and 
Renfro 1977). 

Caribbean Countries 

There is no information about the presence of 
SDM in Puerto Rico, Cuba, Santo Domingo,
Haiti, Jamaica, Barbados, Trinidad, etc. It is 
assumed that sorghum cultivation is very limit-
ed in these regions. 

South America 

Among South American countries, SDM has 
been reported in Argentina, Brazil, Bolivia, 
Uruguay, and Venezuela. 

Argentina 

SDM was first observed on sudangrass and 
sorgo/.sudan hybrids about 1967 to 1968 
(Frezzi 1970; Nider et al. 1969). The following 
year the disease became severe with high
incidence(upto90%)inthenorthernprovinces 
of Chaco, Santa Fe, northern Cordoba, Buenos 
Aires, and Tucuman. 

The cultivar FS-26 showed good resistance in 
both Argentina and Texas. This could be an 

indication that the pathogen strain present in
both places is similar. The disease in maize is
considered sporadic and unimportant. 

Screening of genetic material is conducted in 
an open field, where a naturally highly infected 
soil is available. Conidial inoculation in a moist 
chamber is also carried out. 

The outstanding paper by Frezzi (1970) isthe 
most complete phytopathological work from 
Argentina. Hedescribes the symptomatology of 
SDM diseased sorghum plants, and makes 
interesting observations about fungus charac
teristics, especially regarding conidial for
mation in relation to humidity content and low 
night temperatures. As a result of researchcarried out for 1 year, this author found that 
conidial production is highest at 18 to 20'C; and 
that it is drastically reduced when the tempera
ture falls (11 to 15'C in Mar to Apr). 

The simple method of placing oospores on
humid filter paper in petri dishes, kept at a 
temperature of 23 to 250C, (used by Hiura in 
1939 for S. graminicola) was used to study 
oospore germination.

Pathogenicity tests were done by "dusting" 
the seeds with oospores before planting. More 
than 50% of the infected plants were observed 
in susceptible cultivars such as Supek-INTA.

InArgentina too the forage sorghums are the 
most susceptible. Maunder (1973) reported dif
ferences of more than 15 tonne/ha in yields of 
five SDM-resistant and five SDM-susceptible
sorghum x sudan hybrids. A reduction of 15 to 
20% was found in diseased grain sorghum
plots. Resistant forage hybrids like sudan 
Sx-121 and Sx-131 gave good results where 
disease is endemic. The resistance was
polygenic and partially dominant, and results 
were obtained when both parents were resis
tant. 

Brazil 
Although SDM was first officially reported by
Frederiksen in 1974, in the state of Sao Paulo,
the disease might have been present some 
years earlier (1968 to 1971) in the state of Rio 
GrandedoSul. lnthisstatethediseasehasbeen 
reported in 25 counties, and among them, in an 
epiphytotic form, in the county of Santo 
Antonio de Patrulha, in 1974 (Almeida 1975).
Because of the potential vulnerability of maize 
which is widely cultivated in this area when 
cultivation in thearea isgreat:y increased, some 
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quarantine measures - even if for purely ex-
perimental purposes -were adopted in order 
to control the seed trade, especially seed impor-
tation. At the same time the reaction of maize 
and sorghum cultivars to P. sorghi was also 
evaluated. These tests were first carried out 
in Texas and later in Brazil (Rio Grande do Sul 
and Sao Paulo) under the coordination of the 
"Centro Nacional de Pesquisa." At present, the 
disease is spread over the states of Sao Paulo, 
Santa Caterina, ard Rio Grande do Sul, in an 
area where 87% of the maize and 80% sorghum 
of the country are produced. 

Fernandes and Nakamura (1977) presented 
details of SDM in the state of Sao Paulo for 1975 
to 1977, describing symptoms observed in 
maize and sorghum. The occurrence of local 
and systemic infections in soighum, and the 
many symptoms in maize - half leaf, leaf spot, 
tassel malformation, phyllody, smut associ-
ation, and brace roots emission along the 
stem-nodes - were pointed out. The 
symptoms described are very similar to the 
ones reported by Malaguti (1977) inVenezuela, 
and in the USA by Williams and Herron (1974) 
and Warren et al. (1974). 

According to information given by F. T. 
Fernandes, screening for the selection of com-
mercial or experimental materials is done in the 
field. High levels of soilborne inoculum are 
maintained by planting a highly susceptible 
broomcorn variety, and later plowing it into the 
soil. Tests are made by planting each cultivar 
twice, at 1-month intervals, and evaluating reac-
tions at flowering time. 

Sorghum and maize materials with good 
resistance do exist, and they exhibit some 
resistance stability. In 1977 to 1978 tests, no 
commercial maize cultiv3r was fully resistant 
(up to 10 to 25% infection). About40% s oi hium 
cultivars were resistant, while others were 
about 10% infected. Reactions of sorghum 
material toP. sorghi in the USA and Brazil were 
similar. 

The common hosts of the fungus are maize, 
grain sorghum, foragesorghum, broomcorn,S. 
halepense, and S. verticilliflorum. 

Bolivia 

Although not mentioned in official reports on 
sorghum problems (Rodriguez et al. 1978), the 
disease is apparently frequent and severe in 

sorghum and maize in the important agri
cultural region of Santa Cruz de la Sierra (Drs. G. 
R. Granados and J. B. Barnett personal com
munication). 

Uruguay 

SDM has been reported in experimental plots of 
forage sorghum hybrids at "La Estanzuela" 
Experiment station (Chiara and Artola 1974). 
The occurrence of the disease in this country is 
not surprising, considering that it is widespread 
in nearby Argentina. 

Venezuela 

The first official occurrence of SDM in Vene
zuela, on both sorghum and corn, was recorded 
in limited areas of Yaracuy state in 1973 (Fer
nandez et al. 1975). However, the disease had 
been observed some years earlier (1968 to 
1969) in agrain sorghum experiment3l plot at a 
location of the same state of Yaracuy, on 
NK-222 hybrid by Ing. Agr. D. Tovar (personal 
communication). The following year the disease 
was observed in threeother states (Portuguesa, 
Barinas, and Aragua), and has actually been 
reported in 14outofthe20 states ofthe country, 
that is, almost every region where corn and 
sorghumarecultivated.Thediseasehasusually 
occurred 1 or 2 years after sorghum cultivation 
has been introduced into a new area. 

Studies on SDM in Venezuela were handi
capped by the initial mistaken assumption that 
three distinct diseases were supposed to be 
present: one on sorghum, exhibiting all the 
symptoms described in the literature for SDM 
caused by Peronosclerospora sorghi; another 
on maize, with the conspicuous symptoms of 
the disease (phyllody, tassel malformation and 
proliferation -witches' broom condition) de
scribed in the literature as "crazy top" (punta 
loca) and caused by Sclerophthora macro
spora; the third on mai:e, showing erect, nar
row, yellowish leaves, and ascribed to sugar
cane mosaic virus (SCMV) or maize dwarf 
mosaic virus (MDMV) (Malaguti 1977, Malaguti 
et al. 1975). 

Later, the exact ,tiology of the disease was 
established thro'-;- the abundant downy 
sporulation obsetwd in all cases -n leaf sur
faces, and after the puitive results obtained in 
cross inoculations on different hosts. It was 
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ascertained that thedistinct manifestations and 
reactions of maize, sorghum johnsongrass, 
false johnsongrass, and sudangrass, artificially 
cross inoculated with conidia or oospore from 
each host, were d.-ne to the same SDM pathogen 
(Malaguti 1976; Malaguti and Tellechea 1977;
Malaguti et al. 1977). 

In spite of these findings, the disease con-
tinued to be called "punta loca" (crazy top) or 
"falsa punta Ioca" (false crazy top), even though 
no tassel proliferation, but only erect, narrower 
leaves were observed in maize, and discolored, 
barren panicles were seen in sorghum 
(Malaguti 1977). 

Inoculation methods using conidia- in a 
moist chamber, resembl ing a simplified version 
of that used by Craig (1975)- or oospores 
(pelleting or dusting the seeds, or mixing oos-
pores to the soil) have been studied and 
employed. In field tests susceptible plants are 
used as conidia donors, as is done in many 
countries (Renfro 1977), and are planted in 
advance around or at the boi der of the experi-
mental plots. In most tests, seeds were also 
inoculated with oospores. 

Plants of the hosts listed above showed sys-
temic infection when they were properly inocu-
lated, regardless of the inoculum type (conidia 
or oospore) and regardless of the inoculum 
source (different hosts of the fungus). The 
diseased young plants transplanted in the field 
have produced conidia and oospore, and exhi-
bited symptoms as in the case of naturally
infected ones. Oospore production was fre-
quent, and sometimes abundant in susceptible 
diseased corn cultivars (Antigua G-2; H. 
Arichuna) (Malaguti 1978). 

It is difficult to appraise the incidence of SDM 
and the losses of sorghum due to it in Vene-
zuela. It can severely attack up to 80% of the 
plants in some limited areas cult'ivted with 
susceptible cultivars, but this high incidence is 
not commonly found in extensive commercial 
fields or in the whole region, 

During thelast3 or4years manystudies have 
been carried out in different locations of the 
country, testing the reaction to P. sorghi or 
sorghum or maize materials (inbred lines, va-
rieties and commercial hybrids). The results of 
these studies and observations are partly pub.
lished (Agudelo 1976; Bejarano 1977, Cabrera 
and Gatica 1976; Gatica 1977; Malaguti and 
Tellechea 1977; Nass et al. 1976; Riccelli and 

Barboza 1976), or they are found in mimeo
graphed reports in different institutions. 
Mimeographed reports of Ings. Agrs.: Hector 
Mena and Arnoldo Bejarano, (Programa Cere
ales, CENIAP, Maracay), Douglas Tovar and 
Hernan Nass (Estacion experimental Araure, 
Portuguesa); Carlos Gonzalez, Henry Gatica, 
and Samuel Cabrera (Foremaiz, Araure, Por
tuguesa), Venezuela. 

Among sorghum hybrids; TE-Hondo, Topaz,
Pioneer B-815, Dekalb D-42, and NK-266, were 
the most resistant to SDM. The most suscepti
ble were: Dorado M, Dorado A, Pioneer 8417, 
Pioneer 8454, NK-222, and V. Red Swazy. How
ever TE-Hondo and Dekalb D-42 have been 
found to be very susceptible to sugarcane 
mosaic virus (SCMV) or to maize dwarf mosaic 
virus (MDMV). 

Among the new national hybrids (Semillas
Proseca C.A.) some were SDM susceptible (H.
Barinas 2, H.Araure 1,V. Guarico) and others 
were resistant (Chaguaramas 3, Aguasay 2).
The resistance in sorghum seems to be 
polygenic and dominant, and therefore trans
missible to the hybrids. (Riccelli 1977; Riccelli 
and Barboza 1976). 

Among entries of the ICRISAT SDM nursery
for 1978, recently tested at Maracay, the follow
ing were SDM free: QL-3, UCV-1, UCV-2, SC
120-4, IS-2223, IS-3799 while the following 
were susceptible: DMS-652, CSV-2, IS-2550, 
IS-2042, IS-5272, 3660-B, 2077-B. 

In maize, sources of resistance have been 
found in Philippine DM resistance sources, 
Thailand composites, Swan 1,3, and Texas 601. 

The importance of johnsongrass and "false" 
johnsongrass, not only as a reservoir of the 
SDM pathogen from one season to the next, but 
also as conidia inockulum spreader all year
round, has been pointed out and evaluated 
(Nass et al. 1977). Tests on the influence of 
some agronomic practices (soil preparation, 
field fertilization, date and method of planting) 
gave inconsistent results (Cabrera 1977). Seed 
treatment and spraying of young plants in the 
field with the fungicides Benlate, Dithane M-45, 
Orthocide 50, and Manol (four times at 4-day 
intervals from emergencl gave poor or no 
response (Malaguti and Tellec'hea 1977).

Satisfactory results have been obtained by
treating seeds with other chemicals, such as 
Ridomil (Ciba-Geigy 48988Q), Melprex (Dodine), 
and Bayleton. The first gave almost 100% pro
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tection in field and laboratory tests; the second 
and the third gave 30 and 12% protection, 
respectively (Tables 1,2). Further experiments 
are being undertaken to confirm these results 
on susceptible sorghum and maize, and to 
determine the influence of treatments on ger-
mination and plant growth. 

Other Countries of South America 

SDM has not been reported in Colombia, 

Table 1. 	 The numbers of SDM 'nfected plants 
from 60 maize seeds treated with 
fungicides and planted in pots con-
talning oospore Inoculated soil. 

Seedlings Diseased 
emerged plants Infection 

Treatment (No.) (No.) (M) 

Seeds not 

treated (check) 48 28 58 

Seeds treated 


With Ridomil* 16 0 0 

Seeds treated 


with Melprex* 40 22 55 

Seeds treated 


with Bayleton* 50 22 44 


Slurry treatment, 0.8% 

Table 2. 	 The numbers of SDM infected plants 
out of 300 maize seeds, treated with 
fungicides and Inoculated with oos-
pores, in the hole, at planting In the 
field (average of 3 replications). 

Seedlings Diseased 
emerged plants Infection 

Treatment (No.) (No.) (%) 

Seeds not 

treated (check) 223 60 27 


Seeds treated 

with Ridomil* 53 1 2 


Seeds treated 

with Melprex* 50 8 16 


Seeds treated 

with Bayleton* 213 37 17 


•Slurry treatment, 0.8% 

Ecuador, Peru, Paraguay, or Chile to date. It is 
interesting that SDM has not been observed in 
Colombia, a neighboring country of Venezuela 
and Brazil, where sorghum cultivation has not
ably increased (from 2000 ha in 1962 to about 
200 000 ha today), and where about 10% of the 
cultivated area is planted with cultivars Dorado 
M and NK-222 that have shown to be suscepti
ble to SDM in other countries. The remaining 
area is planted with national cultivars, notably
the improved variety ICA-Nataima (Torregroza 
1978). 

According to information received, SDM has 

not been observed in Ecuador, Peru, or 
Paraguay. 	 In these countries sorghum cultiva
tion is very limited at the present time. 

Summary and Discussion 
Literature review and available information 
received from Central and South American 

countries suggest the following conclusions: 
1. Downy mildews are 'Old-World' dis

eases. When maize was introduced into 
Asia and Africa it was found that there 
were some DM pathogens capable of 
infecting it: when sorghum, on the other 
hand, was introduced into the Americas 
there were probably no local DM agents. 
Why was SDM, unlike the other DMs, 
introduced along with seeds, into the 
Americas? According to Shaw (1976) it 
could have been due to the better adapt
ability of P. sorghi to tropical and sub
tropical regions. 

2. The introduction of the SDM pathogen 
into another continent, or from one coun
try,state, or reg ion intoanother, seems to 
be associated with the movement of 

oospore-infested seeds (grain, forage, 
sudan, or sorghum x sudan hybrids) "nr 
the importation of grain sorghum forth, 
feed industry. 

3. 	There is a lack of information about SDM 
in South and Central America; countries 
that have no problems with this disease 
usually do not care about it until the 
disease becomes a threat. Personal 
communications on this from Bolivia, 
Peru, Colombia, Costa Rica, etc., have 
been received. When SDM appeared in 
Venezuela and Brazil in 1974, the disease 
was well known and had been studied in 
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Texas (Frederiksen and Bockholt 1977;
Frederiksen et al. 1973), and Argentina 
(Frezzi 1970) and, of course, other conti-
nents (Safeeulla 1976). 

4. 	 In most American countries, forage sor-
ghum, sudangrass, or sorghum x sudan 
hybrids were the first SDM hosts. 
"Johnson" and "false johnson" grasses, 
and shattercane are common wild hosts 
of the pathogen, and represent a perma-
nent inoculum reservoir, making control 
measures very difficult. Teosinte is men-
tioned as a common host in Mexico. 

5. SDM has spread mostly in the warm 
regions of the Americas, between the 
Equatorandthe35°latitude. Commonlyit 
starts suddenly and virulently, decreas-
ing in severity later in the original areas 
and appearing again in new ones with 
greater incidence, until it becomes en-
demic. It is possible that a gradual bio-
logical control of the pathogen takes 
place, as has been pointed out for 
Sclerotium rolfsii. 

6. 	The similarity of reactions of sorghum
and maize cultivars to SDM in different 
American countries suggests that proba-
bly only one strain of the pathogen exists 
in this region. 

7. Conidia and oospores are produced in 
sorghum hosts. Oospores are found em
bedded in the sorghum leaf tissue be
tween vascular bundles, never in the 
bundle sheath cells (as it occurs in S. 
macrospora). Conidia shape and size are 
similar in the American countries (av
eraqing 19 to 25y ). Table 3 gives the 
m( *urements of oospores of two 
pathogens on some hosts. Oospores (av
eraging 30 to 36p in diameter) are fre
quently found in very susceptible maize 
cultivars in special environments 
(Malaguti 1978). Leaf shredding, which is 
avery common symptom in sorghums, is 
rare in maize. Conidia are formed in 
young leaf tissue, oospores in old and 
necrotic tissue. Both structures may
coexist in the same tissue in sorghum, 
bLt not in maize. 

8. 	 In some American countries or states,. 
SDM is more prevalent on sorghums, and 
in others more on maize. The description 
of symptoms of SDM diseased sorghum
plants is very similar in all regions. On 
maize these symptoms often differ, 
showing sometimes only erect, yellowish 
striped leaves, or a severe phyllody and 
tassel and ear proliferations. The latter 

Table 3. Comparative measurements, inUt ) of oospores of Sclerophthora macrospora anId 

Peronosclerospora sorghl hi some hosts. 

Host 

Alopecurus spp
Eleusine coracana 
Eragrostis major 
Triticum vulgare 
Triticum vulgare 

Triticum vulgare 
Zea mays 
Zea mays 
Saccharum officinarum 
Sorghum halepense 
Sorghum vulgare 
Sorghum bicolor 
Sorghum bicolor 
Eleusine indica 
Zea mays 

Averages 

S. macrospora P. sorg I 

60-65 

35-64 

56, 1-72, 7 

52, 9-75, 6 

45-64, 2 

52, 2-77, 4 

36-69,4 

42-75 

41-45 


- 28, 4-39, 5 
- 31-36, 9 
- 34-35, 5 
- 24-40 

34-72 
24-36 

45, 42-68, 03 28, 28-37, 58 

Author and Year 

Saccardo 1890 
Thirumalachar et al. 
Noble 1934 
Saccardo 1891 
Pegl ion 1910 
Goidanich 1932 
Peglion 1910 
Ullstrup 1952 
Revilla 1955 
Kenneth 1966 
Weston and Uppal 1932 
Fernandez et al. 1976 
Malagutl 1978 
Malaguti 1978 
Malaguti 1978 
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can cause confusion between this dis-
ease and the "crazy top" (Fernandes and 
Nakamura 1977; Malaguti 1977; Malaguti 
et al. 1975). Stem pith discoloration and 
formation of brace roots symptoms can 
also be seen. 

There are no extensive studies on 
disease-induced histological and 
physiological transformations. 

9. 	 Inoculation techniques are similar in 
most countries. Field tests are made by 
inoculating soil or seed with oospores, 
which are sometimes associated with the 
use of susceptible conidia donor plants. 
Local infections, where abundant conidia 
are formed, are frequently found in the 
old leaves of sorghums. No leaf shred-
ding or oospore production is observed 
in these leaf spots, commonly associated 
with Cercospora sorghi invasion. It 
seems that besides inoculation date and 
leaf age, host hypersensitivity may be 
involved in the induction of localized 
rather than systemic infections. 

Systemic infection can follow oospore 
as well as conidia inoculation. 

10. 	The need for resistant cultivars is pointed 
out by most SDM workers, whose first 
line of investigation is screening for re-
sistant material and breeding for resis-
tance. Resistant cultivars secure produc-
tion in SDM infected areas, and reduce 
fungus propagation and dissemination. 

11. 	 The effect of planting date, grazing (in 
forage sorghums), land and culture 
management, fertilizing and population 
density are among the topics under 
study. Fungus perpetuation in plant de-
bris and soil, inoculum dispersal and 
survival, pathogenesis and disease de-
velopment, evaluation of all available 
genetic materials that react to SDM and 
other DMs, and seed dressing with fun-
gicides are the main areas that will be 
explored. 

12. 	 Seed treatment in order to protect plants
during the first 16 to 20 days after germi-

gopoter 
nation (the period when plants are sus-
ceptibla) is the most promising control 
method. 

The effectiveness of certain fungi-
cides - Metalaxyl i9idomil, Ciba-Geigy) 
in particular and possibly Dodine-

against SDM agents and their effects on 
germination, plant growth, :nd yield 
have to be investigated. 

13. 	 The possibility of disease reduction by 
soil amendment with chemicals or green 
manuring should be investigated bearing 
in mind the known effect of this treatment 
on Phytophthora cinnamomi in avocado. 

14. 	 The following are the main control mea
sures suggested: 
a. Discard susceptible (especially for

ago) cultivars, and use only resistant 
ones within the infected areas. 

b. Choose an appropriate planting date, 
depending upon local climatic con
ditions. 

c. 	Rogue out diseased plants when 
younp, specially in the seed produc
tion fields. 

d. Burn infected plant debris after har
vesting. 

e. 	 Do not use fields for seed production 
where diseased plants are observed. 

f. 	Practice crop rotation, avoiding maize 
or sorghums for some 3 to 5 years. 

g. 	Increase seed rate in order to assure a 
good plant population despite the dis
ease. 

h. 	 Seed dress with an effective systemic 
fungicide in order toprotectseedlings 
and young plants. 
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Sorghum Downy Mildew Research 
at Texas A & M University 

Jeweus Craig* 

The research program on sorghum downy 
mildew (SDM) at Texas A & M started in 1961 
when the first reported observation of this 
disease in the United States occurred in Texas 
(Reyes et al. 1964). SDM, caused by
Peronosclerospora sorghi (Weston and Uppal) 
Shaw (1978), has spread to 13 other states 
(Frederiksen et al. 1973b, 1977; Warren et al. 
1974; White et al. 1978; Williams and Herron 
1974). Texas, however, is the only state in which 
SDM is a major threat to crop production. 
Consequently, Texas continues to be the center 
of research on SDM in the United States. 

Our SDM research program is a cooperative 
effort of federal and state personnel, conduc.-
ing research in the following areas: 

1. etk;cogy nf Sr M; 
2. testing for SDM resistance; 
3. inh, ;tance of reaction; and 
4. chemical and cultural control of SDM. 

Etiology of 

Sorghum Downy Mildew 


Current research is concerned with factors af-
fecting oospore germination, histopathology of 
hosts infected with P. sorghi, and variations in 
virulence of the pathogen. 

Oospore Germination 

lnmoilitytoinduceconsistentgerminationofthe 
oospores of P. sorghi has hampered research 
on SDM.Recentstudies ofoosporegermination 
by Pratt (1977) show that germination is in-
duced by incubating oospores on nucleopore 
membranes in soil near the roots of sorghum 
seedlings. Oospore germination was by germ 

* Plant Pathologist, Department of Plant Pathology, 
Texas A & M University, College of Agriculture, 
College Station, Texas, USA. 

tube, and the percentage of germination was 
low (less than 10p). He found that seedlings of 
maize, wheat, oats, cotton, and soybeans, as 
well as sorghum, induced oospore germi
nation. Pratt's results suggest that oospore
inoculum in the field can be reduced by the 
planting of nonhost crops. Theso observations 
on the ability of nonhost crops to induce oos
pore germination support Vudhevonich's 
(1975) contention that nonhost crops reduce the 
incidnnce of SDM more thaii joes fallowing. 

I have observed occasional germindtion of 
oospores incubated on ;. er agar. Most of the 
incubated spores )ither gave rise to hyphae of 
mycoparasites, or burst to release masses of 
biflagellt,.e zoospores. I did not identify these 
zoospores, but assumed !hey belonged to a 
species parasitic on P. soi;ghi. The Phylcro
chytrium sp, reported byKenneth et al. (1975) as 
a parasite of Tospores in Israel. was not found in 
these oospore colle'-tions. H-pvy parasitization 
of oospores was characteristic of all the oos
pore collections I examined, an-' may account 
for the low germinatic:; percentaqes. 

Histological Studies 

Histological studies wert- used to determine 
differences in host-parasite relationships be
tweer, SDM-resistant and SD'i-susceptible cul
tivars inoculated with coniaia of P. sorghi. Yeh 
(1977), in studies of inoculated sorghum lines,
found no dif.rences beti'.veen resistant and 
susceptible cultivars in their reaction to 
stomatal penetration and initial infection by the 
pathogen. However, in re:istant cultivars, the 
pathogen was unable to progrc-&:; from the 3rea 
of initial infection. In the susceptible host, P. 
sorghi moved rapidly through leaf and leaf
sheath tissue. Shabani (1978) conducted his
tological studies of resistant and susceptible 
maize inbreds. He ".,-)und that the pathogen 
invaded resistant and susceptible maize cul
tivars with equal ease. As in sorghum, after the 
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initial infection phase, the progress ofP. ..orghi 
was restricted in resistant lines and rapid in 
susceptible lines. 

Histological studies were made of the rate at 
which the pathogen progressed from locali7.ed 
conidial inoculation sites in maize inbreds rep-
resenting three types of SDM reaction. The 
reaction types were highly resistant, moder-
ately resistant, and highly susceptible. The rates 
of pathogen growth through the leaf and leaf 
sheath in these inbreds were closely correlated 
to their SDM susceptibility. Progress was fas-
test in the highly susceptible, slowest in the 
highly resistant, and intermediate in the mod-
erately resistant. Lateral progress of the patho-
gen from leaf sheath to leaf sheath was noted in 
the highly susceptible cultivars, but not in the 
other reaction types. The lateral movement was 
accomplished by mycelium which emerged 
from stomata on the adaxial surfaces of the 
pathogen-colonized leaf sheaths. The mycelial 
strandsinvaded thestomata of theadjacentleaf 
sheath. Safeeulla (1976) reported the develop-
ment of similar mycelioid structures from the 
stomata of infected leaves incubated at high 
humidity. 

Histological studies now under way are con-
arned with the development of the pathogen in 

resistont and susceptible cultivars inoculated 
with oospores of P.sorghi. Observations made 
to date indicate that iesistance is expressed by 
inhibition of pathogen growth after peretration. 

Biotype Studies 

Surveys for virulent variants of P. sorghi in 
Texas are conducted by planting SDM-resistant 
sorghum cultivars at many sites. Ifan apprecia-
ble incidence of SDM is found in any of the test 
cultivars, inoculum is secured from the infected 
plants, increased, and compared to the stan-
dard population P sorghi for virulence. In ad-
dition to these field nurser;es, commercial 
plantings of SDM-resistant sorghum hybrids 
are monitored for increases in susceptibility. 

Increased susceptibility of SDM was recently 
noted in some presumably resistant com-
mercial hybrids. We found that the increased 
susceptibilitywasnotcausedbyanewraceofP 
sorghi. Intwo cases, the reduction in resistance 
was caused by genetic modifications of the 
hybrids by breeders. In another, the cause has 

not yet been determined, but may have been 
climatic. 

Testing for Resistance 

Sorghum and maize cultivars are tested for 
resistance to SDM by exposure to natural in
fection in the field disease nurseries, and by 
artificial inoculation with con id iaor oospores in 
the greenhouse. 

Field Nurseries 

In the past, most of our tests for resistance to 
SDM were conducted in field nurseries. The 
results of these tests were of great value (Craig 
et al. 1977; Frederiksen et al. 1973a, 1973b; 
Horne et al. 1978; Miller et al. 1968). Field testing 
identifies resistant genotypes, but a reliable 
method of greenhouse testing is preferable 
because of reduced costs, fewer seasonal lim
itations, and reduced probability of escapes 
among susceptible ,ntries. 

Conidial Inoculatior, 

In recent years, we have made oxtensive use 
of conidial inoculation (Craig 1976) for 
greenhouse testing. The usefulness nf 
greenhouse tests is determined by how well 
these tests foretell the reactions of the cu!tivars 
to natural infection in the field. We found that 
the reactions of sorghum cultivars to conidial 
inoculation at the one- to two-leaf stage were 
very similar to their reactions to natural in
fection under conditions that favour high dis
ease incidence in susceptible cidtivars in the 
field. 

In maize, the relationship between reactions 
to conidial inoculation and reactions to natural 
infection is complex. Schmitt el al. (1977) re
ported positive correlations of reaction to field 
infection and reaction to conidial inoculation 
for the maize cultivars in th. - , study. Others 
(Frederiksen et al. 1975; Kenneth and Shahor 
1973; Reyes et al. 1964) noted that some maize 
cultivars were -esistant to SDM in the field and 
very susceptible to conidial inoculation in the 
greennouse. It is assumed that the observed 
differences were caused by differences bet
ween the reaction to oospores (field inoculun) 
and reaction to conidia. 

Four maize inbreds, representing a range of 
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field-reaction types, were compared for reac-
tiontoconic.... soculation at different stages of 
growth. The degree of correlation between their 
field reactions and their reactions to conidial 
inoculation was dependent on the stage of 
growth at inoculation. In this group of inbreds, 
frequency of infection from conid ial inoculation 
at the two-leaf stage of growth was similar to 
the frequency of field infection (Table 1). 

Conidial inoculation is an efficient method of 
screening for resistance to SDM, but it has some 
detriments. It requires precise control of tem-
perature and humidity during inoculation, and 
maintenance of populations of infected plants 
to provide inoculum. In addition, some forms of 
field resistance in maize may not be identified 
by conidial inoculation. For these reasons, an 
effective method of testing SDM resistancewith 
oospores would be a valuable alternative. 

Oospore Inoculation 

Greenhouse tests of host resistance to oos-
pores have been characterized by failure to 
achieve consistently high levels of disease in 
susceptible cultivars. I studied various aspects 
of oospore inoculation, and concluded that 
most of this variability was caused bv differ-
ences in the infection potentials of different 
inoculum lots (Craig 1977). 

Three lots of oospores were tested for in-

Table 1. 	 Reactions of maize ilbreds Inocu
lated with conidia of Peronosclaros
pora sorghl at different stages of 
growth. 

Growth stage b 

Fie!d 1 2 3 
Inbred reactiona SDM c SDM SDM 

_%) 

B-68 100 .100 96 95 
Oh-43Va-26
Va-6
Tx-601 

1924 
2
0 

6565 
2020 

2222 
0 0 

0
0 
0 

a. 	 Maximum percentage of SDM Infection observed in four 

or more field tests. 
b. 	1 = One-leaf stage; 2 = Two-leaf stage; 3 = Three-leaf 

stage. 
c. 	 %SDM = percent of inoculated plants showing SDM 

symptoms. 

fectiviiy at successively higher rates of soil 
infestation. The inoculurn lots differed in the 
amount of inocul um per un it of soil required to 
produce 90% infection in a highly susceptible 
maize inbred. After the levels of soil infestation 
required for infection were determined, Jach 
inocul um lot wa retested th, , times with 3- to 
4-week intervals between tests. ,dch lot of 
oospore. continued to induce high levels of 
infection in these tests. 

Resistant 	and susceptible cultivars of sor
ghum and maize were tested to determine the 
relationship between their reactions to this 
method of oospore inoculation and their re
actions to field infection. The results indicated a 
high degree of similaritv hptween infection 
frequencies in the Ceenhouse and the field 
(Table 2). 

Genetic Studies 

Genetic studies to determine the mode of in
heritance of reaction to P. sorghi in selected 
maize inbredsare underway. Thesestudieswill 
utilize crosses of resistant and susceptible in
breds and the F2, F3, and backcross progenies to 
determine the number of genetic factors condi
tioning reaction to SDM. Information acquired 
to date indicates intermediate dominance for 
resistance, with variations among pedigrees in 
the level of this dominance (Table 3). 

Table 2. 	 Reaction of sorgheim and maize cul
tivars to field infection by 
Peronosclerosporasorghland Inocu

lation with oospores of P. sorghl. 

Qospore infection' 
Entry Field reaction (%) 
Maize 

T-0 
N-28 

eitn 
Susceptible 100 

Sorghum 

Tx-2519 Resistant 7 
Tx-412 Susceptible 91 

a. 	 Percent of inoculated plants showing downy mildaw 
symptoms 
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inbred lines to Sclerospora sorghi. Plsnt Disease 
Table 3. 	 Incidence of downy mildew (SDM) In Reporter 61: 563-564. 

maize lines and Fi crosses Inoculated 
with oospores of Peronosclerospora EXCONDE, 0. R., and MOLINA, A. B., Jr. 1978. Rldomil 
sorghL (Ciba-Geigy), a seed dressing fungicide for the 

control of Philippine corn downy mildew. Philippine
Entry Percent SDM Journal of Crop Science 3: 60-64. 

Tx-601 0 FREDERIKSE-J, R.A., BOCKHOLT, A. J., and ULLSTRUP, A.
 
Tx-303 100 J. 1973a. Reaction of selected corn inbreds to
 
Tx-508 100 Sclerospora sorghi. Plant Disease Reporter 57:
 
T-232 95 42-44.
 
Tx-601 x Tx-303 40
 
Tx-601 x Tx-508 7 FREDERIKSEN, R. A., BOCKHOLT, A. J., CLARK, L. E.,
 
Tx-601 x T-232 10 COSPER, J. W., CRAIG, J., JOHNSON, J. W., JONES, B. L,
 

MATOCHA, P., MILLER, F. R., REYES, L., ROSENOW, D. T., 
TULEEN, D., and WALV'ER, H. J. 1973b. Sorghum 
downy mildew - a disease of maize and sorghum. 
Texas Agricultural Experiment Station Reseerch 
Monograph 2, College Station, Texas, USA. 

Chemical and Cultural Control FREDERIKSEN, R.A., and ULLSTRUP, A. J., 1975. Sor
ghum downy mildew in th'- United States. Tropica' 

Chemica' Cointrol Agricultural Research (Jpn.) Series 8: 39-46. 

Currert studies are concerned with the eval- FREDERIKSEN, R. A., and RENFRO, B. L. 1977. Global 
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Current Sorghum Downy Mildew Research
 

in the All Indi Sorghum Project
 

K. H. Anahosur*
 

Sorghum is an important grain and fodder crop 
in India, and about 90% of the country's sor-
ghum is grown in the states of Maharashtra, 
Karnataka, Andhra Pradesh, Tamil Nadu, 
Madhya Pradesh, Rajasthan, and Gujarat. 
Sorghum downy mildew (SDM), caused by 
Peronosclerospora sorghi (Weston and Uppal). 
Shaw, is one of the potentially destructive 
diseases of sorghum. It can reach epiphytotic 
conditions on susceptible entries-such as 
CSV-2, CSV-3. CSV-6, 296, 269 and others 
under f1vorable environmental conditions. 
Thedisease is most destructive during therainy 
season, and is normally rather mild or sporadic 
during the postrainy and summer seasons. 
However, a planting at the Dharwar farm was 
completely destroyed during postrainy season 
in 1978, thus indicating that it may also become 
destructive during this season. 

SDM can cause 100% loss on a susceptible 
variety. In farmers' fields, SDM is generally 
sporadic in nature and the infection may range 
up to 5%, because the cultivars and hybrids 
grown - .SH-1, CSH-5, CSH-6, CS-3541, and 
148/168- possess high degrees of resistance. 
Local varieties such as GM-2-3-1, Nandyal, and 
others have shown infection up to 10%. 

SDM has been reported to be common in 
Karnataka, Tamil Nadu, Maharashtra, Gujarat, 
Madhya Pradesh, Andhra Pradesh, and Uttar 
Prad~sh (Ramakrishnan 196/3). It is particularly 
destructive in rminfed areas of Karnataka, Tamil 
Nadu, Andhra Pradesh, and in southern and 
eastern parts of Maharashtra. The endemic 
areas are Satara, Sangli, and Ahmednagar 
districts of Maharashtra; Dharwar, Hubli, and 
Bangalore of Karnataka; and SAlem, Dhar-
mapuri, Coimbatore, and Tirunelveli in Tamil 
Nadu (Sundaram 1977). 

Systematic studies on SDM were initiated 

Sorghum Pathologist, The University of Agricul-
tural Sciences, Dharwar Campus, Krishinagar, 
Dharwar 580 005, India. 

with the inception of the All India Coordinated 
Sorghum Improvement Project (AICSIP) and 
are continuing, mainly concentrating at Dhar
war and Coimbatcre. Weather conditions at 
Dharwar and Coirnbatore are highly favorable 
for the development of SDM. The Agricultural 
College research sta'-n, Dharwar, is situated at 
15°26'N lat 75*7'E long, 678 m elevation. Aver
age rainfall, temperature, and relative humidity 
during June to September are 86 cm, 23.90C, 
and 86%, respectively. Average maximum and 
minimum temperutures are 27.6 and 20.2oC, 
respectively. During tho period from June to 
September, rainydays arewell distributed, thus 
providing favorable conditions for inf'ection. 
Similar conditions prevail at Coimbatore. 
Hence, underthese conditions SDM is dndemic 
in natureand is seen at these stations every year 
in epiphytotic form on susceptible entries. 

The current SDM research work in India 
pertains to: 

a. standardizatlon of screening procedures, 
b. screening of the sorghum entries, 
c. genetics f resistance, 
d. chem; ! control, and 
e. oospore-germination studies. 

Standardization of 
Screening Procedures 

Themainobjectiveistofindaneffectivescreen
ing technique to evaluate the reaction of differ
ent sorghum entries within a limited number of 
days. Although several methods have been 
used (such as nospore incorporation into the 
soil, seed treatment with oospores, alternate
row method, infector-row technique, seed 
treatment with oospores plus oospore incorpo
ration in soil), the author has found the 
"infector-row" method to be successful in 
promoting 100% systemic infection on main 
shoots in a highly susceptible check (DMS-652) 
(Table 1,2). With this method, finely powdered 
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oospore material is incorporated into the seed total number of plants. Local lesions are not 
furrows and the susceptible entry (DMS-652) is considered. A uniform rating scale to evaluate 
planted 2 to 3 wcks prior to the planting of test resistance to the disease should be adopted
lines in 1-meter bands atthe end of each line, 45 in order to obtain uniform results. 
cm apart. The test lines are planted in seed 
furrows previously treated with oospore ma-
terial. Two test lines are sandwiched between 
two rows of indicator DMS-652 lines. In every 
tenth plot, seeds of susceptible check (DMS-
652) are planted in two rows, sandwiched be-
tween two test rows as indicator plots, 

The reaction of the test entries is recorded by
counting systemically infected plants, and 
calculating percent infection based on the 

Screening of Sorghum Entries 

The objectives of this program are: (a) to de
termine the level of resistance/susceptibility of 
entries being considered for release, and (b) to 
identify new sources of resistance useful in the 
breeding program. 

Several entries of sorghum received from 
AICSIP have been screened at Dharwar and 

Table 1. Percent systemic SDM Infection on main shoots of four sorghum cultlvars exposed to 

oosp&oes and/or conidia by various Inoculation methods. 

Inoculation methods 

Conldia supplied 
by Infector rows 

Entry (%) 

DMS 652 96.06 
302 93.33 
296 88.55 
555 94.33 

LSD (0.05) for Inoculation methods: 14.41 

LSD (0.05) for entries: 2.34 

Oospore Incor-
porated In soil 

(%) 

67.01 
55.71 
57.78 
57.33 

Seed treated 
with oospores 

No oospore; 
No infector rows 

(%) (%) 

23.08 2.39 
17.56 2.89 
18.83 1.63 
17.91 2.63 

Table 2. Percent systemIc SDM Infection In sorghum cultivars DMS 652 and CSV-2 exposed to 

oospore and/or conidil inoculurn by various Inoculation methods. 

Time of evaluation 

Inoculation method 

30 DAPO 

Infector rowb 87.5 
Aiternate rowb 29.3 
Soil treatment c 23.4 
Seed treatment c 2.2 
Seed treatment + 
Soil treatment6 29.4 

No oosporo 1.3 

a. Days after planting 
b. Conidial inoculum and natur il oospores in soil 
c. Artificial infestation of soil with ocspores 

DMS 652 

Dough stage 

100.0 
84.3 
72.3 
27.7 

75.5 
4.3 

30 DAP 

84.3 
29.1 
19.2 
2.6 

21.3 
03 

CSV-2 

Dough stago 

96.4 
77.1 
68.2 
21.3 

73.1 
6.3 
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Coimbatore by "oospore incorporation into the 1258-B, 3691-B, arid 285 have shown less than 
soil prior to sowing," and the results of the 10% infection. 
entries are presented in Table 3, 4 and 5. Since 1976, entries have been tested in the 
Generally, the hybrids have shown less than cooperative International Sorghum Downy 
10% systemic infection. Hybrids SPH-24, SPH- Mildew Nursery (ISDMN) by the infector-row 
107, MSH-40, CSH-6, CSH-5, and others have method. In3 years of testing (Table 6), QL-3 wa3 
shown low levels of infection. Amongst the consistently immune, and IS-173, CSV-4, 
several varieties screened, SPV-104 was found Uchv-2, Uchv-1, and IS-3164 had less than 10% 
completely SDM free in 3 years of testing; infection. 
SPV-126, SPV-166, SPV-81, CS 3541, and others 
have shown low levels of infection. Amongst 
the several parental lines screened, 2219-B, Genetics of Resistance 
3660-B, CS-3541, and 2077-B have consistently 
shown less than 5% infection, whereas 3677-B, Puttarudrappa et al. (1972), using IS-84 and 

Table 3. Percent systemic RDM Infection In 30 sorghum hybrids In up to 5 years of testing In thl 

AICSIP program. 

Entry 1974 1975 1976 1977 1978 Mean 

SPH-24 a 0 0 - - 0 
SPH-107 - - 0 0 
MSH-40 - - - 0 0 
CSH-6 0.9 0 0 0 0 0.2 
SPH-39 - - 0 1.2 - 0.6 

CSH-2 1.4 0 1.2 1.2 1.4 1.0 
SPH-68 - - 0 0.9 2.4 1.1 
CSH-4 2.0 0 1.6 - - 1.2 
SPH-57 - - 0 1.3 2.4 1.2 
CSH-5 1.1 0 0 2.6 2.5 1.2 

SPH-59 - - 0 1.2 2.8 1.2 
SPH-112 - - - - 1.4 1.4 
SPH-10 1.6 1.6 0 1.8 2.3 1.4 
SPH-11 0.6 2.1 1.6 - - 1.4 
SPH-12 2.7 1.8 0 - - 1.5 

SPH-7 2.2 1.3 1.2 - - 1.6 
CSH-3 1.0 2.2 - - - 1.6 
SPH-58 - - 0 2.9 4.7 1.7 
SPH-95 .- - 1.7 1.7 
SPH-108 - - - - 1.7 1.7 

SPH-4 2.0 0 1.8 1.9 4.2 2.0 
SPH-80 - - 0 0.7 6.5 2.4 
SPH-30 - 0 13 3.3 8.3 3.2 
SPH-110 - - - - 3.3 3.3 
SPH-99 - - 3.5 3.5 

SPH-98 - - - - 3.8 3.8 
SPH-1 -- - 2.9 6.0 - 4.4 
CSH-1 2.8 0 0 7.0 22.9 6.5 
SPH-93 - - - - 7.5 7.5 
SPH-61 - - 3.1 4.4 20.3 9.3 

a. Entry not tested 
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IS-2941 as resistant parents and DMS-652 as the resistance, using CS-3541 and 148 as resistant 
susceptible parent, studied the inheritance of parents and 296 and 302/303 as susceptible 
resistancetoSDM.Susceptibilitywasdominant parents, and found that SDM resistance is 
to resistance and was controlled by two corn- quantitatively inherited. Hybrids between sus
plementary factors. The presence of either or ceptible and resistant parents show heterosis 
both factors in a recessive condition leads to the for resistance. Additional doses of resistant 
resistance. Rana et al. (1978) studied SDM parents in backcrosses increase the level of 

Table 4. Percent systemic 6DM Infection In 37 sorghum varieties In up to 5 years of tosting In the 

AICSIP program. 

Entry 1974 1975 1976 1977 1978 Mean 

SPV-104 _a - 0 0 0 0 
SPV-238 - - - - 0 0 
SPV-166 - - 0.4 0 0 0.1 
SPV-126 - - 1.1 0 0 0.4 
SPV-81 - - 0 0 1.2 0.4 

SPV-33 - - 0 1.2 0.4 0.5 
CS 3541 0.8 0 1.3 1.0 1.1 0.8 
SPV-129 - - 0 1.2 1.9 1.0 
SPV-130 - - 0 - 2.5 1.2 
DJ 6514 - - 1.2 1.5 1.2 1.3 

SPV-228 - - - - 1.4 1.4 
SPV-250 - - - - 1.5 1.5 
SPV-109 - - 0 2.1 2.5 1.5 
SPV-225 - - - - 1.6 1.6 
SPV-189 - - - - 1.7 1.7 

SPV-105 - - 2.3 1.7 1.5 1.8 
SPV-?6 1.4 0 1.3 0.9 5.7 1.9 
CSV-5 0.3 0 1.3 3.9 5.3 2.2 
SPV-121 - - 0 5.7 - 2.9 
SPV-101 - - 1.4 2.0 8.2 3.9 

SPV-261 - - - - 4.6 4.6 
SPV-13 2.9 0 3.2 7.6 10.6 4.9 
SFV-117 - - 0 4.6 9.2 4.9 
SPV-262 .- - 5.0 5.0 
SPV-138 - - 3.1 6.8 5.4 5.1 

SPV-34 2.6 0 2.5 7.9 13.2 5.3 
SPV-220 - - - - 5,3 5.3 
SPV-80 - - 3.5 4.6 8.6 5.6 
SPV-100 - - 2.8 6.7 8.6 6.0 
SPV-110 - - 0 2.9 17.7 6.9 

SPV-102 - - 1.2 7.0 13.9 7.4 
SPV-115 - - 0 8.9 14.3 7.7 
CSV-6 9.6 0 10.8 11.5 32.4 12.9 
CSV-1 3.1 0 13.8 13.5 22.2 13.2 

SPV-9 21.9 2.5 3.7 20.8 23.2 14.4 
CSV-3 11.2 0 17.1 26.3 32.9 17.5 
CSV-2 18.4 0.3 22.9 46.7 73.5 32.4 

a. Entry not tested 
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Table 5. Paoent syotenia 8DM Intlton In 20 sorghum lines In up to 5 yem of testing In the 

AICSIP program. 

Entry 1974 

2077-BE _a 
CS-3541 0 
2219-B 0 
3660-B 0 
3677-B 0 

CK-60-B 0 
1258-B 
3691-B 0 
148/168 0.3 
2077-B 4.6 

285 10.0 
36-B 5.2 
SPV-106 
IS-84 6.8 
1202-B 

323-B 
2947-B 0 
Swama 6.2 
PD 3-1-11 
296-B 20.0 

a. Entry not tested 

1975 1976 1977 1978 Mean 

- - 0 - 0 
1.2 0 1.6 1.1 0.8 
0.9 4.2 0 2.0 1A 
1.0 2.3 1.2 3.5 1.6 
0 3.9 2.9 8.7 3.1 
0.7 3.6 0.8 10.9 3.2 
- - 0 7.3 3.7 
3.1 2.0 6.2 7.2 3.7 
1.1 0.9 2.7 16.2 4.2 
3.3 3.1 2.6 2.9 4.7 
- - 0.9 4.9 5.3 
1.6 4.1 13.3 15A 7.9 
- 2.1 1.8 24.5 9.3 
7.2 5.2 9.7 20.6 9.5 
- - 1.5 20.3 10.9 
- - 0 22.0 11.0 
4.3 4.0 16.2 37.9 12.5 

10.6 7.2 10.2 34.7 13.8 
- - 23.0 73.5 48.2 

26.2 48.9 54.5 79.8 48.8 

resistance proportionately. High degrees of de-
termination of F2 by Fi (77%) and F3 by F2 (47%) 
indicate the highly heritable nature of SDM 
resistance (Rana et al. 1978). 

Chemical Control 

Attempts have been made and are continuing to 
find an effective chemical to control SDM. 
Balasubramanian (1976) at Dharwar obtained 
control of systemic infection up to 84% by four 
sprayings of Dithane M-45 (0.4%) at 7-day 
intervals, starting from the 7th day after plant-
ing. At Coimbatore during rainy season 1977, 
three chemicals were tested, Dithane M-45 
(0.3%), Bavistin (0.1%), and Bafin (0.04%). The 
incidence ofthe disease was reduced up to 46.4, 
52.6, and 53.6% with Dithane M-45, Bavistin, 
and Bafin, respectively (Bavistin has no effect 
on phycomycetes, so these are surprising re-
suits). During rainy season 1978, my experi-
ments demonstrated that Ridomil is the most 
effective chemical; 100% control of systemic 

infection was obtained by seed treatment at 
4g/kg and spraying with 2 g/l of water 40 days 
after planting (Table 7). 

Oospore-Germination Studies 
Oospores were detected on seed surfaces, on 
and in the glumes, and also in the rachis of the 
p~nicle. Microscopic examination of the rachis 
shows the presence of oospores distributed 
between the vascular bundles. Repeated efforts 
to trace the presence of oospoes in the seed 
met with no success. Germination of oospores, 
both freshly collected and 12 months old, was 
made with potassium permanganate treat
ment. No definite germination was obtained 
and no germ tube was seen coming from 
oospore. However some oil-like globules or 
bodies were seen around the oo . res; the 
importance of these needs to be investigated. 
Oil-like globules have also been seen as
sociated with S. graminicola oospores (Bhat 
1973). 
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Future Work 3. Determining the susceptibility period of 
sorghum during its growth period, both 

Areas of study to be pursued include: for systemic and local lesions. 
1. Studies on physiologic specialization in 4. Identification of more stable resistant 

Sclerosporasorghi genotypes with good agronomic charac
2. 	 Exploring further the use of conidial in- ters. 

oculurn in the screening program. 5. Genetics of resistance. 

Table . Pamant myaemd 8DM Infection an the BMM enres In3yeers f tam~n ,l Dhemwr, 

India. 

Entry 1976 1977 1978 Mean 

OL-3 0 0 0 0 
IS-173 0 2.1 7.9 33 
CSV-4 0 4.2 6.2 3A 
Uchv-2 0 6.5 4.0 3.5 
Uchv-1 2.8 1.7 8A 4.3 
IS-3164 1.7 8.2 - 4.9 
IS-2042 0 23 15.4 5.9 
SC-120-14 0 4.9 17.5 7.5 
SC-599-63 7.6 - 7.6 
IS-7254 - 7.9 7.9 
SC-120-6-8-8 0.9 15A - 8.1 
SC-239-14 0 16.8 - 8.8 
IS-3799 0 9.5 17.6 9.0 
SC-170-6-17 5.0 13.7 - 9.4 
CSV-5 1.3 4.9 22A 9.5 
IS-6380 10.0 - - 10.0 
IS-5273 0 6.5 26.3 10.9 
SPV-35 - - 11.5 11.5 
CK-60-B - - 11.5 11.5 
SC-175-14 7.2 17.8 - 12.5 

TAM-428 1.8 24.0 - 12.8 
SC-173-12 0 28.3 - 14.2 
IS-2918 0 29.2 - 14.6 
E-35-1 - - 15.2 15.2 
SC-110-14 1.0 9.3 42.0 17.4 

3660-B - - 19.8 19.8 
IS-2223 - - 19.9 19.9 
NSA-440-12 0 44.1 - 22.1 
2077-B - - 22.9 22.9 
SC-414-12 2.2 17.1 70.6 29.9 

1258-B - - 30.1 30.1 
1202-B - - 32.0 32.0 
GPR-269 38.1 - - 38.1 
IS-2327 - - 39.5 39.5 

IS-2550 - - 53.8 53.8 
CSV-2 23.6 66.5 91.3 60.5 
DMS-652 21.5 844 100.0 68.6 

a. Entry not tested 
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Table 7. Chemical control: percent systemic Infection on main shoot. 

Treatment 

Ridomil (0.4%) 
(Seed treatment) 

K.W.G. 	0519 (0.2%) 
(Seed treatment) 

KT 19827 (0.5%) 
(Seed treatment + three sprays) 

Dithane M-45 (0.4%) 
(Four sprays) 

Ridomil seed treatment + 
one spray 

Nontreated (control) 
LSD. (0.05) = 0.87 

6. 	 Evolving an economic schedule of chemi-
cal control. 

7. 	 Obtaining a reliable in vitro oospore-
germination technique. 
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Factors Affecting Sorghum Downy
 

Mildew Development
 

°K. A. Balasubramanian 

Sorghum downy mildew (SDM), caused by 
Peronosclerospora sorghl, is endemic in the 
Indian states of Tamil Nadu, Karnataka, and 
Maharashtra. In this paper, data are presented 
on the influence of fertilizers, trace elements, 
and seeding dates on SDM i icidence in experi- 
ments conducted at Dharwar in Karnataka. 

Effect of Nitrogen 
rnd Phosphorus Fertilizers 

Nitrogen, intheformofammoniumsulfate,was 
applied at 0, 44.8, 89.7, and 134.5 kg N/ha and 
phosphorus, in the form of superphosphate, 
was applied at the rate of 0, 33.6,67.3, and 100.9 
kg P/ha. The experiment was laid out in a 

split-plot design, with nitrogen treatments as 
main plot and the phosphorus treatments as 
subplots. Plot size was 6.8 by 5.8 m. Spacing 
between subplots was 1.5 m. Spacing between 
rowsandplantswas45and 15cm, respectively. 
The soil was artificially infested with P. sorghi 
oospores. 

Increase of phosphorus fertil.zation from 0 to 
67.3 kg/ha significantly increased SDM inci-
dence in susceptible variety DMS-652 (Table 1). 
Inthe resistant hybrid CSH-1, increased suscep-
tibility was observed only when phosphorus 
application was increased from 0 to 33.6 kg P/ha 
(Table 2). Additional phosphorus applications 
did not influence the disease significantly. 
Nitrogen did not significantly affect the inci
dence of the disease in DMS-652 or CSH-1. The 
initial status of nitrogen and phosphorus in the 
soil was not estimated. The pH of the soil was 
5.8. 
Effect 	of Zinc and Manganese 

Zinc in the form of zinc sulfate (ZnSO4.7H20) 
and manganese in the form of manganese 

Professor, Department of Plant Pathology, Andhra 
Pradesh Agricultural University, Hyderabad, India. 

Table 1. 	 Eftofifnllognandphouphfusol 
the InoMene of downy mldew In 
sorghum cuiltlva DMS-eu In trals 
conduated at DhLrwar, Inlia. 

Phosphorus level (kg/P/ha) 
Nitrogen level 

(kg N/ha) 0 33.6 67.3 100.9 
- % Incidence 

0 25.5 41.3 51.6 54.5 
44.8 29.9 62.1 57.6 50.2 
89.7 27.8 45.6 55.1 60.0 

134.5 28.7 45.8 64.3 543 

Nitrogen stahdcrd error-2.25 LSD (P-0.01) 0.32 
Phosphorus standard error-2.98 LSD (P-0.05) 6.14 

sulfate (MnSO4.H20) were applied to the seed 
furrows with ammonium sulfate and super
phosphate. The rate of zinc and manganese 
sulfates applied were 0, 5, 10, 15, 20, 25 kg/ha. 
The rates of ammonium sulfate and super
phosphate applied were 44.8 N2 and 47.3 P20s 
kg/ha. The plot size and spacing were as in the 
previous experiment. Zinc and manganese 
were in main plots and their concentrations 
were varied in subplots, Susceptible cultivar 
DMS-652 was used as the test variety. Zinc and 
manganese application did not influence SDM 
incidence significantly (Table 3). 

Effect 	of Planting Datet 

In an experiment with several planting dates of 
DMS-652 and CSH-1, the SDM incidence was 
the lowest in the earliest planting (last week in 
June) and was highest when plainted during the 

last week in July (Table 4).
Estimation of available soil moisture by 

gravimetric method showed a high soil mois

ture (76 to 79%) during the first 16 days follow
ing the June planting, and 44 to 47% available 
soil moisture during the same period in July. 
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It is evident that higher phosphorus and lower 
Table 2. 	 Effectofnitrogenandphosphoruson moisture levels can encourage incidence of 

the Incidence of downy mildew In SDM, but applications of trace elements like 
sorghum cultivar CSH-1, Dharwar, zinc and manganese do not influence the inci-
India. dence of downy mildew. 

Phosphorus application (kglha) 
Nitrogen appli
cation (kg/ha) 0 33.6 673 100.9 

-- (% incidence) 

0 5.1 4.3 6.3 7.3 
44.8 7.1 14.0 14.5 12.2 
89.7 4.6 12.4 15.9 14.1 

134.5 7.8 15.1 15.0 10.9 

Nitrogen standard error = 2.03
 
Phosphorus standard error = 2.35
 
LSD (P=0.05) =4.84
 

Table 3. 	 Effect of zinc and manganese on 
incidence of sorghum downy mil
dew. 

Application of trace element (kg/ha)B 

Trace element 0 5 10 15 20 25 
(% incidence) 

Zinc 57.7 71.2 70.2 58.2 69.0 67.8 
Manganese 73.8 59.2 64.6 59.6 64.8 56.5 

a. Trace element standard error=3.47;
 
Concentration standard error - 4.42
 
Differences among means were not significant.
 

Table 4. 	 Effect of planting date on the Inci. 
dence of sorghum downy mildew in 
experiments at Dharwar, India. 

Date of plantinga 

Cultivar 1 2 3 4 5 
(% incidence) 

DMS 652 9.4 b 29.9 61.9 74.5 51.7 
CSH 1 0.5 1.1 4.2 12.3 10.5 

a. 	1= Jun (last week); 2= July (first week); 3= July (second 
week); 4 -July (last week); 5 -Aug (first week) 

b. 	Standard error for cultivars=3.04; Standard error for 
dates =4.61 

LSD (P=0.05) = 9.67 LSD (P-0.05) = 9.50 
LSD (P=0.01) = 17.75 LSD (P=0.01) = 12.87 
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The ICRISAT Sorghum Downy
 

Mildew Program
 

S. R. S. Dange and R. J. Williams* 

Sorghum downy mildew (SDM), caused by 
Peronosclerospora sorghi (Weston and Uppal) 
Shaw, has great destructive potential and ap-
pears to be increasing in importance in many 
sorgh-ri-growing regions in Asia, Africa, and 
the Americas, on maize as well as on sorghum 
(Frederiksen et al. 1973; Frederiksen and Renfro 
1977). 

In the ICRISAT sorghum-improvement pro
gram, we have recognized frorm1 the outset the 
need to identify and util ize SDM resistance, but 
we have not been able to mount a major 
research effort on this disease until recently, 
becauseo our limited staff have mainly concen-
trated th'.dir efforts on the widespread major 
problert. -f', ,,i;uin grain molds. In late 1977, 
we werm. fortunate to have Naron Singburau-
dom from Kasetsart University, Thailand, spend 
3 months at ICRISAT Center examining factors 
affecting conidial production and successful 
field inoculations (Singburaudom and Williams 
1977). An intensified program on SDM was 
initiated at ICRISAT in Junb 1978. 

In this paper, we attempt to summarize the 
SDM research conducted at and from ICRISAT 
Center, to project our plans for the next few 
years, and to pose some questions which we 
feel should be considered by pathologists par-
ticipating in this Workshop. 

Symptoms 

On sorghum we have observed systemic and 
local lesion infections by P. sorghi. 

The first indication ot a systemic infection is 
the emergence of partially infected leaves. Sub-
sequently fully infected leaves emerge. The first 
two to four infected leaves produce conidia. 
Subsequent leaves produce oospores, become 
necrotic, and shred as the plants mature. 

Plant Pathologist and Principal Cereals Pathologist, 
ICRISAT. 

During cool humid weather, local rectangular 
chlorotic lesions develop; these produce con
idia but apparently do not produce oospores. 
The local lesions can be densely grouped and 
waycoalescetogivetheleafa blighted appear
ence, mostly toward the tips of the lower leaf 
blades. Local lesions generally become necrotic 
and can support the growth of other fungi. 

Host Range 

At ICRISAT Center, we have inoculated several 
graminaceous species with conidial sus
pensions of P. sorghi, and have obtained sys
temic infection in maize, teosinte, Sorghum 
caifrorum, S. sudanense, S. halepense, S. 
vertici/litlorum, and S. almum, in addition 
to grain sorghum. 

Although several maize and sweet corn 
cultivars readily become infected withP.sorghi 
at ICRISAT Center, the symptoms observed are 
generally quite different to those obtained on 
maize at Mysore and Udaipur in India, and at 
Farm Suwan in Thailand. For example, maize 
cultivar VL-54 first produces one or two rela
tively norma!-appearing partially infected 
leaves and then remains stunted, with the 
unfolding leaves rolling and wilting in the 
whorl, almost as if damaged by stem borer. 
Nodes of the infected plants are discolored. An 
occasional plant in VL-54 wil! develop more 
normal symptoms and some cultivars (e.g., CM 
500)developpredominantly normal symptoms, 
except that conidial production is scarce and no 
deformity of tassel or ear is observed. We have 
observed afew oospores in infected sweet corn 
leaves, but they are sparse. 

The host range of P. sorphi appears to be 
highly variable, depending upon location. In 
Rajasthan, India, P. sorghi infects maize and 
Heteropogon contortus and does not infect 
sorghum (Dange et al. 1974). In Thailand, P. 
sorghi readily infects maize, rar!,' infects sor
ghum, but does not infect H. contortus (Renfro 
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personalcommunicfiion). A thorough investi-
&.tion of the host ra.nge of P. sorghi is needed, 
and w have prorosed an international 
cooperative project on this subject; the project 
will inchtde researchers in Asia, Africa, and the 
Aranericas. 

ie.,NcatIon 
of $!MResistance 

Al,~ iCMtSAT Center 

Cowiidial Production 

Th: first requirement of a resistance-
identification program is a reliable and mean-
ingful screening technique. For'SDM, reliance 
on oospores In a "sick plot" has many draw
backs and we nave examined several methods 
of inocu!!J:=np with conidia. To do this, we 
need.d to Vroducke ' .--je quantities of conidia 
and have ";em available at a more convenient 
time thrn that during which they naturally 
mature (0200 to 0400 hr). We found that leaves 
that have receiver' to 8 hr daylight (thsy need 
more tine in ovrcast cloudy weatkr thn in 
bunny weather) and are then maint.-7wied ;I c.)k 
nimi t chambers at 20°C, prodi-c, abundant 
conikia that are mature a mr 7 to 8 hr of 
in-.;jbation. The normal practce in our program 
now is to harvest lf(ected !haves between noon 
and 1300 hr and to ino,;ulate between 2000 and 
2100 hrs. We can, however, produce conidia 
whenever needed by manipulating light and 
temperature in the incubators; for example, 
leaves colle,.,-d at 1700 hr are placed in the 
moist chambers at 20°C in an incitzdtor pro-
gramed to remain at 200C for 7 h; and then to 
cool to 5C, which allows conidia to be har-
vested at any time on the subsequent morning. 
Leaves harvested at 1700 hr and maintained 
under fluorescent lights overnight can be 
moist-chambered at 20°C at 0900 hr the follow-
ing morning and the conidia can be harvested 
for inoculation after 1700 hr. 

Inocu'ation Metohod and Age of Plants 

W. have examined several ways of exposing 
sorghum seedlings of various ages toP. sorghi 
conidia, including injection deep into the whorl 
direct spray, exposure to older conidia-

producing infected plants, and injection of 
conidia into the collar region. 

Germinating cultivar DMS-652 seedlings (20 
and 36 hr after placem',ent of seed in mwst 
chambers at 300 C) wern sprayed with conidial 
suspension and were planted in pa, teafter 3, 6, 
and 9 hr of pc.Ltinocule'.ion i ,ncbation.The 
amount of E,~omic infection N.is less with 
increased pra.rc. .ion and ptotinoculation 
incubalion (-Tible i). 

ir stP. yer-Van~in.' pot experira-mt, 
plarits ofcultivr 0flA-42 sorghur* ofsxae 
ware inocatetd by injaction of a conidial sus
pension into thc w;ois. The oresa et imrection 
ew;elop ad in thi p Iants your cnat thotsn of 
inoculnion ('*3bltt 2). The,;',,- a add to the 
existing evidence, that tha- yo:,'nger the plant 
when exposed to conidia, r ;. grzater the prob-

Tale 1. Percent e A;r., nlly SDM-' 1:std 
DMS.,52 um plants ',-t Us
minatlng c,up. sspayed :.±h, 
of Paronaczfe-.pors s-,rgh e'," In
cubai .r _'JoC fotw. b.bi kst-
Inocuj4, ~nacbation. 

Preinoculation i 1 Ain 
Postinoculatlon 
incubation (hr) 20 hr 36 hr 

3 65 35 
6 49 33 
9 32 24 

Table 2. Peref .'p', s systemically Infected 
Mith SD!, following Inoculation 
wth eidllsuspnslonsatslxplant 
nte., 

Plant age at Systemic infection 
inoculation (days) 28 days after inoculation (%) 

37 
10 24 

15 13 
20 10 
25 11 
30 11 

a. 	Plantings wore made sequentially so that the Inoculation 
of plants of allages was conducted atthe same time. 
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ability of systemic infection. In subsequent These results highlight the importance of 
studies, we produced high levels of infection by finding realistic inoculum concentrations and 
deep injection of conidial suspensions into the inoculation methods in order to avoid failure to 
collar regions of 15-to 25-day-old plants. recognize useful field resistance. 

Inorder to test the pos'sibility of using infector 
rows for large-scale fied screening, we planted Evaluation of Maize for Infector Rows 
seed of CSV-2, DMS-652, and IS-2550 sorghum, 
and CM-500 and sweet corn maize in sterilized There are two major drawbacks to using sor
soil in trays and placed the trays between rows ghum as the infector-row conidial source for 
of systemically infected conidia-producing sor- SDM field screening. The first is shoot fly,which 
ghum plants. can be devastating on seedlings emerging later 

High levels of infection were obtained in all than the surrounding crop; the second is the 
test materials (Table 3). These data suggest that relatively short time period during which sys
the infector-row system can be effectively used temically infected sorghum plants produce con
for SDM screening. However, the relatively idia before switching over to oospore pro
short conidial-production phase of infected duction, The use of maize as the conidial pro
plants and the relatively short susceptible stage ducer would avoid these drawbacks. However, 
of seedlings, make critical the correct time of as indicated above, we have not been able to 
planting test entries, and the provision of the obtain in a good level of conidial production of 
right environmental conditions for conidial SDM-infected maize at ICRISAT Center. 
production and infection. 

Plans for Field Screening 
Inoculation of the ISDM N Entries 

At present we plan to screen for SDM resistance 
in late 1977, the 25 entries in the 1977 Inter- in the field duritig the rainy season and the 

nrftc,al Sorghum Downy Mildew Nursery were immediate postrainy cool season of each year. 
inocukt.ed by injecting of conidial suspensions We will use sorghum cultivar DMS-652 as the 
'-:p in',the whorls of seedling-, 5 days after conidial donor and will infect the infector row 
e,,r ;cEVery high levels of infection were plants at the seedling stage by syringe inocu
oltain-d z , several cultivars which consis- lation. Mist irrigation will be used in the evening 

intlym 	 hours to promote conidial production, and themuch niore resistant when exposed 
to n.Au!,!l ircGculum pressure at SDM "hot- test entries will be planted when the infector 
snwr ," 3uch as Dharwar and Mysore row plants show a high level of conidial pro
6Sinfburaudoin and Williams 1977; ICRISAT duction. We need to determine if the natural 
1978). Cultivars varied greatly in the degree of conidial inoculation will need augmentation 
difference botween SDM-infection levels from by direct spraying of conidia onto test-entry
 
the artificial and natural inoculations, indicating seedlings.
 
the possibility of diffcrent types of resistance.
 

Multilocational Cooperative Screening 

The International Sorghum Downy Mildew 
Nursery, initiated in 1976, has been in operation

Table 3. 	 P*,-' v .tlcSDM Pnfection ab- at several locations each year, through the 
t, ", Infector rows In sorgltorm cooperation of many scientists.The results are 
and maize 33 days after planting. reviewed ina separate paper in this session. 

Total Infected %systemic
Crop 0-ti'. ;- plants plants Infection Discussion and Questions 
Sorghum 	 L,,S-6527 160 134 84 The most important question to be answered is 

I--.t., 138 70 what is the appropriate inoculation procedure?O 97 
CSV-2 72 48 67 Should oospores or conidia, or both, be used? 

Maize cM-500 86 76 88 How should the test plants be inoculated with 
Sweet__corn _75 _61 __1 _ conidia - by syringe injection, by spray, or by 
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exposure to older infected plants? The logical 
answer is that the method adopted should be 
epidemiologically meaningful for the particular 
location. If there is an effective natural conidial 
source at the time sorghum is planted, then the 

inoculation procedure should involve conidial 

showers; conversely, if oospores are the main 
infective propagules at a particular location, 
there is a strong argument for using oospore-
inoculation methods. To properly answer the 
question, we need to know the relationship 
between reaction to oospore and reactions to 
conidia at various inoculum concentrations, 
using different methods of inoculation. 

A second, related, question concerns therelationship between reactions to oospores and 
reactions to conidia. Can reactions to one be 
accurately used to predict reactions to the 

accuatey usd tothet prdictreation 
other? Another related question is the relation
ship between local lesion reaction and systemic 
reaction. If a cultivar develops severe local
lesion infection when unfolded leaves are ex
posed to conidial showers, is this an indication 
that the cultivar is also highly susceptible to 
systemic infection? 

The variability in P. sorghi from region to 
region needs further investigation. There is a 
great deal of evidence for pathotypes varying in 
reaction to host species, but there is no definite 
evidence for the existence of races within the 
sorg hum- infecting pathotype. However, if 
the pathogen species is capable of variability 
at the host interspecific level, it will probably be 
capable of producing biotypes in iesponse to 
selection pressures of variability within a single 
host species. We believe that the ISDMN prog
ram and the proposed international project on 
host range will provide answers to these ques
tions. 
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The Intemational Sorghum Downy

Mildew Nursery
 

R. J. Williams, K. N. Rao, and S. R. S. Danre* 

The International Sorghum Downy Mildew 
Nurse' y (ISI)MN) program was initiated in 1976 
with"the .kfwing objectives:

1. To identify sources of stable SDM re-
sistance; 

2. To obtain information on the variability of 
the SDM pathogen; 

3. 	 To distribute SDM resistant genotypes to 
scientists in national programs; 

4. 	To promote the development of a corn-
municatirg cooperating international 
network of scienlists interested in SDM. 

In its first year of operation there were three 
cooperators, all within India. Cooperators in 
Africa and the Americas were added in 1977and 
1978, and the number of cooperators in India 
was expanded (Table 1). 

The basic requirement of cooperators is that 
they should be able to expose the ISDMN test 
entries to local SDM pathogen populations with 
sufficient pressure to provide m eaningful dataonractonsofte SM te tst ntresat 

on the SDM reactions of the test entries, 

* 	Principal Cereals Pathologist, and Plant 
Pathologists, ICRISAT, Patanrheru P. 0., Andhra 
Pradesh, India. 

Selection of ISDMN Test Entries 

Initially, entries reported as SDrW resistant in 
various national and rtionai g°orams were 
included. As t. World c,.- 'ghur collection is 
screened for S f')reactions at iCRISAT Center, 
entries found to be SDM r::;?ient vt.l be fed 
into the ISD ,U.Entries f~rm'n .n; 7O'VIworker 
are welcomed, provided that he ¢ ar has 
clearly been SDM resistant at iie ho n.i cation. 
In 1978 the best entries from other international 
disease nurseries were also inclu .-d in the 
ISDMN. Each year two known high-susceptible 
lines are included as "indicators." 

Operation of the 
ISDMN Program 

Seed oftestentries is assembledand multiplied 
See ente r .il csse ra ndreceipe iedICRISAT Center. All cooperators receive seed 

from the same seed lot for each entry. This is 
important, if erroneous information on patho
gen variability is to be avoided. 

A set of entries is sent to each cooperator with 
a book that includes information on the ob
jectives of the trial, suggestions on planting, fer-

Table 1. Cooperators and locations In the InternatIonel Sorghum Downy Mildew Nurwery Progra-n 

In 1976, 1977, and 1978. 

Cooperator 

K.H.Anahosur 
Kausalya Gangadharan 
K.M. Safseoulla 
B.B. More 
K.N.Rao & S.R.S.Dange 
K.A.Balasubramanian 
Max Boling 
Gino Mlaguti 
R.A.Frederiksen 

Location Year(s) 

Dharwar, India 
Coimbatore, India 
Mysore, India 
Digraj, India 
ICRISAT, India 

1976, 
1976, 
1976, 

1977, 
1977, 
1977, 
1977, 
1977, 

1978 
1978 
1978 
1978 
1978 

Hyderabad, India 1978 
Gaborone, Botswana 
Maracay, Venezuela 
Texas, USA 

1977, 1978 
1978 
1978 
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1976 

tilization, inoculurn provision, time and method 1977 
of scoring, and duplicate sets of data-record 
sheets for climatic and plant-reaction infor-
mation. 

Cooperators are requested to return one copy 
of the data sheets to ICRISAT Center as soon as 
possible after completion of the trial. The data 
will be analyzed and published in a report that 
contains data from the cooperators, along with 
discussion of the important aspects of the 
results. It is 6stributed to all the cooperators. 

The 1976, 1977, 
and 1878 Resulta 

Two of the 32 entries, QL-3 and Sc 120-14, were 
free from systemic infection at all three lo-

cations. Eleven entries had a mean incidence of 
less than 5% with a maximum incidence of less 
than 10% (Tables 2, 3). 

Data on the 25 entries, received from 
cooperators at five Indian locations and one 
African location, are ,summarized in Tables 4,5, 
6. Cultivar QL-3 weus again immune et all lo
cations and four entries had less than 10% 
incidence at all locations except ICRISAT 
Center. 

The ICRISAT Center results are interesting 
and require some discussion. The high level of 

infection, compared with the other locations, is 

probably the result of the injection of aconidial 

suspension deep into the whcrls of young 
plants 5 days after emergence. At the other 

locations, test entries were exposed to oos
pores in the soil (in sick plots) and in some cases 
to conidia provided by infector rows and adja
cent infected crops. Under the severe artificial 
inoculation at ICPISAT Center some of the 
entries, whicla showed a high degree of resis
tance under "natural" inoculation developed 

Table 2. Percent Inelndnos af 8DM In the 13 most realatant Inea at tw loctlona Inthe 1978 
ISDMN, compaed with pircent Incidence Inthe local swoeptlble lines and the loc tion 
means for all teat entrk. 

Entry 
Dharwar 


OL-3 
SC 120-14 
CSV-4 
SC 173-12 
IS3799 

0.00 
0.00 
0.00 
0.00 
0.00 

IS5273 
UchV-2 
IS 2042 
SC 239-14 
CSV-5 

0.00 
0.00 
0.00 
0.00 
1.25 

UchV-1 
IS 173 
TAM-428 
Local susceptible 
Location means 

2.75 
0.00 
1.55 
-

3.65 

a. Derved from aH tst entries. 

Location 

Coimbatore 
(%) 

0.00 
0.00 
0.00 
2.55 
1.10 

2.55 
0.00 
3.60 

3.10 
3.00 

0.00 
3.80 

3.45 

12.50 
6.15 

Mysore 
Entry 
Mean 

0.00 
0.00 
0.83 
1.87 
3.45 

0.00 
0.00 
0.28 
1.47 
1.52 

2.35 
5.69 
1.90 
3.29 
2.30 

.€R3 
1.89 
1.90 
2.13 
2.18 

4.28 
5.02 
7.55 

80.00 
11.86 

234 
2.94 
4.18 

46.25 
7.22 
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hi h L&,,- oi inAafection (exceptions to this were 
,..: -SV-4). However when relative 

;: ::'r ce of the entries is examined by 
.,om- nrl rrankvalues (Table 5), it can be seen, 

thet C4C bast 10 entries at locations where,Ji 
thr, n ural inoculation, nine were also in 
tjl at the location where the severe 

T a 3. . j f.'n:$ .'- um p ic-n' 

,-.;.pv..,'na In the 'V.'36 Intr-
': Sorghum Downy MUdew 

Mean Maxirviv 
Entry incidence incl.d.;ic 

(%) (O) 

QL-3 0.00 0.03 
SC 120-14 0.00 0.00 
CSV-4 0.28 1.65 
SC 173-12 1.47 2.16 
IS 3799 1.52 5.81 

IS 5273 1.63 333 
UchV-2 1.90 9.25 
IS2042 1.90 3.35 
SC 239-14 2.13 6.58 
CSV-5 2.18 4.60 

UchV-1 234 7.46 
IS 173 2.94 8.63 
SC 110-14 3.84 10.48 
TAM-428 4.18 9.28 
SC 108-14 4.28 11.60 

SC 414-12 5.60 16.00 
IS3164 6.06 10.12 
SC 120-6-8-8 6.67 13.13 
SC 170-6-17 7.21 14.67 
SC 175-14 7,92 16.25 

NSA 440-12 0.32 17.70 
TAM 2566 8.45 14.94 
IS 2918 9.37 42.79 
IS 2858 9.82 24.56 
IS3168 9.97 29.76 

SC 599-6-3 10.14 15.61 
IS 159 11.18 34.67 
SL. 423-14 11.92 22.20 
IS 6380 15.07 25.96 
CSV-2 29.75 57.00 

DMS 652 31.32 50.00 
GPR 269 33.66 69.77 

a. Based on Individual replication values. 

infection inoculation occurred. It seems from 
these results that there are two types of resis
tance in the ISDMN test entries: one that breaks 
down with increased inoculum concen'tration 
(e.g., IS-173and UchV-2), and one that rf.nains 
relatively stable when exposed to difffe. r't in
orulum concentrations (e.g., Uch V-1 ard CSV
4). Cultivar QL-3 remained immune, even 
following syringe inoculation. 

1978 

At the time of preparation of this paper, results 

Tb. 4. 	 Downy ' ,r Ir.cklence In 25 
eoW . m. tA' In the 1977 leter

~ e~sDowny
Nurawy v,t(;:'one, Botwna. 

natk ~ MAIdew 

Incidence % 

Entry Rep. I Rep. 2 

QL-3 0 0 
UchV-1 0 0 
SC-120-14 0 0 
CSV-4 0 0 
IS-5273 0 0 

IS-173 0 6.9 
IS.2042a 25 0 
UJchV-2 0 0 
IS-3799 0 0 
CSV-5 0 C 

SC-414-12 0 0 
SS-110-14 0 0 
SC-230-14 0 0 
SC-170-6-17 0 0 
SC-120-6-88 0 0 

TAM-2566 0 0 
IS-31640 4 52.3 
SC-108-14 0 0 
SC-173-12 0 0 
TAM-428 0 0 

SC-175-14 0 0 
IS-29188 34.6 0 
NSA-440-12 31.3 29.2 
CSV-2 86.7 100.0 
DMS-652 813 90.0 

a. The major discrepsncie between replicates of these two 
entries Indicates a possible error In recording or In the 
original seed packeting. As IS-2042 is Included in the 1978 
ISDMN, its reaction at Gaborone can be reexamined. 
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~ Table ff Downy mildew Incidence in 25 s entrise at five locations In the 1977 International Sorghum I -dew Nusery. 

ICRISAT Center Dharwar Mvyore Coimbatore Entry Mean-
Digraj 

Entry Rep. I Rep.2 Rep.1 Rep.2 Rep.1 Rep.2 Rep.1 Rep. I Rep. 2 ind. EAU. 
I-RISAT ICR'SAT

(9') 

OL-3 0 0 0 0 0 0 0 0 0 0 C 
UchV-1 0 12.5 0 3.4 3.2 4.8 1.9 2.9 3,1 3.6 2.9 
SC-120-14 33.3 50.0 0 9.8 5.8 5.3 0 0 0 11.6 
CSV-4 15.8 5.3 4.0 4.3 7.6 6.2 0 2.B .4 5.3 4.2 
IS 5273 16.0 10.5 8.6 4.4 8.1 7.0 0 2.7 ( 6.4 4.4 

IS 173 22.2 25.0 0 4.2 8.8 10.1 0 3.3 6.9 8.9 4.8 
IS2042 20.0 21.1 0 4.5 11.9 6.8 0 6.7 3.6 8.3 4.8 
UchV-2 36.8 263 10.8 2.1 9.5 4.7 0 6.9 2.9 11.1 5.3 
IS 3799 28.6 63.2 11.1 7.9 9.9 9.8 0 3.3 2.9 15.2 6.4 
CSV-5 26.3 33.3 12.0 11.4 4.3 3.6 2.3 5.9 6.3 11.7 6.5 

SC-414-12 80.0 66.7 16.1 10.0 83 3.0 4.5 10.7 2.8 23.4 9.1 
SC-110-14 89.5 53.8 12.0 14.0 5.7 10.7 7.9 11.1 6.7 23.5 9.7 
SC-239-14 31.6 50.0 20.0 23.5 7.0 3.0 10.5 3.8 3.7 17.0 10.2 
SC-170-6-17 81.2 82.4 21.4 18.4 4.4 6.2 3.8 8.0 10.7 26.3 10.4 
SC-120-6-88 85.7 50.0 9.1 29.2 2.6 1.8 10.2 14.3 10.0 23.7 11.0 
TAM 25W3 61.9 52.9 15.6 6.1 30.4 9.4 0 9.4 15.2 22.3 12.3 
IS 3164 50.0 57.9 6.1 12.2 13.9 16.1 14.0 6.5 17.9 21.7 12.4 
SC-108-14 57.9 36.8 2.9 15.0 2.8 20.2 33.3 10.7 6.9 20.7 13.1 
SC-173-12 86.7 75.0 35.5 24.2 17.2 7.9 5.1 0 3.6 28.3 13.4 
TAM-428 50.0 43.8 22.9 25.0 35.4 11.5 10.5 8.8 4.3 23.6 16.9 

SC-175-14 40.0 93.3 25.9 31.1 44.3 16.3 4.9 12.9 9.4 30.9 20.7 
IS 2918 61.1 38.9 36.0 26.5 36.9 21.5 9.5 16.7 129 26.9 22.9 
NSA 440-12 80.0 &1. 41.0 66.7 72.4 36.4 38.5 9.1 19.2 4S. 40.5 
CSV-2 94.7 77.8 ,. 1 90.3 100 100 33.3 20.0 19.4 67.7 62.5 
DMS 652 81.8 100 96.3 88.6 100 100 62.5 33.3 42.9 78.4 74.8 

Location Mean 48.8 20.4 19.5 10.1 8.5 

a. As the Inoculation method used at ICRISAT Cents: was very severe. entry means are g!von Including (Inc. ICRISAT) and ecluding (Excl. ICRISAT) ICRISATCentsrdata. 



C.e 6. Comperbon of maetry rmking In the IZ-.7 ISDMN batod r(A and t :a htdox 

values at Co-tz aORBAland the average rank frmn thh'ifa , Ice'v., 

Incidence Rank Infection Ind,, Rank 

ICRISAT 


U.IAN-i 2 

3 

4 


11 -1425 

SC-120-14 10 

IS-173 6 

UchV-2 8 

CSV-5 7 

IS-3799 18 


SC-239-14 9 

SC-120-6-08 16 

SC-110-14 17 

SC-414-12 19 

IS-3164 12 


SC-1O-14 11 

TAM-2566 20 

SC-170-6-17 23 

TAM-428 13 

SC-173-12 21 

IS-2918 14 

SC-175-14 15 

NSA-440-12 24 

CSV-2 22 

DMS-652 25 


Corelation Coefficient 

a. Dharwar, Mysore, Digraj, Colmbatore. 

have been received from the Indian locations, 

Mysore, Dharwar, Coimbatore, and Digraj, as 

well as from ICHISAT Center (Table 7). For the 

third successive year, QL-3 isimmunetoSDMat 

all Indian locations. Three other entries - Uch 

V-2, CSV-4. and IS-173 -have a mean inci-

dence of less than 3% anJi a maximum inc-

dence of less than 10% across replication, and 

locations. 


Dharwar provided the gr atestSDM pressure 
(location mean of 28.9%) ?ollowed by Mysore
(12.2%) and ICRISAT Cenier (8.1%). SDIV. 
incidence in most of the entries was low t 
Coimbatore and Digraj. 

Others ICRISAT Others 

2 2 2
 
4 3 4
 
5 4 6
 
7 5 5
 
3 10 3
 
6 6 7
 
8 8 8
 

10 7 9
 
9 11 10
 

13 9 13
 
15 18 15
 
12 19 11
 
11 20 12
 
17 15 16
 

18 12 17
 
16 16 18
 
14 21 14
 
20 13 20
 
19 23 19
 
22 14 22
 
21 17 21
 
23 22 23
 
24 24 24
 
25 25 25
 

0.78 0.83 

IS-7254, the best line in 2 years of the Inter
national Sorghum Leaf Disease Nursery, was 
resistant (<10% StM) in nine of the ten repli
cations, but, strangely, had 16% SDM in one 
replicatioi at Digraj. The Iwo ,Iite grain mold
resistant lines, E35-1 and IS2327, had relatively 
low SO'M incidence at -li locations except
Dharwar, where they averop-id 19 and 33%, 
respectively. 

Of the -B Hines in the trial, CK 60-B was the 
most resistant, with mean and maximum SDM
incidence values of 4 and 14.9%, respectively. 

Recent personal communication with our 
cooperators in the USA and Venezuela indicate 
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Table 7. , ,;,ncdencoIn 24 s hufmn entreseatflvoIcatot . In the 1978iWSmnoalI 
04z~., PAMidew Nursey. 

Dharwar
Digraj Coimbatore ICRICAT O-zrn 
Entry 

Entry Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 Rep. 1 Rep. 2 Mean 
(%) 

QL-3 0 0 0 0 0 0 0 0 0 0 0 
UchV-2 
CSV-4 

0 
0 

0 
0 

0 
0 

0 
0 

2.9 
4.1 

0 
4.0 

9.2 
1.5 

2A 
2.7 

2.z 
-.14 

4.0 
9.0 

2.2 

IS173 0 0 0 0 0 0 7.7 3.0 F. 9.2 '. 
UChV-1 0 0 0 0 1.6 0 4.6 6.0 VU' 16.0 3.7 

CK V.11 8 0 0 0 0 5.0 0 4.6 7.5 i.,.0 8.2 4.0 
SPV-3 0 0 0 2.9 5.9 1.4 U.4 8.2 7.0 15.9 4.8 
IS 7254 16.1 5.3 2.4 1.9 5.0 0 2A 4.0 6.8 0.8 5.3 
SC 120-14 0 0 0 0 16.1 0 5.4 0 13.6 21o3 5.6 
IS2042 0 0 0 2.9 7.1 1.3 11.7 8.2 19.2 11.5 6.2 

IS 3799 0 0 4.3 0 17.2 4.3 0 6.2 10.7 21.3 6.4 
CSV-5 0 3.0 4.5 0 0 7.5 4.9 0 18.2 26.7 6.5 
E 35-1 0 0 0 2.1 9.3 3.6 13.5 5.2 17.5 20.9 7.2 
1258-B 0 0 3.3 0 2.3 3.7 4.3 0 32.5 27.7 7.4 
3660-B 0 2.9 0 0 11.8 0 15.9 11.1 18.2 21.4 8.1 

IS5273 0 0 0 0 5.3 2.1 9.1 6.0 25.8 26.8 8.3 
1202-B 0 0 3.1 2.8 12.8 0 0 7.9 27.0 37.0 9.1 
IS-2327 9.1 6.5 1.9 0 10.0 1.5 5.5 3.1 46.3 20.4 10.4 
SC 110-14 0 0 0 0 15.8 3.6 5.5 5.5 49.3 34.6 11.4 
2077-B 0 0 21.4 2.9 0 14.0 26.4 7.4 25.4 20.5 11.0 

SC 414-12 0 0 0 2.2 11.1 5.8 14.3 6.2 84.3 92.2 21.0 
IS25913 18.8 3.4 13.0 25.0 17.1 31.0 60.8 52.3 56.5 46.7 32.4 
CSV-2 20.0 3.8 243 25.0 20.4 37.0 47.3 51.5 100 93.0 42.2 
DS-52 51.6 38.2 28.6 26.1 33.9 55.6 02.0 38.5 100 100 55.4 

L~ocatcn Moan 3.7 4.2 8.1 12.2 28.9 

that QL-3 is also immune to SDM in these Entries have been identified that are resistant 
countries, acroz- several locations in three seasons, i.e., 

QL-2,CGV-4, Uch V-2, IS-173, and Uch V-1. We 
Overall Performance cannot predict with certainty that these entries 

will noz 1-eak down" to SDM in the future, but
The entries QL-3, CSV-4, Uch V-2, IS-173, and 

they certainly are the most stable sources of 
Uch V-i havw consizhtly shown a high degree SDM resistance available at the present. 
of resistance at all locotions in all years (Table There is noconsistentevidenceof racesofthe 
8). QL-3 was free from infection in all the trials. 5DM pathogen from the ISDMN results. The 

greater SDM incidence at Dharwar in 1978 is 
Discusion probably due to a combination of higher in

oculum pressure and favorable environment 
From the results presented above, can we rather than to more virulent SDM races occur
examine whether or not the ISDMN program is ring there. There was a report that QL-3 de
meeting the objectives listed on thefirstpage of veloped up to 30% SDM in Texas trials (R. A. 
this paper? Frederiksen personal communication), but the 
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TaMe S. Summary of 5DM Incidence Inthe best IDMN entries In 3 yam ' trials.
 

SDM In.dence (%)
 

Entry yeatm Location Mean Maximum 

QL-3 197 3 0 0 
177 6 0 0 
1978 5 0 0 

CSV-4 1976 3 0.3 1.7 
1977 6 4.2 7.6 
1978 5 2.5 9.0 

UchV-2 1976 3 1.9 9.3 
1977 6 53 10.8 
1978 5 2.2 9.2 

iS 173 1976 2.93 8.6 
1977 6 4.8 10.1 
1978 5 2.7 9.2 

UchV-1 1976 3 2.3 7.5 
18i7 6 2.9 4.8 
1978 5 3.7 16.0 

z. MWAT Cater 1977 data not used becuse of the severe artificlal Incuhlaton procedure employed. 

seed sotrv-e wa, dieront and subsequent re
sults -viIi INCRIlSA'T" OL-3 6ndicate that this was 
resist rit in "o'as. 
"h;eVSDMN coo.araive network is relatively 

z:m:,.kH dne. We need to developat the preseni 
li;s with more Afr::,.'i and American SDM 
workers. We hope that as a reJI (of the pr sent 
workshop, we will have sut .stions for ad
ditional cooperators in Asi. , Africa, and the 
Americas, and that we wil be provided with 
suggestions fur additional ISDMN entries. 

AcknowkdZvbmLt*t 
We are indebted to all cooperators (Table 1) for their 
vital role in the operat;on of the ISDMN program, and 
for the time, energy, rwsources, and effort they have 
provided, in order to produce the results reported In 
this paper. 
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Prope for Chemik Control
 
ofthe Cereal Downy Mildews
 

F. J. Schwin* 

Until rscently, the control of dieases caused 
by the Peronosporais Idowny mildews, 
darnpiag-off, root rots etc.) was mainly based 
on dithiocarbamate fungicides, such as zineb, 
maneb, mancozeb, and on phthalimide deriva-
tivc.", i..' , captan, folpet, captafnl. Over the last 
30 year rhess chemicals have been widely 
used throughout the world on a ,argevariety of 
crops. Timy do a good job against the foliar, 
downy mildows, as far ai; these cause local 
nfe-.tions, and as long as they are used as 

protectants. Since they aro purely rasidual fun-
gicides without any majo; movement in the 
plant tis-. , "hey are not active against sys
iemic dokwAny mildews, nor do they exhibit any 
curative zctivity. 

Thus, the-'o has been a clear-cut need for a 
more verf-tile fungicide against the Peronos-
porales. Whereas a great deal of progress has 
been made in the control of other fungal dis-
eases during the last decade by the discovery 
of curative and systemic fungicides, the situ-
ation has remained unchanged until recently as 
far as the Peronosporales are concerned. 

In 1973, Ciba-Geigy in Basel, Switzerland, 
so far unimportant in tho fungicide market, 
discovered a new class of chemicals, the 
acylalanines, which showved promise with re-
gard to curztive activity and systemicity. A 
chemical with the code number CGA-48988 
(US-code = 1-82-50 W) was finally selected for 
further development. We had two precursors of 
it, which you may have heard about, i.e., CGA-
29212 (which was abandoned) arid CGA-38140 
(which has been introduced for use on orna-
mental plants). CGA-4,1388 is now in the phase 
of market introduction, 

Professor, CibaGeigyLtd.,Basel, CH-4002,Switzer-
land. 

(3'e v Information 

Chemical name: Methyl D L-N-(2, 6-dimethyl 
Phenyl) - N(2'methoxyacetyl)
alaninate. 

Structural formula: 

Cl-b 
Cl-b I 

/ CH-CO-O-CH3 
(I N o\ 

CO-CH2-O-Cl3 
Cl-b 

Solubility: 	0.71% ( =7100 ppm) in water at 
20°C; readily soluble in most or
ganic solvents. 

Compatibility in tank mixes: 	 compatible with 
most insectici
des, acaricides, 
and fungicides 
in common use. 
In case of doubt, 
however, a com
patibility test 
should be car
ried out 

Spray liquids must be used up within the day of
 
mixing.
 

Toxicit, -%cute LDso oral, rat 700 mg/kg
 
dermal, rat 3100 mg/kg 

Irritation skin, eye (rabbit) minimal 
Chronic effects in long-term studies 
(ongoing): sofar noadverse findings. 

Ecotoxicology: CGA 48988 is practically non
toxic to fish and bees; only
 
slightly toxic to birds.
 
No bioaccumulation in aquatic
 
organisms.
 
Favorable behavior in soil:
 
slight leaching in nonab
sorptive soils.
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Residues: So far no residue problems in land, Spain, South Af
potatoes, grapevines, hops, lettuce, rica, Switzerland, UK. 
tobacco. Registration under way 

Tolerances: established for lettuce, potatoes, in many other coun
iji'pes. tries. 

Resistance: In greenhouse experiments no re
sistant strains of Phytophthora in- Biological Properties 
festans and Pythium spp have 
been found so far; these studies CGA-48-088 is specific in its spectrum of activity 
are being continued. (Table 1). It controls plant diseases caused by 

Status of registration: (as of December 1978) Oomycetes (Phycomycetes), especially those 
registered in Australia, cdused by Peronosporales. It controls diseases 
France, Greece, Ire- on leaves, fruits, stems, collars, and roots at 

Table 1. Spectrum of activity of CGA-48988. 

Crop Pathogen Route of application 
leaf soil seed 

b

Potatoes 	 Phytophthora infestans xx x8 

Vines 	 Plasmopara vit/cola xx 

Tobacco, transplanted Peronospora tabacina xx xx 
Phytophthors nicot. var. nicot. x 

Seedbed Peronospora tabacina xx xx 
Pythium spp xx 

Hop 	 Pseudoperonospora humuli x xx 

Maize, sorghum 	 Sclerospora spp xx xx 
Peronosclerospora spp xx xx 
Sclerophthora spp 

Millet 	 Scierospora graminicola xx xx 

Lettuce 	 Bremia lactucae xx x 

Brassicas 	 Peronospora parasitica xx xx 

Cucurbits 	 Pseudoperonospora cubensis x 

Onions 	 Peronospora destructor x 

Paprika 	 Phytophthora capsici x 

Tomatoes 	 Phytophthora infestans xx 

Vegetables 	 Pythium spp x x 

Sugar beets 	 Pythium spp x x 

Rapeseed 	 Albugo candida x x x 
*C
 Pineapples 	 Phytophthora spp x x 

Avocados 	 Phytophthora cinnamomi x 

Cocoa 	 Phytophthora palmivora x 

Citrus, apples 	 Phytophthora spp x 

a. x- positive result; b. xx = advanced trial stage 
c. * -dips of material 
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markedly lower dosage rates per ha than the adhesion to the seed. Only this formulation is 
standard products. CGA-48988 is a systemic recommended and will be sold for seed dres
fungicide that penetrates rapidly and is translo- sing application against cereal downy mildew. 
cated acropeta;ly. It is absorbed through leaves, The methods used for control of SDM are given 
green stems, and roots. Due to its swift pene- in Table 3. 
tration it escapes adverse weather conditions. At present both RIDOMIL and APRON, are 
New growth is temporarily protected from in- under broad testing on maize, sorghum, and 
side (Lip to 21 days, depending on the local millet in a number of southeast Asian, South 
situation and growth pattern of the crop). American and African countries, by CIBA-

Spray intervals can be markedly prolonged GEIGY field trial groups as well as by external 
compared with those of standard protective and cooperators and organizations. 
residual fungicides in current use. This is es
pecially true when the latter must be applied 
frequcntly. Literature and Samples 

In the field the action is protective as well as 
curative, i.e., new attacks will be prevented, and Reprints of several CIBA-GEIGY publications or. 
infections in the early stages of development CGA-48988 are available from the author. 
will be stopped. CIBA-GEIGY will gladly provide samples of 

The formulations and trade names of CGA- RIDOMIL and APRON for field evaluation upon 
48988 are given in Table 2. The APRON 35 SD request. Please contact your local representa
formulation was specifically developed for a tive of the company, or Dr. P. A. Urech, 
slurry seed treatment. It contains a higher c/o CIBA-GEIGY SA, AC 2.82, CH 4000 Basel, 
amount of stickers in order to assure good Switzerland. 

Table 2. Formulations and trade names of CGA-48988. 

Trade Name Formulation Active Ingredient Content Use 

RIDOMIL g) 25 WP 25% CGA-48988 Wettable Powder Foliar 
RIDOMIL(R) 1G " 

2 G 1/2/5 % CGA-48988 Granules Soil 
5G 

RIDOML *) plus 50 WP 15% CGA-48988 
3% Cop Wettable Powder

35% Copper .I 
Foliar 

APRONR) 35 SD 35% CGA-48988 Seed dressing Seed 

(R) = registered trademark of CIBA-GEIGY Ltd., Basel, Switzerland, 

Table 3. Methods used for SDM control with CGA-48988. 

Crop Application Product Rate 

Maize Foliar RIDOMIL 25 WP 25g a i/00 liters of water, 
300-500 liters/ha, 3-4 applications 
per season. 

Soil RIDOMIL 2 G 25 kg/ha 
Seed APRON 35 SD 500-750 g/100 kg seed 

750-1000 ml water 
Sorghum and Seed APRON 35 SD 750 g/100 kg seed 
Pearl millet 1000 ml water 

222 



Downy Mildew Discussion Session
 

Variability
in Peronosclerospora sorghi 

Williams: 
One o the major points of intorest with 
SDM is the appai'rnt variobility within the 
pc:K: F,,,osalcrspoa,sarghi.In Asia 

the K , vran, a Rajaothan sarain, and 
pr'b' inore than one sonthorn Indian 
strain. P;n international p; oja t is ne-ded to 
classify these d ifffrent str.1ins en the basis 
of .hair host range, sympms, and capac-
iy for conidial and oospore )roduction. 

Safe-!lla: 

I agree. The sorghum downy mildew in 
Thailand is morphologically different from 
that in southern India and the biotype in 
Rajasthan (northern India) is also different. 

Williams: 
Dr. M-aIaquti mentioned Sclerospora
grarnin,::o/, inlA 1,mericas. I bc;ieva thati o not nca.d i t earl 
zis c,! not natursily infect pearl
millet in the A.n'ricas. It's,, Sec:,-ia patho-
gcrl thera% ,,.. ;n j-Afric-,i .4 it is : n' umr ti'i.rn 2rf:, h LI~i ,i' it is;mi 


p iichoen. 

Mta2uti: 
The sim iar pit ,ji estion of i&e-rum 
and rnmvi;, 66M throughout the 
Anwicas " g I c;,,' one strain is 
present there. Sclarospora graminicola 
also has been identified in the Americas, 
but is rarely observed. It could be that itwas 
wrongly identified. Sclerophthora macros-
pora occurs more commonly. 

Balasubramanian:
Balaubrmanan:collateral 
Can we exploit polyacrylamide gel elec
trophoresis for analysis of soluble proteins
tohelp in identification of physiologic races 
within Peronosclerospora sorghi? 

Safeeulla: 
I believe we can. 

Epidemiology
 

Brhane:
 
I would like to know, from Drs. Safeeulla 
and Malaguti, the history of the pattern of 
spread of SDM from tha tiim-e 4twas first 
noticed in your respo tvorduntres (India 
and Venezuela, respeziively) to the time 
when it became epidern,!.. In Ethitopia, 
where we grow mixed populatkio: of sor
ghum, the disease occurs only on occa
sional plants and does nct seem to be 
incraasing, aithough it has been recognized 
for some ycars. I am particularly interested 
in the situation where farmers do not grow 
improved varieties. 

Safeeulla: 
India for Pe3years, the pahogen has not 

spicad as much as we might have ex
pectcd.'rite pathogen is highly sensitive to 
temprature, ana thus is localized in itsimportance. Where conditions are condu
cive for in,'m-0on, i her disease incidencefollows inocuUo ildup diseeicnfollow s inocultim buildup and g nttc un
iformity of the sora;,;rm crop. The genetic 
diversity in ccmrnercial sorghuns could 

explain the lack of SDM epidemics in 
Ethiopia. 

Frederiksen: 
In Venezula, tho perpetuation of the 
downy mildew fungus in the off-season 
occurs in wiki grases as well as by oos
pores. When it encounters uniformly sus
ceptible populations of hybrid sorghum, it 
develops inepidemic proportions. In the 
USA, it has spread only as far as there arehoss for oospore production. 

Wall: 
In El Salvador, the sorghum crop is 
nonuniform - farmers grow mixed 
populations- and this is probably the 
reason why SDM epidemics do not develop
there. 
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Resistance Screening 

Craig: 
With maizethere arc 1hreo reaction typesto 
downy mildew. The nighest level of resis-
tance is effe i-iv. for both conidia and oos- 
pores; the nep is.,fr,,efor eithercenia 
or oospores; the low.t is susceptible to 
both. The rate of gciwah of the inoculum 
and the location of the inoculum with re-
spect to the infection site is important. 

Williams: 
This its well with the reactions we have 
obtaired w;th differen, inoculation 
methods. Some entries r. nain resistant 
with high inoculum pressure, whereas 
others become more susceptible. 

Safeoulla: 
In my experience, we can use conidial 
inoculation to knock down all varieties. 

Williams: 
In our tests, QL-3 has been resistant follow-
ing several inoculation methods. 

Anahosur: 
In ourtests, using conidia, QL-3 showed no 
infection, not even a single local lesion, 
over 3 years of testing. QL-3 has a waxy 
leaf, and resistance could be related tothis. 

Balasubramanian: 
I aree that it is possible to get resistance to 
both conidial and oospore inoculation. 

Selvaraj: 
Inthe absence of conclusive evidenceofthe 
existence of different types o,resistance, 
perhaps we should use both oopore and 
conidial inoculum together. That is, in a 
"sick" plot infested with oospOras, infec-
tors should be planted so that the lines 
under test are subjected to both types of 
inoculum. 

Williams: 
As Dr. Dange and I have pointed out in our 
paper, the method of inoculation to be 
adopted should be epidemiologically 
meaningful for the particular location. This 

could involve conidia, oospores, or both. If, 
as we have heard in the case of Venezuela, 
conidk'! rhowf-d from co ateral hosts are 
impoff.ant opidemiologically, then you 
shouvld-:k;cn for rE- istance using conidial 
showers. 

At other Iot' is, such as Mysore, 
where oospores seem to be far more im
portant than conidia, oospores should be 
used. We probably need to determine the 
reactions of cultivars to conidia and to 
oospores, at different concentratiorns;, and if 
we fiid distinct differences in reactions 
then we can blend the different resistances 
by breeding. 

Chemical Control 

Andrews: 
Ridomil seems to have a specific effect on 
fungal 1o.vth.WhatIsthepo,:;ibiiityofthe 
fungus devloping resitanct- ;hdecheml
cal? Wh2. .s the implication f':: lae strategy 
of use of the fungicide, and for the de
velopment of resistant varieties as a control 
measure? 

Schwinn: 
In vitro studies on the development of 
tolerance to Ridomil have been done using 
Pythium sp and Phytophthora Infestans. 
We have not been able to identify resistant 
strains inPythium, butfrom alarge number 
of isolates of P. infestans some tolerant 
strains were selected. However, these were 
nonpathogenic. ThL.: , the type of behavior 
found with other new systemic fungicides 
such as the triaremoles, tripherine, and the 
triazole fungicides used for the ':introl of 
other diseases. This is quite different from 
the tolerance which develops to the ben
zimidazole fungicides, where tolerant st
rains maintain their pathogenicity. Only 
long-term field testing will fully answer the 
question. This is under way in a number of 
countries. 

We also try to uae strategies to avoid or 
delay buildup of resistance to thefungicide, 
by mixing with or alternating with other 
fungicides. This works well with leaf spot
type foliar diseases, but is more difficult in 
diseases with systemic infection. 
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Tyagi: 
Is there a possible residue problem in 
harvested n.-ijn following seed treatment 
with Ridomil? 

Schwinn: 
In our preliminary studies, residue has not 
been detected in grain following seed 
treatment, but we require more data. 

Andrews: 
Now that effective ' .,'cidz! ".ntrol of 
downy mildew is avvilazble, s . iu;d we con
tinueto develop geri.tic resisi4--n-v? Should 
we prepetua-te the use of highly susceptible 
varieties protecte6 by Ridomil? 

Zummo: 
Ridomil should not be used to perpetuate a 
highly susceptible variety in commercial 
fields. Higher levels of genetic resistance 
combined with Ridomil in severe downy 
milk ,w areas will provide growers with 
added insurance for crop protection. 
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Sorghum
 
Leaf Diseases
 



A Review of Sooty Stripe and
 

Rough, Zonate, and Oval Leaf Spots
 

J. C. Girard* 

Sooty Stilpo 

Sooty stripe, caused by RamuIipora sorghi 
(Elis and Everhart) Olive and Lefebvre, ig one of 
the most common leaf diseases of sorghurn. It 
was disrovered in 1903 in Alabama by Eis aid 
Everhart on johnsongrass, Sorghum f;' 

(L.) Pers., but was arroneously attributed If 
Septorella sorghi, of the order Sphaerva-
sidales. In 1920 in Manchuria, Miura described 
thedisease on sorghum, and named the fungus 
ilamulispora andropogonis placi'ig it in the 
Melanconiales. In 1932, Tai studied the same 
disease in China but named the pathogen 
Titaeosporaandropogonis(Miura)Tai. In 1943, 
gain and Edgerton in the JSA showed that the 
fructification of the par.- ite was actually a 
sporodochium. In 19463 Clive, Lefebvre, and 
Sherwon described the furgus in some detail 
under the name Ramulisporasorghi (Ellis and 
Everhart) Olive and Lefebvre, trvsrferring it to 
the Tuberculariaeae (Tarr 1962). 

Elongate elliptical lesions develop on the 
leavcs with straw-colored centers of dead tissue 
and purplish to tan lesion margins, depending 
on the host cultivar. Th?. mature lesions can 
be several centineters long and 1 to 2 cm wide. 
The lesions may coalesce tw j'roduce large 
areas of necrotic leaf tis.ue. As the lesions age, 
the centers darken and become greyish when 
conidia are produced, and then blackish or 
sooty as numerous small black sclerotia are 
produced. The sclerotia are superficial and are 
easily rubbed off. The sooty stripe lesions 
are somewhat similar to those of leaf blight, but 
the presence of the superficial sooty sclerotia is 
a clearly distinguishing feature of sooty stripe. 
In addiion mature sooty stripe lesions are 
surrounded by Jistinct yellow haloes, which 

Plant Pathologist, Institut de Recherches Ag-
ronomiques Tropicales et des Cultures Vivrieres, 
Montpellier Cedex, France. 

makes therm readily distinguishable from le
sions ot b:,af blight. 

-WC.Zi1 , of the Pathogen
 
(fv t ar. I 01a)
 

The hyphae are intercellular in the parenchyma 
of the leaves but are intracellular in the vezsels. 
The mycelium aggregates jut beneath the 
stomata to form more or less cmmpact stroma 
from which the conidiophor ez arise. These 
frequently mass into bundles that make up the 
oporodochia. Thesporodochia ernerge through 
the stomata and, under favorable ,inditions, 
produce abundant conidia which become 
aggregated intogelatinous masses. The conidia 
are slender, elongate (3.8-86. x 1.9-3#), 
multiseptate(3-8septa). Eventuallythestroma 
and the conidiophores produce large black 
sclerotia (53-170pA in diameter,). Most of the 
sclerotia that appear on the gurface of the 
lesions seem to arise independently of the 
sporodochia. Each sclerotium is linked to a 
nubstomatal stroma Ly a column of hyphaethat 
passes through ne stomata. 

Geographic D6ribution 

R. sorghi has been reported in many countries. 
In Africa" Botswana, Central African Republic, 
Nigeria, Rhodesia, Sudan, Tanzania, Chad (Tarr 
1962), Mali (Chevaugeon 1952), Upper Volta 
(Delassus 1964), Senegal (Bouhot and Mal
lamaire 1965), Niger (Jouan and Delassus 
1971). In Asia: China, India (Tarr 1962). In North 
America: in 12 states of southwestern 
USA (Odvody et al. 1972). In South America: 
Argentina (Tan 1962), In Oceania: Australia 
(Ramakrishnan 1963). It is very probable that 
H?.sorghi is present in other countries. 

The ICRISAT International Sorghum Leaf Dis
ease Nursery (ISLDN) was planted in the 1977 
rainy season in Niger, Nigeria, Upper Volta, 
Senegal, and various regions in India. It was 
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observed thatamong tedifferent leaf diseases 
of sorghum that were studied (Colletotrichum 
graminicola, Exserohilum turcicum, Gloeocer-
cospora sorghi, Cercospora sorghi, Fuccinia 
purpurea, Ascochyta sorghina, Ramulispora 
sorghi), Ramulispora sorghi was the one for 
which selection pressure was adequate at most 
locations (6 out of 8). 

Damage 


f.sorghi can cause variable damage, r'nnginb 
from a few lesions on senescent leaves at the 
base of the plant to complete destruction of the 
foliage. Ramakrishnan (1963) considers this 
disease to be very common in India in certain 
states - Uttar Pradesh, Andhra Pradesh, and 
Tamil Nadu - though not very serious. But 
Futrell and Webster (1966) report that in 1965 at 
Samaru, Nigeria, the leaf surface in most of the 
germplasm of a collection of 2693 sorghum 
lines from the world collection was entirely 
destroyed byR. sorghi. In Senegal, R. sorghi is 
the most important disease problem in sor-
ghum after grain mold, especially in the central, 
south, and southeast of the country. 

There is not much accurate information avail-
able on yield losses due toR. sorgh; and other 
foliar fungi. Sharma and Jain (1975) studied 
the effect of seven leaf diseases, including R. 
sorghi, on five sorghum varieties and found a 
negative correlation between disease intensity 
and grain yields. But, in a study car'ried out in 
1977 in Senegal on 288 sorghum lines there was 
no correlation betweer, disease intensity and 
yield (Girard 1978). 

Odvody et al. (1973) indicate that in Nebraska 
symptoms of R. sorghi c3n be observed at two 
stages of plant growth-- seedling and late 
stages. Early .ttack can probably affect yields 
adversely. Late the most fre-attacks .... 
quent - on!y affect yields when the upper 
leaves areattacked, as these leavesare involved 
in grain filling. 

Biology and Epidemiolovy 

Studies on the biology and epidemiology of R. 
sorghi are of two main types: in vitro culture of 
the fungus, and conservation of the parasite 
and spread of the disease. 

The first type of study was carried out by Olive 
et al. (1946). They tried to grow R. sorghi on 

various culture media. On most of the agar 
media growth was slow and fructification of the 
fungus w3s abud;',ant. The authors also indicate 
that carrot juice plus 1% dextrose is a favor. ble 
medium for fructification of R. sorghi. 

In 1946 Olive etal. also initiated studies on the 
seasonal carryover of the parasite. After over
wintering outside, the sclerotia were capable of 
producing conidia when incubated in moist 
chambers. In Nebraska, Odvody and Dunkle 
(1973) madea detailed study on the overwinter
ing capacitv of R. sorghi. They concluded that 
the sporodochia are the primary survival struc
tures of ft. sorghi and that, under certain field 
cultural practices, the maintenance ol the con
nection between subepidermal sporodochia 
within the leaves and the scleroti on the leaf 
surface could be important for survival of the 
parasite. Therefore, the disease could be started 
by conidia produced from sderotia that have 
spent tne unfavorable season in the soil or on 
sorghum !eaf debris. Sorghum grain,; infected 
byR. sorqhicould also ensure seasonal oersis
tence of the disease (Tarr 1962). The perennial 
grassSorghum halepensealso ensures survival 
o the parasite (Rawla et al, 1975). 

In the same cropping season, disease in
itiated by conidia produced by germination of 
scerotia could be spread in the field by wind 
and rain (Tarr 1962). Development of the dis
ese in fhe field has yet to be studied in detail. 

Fairtor Peamoting 
Disease Developmnt 

Disease development is influenced by several 
factors. Of these, climatic conditions are proba
bly the most important, but not much is known 
about their role. Most of the authors indicate 
that the disease is promoted by high humidity 
(King 1972; Odvody et al. 1973; Sundaram 
1977). In Senegal, it appears that the disease 
occurs mairly in areas between the 700 and 
1000 mm isohyets. In the more humid southern 
regions it gives way to leaf blight (Exserohilum 
turcicum). 

Soil fertility appears to be another important 
factor; Naik et al. (1977) have shown that inci
dence offive leaf diseases of sorghum (Colletot
richum graminicota, Ramulispora sorghi, 
Gloeocercospora sorghi,Ascochyta sorghi,and 
Cercospora sorghi) increased with nitrogen fer
tilization. 
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Other factors promoting disease develop-
ment are location of the crop on low-lying clay 
soils (Jouan and Delassus 1971), and the proxi-
mity of high population of johnsongrass (Sor-
ghum halepense) to sorghum plots (Odvody et 
al. 	1973). 

Screenirg Techniques 
for Resistance to R. sorghl 

The use of genetic resistance is the main control 
method against sorghum diseases. Identifi-
cation of genetic resistance and its rational use 
by 	breeders requires tho development of ap-
propriate screening techniques. This implies 
very sound knowledge of the biology and 
epidemiology of the disease. We have seen that, 
although !he seasonal persistence of the dis-
ease has been studied in detail, little is known of 
disease development during the same cropping 
season. Therefore, screening methods used to 
date need to be improved. 

Most scientists use natural infection. Futreli 
and Webster (1966) benefited from a serious 
natural outbreak of the disease in 1965 in 
Samau, Nigeria, to test 2693 sorghum lines 
from the world collection. Tests were conducted 
under natural conditions in an area in south-
central Senegal that is known to promote de-
velopment ofR. sorghi.Varieties highly suscep-
tible toR. sorghiwere planted in border rows to 
provide a source of inoculum. Similarly, 
ICRISAT recomm ends that for the International 
Sorghum Leaf Disease Nursery (ISLDN) trials 
sorghum susceptible to the principal leaf dis-
eases should be planted at each end of the test 
rows. 

O!ive et al. (1946) carried out artificial inocu-
lations on greenhouse-giown sorghum plants 
by spraying a suspension of conidia produced 
from carrot juice cultures. This technique en-
abled them to detect differences in susceptibili-
ty among test varieties, 

Odvody et al. (1973) also carried out artificial 
inoculations in the greenhouse on 64 sorghum 
lines. They were able to conclude that sources 
of resistance to R. sorghi probably exist. 

The major disadvantage of iechniques based 
on infection under natural conditions is that 
these conditions depend on climatic factors 
which are unpredictable. As disease develop-
ment cannot be controlled it could be in-

adequate or even absent. Thus, out of 7850 
sorgholi lines grown at Rajendranagar in 1968, 
only 215 shcwed symptoms of sooy stripe
(Nagarajan et al. 1972). Obviously selection 
pressure was much too low for meaningful 
screening ofvarieties for resistaricetoR. sorghi. 

Disease developmcnt can be controlled 
throul.;h artificial inoculation especially if it iscarried out in a greenhouse and not in the field. 
The disadvantage is that these techniques can
not be used by all breeders (greenhouse
facilities, preparation of inoculum, proper in
oculation, etc are not available.) 

Testing in areas known to favor disease 
development, with application of inoculum to 
compensate for lack of natural incculum, 
should be a satisfactory compromise between 
controlled artificial inoculation and natural in
fection. But due to the lack of reliable data on 
disease development during the same cropping 
season it is not possible, at present, to rationally 
determine how inoculum can be applied 
(spreading of infected leaf debris, inoculation 
using syringes, use of infector rows, etc., are 
possibilities). 

Scoring Scale for Disease Reactions 

Different scoring scales have been used to 
evaluate susceptibility of sorghum varieties to 
R?.sorghi. 

Futrell and Webster (1966) considered as 
resistant those varieties with only small lesions 
and with less than 5% destroyed leaf area. 

Rawla (1973) and Rawla and Chahal (1975) 
carried out detailed studies on the comparative 
needs ofR. sorghi and/7. sacchari cultures. The 
scale used by Nagarajan et al. (1972) is given in 
Table 1. 

In Senegal, Galiba (personal communication) 
uses a very accurate scoring scale for his 
studies. He determines disease incidence (per
centage of affected plants) and severity. For 
severity he uses a scale of 1 to 6, for ten leaves 
per plant and 20 plants per row: 

1. Completely healthy leaf 
2. 	 Small lesions widely scattered; affected 

leaf area varying from 0 to 5% 
3. 	 Large lesions (1 to > 1 cm) widely scat

tered; affected leaf area varying from 6 to 
20% 

4. 	 Numerous large lesions; affected leaf area 
varying from 21 to 35% 
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2- dark brown stripe: severity trace to 

Table 1. Scoring scale for leaf disease re- 21-40% (Mean 30) 
3- dark brown stripe; severity trace toactiors. 

41-60% (Mean 50) 
Percentage of affected 4- beginning to lose normal green color 

Grade leaf area Remarks with rather long stripes; severity 61-90% 

(Mean 75)Moderately1 Trace to 2 
drying with stripes running through the 

3-10 resistant2 
5-

leaf; severity 91-100% (Mean 95) 

3 11-20 Moderately 
4 21-30 susceptible I (No. of diseased leaves in each grade x mean 

5 31-40 value of each grade) 
6 41-50 Infection value=Total number of leaves in all 
7 51-60 grades 
8 61-75 Susceptible
9 76-85 

10 76-10 	 This system has been applied to several leaf 

diseases of sorghum (Mathur and Prakash 

Source: Nagarajan at al. (1972). 1975), although, to our knowledge, it has not 
been used for sooty stripe. 

The problem of selecting a scoring scale is 

5. 	 Large lesions more or less connected; very important. In fact, each scale should be 

affected leaf area varying from 36 to 50% suited tothe requirements of the users. No scale 

6. 	 Large coalescent lesions; affected leaf can be universally employed. The scoring 

area more than 50% technique used by Futrell and Webster has the 

An index is calculated cn the basis of this advantage of being very simple but it does not 

scoring. There is also the scale recommended enable us to distinguish between different de

byplantpathologistsatTexasA&MUniversity, grees of susceptibility. The scale used by 

originally proposed by Zummo (1971) for Nagarajan etal. (1972) is much more precise but 

scoring sorghum leaf diseases: quite difficult to use because without practice it 

0-	 evaluation not posskble (no disease); is not easy to distinguish, for example, between 
20 and 30% of affected leaf area. The technique1 - resistant; disease is hardly apparent or 
used by Galiba in Senegal is more precise butpresent in certain plants only; 

2- heavy Lttack; more than 50% of the moe complicated, as the scoring has to be 

plants show low intensity symptoms; not carried out leaf by leaf on individual plants. 

of economic importance apparently; However, this scale is not meant for screening 

3- severe attack; 100% of the plants are but for specific studies on R. sorghi. Similar 

affected; destroyed leafarea can be upto considerations apply to the scale proposed by 

25%; the disease seems to be of MohammadandMahmood(1973).Finally, the1 

economic importance; to 5 scale proposed by the Texas plant 

4- same as 3 but destroyed leaf area is more pathologists has the disadvantage of including 
subjective criteria (economic importance). Butthan 25% 

5- leaves or plants are destroyed because of experience proves that it is very easyto use and 

the disease. that ratings by different people on the same 

Finally Mohammad and Mahmood (1973) material generally agree. 

have proposed a scoring system from which
 
they calculated an infection value in an attempt Sources of Resistance
 

to construct a quantitative system for inter

varietal comparison. 	 According to Leukel et al. (1951) resistant va

rieties should be used for disease control, butGrade Leaf symptoms 

no resistant variety was identified.
0- Leaves with nodiseasesymptoms (Va!ue 

Olive et al. (1946 , indicate that in an experi0) 
1 - light brown stripe; severity trace to 20% ment conducted in 1944, at the North Florida 

(Mean 10) 	 Experiment Station at Quincy, infection was 
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very low to moderate on the following varieties: 
Rex, Planter, Colman, Saccaline, Leoti, Denton, 
Rox, Orange, Sapling, Brown Durra, Norken, 
Atlas, Silver Top, and Gooseneck. In an artificial 
inoculation experiment only sliglht infection 
was observed on the following varieties: 
Honey, Cj:rly Folger, Atljs, Iceberg, Leoti, 
Plainsman milo, Spur feterita, and Early Hegari. 

At Samaru in Nigeria Futrell and Webster 
(1966) tested 2693 entries from the world sor-
ghum collection during a natural high-intensity 
disease outbreak. They found that only 5% of 
the varieties could be considered resistant to 
sooty stripe (small lesions and destroyed leaf 
area less than 5%) Forty seven percent of the 
lines from Upper- Volta, 10% of those from 
Nigeria, arld 6% of those from Mali, were 
resistant. Seventeen percent of the resistant 
lines belonged to the Conspicuum and 10% to 
the Caffrorurr, i'ace. They concluded that West 
Africa was the area of origin for sor-hums 
resistant to sooty stripe, and that most of the 
resistant li:nes had been found in the Con-
spicuum race, which is endemic in W. Africa. 

In a test conducted at Nioro du Rip in Senegal 
in 1977, 25 of 288 lines were disease-free at the 
time of scoring. Of these 25 lines, 22 were 
derived from MN 1056 x68-20. 2 from 
Ramada/ 68-18, and 1 from 63-e" 18-20. 

Results of the ICRISAT ISLDN-, i revealed 
that, out of 30 lines tested in Senegal (Nioro), 
Upper Volta (Kamboinse), Nigeria (Samaru), 
Niger (Tarn-j), and India (Kovilpatti, Indere, 
Parbhani, Udaipur, and Delhi), six were given a 
1-rating (no symptoms) or 2-rating (few hardly 
visible symptoms) at all locations where se
lection pressure was adequate for sooty stripe. 

In the IDIN (Inkernatonai Disease and Insect 
Nursery)developedbytheTexasA&M Univer-
sity, two lines were rated 1at Bambey. Senegal, 
in 1975 and 1976. These were SC 32G-6 and SC 
599-610.it is. therefore, not certain whether immune 

it oti, crtai whtherimmeathrefoe,
lines are availauie, but resistant parents proba-
bly exist. 

Very little data is available on the stability of 
resistance to sooty stripe and its variability. 
Odvody et al. (1973) report that no parasitic 
specialization has been found among the 
strains isolated in Nebraska. The international 
nurseries of the Texas A & M University (IDIN) 
arid ICRISAT(ISLDN) should bring in very useful 
information on this subject. 

Control 	Methods 
Other than Varietal Resistance 

Even if genetic resistance proves to be the most 
effective method of disease control, other 
methods should not h,-, overlooked. Some of 
these could in factus;f-i; /'.'omplementcontrol 
by genetic methods, e .pecially since we are not 
at all certain of having completely resistant 
parents. 

We have seen that R. sorghi survives from 
oneyear to,-.nother mainly through sclerotia on 
infected leai debris. Odvody et al. (1973) rec
ommend that cropping techniques, where in
fected leaves are allowed to remain on the soil, 
should be avoided. Crop residues should be 
destro ed. Crop rotation is also recomended by 
Edmunds and Zummo (1975). 

Infection of grains byR. sorgii was indicated 
by Tarr (1962). Seeds should therefore be disin
fected, butwehavenoindicationotworkonthis 
aspect cf control. 

Chemica;, treatment during growth could be 
somew,,,hat effective in limiting or stopping dis
ease development. Sundaram (1977) indicates 
that in India several fungicide sprays used to 
control various leaf disease3 have increased 
sorghum yields. Zineb was most effective fol
lowed by tliram and captan. In Senegal, Girard 
(1976 obtaintd goed control by weekly spray
ing of captafol or methylthiophanate when the 
first lesions appeared (Table 2). 

Infact, the purpose of these experiments was 
to gain more information oi, this disease and 
not chemical control. 

Reseerch,Plorities 

In this paper I have repeatedly stressed that 

Table 2. 	 Effect of chem, ical treatment on dis
oe devellopmewe and grain yield ofsorghum. 
sorghum.
 

Scoring Grain production 
Treatment (1-5 scale) (g/plot) 

Nontreated check 3.67 2158 
Captafol 1.83 2310 
Methylthiophanate 1.08 2170 

L. S. D. 5% 0.47 -
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certain aspects of the study on R. s(,,ghi need 
further investigation. One of the first problems 
to be solved concerns yield losses due to R. 
sorghi. Can this fungus significantly reduce 
yields? If so, it would be useful to intensify 
research on this parasite. If not, a major re-
search effort onR. sorghiwould besuperfluous, 
as other disease problems should be given 
priority. However, even with this hypothesis, an 
effort should be made to maintain or even 
improve resistance, not only because varieties 
spotted by too many lesions would make a bad 
impression on the farmor even if yields are 
excellent, but also to avoid developing highly 
susceptible varieties, which could then be seri-
ously damaged by the disease. 

The second important gap in our knowledge
of R. sorghi ofconcernsR soghithe development of theoncrns he evelpmet ofthe 

disease during the same cropping season. Thispoin mut bestuiedfurter o enblethepoint must be studied further to enable the 

development of rational and reliable screening 
tests for identification of resistance. 

At present there are still no indications of 
physiological races ofR. sorghi, and not much is 
known about stability of resistance to this para-
site. It is absolutely necessary to obtain more 
specific information and to ensure that the 
sources of resistance used are stable. 

As already mentioned in the beginning of this 
paper, identification of 'ources of resistance 
should continue, and this resistance should be 
incorporated in high-yielding sorghum va-
rieies. 

It would be useful to note that a young 
scient;st from Senegal, Marcel Galiba, is now 
completing his thesis at the Laval University in 
Quebec on the vzi.-ation and inheritance of the 
response of sorghum on R. sorghi. This work 
should be a very important contribution to 
research on this disease. 
Rough Leaf Spot 

Rough leaf spot (Ascochyta sorghina) was first 
reported in 1878 by Saccardo on sorghum in 
Italy. It seems to be restricted toSorghum spp. It 
has been reported from Italy, USA, Africa, and 
India (Tarr 1962). 

Symptoms 

The first symptom observed on leaf blades is a 
slight chlorosis, on and around which groups of 

round black pycnidia develop. The pycnidia 
protrude above the leaf surface so that, when 
rubbed, they give the leaf a characteristically 
rough texture. Subsequently, the tssues within 
the infected area become necrotic, and light
colored circular to oval lesions with darker 
margins develop. The lesions are surrounded 
by chlorotic haloes, and are covered with the 
black pycnidia. Lesions may coalesce to form 
large irregular necrotic areas and whole leaves 
may be killed. 

Description of the Pathogen 

The fruiting bodies of this fungus are globose, 
depressed, oapillate pycnidia. Depending on 
the author, their diameter may vary from 140 to 
thauorteidamerayvyfom10oalmost 300 p (Luttrell 1950; Saccas 1954). They 

e 5;Scas 194)oTeaot3i ur ,contain numerous hyaline, two-celled pycnos
prs 

pores. 
Damage 

Ascochyta sorghina is generally considered as 
causing little damage (Edmunds and Zurnmo 
1975). However, Weimer et al. (1937) indicate 
that it is capable of causing considerable 
damage in Georgia. 

Biology and Epidemiology 

Little is known about the biology and 
epidemiology of this disease. It certainly sur
vives the off-season on crop residues. Seed 
transmission has been suggested, but not 
demonstrated. During the crop season, A. 
sorghina is probably spread by airborne 
pycnospores (Tarr 1962). 

Control 
Crop rotation, crop sanitation, selection of seed 

from healthy fields, seed treatments, and use of 

resistant varieties have been proposed for con
trolling this disease. Mathur and Prakash (1975) 
consider the following sorghum lines resis
tant to A.sorghina, 15-84,305,329,558,604-2, 
610, C-5, CSH-1, CSH-2 and CSH-4. 

Remarks 

Another Ascochyta species, Ascochyta sorghi 
Saccardo, can also cause rough leaf spot. Ac
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cording to Sprague and Johnson (1950), A. 
sorghi is synonymous with A. graminicola and 
A. elymni, which indicates a wide host range 
among grasses. A. sorgh been reported 
mainly from cool temperate dreas of North 
America and Europe, but also from India and 
Tanzania. The main morphological difference 
from A. sorghina is that the latter has larger 
pyLnidia with coarser pycnospores than A. 
sorghi (Tarr 1962). 

Zonate Leaf Spot 

Zonate leaf spot was first observed in 1940 

on sweet sorghum in Louisiana. Its pathogen 
as that of sooty stripe.was erroneously taken 

After several attempts to identify it, Bain and 
Edgerton (1943) proposed to call this new 
parasite Gloeocercospora sorghi, hence 
creating the genus Gloeocercospora to be 
classified in the family of Tuberculariaceae. 

Deighton (1971) made the Latin diagnosis, 
because the initial description by Bain and 
Edgerton had been made in English. 

Symptoms 

The characteristic zonate leaf spot lesions 
are roughly circular (or semicircular 
if they originate near the edge of the leaf) 
with alternating bands of dark purple or red 
colorandtanorstrawcolor, togivea concentric 
or 1,onate appearance. Initially the lesions ap-
pear as small reddish brown water-soaked 
spots, sometimes with a narrow green halo. 
They enlarge, become dark red, and tend to 
elongate, initially parallel with the veins, and 
eventually spread across the leaf, developing 
the zonations to attain their characteristic ma-
ture appearance. Under warm humid con-
ditions the fungus produces large pinkish 
gelatinous fruiting bodies (conidiophores and 
conidia), visible with the naked eye on and 
around the necrotic areas of the lesions. On 
heavily infected leaves, lesions may coalesce 
over a large proportion of the leaf surface. Black 
sclerotia may form in mature lesions. 

Description of the Pathogen 
(after Bain and Edgerton 1943) 

The fruiting bodies of the fungus are 

sporodochia which are formed on the leaf 
surface from hyphae emerging from the 
stomata. There is no substomatal stroma, as 
there is with Ramulispora sorghi. Sporodochia 
produce conidia often aggregated within a 
salmon-colored jelly. Conidia are hyaline, often 
fil iform, multiseptate, varying in length from 20 
to 19,u m and a maximal width of 3p m. Black 
sclerotia are formed within the tissues of old 
lesions. 

Geographical Distribution 
Zonate leaf spot has been reported from most 
trpcladsboialoureshres

tropical and subtropical countries where sor
ghum is grown. 

Damage 

Unlike Ramulispora sorghi, which attacks only 
Sorghum spp; G. sorghi can infect other 
gramineae such as maize, pearl millet, sugar
cane, bentgrass (Eragrostis spp), bermuda
grass (Cynodon dactylon) (Tarr 1962), and 
Vetiveria zizanioides (Puranik 1966). On sor
ghum and on bentgrass damage is some
times of economic importance (Tarr 1962). 

On sorghum, damage varies according to 
varieties, climatic conditions, growth stage of 
host plant at infection etc. According to Odvody 
et al. (1974) the incidence of zonate leaf spot in 
Nebraska was 50%, with 5 to 10% of the total 
foliage area completely destroyed. Saccas 
(1954) mentions very severe infections in the 
north of Oubangui and on the mid-Chari, lead
ing, in some cases to complete destruction of 
the plants. Zummo (1971) writes thatG. sor' hi 
may cause sweet sorghum plants to die when 
there is a high incidence of the disease at 
seedling stage. Severe infection at a later stage 
may result in premature defoliation and a re
duction of the yield of the stalks and the sugar 
content of the juice. 

Biology and Epidemiology 

In many aspects, G. sorghi resemblesR. sorghi. 

Dean (1968) has shown that the sclerotia of G. 
sorghi overwinter on leaf debris not buried in 
the soil and produce conidia when plated on 
lima-bean agar. Therefore sclerotia probably 
play a major role in the survival and spread of 
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the disease. Zonate leaf spot is probably in- Other Control Measures 
duced by the germination of sclerotia and then 
spread in the field by rain and wid (Odvody et Saccas (1954) proposed the following preven
al. 1974). Seed transmission of the disease has tive control rnathods: 
also been reported. Cicarrone (1949) suggests 1. Incineration of stalks and leaves after 
that zonate leaf spot was introduced into Ven- harvest to destroy spores and sclerotia; 
ezuela by infected seeds from the United States. 2. Crop rotation; 
Alternate hosts might play a role in disease 3. Seed disinfection. 
survival, as the fungus wi!l infect several grass Keil (1946) has found that three fungicides 
species, but this aspect has not been investi- gave aood control of G. sorghion turf: Puraturf 
gated. (phenyl rnercuri thiethanol ammonium lactate) 

There aresome indications of theexistenceof (1110000), Puratized 177 (115000), and Zerlate 
specialized forms of the fungus, e.g., an isolate (zinc dimethyl dithiocarbarnate) (1.51100 gal). 
ofG. sorghifrom sorghum caused severe infec- From laboratory and field experiments by 
tion of sorghumn, but only slight infection of Agnihotri and Pandey (1976), acidulated 
millet, and an isolate from millet caused only Benomyl and Bavistin (1000 parts per million 
moderpte infection of either sorghum or millet appeared to be the most effective for controlling 
(Luttrell 1954). zonate leaf spot of sorghum. 

The fungus can grow on ordinary culture 
media (Bain and Edgerton 1943; Dean 1968; Research Priorities 
Rawla 1973). 

It appears that G. sorghi can modify the Research priorities for zonate leaf spot should 
chlorophyll and carotenoid content of sorghum be more or less the same as those for sootyleaves (Chiranjeevi and Tripathi 1976). stripe:

l Determination of economic effects of the 
disease (yield loss-'s);

Control Measures e Epidemiology: development ofthe disease 

during the same cropping season; 
Resistance * Development of reliable screening 

showed that there were differ- techniques for idtantification of resistance;Luttrell (1950) 

Search for stable resistance.
ences in varietal susceptibility to zonate * 

leaf spot, but there were too many variations 
from one location to another to permit a ranking Oval Leaf Spot 
of the varieties. Texas Milo appeared to be the 
most resistant variety. Oval leaf spot, Ramulispora sorghicola, was 

Dean (1966) found no resistant varietyamong first described by Harris (1960) in Nigeria. Al
the 1509 lines tht had been artificial!y inocu- though it has been reported from other coun
lated in a greenhouse. tries in Africa and in Asia, it is less common than 

Sundaram et al. (1965) have recorded the Ramulispora sorghi. 
reaction to zonate leaf spot of 658 entries from The symptoms first appear as small water
the world collection. Almost 30% were resistant soaked spots. These develop into small roughly 
to this disease, and these varieties belonged to circular (2 to 4 mm in dia) lesions with dark red 
the races Conspicuum, Roxburghii, Nigricans, to brown margins and lighter centers, in which 
Caudatum, .-era zera, and Cernuum. small black scierotia can be produced. These 

Zummo (1971) wrote that highly resistant symptoms resemble and can be confused with 
varieties were not available, but that breeding the leaf anthracnose symptoms. The two dis
lines with a high degree of mature tissue and eases can be distinguished with the aid of a 
field resistance were being used in the breeding hand lens, for the fruiting bodies of oval leaf 
programs. spot do not possess protruding black setae. 

Therefore, as in the case of R. sorghi, it is not 
certain whether immune lines are available, but Description of the Pathogen 
it seems that pafents with a high degree of field 
resistance may be found. The pathogen resemblesR sorghi. The clearest 
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differences between thetwo species is provided 
by the scleroti. - those of R. sorqhi are tuber-
culate, glabrous, and very profuse, while those 
of R. sorghicola are fewer and bear small 
septate setae on the surface (Harris 1960). 

Geographical Distribution 

Oval leaf spot has been reported from the 
following countries in Africa: Nigeria, Sudan, 
Malawi, Ghana, Uganda (Harris 1960), Upper 
Volta (Delassus 1964), Niger (Jouan and Delas-
sus 1971), and Senegal (Girard and Delassus 
1976). In Niger, Jouan and Delassus (1971) 
consider it as the most frequent disease of 
sorghum. In other regions it has been reported 
from Pakistan (Harris 1960) and India (Nagara
jan et al. 1972), and Hawaii (Harris 1960). 

Damage 

Oval leaf spot generally causes little damage, 
although it has been reported that in Nigeria up 
to 25% of the leaf area may be affected (Harris 
1960). 

Biology and Epidemiology 

Very little is known about the biology and the 
epidemiolcgy ofthe fungus. It can be grown on 
cornmeal agar, and it sporulates abundantly 
during the first few days (Harris 1960). Nagara-
jan et al. (1971) grew it on potato-dextrose agar 
and sorghum-meal agar and obtained better 
sporulation on the latter medium.

ronthe latproduce conidia on their 
While s aeerotia pece for oncan 

surface, they are not necessary for the seasonal 
carryover of the disease, the infected leaf 
fragments being able to sporulate after 
having spent the dry season on the ground 
surface (Harris 1960). 

Control Measures 

Very few attempts have been madeto screen for 
resistance to R. sorghicola. Nagarajan et al.(1971) tried to evaluate the reactions of 7850 
sorghumtie toevaluatesghe rans hof7850sorghum lines to R. sorghi and R. sorghiola, 
but only 198 lines were found to be infected by 
oval leaf spot. Most of the highly susceptible 
lines were "Durra" types from India. 

Varieties have been screened for resistance to 
the different foliage diseases, including oval 

leaf spot in Nigeria. These data are available 
at the :nstitute for Agricultural Research at 
Samaru (Zummo, personal communication). 

Although oval leaf spot is not generally con
sidered a potentially damaging disease, plant 
breeders should discard highly susceptible 
lines, particularly in the areas where this dis
ease is very common (Niger and Nigeria).

Crop rotations could be recommended in 
case of severe infection (Harris 1960), as the 
pathogen spends the dry season on leaf debris 
on the soil. 
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Sorghum R st
 

R. A. Frederiksen* 

Rust (Puccinia purpurea Cooke) is widely dis-
tributed and occurs in almost all sorghum-
growing areas of the world, particularly East 
Africa, India, and South and Central America. 
For all practical purposes, rust attacks only 
sorghum species. The symptoms of rust are so 
well known that they will not be reviewed in this 
paper, other than to point out that rust of stem 
tissue- particularly sorghum peduncles, 
rachis, branches, and glumes - is quite com-
mon in environments under which rust is an 
economically important disease. 

Tarr (1962) indicates that rust rarely causes 
severe losses, other than the occasional desic-
cation of leaves. Unfortunately there is little 
evidence to the contrary. The problem is, I am 
convinced, that sorghum rust under some con-
ditions is a major yield inhibitor, and its 
presence predisposes sorghum to other major 
disease problems -such as theFusarium stalk 
rots, occasional Vcharcoal rot, small seed, and 
possibly grain molding. Dr. JoseAmador, plant 
pathologist of the Texas Agricultural Extension 
Service at Weslaco, estimated that in 1975 
sorghum rust may have caused losses up to 
1500 kg of grain per ha in the Rio Grande Valley 
of Telxas. These differences in yield were ob-
tained by sorghum cultivars planted at the same 
rates, at the same location, approximately 2 
weeks apart. The environment itself was not 
strikingly different, other than late summer 
rains, and cooler than normal weather permit
ted a favorable environment for the develop-
ment of rust. The earlier planted sorghums 
essentially escaped the disease, whereas those 
planted later were devastated, 

In certain regions of central Mexico (note: 
Country Reports: Mexico, by J. Betancourt), 
yields approaching 14000 kg/ha are not un-
common. In this area, rusts may cause exten- 
sive yield losses. In the area near Lake Chapala, 
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very few hybrids have been successful. Hybrids 
grown in the region initially escaped zhe dis
ease, perhaps because of low inoculum con
centration. In time, the original hybrids were 
severely damaged by rust ind, at times, by 
other foliage diseases. The;: were rsplaced by 
commercial hybrids developed in the USA, 
which possessed a surprisingly h degree of 
"slow rusting." It is my opinion that slow 
rusting is the key characteristic of hybrids still 
popular in these regions; in those hybrids ini 
which rust develops early, there is a preponder
ance of reduced seed size, lodging caused by 
Fusarium sp desiccation of the leaves, and, at 
times, deterioration of the grain (which is re
lated in part to the small grain size). Rust has 
been very important in Argentina, and I .have 
seen severe rust in Brazil. It is a damaging 
disease in Puerto Rico, where death of the 
foliage is not uncommon in the more suscepti
ble cultivars. Bergquist (1971) clearly indicated 
that rust would be a major deterrent to the 
ratooning of sorghum in Hawaii, as did Hill 
(1969) for the New Guinea islands. Con
sequently, wheregrainsorghumisgrowninthe 
cooler humid tropical regions of the world, we 
must contend with rust. It needs to be control
led. 

Rust Control 

Frederiksen and Rosenow (1972) argued thet in 
North America rust is a naturally stabilized 
disease. They argued this simply on the basis of 
the fact that cultivars and/or hybrids with moder
ate levels of resistance respond similarly in 
many locations throughout tha Americas. There 
have been no significant physiologic differ
ences in the pathogen population tnat differen
tiated the intermediate lcajls of resistance. 
Consequently, general ized r..sistance, based on 
the past 10 years of obsi-vations, has been 
found very stable. One of the first slow-rusting 

sources found in the Texas Conversion Pro
gram was rei-ased in a variety known as TAM
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428.TAM-428,asa rust-resistantpollinatorfora 
variety of diffe-ant hybrids, has moderate to 
excellent levels of resistance, even in the severe 
rust regions of Mexico. This level of resi.tn.:e 
isadequatefortnesouthern USA and forP::.--to 
Rico. Frederiksen and Rosenowalso conte-o'ed 
that rust is naturally stabilized, because survival 
pressure is placed on the pathogen in cooler, 
more humid environments, such as the lower 
Rio Grande Valley or northern Mexico du,',ng 
the winter months. These observations are 
consistent with some earlier eports on origins 
of inoculum in the Americas. Since sorghum 
matures and develops during the hot dry grow-
ing season on the Great Plains, rust - because 
of its adaptation to the more humid tropics- in 
all probability wifillnot become a major disease 
problem on tW. Great Plains. This may also be 
true in a nun;ci:r of temperate regions. How-
ever, in the tropical areas, particularly where 
elevation tends to keep temperatures relatively 
cool, i"t caro be and is potentially a major 
problem. 

The Pathogen and 
Its Infection Process 

The last published original work on the 
taxonomy of the Puccinia purpurea was done 
byPavgi(1972)whoworkedwithDicksonatthe 
University of Wisconsin. One of the questions 
dealt with was whether or not P. purpurea was 
closely related to P. sorghi or P. polysora. In all 
cases, Pavgi concluded that the species was 
valid and morphologically distinct from the 
other species of rustthatattack maize. Dalmacio 
(1969), who studied the infection process in the 
Philippines, found that germination takes place 
in a matter of a few hours; pustulesappear in 10 
to 14 days, appearing more rapidlyon seedlir;gs 
than on mature plants. Not surprisingly, pus-
tules appear on the undersides of the leaves, 
Dalmacio believed that this was due in part to 
the thicker epidermal layers of the upper leaf 
surfaces. This observation has not been 
confirmed. We have observed in our work that 
there are, fundamentally, three types of re-
action to rust in the sorghums. There are those 
that are essentially free from rust - except for 
an occasional large pustule appearing near a 
midvein - under all conditions. There are 
those groups of sorghums that characteristi-

cally show either smaller or fewer pustules. 
SC-175, for example, is a line that develops 
small pustules, TAM-428 develops fewer pus
tules, more slowly than fully susceptible types. 
The other reaction class is that of the fully 
susceptible types. However, there are 
differences - expressed primarily in numbers 
of infection foci on the leaf-among these 
lines. Miller and Cruzado (1969) demonstrated 
different allelic interactions with rust at the Pu 
locus. In some instances the heterozygote be
came susceptible to rust as the season matured, 
whereas the homozygous resistant materials 
had consistently low levels of disease. 

Bergquist 11974) described two races of Puc
cinia sorghi in the (Hawaiian) Islands. IS 2814-
TSC was capable of separating the population 
into two races, while Rio (SC-599) was resistant 
to both races. Differentials with generalized 
resistance were undesirable. Bergquist (1971) 
showed that rust resistance was inherited as a 
dominanttrait. lnlndiaatthesametime, Ranaet 
al. (1976) argued that susceptibility is a domi
nant character among the parental lines that 
they had used. It is interesting to note that they 
also reported that there is a linkage of rust 
resistance with tan plant color, which may 
account for observations by other sorghum 
workerswhohavenotedadditionalleafdisease 
resistance in tan plants. Rust resistance to 
sorghum is and has been described for a 
number of sorghum lines (Anonymous 1974, 
1975, 1976; Bergquist 1971, 1974: Broadhead 
and Coleman 1974; Lopezetal. 1975).A method 
for improving the levels of rust resistance 
and/or screening for resistance has been de
scribed and consequently host resistance may 
well be the most reasonable means for control
ling rust (Frederiksen and Rosenow 1974; Patil 
Kulkarni et al. 1972). Fortunately, systemic fun
gicides are available with the potential for 
controlling rust, although in North America 
these fungicides are not labeled for use 
(Agarwal and Kotasthane 1973). 
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Sorghum Leaf Blight 

R. A. Frederiksen* 

In 1962, Tarr stated that foliage diseases do not 
usually kill the plant, unless seedlings or young 
plants are exposed to prolonged attacks. He 
further stated that by destroying green photo-
synthetic tissue, and in some cases causing 
premature wilting and leaf death, these dis-
eases reduce or delay plant growth and de-
velopment and as a consequence reduce yield 
of both grain and fodder. Leaf blig ht, caused by 
Exserohilum turcicum (Pass.) Leonard and 
Suggs, isoneofthetwomostwidelydistributed 
and at times damaging foliage pathogens of the 
sorghums. 

Distribution and Symptoms 

Leaf blight has been found or observed in all of 
the major sorghum-growing areas of the world 
(Tarumoto et al. 1977). Severe damage caused 
by this disease has been observed in the United 
States, Argentina, Mexico, and Israel, and glob-
ally it may be the most important foliar disease 
of sorghum (Edmunds and Zummo 1975; 
Parodi et al. 1977; Prakash et al. 1975; Robert 
and Findley 1952; Tarr 1962; Tuleen 1975). 
Fortunately, the economic importance or losses 
caused by leaf bl ight appear to be minor (Olson 
and Santos 1976; Sundaram et al. 1972). Leaf 
blight, like a number of foliar diseases of sor-
ghum, is quite conspicuous. Consequently, it 
may frequently be the first disease identified 
during a cursory examination of a sorghum 
field. Leaf blight differs from the symnptoms 
caused by the other foliar pathogens, although 
it can be quite similar to sooty stripe. Lesions on 
mature susceptible leaves are often fusiform, 1 
to 3 cm wide by several cm long, with pig-
mented edges and tan or grey centers which 
darken during sporulation. Under low mag-

Professor, Department of Plant Sciences,Texas A& 
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nification the conidiophores are seen to rise at 
random, and they may develop from aerial 
hyphae on material kept in an aqueous satu
rated atmosphere. A distinctive feature of leaf 
blight is the timing of the appearance of 
symptoms. Small flecks appear, usually 3 or 4 
days after a favorable infection period. These 
small lesions can be seen with a hand lens, but 
the large distinctive lesi.as do not appear until 
about 2 weeks later. The pluggin, of nearby 
vessels causes a localized wilf within the leaf 
tissue. During successive favorable periods, the 
fungus will continue to colonize a leaf, leaving 
bands or characteristic zones within the leaf. 
When infections are abundant, total leaf wilting 
is not uncommon. 

Nomenclature of the Pathogen 

In 1876, Passerini described the northern leaf 
blight species as Helminthosporium turcicum. 
In 1958, Luttrell found a way to induce formation 
of a few ascocarps in culture and described 
the perfect stage of this fungus as Trichometas
phaeria (Luttrell 1958). In 1974, Leonard and 
Suggs redescribed the perfect stage as Setos
phaeria turcica. The ascocarps of this group 
were described by Holm (1957). Regarding the 
imperfect stage, Drechsler (1934) described the 
Helminthosporium conidial stages as those 
having the true Helminthosporium characters, 
including H. turcicum, and the cylindro-
Helminthosporium. Apparently this was not 
acceptable to Shoemaker (1959), who proposed 
a new genus for the graminicola species with 
Bipolar.s turcica as the type species (sloane et 
al.). Leonard and Suggs (1974) removed from 
Bipolaris the species having a protuberant 
conidial hylum, and established Exserohilum 
turcicum (P3ss.). Because of this last work, we 
now believe thatthe generic name Exserohilum 
will probably become the preferred name for 
the pathogen that causes leaf blight of sor
ghum. 
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Host Range 

E. turcicum is a common pathogen of sorghum, 
teosinte, Paspalum, and Zea in nature. In ad-
dition, Triticum, Hordeum, Avena, Saccharum, 
and Oryza are susceptible to E. turcicum when 
artificially inoculated, 

Numerous workers have examined the host 
range of isolates of E. turcicum from maize, 
sorghum, and johnsongrass. There is a strong 
tendency for isolates from one species to infect 
that same species. Isolates from nature that 
were homocaryons were pathogenic to the 
monospecies, whereas species that were 
heterocaryons were capable of attacking two or 
more species (Bergquist and Masias 1973, 
1974). Bergquist and Masias 1974; Bhowmik 
and Prasada 1970; Hamid and Aragaki 1975; 
MasiasandBergquist1974).Theseworkersalso 
distinguished races of E. turcicum, using iso- 
lates capable of differentiating between maize 
lines with and without the Ht-resistance 
gene and those races which attacked both 
maize and sorghum (Masias and Bergquist 
1974). Hamid and Aragaki (1975) showed that 
virulence to maize and sorghum was inherited 
independently, as indicated by a one-to-one-
to-one segregation for virulence to both, from a 
cross between a maize-specific isolate and an 
isolate virulent to both sorghum and johnson-
grass. They proposed that the common occur-
rence of field ;solates with virulence to both 
maize and sorghum should be treated as a third 
specialized form, and suggested the trinomial 
Setophaeria turcica forma speciales complexa. 

Disease Development
and Host Reaction 

The conidium of Exserohilum is unique, not 
only in appearance but in function. The conidia 
are known to thicken their walls and become 
conidinspores as an overwintering or over-
seasoning spore. Spores or conidia germinate 
by the formation of a germ tube which may or 
may not form an appressorium on the surface of 
the leaf. Beneath the appressorit'm a peg will 
penetrate through the cuticle and form hyphae 
within the host cells. Most individual pene-
trations result in the appearance of the hyper- 
sensitive fleck (Tuleen and Frederiksen 1977; 

Ullstrup 1978). Frequency of infection foci, re 
suiting in colonization of the host, can be usec 
as a tool to differentiate levels of nonspecifi( 
resistance orgeneralized resistance among cul 
tivars. Infection hyphae slowly pass througf 
living cells with scant disturbance initially 
forming rudimentary appressoria as each wall i., 
encountered. Cells of resistant sorghum host., 
may form pigments at this stage. Maize witr 
monogenic resistance has a chloronemic halc 
around the infection site- in the jargon o' 
maize workers, "the typical Ht reaction." A 
similar response has been observed occasion. 
ally in some of the more resistant sorghum 
cultivars. In the absence of resistance, hyphae 
encounter a vascular bundle, enter a vessel, 
begin to absorb nutrients, and proliferate. 
Damage is assumed to result from the mycelial 
plugging of the vessel. Leai blight was accu
rately described as a local or localized will 
(Jennings and Ullstrup 1957). It is possible tha! 
the wilting is actually due to the tyloses or 
complexes with polysaccharides released by 
digestion of the vessel lumen, rather than tothe 
actual physical plugging by the hyphae. Pectin 
plugs have not been found in maize. Toxins may 
be partially responsible for the death and col
lapse of host cells (Tuleen and Frederiksen 
1977). Following the development of a major 
lesion, pathogen fruiting begins. Hyphae fill the 
substomal cavity or epidermal cell and produce 
a stroma. The condiophores of E. turcicum 
develop from the stroma. The condiophore has 
about three cells and produces a conidium at 
the apex. If the humidity is high, the con
idiophore curves. When humidity declines, con
idiophore cells begin to dry, bubbles appear 
inside them, and the condiophore snaps to an 
upright position, throwing the conidium away 
and out of the boundary layer. Not surprisingly, 
most conidia are released on days following 
rainfall (40% are discharged between 0800 and 
1200 hr, as the morning sun dries the foliage, 
Meredith 1965). Mycelia within the vessels con
tinue to advance almost on a daily cycle, as 
indicated by the daily boundaries or borders o 
the lesion. The mycelium will utilize a crossover 
vessel to widen the lesion and form a larger area 
ofcolonization (Jenningsand UIllstrup 1957). The 
conidiophore is capable of emitting additional 
conidia on subsequentdays.Tuleen 1975, using 
five different sorghum differentials at six 
maturity stages, found that plants in the imma
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ture stages of plant growth were more suscep- ty as they mature, the frequency of hyper
tible than more mature plants. Even plants of sensitivity merely appears to be the normal 
the highly resistant TAM-2572 developed some 
lesions when inoculated in the early seedling 
stages of growth. Other plants developed retis-
tant reactions as they matured. The most sus-
ceptible were more susceptible through more 
mature stages (Table 1). Most inoculation sites 
result in the appearance of hypersensitive 
flecks. These fleck responses develop even on 
plants of the youngest maturity stage (Table 2). 
The ability of the host to form these flecks 
decreased not only with susceptibility, but with 
the stage of maturity at inoculation for each 
cultivar.Sincecultivarsdecreaseinsusceptibili-

Table 1. 	 Leaf blight reactions on hostdifferentIal 

response of sorghum to infection by E. tur
cicum. Tuleen and Frederiksen (1977) also pre
sented evidence to suggest that toxic sub
stances produced by E. turcicum were some
what specific and could differentiate between 
relative levels of resistance toE. turcicum. This 
work in part has been supported by workers 
from other areas (Karve et al. 1977). 

Control of Leaf Blight 

Leaf blight is notasdevastating in sorghum as it 
could be if it were not for the relatively high 

at six maturitystages 14 days after Inoculation. 

disease reactions' for maturity stages:b 

Host differential 1 2 3 4 5 6 

TAM-2572 
TAM-2566 
Tx-3197 

MRc 
MS 

S 

MRc 
MS 
MS 

R 
R 
R 

R 
R 
R 

R 
R 
R 

R 
R 
R 

Tx-7078 S S S MS MS d 
IS-2403C S S S S R R 

a. 	Qualitative disease reactions represent means for three replications of two to four plants for each maturity stage; each 
replication was inoculated and Incubated separately at 22C for 38 hours. R - resistant; MR - moderately resistant;
MS = moderately susceptible; S = susceptible. 

b. 	Plant maturity stages as defined by Vanderlip (1972). 
c. only one lesion observed on one of eight plants. 
d. Missing sample. 

Table 2. 	 Frequency of hypersensitive flecking with Exserohllum turccum appressoria on host 
differentials at six maturity stages 72 hours after Inoculation. 

Percent appressoria surrounded by flecks 
for maturity stagesO 

Host differential 	 1 2 3 4 5 6 

TAM-2572 100 50 50 50 50 0b 
TAM-2566 100 25 25 33 0 0 
Tx-3197 	 100 40 0 10 -c 0 
Tx-7078 	 90 50 10 0 0 -C 
IS-2403C 	 100 50 0 0 0 0 

a. 	 Flecks associated with 20 appressorla on 2-cm2 leaf tissue were counted from aplant of F=ch of the maturity stages defined by
Vanderlip (1972). 

b. 	 No spores were found to adhere to leaf surfaces in Stage 6. 
c. Missing sample. 
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levels of host resistance available in sorghum 
(Edmunds and Zummo 1975). Consciously or 
unconsciously, breeders have selected sor-
ghum cultivars with surprisingly high levels of 
resistance to leaf blight, particularly on plant 
tissues approaching maturity (Drolsom 1957; 
Fletcher et al. 1975). In 1977 in Egypt, all entries 
in the Texas International Disease and Insect 
Nursery were classified as resistant to E. tur-
cicum when compared to the local varieties 
grown there. Consequently, we find ourselves 
in the comfortable situation of having es-
sentially a broad-based level of resistance in 
many of our sorghum cultivars, to which we 
were merely adding additional genes for resis-
tance. Both monogenic and polygenic sourcesof resistance have been reported for maize 

oaite 
(Jenkins and Robert 1961; Warren 1975), and 
is apparent that similar systems exist for sor-
ghum. The host-specific genes conditioning the 
hyper-sensitivity have been described by several 
workers (Bergquist and Masias 1973; Frederikson et al. 1975; and Tuleen and Frederiksen 1977; 
Ullstrup 1978) and Rosenow and Frederiksen 
(unpublished data) have provided some evi-
(unpublishendat) havee proed omrgev-
denceto indicatethatthere are two majorgenes
and some maternal factors conditioning resis-
tance to leaf blight in sorghum. 

Incorporation of leaf blight resistance re-
quires a relatively simple breeding and selec
tion procedure. Several "techniques" are avail-
able for the evaluation of host resistance, bothunder field and laboratory conditions (Hilu and 

Hooker 1964, 1965). The variability of E. turcicum 
has been examined critically by several authors 
Bhowmik and Prasada 1970; Hilu and Hooker 

1965; Masias and Bergquist 1974; Misra and 
Mishra 1971; Nelson etal. 1965). These authors 
suggest that the organism tends to be quite 
stable; discreetly different physiologic races of 
the pathogen have however, been described 
(Bergquist and Masias 1973; Bhowmik and 
Prasada 1970). The utilization of thgeneralized 
form of resistance would tend to suggest that 
this disease can be adequately and easily con-
trolled by host resistance. Most of the work on 
chemical control has been done with maize 
(Berger 1970); several isolated studies on the 
control of leaf blight have indicated that it is 
easily controlled by common fungicides (Sun
daram et al. 1972). The major problem in inter-
preting the usefulness of fungicides has been 
the lack of feasibility data in conjunction with 

their applications. At present it would appear 
that chemical control of leaf blight is an un
necessary practice, unless for some reason it is 
necessary togrowblight-susceptible materials. 

Future Research Needs 
with E turcicum 

Currently, the principal strategy for controlling 
E. turcicum is the use and deployment of host 
resistance. This program has been successful in 
areas where E. turcicum causes moderately 
severe disease. However, in areas where the 
disease causes extensive damage, higherlevels 
of resistance (such as exists in TAM-2572), 
when available to the professional or commer
whnailbetteprfson rcmecial plant breeders, should reduce leaf blight
losses. With the incorporation of these highlevels of resistance, it is conceivable that the 
disease will be even less threatening. In view of 
the variability of the pathogen, monitoring for 

potential shifts of the pathogen must be con
tinued. In addition, information is needed on the 
dissemination and survival of E. turcicum, par
ticularly in sorghum. As indicated in the sources
of leaf disease resistance by Frederiksen and 
Franklin in these proceedings, distribution of E. 
turcicum in the field is directly proportional to 
either the presence of susceptible cultivars or 

initial inoculum from initial infection foci. How
ever, knowledge of the distribution and occurrence of the pathogen in sorghum fields during
vulnerable stages is critical, and epidemiologi
cal data similar to that known for maize does not 
exist for sorghum (Meredith 1966; Robert 1964; 
exis 1959)9 
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Screening of Sorghum for Leaf-Disease
 
Resistance in India
 

H. C. Sharma' 

Importance of Leaf Diseases 

Sorghum is an important food and fodder crop 
in India. It occupies about 17.5 million ha with a 
production of 8.5 million metric tons (tonnes). 
The crop is subject to several leaf diseases of 
bacterial, viral, and fungal etiology, which 
cause losses in grain yield (Ramakrishna 1963; 
Harris and Fisher 1974; Shar,,a and Jain 1975). 
With increasing understanding of leaf 
diseases - their wide distribution, frequent oc-
currence, and capacity to cause losses - their 
importance has been properly recognized in the 
sorghum-improvement program in India. 

Distribution of Leaf Disease 

The leaf diseases of bacterial and viral origin at 
present are not important in India (Anonymous 
1977). Amongst the diseases of fungal origin, 
anthracno!:e (Colletotrichum graminicola), rust 
(Puccinia purpurea), grey leaf spot (Cercospora 
sorghi), zonate leaf spot (Gloeocercospora sor-
ghi), leaf blight (Exserohilum turcicum), sooty 
stripe (Ramulispora sorghi), and rough leaf 
spot (Ascochyta sorghi) are pre.valent in all 
sorghum-growing states of India. Anthracnosc 
has been reported with greater severity from 
northern India - Delhi, Udaipur (Rajasthan), 
Madhya Pradesh, and parts of Maha-
rashtra - whereas rust and grey leaf spot 
occur in a greater intensity in the south (Kar-

nataka and Tamil Nadu). Rough leaf spot is 
severe in Madhya Pradesh. Leaf blight, sooty 
stripe, and zonate leaf spot are commonly 
present in varying intensities throughout the 
sorghum-growing areas. Zonate leaf spot was 
reported to be severe in Akola and Pi;rbhani 
(Maharashtra) in seasons with high rainfall. 

* 	Plant Pathologist, College of Agriculture, J. N. 
Krishi Vishwa Vidyalaya, Indore, M.P., India. 

Losses in grain yields in sorghum caused by 
leaf spot diseases have been discussed by 
Sharma and Jain (1975). The losses caused by 
rust (Puccinia purpurea) and leaf blight (Ex
serohilum turcicum) were estimated to be 
around 50 and 45% respectively atDharwarand 
Hyderabad. The losses were estimated by com
paring the yields of protected and unprotected 
plots, for several leaf diseases at Indore follow
ing the method of Chester (1959) (Table 1). 
Estimated 	losses range from 32 to 60%. 

Capacity to Cause Epidemics 

Disease intensities were recorded on a 0 to 5 
scale for rust, anthracnose, rough leaf spot, 
zonate leaf spot, sooty stripe, and grey leaf spot 
75 days after planting (DAP). Al! leaves were 
evaluated frir each disease. 

The diLease most often developing in 
epidemic, was anthracnose, followed by rust, 
grey leaf spot, sooty stripe, rough leaf spot, and 
zonate leaf spot. Sorghum grain yields can be 
enhanced by breeding varieties resistant to leaf 
diseases. This requires reliable and practical 
screening methods. Before considering 
currently used screening methods or developing 

Table 1. 	 Estimated yield losses In sorghum 
due to several disease., at Indore, 
India. 

Disease Variety Estimated losses 
(%) 

Rust 1188 50 
Anthracnose PJ 4K 48 

Local 41 
V 60-1 60 

Rough spot 555 35
Zonate leaf spot 302 32 
Sooty stripe 370 36 
Gray leaf spot CK 60-B 
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a new one, it will be worthwhile to know the 
intricacies involved in the process of breeding 
for disease resistance with particular reference 
to sorghum: (a) sorghum leaf diseases are 
caused by species of several genera of fungi, (b) 

pathogenic variability can occur within species, 
(c) our knowledge regarding races, strains, and 
biotypes is meager, (d) sorghum (a rainy-
season crop) completed its life-cycle in varying 
environments, (e) mutual interference e.g., grey 
leaf spot and rough leaf spot were observed to 
interfere with each other's development on 
varieties 36B and G-1B (Table 2); Similarly, 
there was mutual interference in the develop-
ment of anthracnose and rust on varieties VZM 
2B and Giza (Table 3). To effectively screen for 
resistance we must overcome these problems. 
But do we know enough about the biology and 
epidemiology of these diseases to do this? 

Biology of Pathogens 

Rana et al. (1976), suggest the existence of races 
of sorghum rust (Puccinia purpurea) in India. 
Bergquist (1974) reported two races of rust from 
Hawaii. Information on the prevalence of races 
of other leaf pathogens has not been reported. 
Variations in reaction types have been detected 
in India for anthracnose, rust, and grey leaf spot 
(Figs. 1, 2, 3). In the absence of sufficient 
knowledge regarding races and strains of a 
pathogen, it is worthwhile to collect from differ-
ent locations infective material from varieties 
showing different host reactions. Varieties 
showing vaiying symptoms should be used as 
"infector" and "indicator" rows in the screen-
ing plot of a disease, so that different races and 
strr"s are probably included in the screening 
prt. The infector varieties used by the author 
f,.)r leaf dis,;les at Indore and listed in Table 4. 

Table 2. 	 Mutual Interference of gray spot cnd 
rough spot - disease Indices re
corded for mixed infections at 
Indore, Madhya Pradesh, India. 

Variety 36 B Variety G-1 B 

Rough spot Gray spot Rough spot Gray spot 

2.00 0.42 1.13 0.86 
2.35 0.35 1.15 0.55 
1.55 1.94 0.53 1.60 
1.97 1.43 1.25 1.38 
1.47 2.10 0.40 1.50 

2.13 1.00 0.85 1.03 
1.25 2.32 1.00 0.53 
0.78 2.25 1.17 0.35 
1.55 1.45 1.10 0.90 
1.25 2.00 1.23 1.69 

Table 3. 	 Mutual interference of anthracnose 
and rust-disoease indices recorded 
for mixed Infection at Indore, 
Madhya Pradesh, India. 

Variety VZM-2 B Variety Giza 
Anthracnose Rust Anthracriose Rust 

2.10 1.80 0.90 1.40 
2.15 1.40 0.60 1.70 
0.74 2.00 1.60 0.10 
0.65 2.05 1.75 0.15 
2.07 1.20 0.50 1.93 
2.36 1.05 1.10 1.20 
2.63 0.60 0.50 1.442.35 0.80 1.10 0.48 
1.30 1.58 0.50 1.33 
1.88 1.88 1.45 0.69 

Table 4. Susceptible selections used as "Infector" and "Indicator" 
various sorghum leaf diseases at Indore (M. P.), India. 

S. No. Isolines 

1 Selections from 654, 364 (locals) 
2 Selections from 3660B, Nag B,322 and IS 857 
3 Selections from 1188 and E302 
4 Selections from 555 and 914 
5 Selections from 97 (local) and IS338 
6 Selections from CSV-3, 290 (local) and IS 643 
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Leaf Diseases 

anthracnose 
grey leaf spot 
rust 
rough leaf spot 
zonate leaf spot 
sooty stripe 
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Figure 1. 	 Variation in symptoms of anthracnose (Colletotrichum graminicola) observed in 

different or the same variety: (a) smal lfimited spots, (b) big limited spots, and (c) big 
diffusing spots. 
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~4L ,,.'of.f 	 GREY SPOT 

, Figure 3. Variation in symptoms of gray spot 
' . , ,(Cercospora sorghi) observed on 

different varieties of sorghum. (a) 
Figure 2. 	 Variation in size of rust (Puccinia small round or circular spots with 

purpurea) pustules on different or gray centers; (b) large elongated 
the same variety: (a) small, and (b) irregular spots; and (c) larg, lon
large pustules. gated rectangular spots. 
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Creation of Epidemics 

Abundant development of a disease ordiseases 
in the screening plot is a prerequisite to dif-
ferentiating disease resistance from disease 
escapes (Sharma and Jain 1977). The facts that 
crowding the susceptible host plants promotes 
epidemic development, and that in general,leaf 
diseases spread much faster in the direction of 
the wind, were satisfactorily used by the author 
in creation of epidemics in the screening plots, 
The epidemics were regulated by growing a 
thick population of susceptible lines across the 
winddirection (Figs.4, 10). Plants in the infector 
rows are inoculated with the infective materia:. 
The inoculum multiples on the infector rows 
and serves as an inoculum source for disease 
spread in to the screening plot. Indicator rows 
are grown perpendicular to the "infector" rows, 

- Infector line 
Indicator line 

N Test line 

tthe 
I, --- 13.0 M I 

S 
-----
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- - -- -
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Figure 4. Layout of screening plot 
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with a separation of 1 meter between them 
(Fig. 4). The indicator rows are repeated at 5-m 
intervals so as to measure the epidemic force of 
the disease in the screening plot. Disease in
tensity is measured as percent disease-affected 
area according to a standard disease scale (Fig. 
5-8), arid epdemic force of the disease is 
computed according to the details in Figure 9. 
Sufficient epidemic force of a disease develops 
in the screening plot to differentiate between 
resistance sources and escapes (Fgs. 10, 11, 
12, and 13). 

Screening Methods 

Screening in Multilocation Varietal,
Hnbr anral rial. 

Disease intensity is recorded according to a 
standard disease scale under natural infection 
in the field. Varieties are compared on the basis 
of disease intensity. Sources of error are: (a)the 
method does not assure the presence of patho
gen, and if present there is no guarantee that all 

varieties are uniformly exposed to it, and (b) 
a high population of advanced plant materials 

does not permit a smooth multiplication and 
spread of the disease in the experimental plot,
and thus chances of escapes are great. 

Screening in Greenhouse 
or Screenhouse 

The optimum conditions of temperature,
humidity, and light favorable to disease de
velopment may be regulated in green or screen 

Plants are predisposed by incubating 
under optimum conditions and are then inoculated with cultures of the pathogens. This 

method saves time and piv3s quick results, 
However, there are limit&,.i,11s: (a) it is not 
possible to handle a large number of breeding
materials, (b) one cannot be sure of the 
pathogenicity of pathogens (pure cultures 
maintained on artificial media are usually used 
and the virulence of pathogens is likely to be 
reduced or altered), (c) the variety under pre
disposed conditions does not get an oppor
tunity for adjustment and for expression of 
post-infection resistance (Allen 1959), and this 
may lead to rejection of potentially valuable 
material as susceptible. 
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Figure 5. Anthracnose (Colletoticui graminicola). 

Standard visualratings for scoringapproximatepercentageof leafareaaffected by leafdiseases, Leaf oit left s'.v.vs no area aflected and is rated 'Y for 0%. Leaf on right isalmost totally affected,and is rated 'for 156 %. Intermediateratings,left to right,are T2(a5%), 73 (5%11), V4 (10%), T5 (20%), V6 (35%), 7" (50%1), and T8 (7501). 

Figure 6. Gray spot (Cercospora sorghi). 
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Figure 7. Sooty Stripe (Ramulispora sorghi). 

Standard visual ratingsfor scoring approximate percentage of leafarea affected by leaf 
diseases. Leaf on left shows no area affected and is rated '1' for 0%. Leaf on right is 
almost totally affected, and is rate: '9'for 100%. Intermediate ratings, left to right,are 2' 
(2.5%), '3' (5%), '4' (10%), '5' (20%), '6' (35%), '7' (50%), and '8' (75%). 

Figure 8. Zonate spot (Gloeocercospora sorghi). 

A'
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Figure 9. Relationship between disease intensity, epidemic force, expression of yield potential, 
and disease reaction. 

S -

Figure 10. Sector of a screeningplot40 days old. /NF indicatesinfectorrows and T indicatestest 
entries. Indicatorrows are indicated by I. 
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Regional and Seasonal
 
Disease Gardens
 
Inthis method, candidate entries are exposed to 
thefull force of epidemics that can be produced 
by a potential pathogen or pathogens present 
under regional climatic conditions during the 
crop season (Sharma 1975; Sharma and Jain 
1977, 1978). This method is based on the 
following assumptions: (a) susceptible va
rieties of a region harbor the pathogen popu
lation, including its races, strains, and biotypes, 
(b) ideal environment for screening sorghum 
germplasm for disease resistance is the en
vironment of ihe crop season of the region. 
Isolines predominantly susceptible to adisease 
or diseases, along with infective naterial, are 

-r-*"collected from several places and varieties to 

b 

leaves of CSH-5 (resistant)(a)and 

sH-rsisptanlet)(alo C 

on a standardsusceptible cultivar 
(b).Plants,45daysold,were grow-
ing in a screening plot 

Screening in Local Disease Gardens 

Diseasegardens of all important pathogensand 
their races ar3 maintained specifically .crtest-
ing important parental material and hybrid 
lines. Diverse infective material iscollected for 
use in creating artificial epidemics under con-
ditions that favor maximum disease develop-
ment. This is a desirable method, but has the 
following limitations: (a) it considers only the 
important pathogens, and determination of 
these isdifficult, for sometimes inconspicuous 
and unimportant pathogens have become im-
portant on varieties that have developed re-
sistance to the so-called important ones, and (b) 
it is not po7,sible to catalog all races of patho-
gens at any given time. 

represent the prevalent disease races of the 
region. A disea, epidemic is developed using 
infector rows as indicated above. The disease 
intensity is recorded according to a standard 
scale and the varieties are classified for their 
resistance (Fig. 5-9). Multilocation trials, or 
repeat of the trial for at least 3 consecutive 
years, are suggested to confirm behavior of a 
resistant variety to overcome the danger of 
variations in the expression of virulence of the 
pathogen or that of susceptibility of the variety
by inhibitor genes or fluctuations in the en
vironment. The advantages of this method are: 
(a) it facilitates exposure of the candidate en
tries to the full force that a potential pathogen 

may cause under actual cl!matic conditions 
(results obtained are directly applicable), (b) it 
assures abundant disease development in the 
screening plots, (c)it provides atool "indicator" 
to measure intensity and distribution of a dis
ease in the field, (d)screening is done under a 
standard epidemic level, (e)enables a constant 
watch on the fluctuations of host-parasite bal
ance caused by new introductions (Mcknew 
1960), (f)handles a large number of breeding 
materials, (g) permits satisfactory screening 
without elaborate laboratory and greenhouse 
facilities. The fact that results are specific and 
applicable to the regional conditions alone is 
considered to be a limitation. 
Screening Scales 
and Techniques 

Primarily, the problem of determining plant
disease resistance isbased on measurement of 
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a 

Figure 12. 	 Disease development on CSH-5 (a) and a standard susceptible cultivar (b) in the 
screening plot for gray spot. The susceptible cultivar was used in the "Indicator" rows. 

the disease intensity and translating this into 
categories of resistance. The identification and 
detection of resistance would thus depend 
upon the accuracy of the disease scale. An ideal 
disease scale should be comprehensive, well 
defined, and properly demarcated at important 
disease intensities between the "no-disease" 
point at one end and the "maximum-disease" 
point at the other. 

Disease scales presently used in scoring leaf 
diseases of surghum include that used in the 
International Sorghum Leaf Disease Nursery, 
that suggested by AICSIP, and a scale (de
veloped by the author) used at Indore. 

Disease Scoring Scale 
Suggested by ICRISAT in ISLDN 

ICRISAT recommends a 1-5 disease scale (Ap
pendix Table 1). The disease rating "2" is 

Fiqure 13. Infection of rust on the flag leaf; descriptive and does not clearly demarcate 
lower leaves have either tno rust between 2and 3 as it does in the case of 3,4, and 
infection or a trace of rust infec- 5. Disease rating "2" will vary and suffers from 
tion. the human factor. The disease rating 5 is very 
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wide and does not specify the maximum dis-
ease point, 

Disease Scoring Scale 

Recommended by AICSIP 

for Use in Leaf Disease Trials 


The disease scaleissimir tothatsu.ggested by 
ICRISAT (Appendix Table 2). However, it is 
based mainly on percent disease-affected leaf 
area. The disease rating "2" is very wide and 
ignores a marking at 5 %, a point recognized in 
general as "epidemic outbreak point" for leaf 
diseases(van der Plank 1960,1963). The disease 
rating 5 suffers from the same drawback as in 
the caseof disease scale suggested by ICRISAT. 

The disease rating of a variety will vary with 
the maximum which in turn varies from one 
location to another, and from season to season 
(Walker 1965) and, therefore, it needs to be 
specii'icd. 

Disease Scoring Scale Used at AICSIP, 
Indore, for Measuring Leaf Diseases 
of Sorghum 

An elaborate and descriptive scale for measur-
ing intensity of foliar diseases of sorghum was 
developed at AICSIP, JNKVV, Indore. The scale 
is based on percent leaf area infected. It reads 
that disease in percentage leaf area affected 
with the help of visual standards 1-9 represent-
ing 0, 2.5. 5, 10, 20, 35, 50, 75, and 100 % 
disease-affected area (Fig. 5-8). Disease indi-
ces0to5aremarked at0,5,20,35,50,and 100% 
on the disease scale to denote important con-
version point for disease reaction and epidemic 
force (Fig. 9). The important points: marked as 
disease index 1 denotes a point of epidemic 
outbreak in the population and disease indices 
2, 3, and 4 are the points where a variety would 
yield approximately 80, 50, and 25% of its 
potential (Fig. 9), determined on the basis of 
overall results of correlation and regression 
studies, and disease index 5 is the maximum 
disease point. 
Recording Data 

Since severity is determined by visual ob-
servations the readings can not be absolutely 
accurate. The accuracy of recording obser
vations will depend mostly on the individual 
worker. However, use of visual standards of 
percent diseased leaf area gives a satisfactory 

degree of accuracy and uniformity in recording 
data. Disease index is computed as follows: 

E%values recordedInfection index = 

No. of observations 
Finally, the aisease index of variety, plot, or field 
(as the case may be) is read as disease index on
the percentage disease scale. 

Time of Recording Data 

A single observation will not give sufficient 
indication of the dynamics of disease develop
ment in a variety. Further, the sorghum crop 
grows tall, consequently basal and top leaves of 
the same plant lie in different environmental 
planes. Diseases that iere severe on basal 
leaves m.ay appear in traces on the top leaves 
and vice versa. It has been observed that rough 
spot is severe on basal leaves of the Vidisha 
60-1, wiereas anthracnose or rust are severe 
on top leaves. Recording periodic observations 
at vulnerable stages - rrand growth period, 
floral primordial forrr , n, boot leaf, and 
dough maturity stages - of the crop would be 
ideal. Since recording foliar diseases on sor
ghum is time-consuming and laborious (several 
leaf diseases are involved). AICSIP recom
mended three observations at 30, 60, and 75 
days after crop emergence and the timings 
happened to correspond with the vulnerable 
stages of various sorghum varieties. Similarly, 
ICRISAT emphasizes disease recording at milk 
or dough stage of the crop. However, it appears 
that two observations, around boot-leaf stage, 
and around dough maturity stages of the crop, 
are necessary to get a clear picture of the leaf 
diseases in a variety. The correlation 
coefficients of grain yields with disease in
tensities recorded between 45 and 75 days were 
negative and significant in the case of CSV-3, a 
medium maturity variety (Fig. 14). The timings 
can accordingly be decided for early and late
maturing varieties. As far as possible, varieties 
to be compared should be measured at the 
same time, when they share the same weather 
conditions. However, timings of recording data 
can be suitably decided to representa particular 
stage or stages at which the comparison is 
intended. 

Evaluation of Varieties for Resistance 

The "point of epidemic outbreak," i.e., 5% 
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Figure 14. 	 Significance of correlation coeffi-
cient of grain yields with disease 
intensities recorded at different 
timings. (Var. CSV-3) Mean of 3 
years. 

disease intensity, is taken into account for 
determining disease reactions. Varieties in 
which disease development is limited to this 
point during the crop season are designated as 
resistant (denoted by R). In determining further 
categories, results of studies on correlation and 
regression of grain yields on disease intensity 
carried out in different varieties and in different 
seasons were considered, and accordingly dis-
ease indices 2, 3 and 4, were marked. Varieties 
are evaluated with respect to the standard 
susceptible varieties. The varieties showing 
disease index 2with respect to 3 of the standard 
susceptible are designated as moderately re-
sistant, denoted by MR. In case of disease 
indices higher or lower than the standard sus-
ceptible variety the corresponding MR (moder-
ately resistant) and R (resistant) points may be 
computed by multiplying the disease index by a 
factor 0.6 and 0.3 respectively. This is done so 
that valuable plant material is not rejected as 
susceptible (under unusually heavy epidemic 
force) and the escapes may not be selected as 
highly resistant under low epidemic force in the 
screening piots. It is desirablc !hat disease 
indices, particularly beyond 4, are recorded in 
fractions togive an idea of maximum disease in 
the plot. 

Source of Resistance 

Sundaram (1972) enumerated the reaction of 
the world collection of sorghum to important 
diseases based on the results of field evalu
ation, mostly from India. Since then a large
number of Indian xexotic derivative lines were 
tested for their yield potential and their re
actions to important diseases of sorghum. A 
critical review of the data on reaction of the 
breeding material to important leaf diseases 
reported from various AICSIP centers(Anonymous 1971 to 1977) reveal that there is 
no consistency in the expression of resistance 
of a variety at different locations, particularly in 
case of rust and grey leaf spot. In general, 
higher ratings of these diseases were reported 
from Dharwar and Coimbatore in southern 
India. In the case of rust, varietiesthctshowedja 
satisfactory degree of resistanceat certain cen
ters were susceptible or highly susceptible at 
Dharwar and Coimbatore. Whether it is due to 
variation in pathogen, the higher initial in
oculum in the screening plots, or tic 'qnviron
mental factors prevailing during the test period 
is not known. Inspite of these difficulties some 
varieties, hybrids, and derivatives havj shown a 
good degree of multiple and general resistance 
at most locations. Some of the recommended 
varieties, hybrids, Indian x excic derivatives, 
and derivatives of multiple crosses of deriva
tives showing multiple resistance for a number 
of leaf disease or general resistance are CSV-4, 
CSV-5, CSH-5, CSH-6, SPV-1, SPV-3, SPV-4, 
SPV-5, SPV-9, SPV-23, SPV-29, SPV-33, SPV-34, 
SPV-35, SPV-59, SPV-69, and SPV-70. The re
actions to important leaf diseases of the deriva
tives tested for three crop seasons at more than 
three locations in India, are given in Table 5. 

A good degree of resistance to leaf diseases 
was observed in Indian x exotic derivatives (Ta
bl a6). The exotic parents IS-3687, IS-2954, and 
IS-3922 seems to have donated resistance to 
leaf diseases. In general the Indian parents 
showed susceptibility to leaf diseases 
(Anonymous 1971-1977). The exotic parents 
were from the USA. IS-3687 belongs to the 
Conspicuum group and IS-2954 and IS-3922 
belong to the Caffrorum group; these were 
feported to be sources of resistance by Rachie 
(1970). 

It is evident that the resistant derivatives are 
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Table 5. Disease reactions of Indian x Exotic derivatives in India. 

Derivative Anthracnose Rust Rough spot Gray spot Leaf blight Zonate 

SPV-1 MR MR MR MR R MR 
SPV-3 R S MR MR MR MR 
SPV-4 MR S MR MR MR MR 
SPV-5 R MR R R R MR 
SPV-9 R MR MR S R MR 

SPV-12 R MR R MR R MR 
SPV-13 R S MR S R R 
SPV-23 R MR MR R R MR 
SPV-29 MR MR MR MR R MR 
SPV-33 R R R MR R R 

SPV-34 R R MR S - R 
SPV-35 R R R S R MR 
SPV-59 MR MR MR R R R 
SPV-69 S R - MR MR MR 
SPV-70 MR MR - MR MR R 

R = Resistant 
MR - Moderately resistant 

- - Not tested 

Table 6. Particulars ofsorghum derivatives showing reeistanceto Importantlaf diseases In India. 

Derivative Pedigree Origin 

SPV-1 IS 3687 x Aispuri AICSIP, Hyderabad 
SPV-3 IS 3922 x Karad local 
SPV-4 
SPV-5 IS 3687 x Aispuri 
SPV-9 Mutant derivative of GM1-5 AICSIP, UAS, Dharwar 

SPV-12 IS 3922 x Aispuri AICSIP, Hyderabad 
SPV-13 IS 84 x Karad local AICSIP, UAS, Dharwar 
SPV-23 IS 2954 x BP-53 AICSIP, Hyderabad 
SPV-29 CS 3687 x Vidisha 60-1 AICSIP, JNKW, Indore 
SPV-33 Mutant derivative of GM1 1-5 AICSIP, UAS, Dharwar 

SPV-34 
SPV-35 Selection from Purdue base 

No. 954, source No. 166024 
(S.B. 1066) 

SPV-59 1 x 303 AICSIP, Hyderabad 
SPV-69 IS 2954 x B.P.-53 
SPV-70 

Released Varieties 
CSV-4 IS 3675 x IS 3541 
CSV-5 IS 3687 x Aispuri 

Released Hybrids 
CSH-5 2077 A x CS 3541 
CSH-6 2219 x CS 3541 
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predominantly from AICSIP Hyderabad and 
Dharwar. 

Resistance Stability 
and Pathogen Variability 

Not much information is available on these 
aspects. However, the released resistant var-
ieties and hybrids i.e., CSV-4, CSV-5, and CSH-6 
are maintaining their resistance in the field 
within tolerable limits of variations. 

Suggested 
International Screening 
The greatest single handicap to the develop-
ment of resistant varieties has been the oc-
currence of physiologic races within species of 
most pathogens. This handicap is more so in 
breeding resistant varieties of sorghum for 
leaf diseases caused by several species of 
fungi. 

The handicap can be overcome through in-
ternational screening. International leaf disease 
nurseries should be located to represent differ-
ent geographical and climatic zones in 
sorghum-growing areas. The locations within a 
zone should be selected at places where the 
disease or diseases in question are well 
established- so that it is easy to regulate 
epidemics in the screening plots, 

Visual standards for measuring the disease 
intensity (Fig. 5-8) may be used to bring about 
uniformity in disease scoring. Colored figures 
would be more useful. 

Evaluation of varieties with respect to a stan-
dard disease index is necessary, so that the data 
collected in different seasons and different lo-
cations in the international nurseries may be 
compared. 

Screening should aim at general, horizontal 
and multiple resistance particularly in the case 
of these diseases that are favored by similar 
environmental conditions. 

Control of Leaf Diseases by Means 
Other than Host-plant Resistance 

Breeding forgeneral resistance in sorghum isa 
long-term program. However, there are ac-
cepted improved varieties (i.e., CSV-4, CSV-5, 
and hybrids CSH-5 and CSH-6) that show a 
good degree of general resistance against im-
portant leaf diseases (Sharma and Jain 1977), 

but are moderately resistant or mildly suscepti
ble to one or two leaf diseases under conditions 
of high epidemic force. Cultivar CSV-5 shows 
moderate resistance to rust at Indore but has 
been reported to be susceptible at Dharwar and 
Coimbatore. In the light of these variations a
possibility of controlling leaf diseases by other 
means such as seed treatment with fungicides 
and by fungicidal sprays on the standing crop, 
were explored. 

Seed Treatments 
Seed treatment with fungicides helped improve 
the stand, and seedlings raised from treated 

seeds were healthier than those from untreated 
seeds. However, there is no direct evidence nor 
quantitative data to show that leaf diseases are 
controlled by seed treatment. The fungicidal 
seed treatment mainly protects seedlings from 
pathogens like Fusarium and Curvularia, which 
cause pre- and post-emergence rots. The result 
is an increased stand and more vigorous 
seedlings. 

In India, seed treatment with Agroson GN, 
Thiram, and Captan gave satisfactory results 
(Table 7). 

Application of Funglcdes 
in the Standing Crop 
Commonly available fungicides such as sulfur, 

Table 7. 	 Effect of fungicidal and Insectcidal 
seed treatment on final stand and 
yield of sorghum variety 370. Seed 
sown @ 136 000 per ha. 

Treatment Final stand Yield in 
(1000 plantslha) (kglha) 

Agroson GN 0.2% 
CaptanSulphur 

53 
59
46 

3275 
3437
2800 

Thiram 60 3650 
Agroson+Carbofuran 68 3475 

+Captan +Carbofuran 67 3687 
Sulphur+ Carbofuran 
Thiram 

49 
73 

3275 
4225 

Carbofuran 44 2962 
Control 47 2787 

CDat 5% 
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Captan, .eiram, zineb, and Thiram were applied were recorded in these treatments. 
a3 foliar sprays (0.2%) to control anthracnose, If resistant varieties are not available, a 
rust, rough leaf spot, grey leaf spot, zonate leaf judicious selection of variety with proper and 
spot and sooty stripe on their respective sus- timely spray of a suitable fungicide may be 
ceptible host varieties. In gernral foliar appli- helpful. 
cations of fungicides controMld the diseases 
(Table 8). The disease indices and grain yield 
varied with the fungicide. Zi; eb and ziram for 
the control of anthracnose 3nd rust, wettable Acknowledgment 
sulfur for the control of rough spot, and Captan The author is grateful to Dr. L. K. Joshi for valuable 
and Thiram for the control of grey leaf spot, suggestions on the manuscript and for extending 
zonate leaf spot, and sooty stripe were superior facilities for preparing this paper; and to Shri A. R. 
to other fungicide, for in addition to lower Dabholkar, sorghum breeder, for his help In prepar
values of disease indices, higher grain yields ing the diagrams. 

Table 8. Disease Indices and grain yield recorded wkh different fungicidalsprays, after 35, 60, and 

75 days (mean of 2 crop seasons). 

Varieties 364(Local) 1188 555 CK 60 B 302 

Disease Anthracnose Rust Rough Spot Gray Spot Zonate Spot 

WtM D;4 DIs yb DI Y DI Y DI Y DI Y 
Sulphur 
0.2% 3.04 2046 2.57 3995 2.40 4340 2.99 976 2.20 1693 

Captan 
0.2% 2.76 2181 2.43 3897 2.50 3941 2.10 1569 1.94 2100 

Ziram 
0.2% 2.15 2477 2.27 4660 2.33 3960 2.47 1188 1.99 1834 

Zineb 
0.2% 2.03 2597 2.55 4620 2.31 4010 2.64 1210 2.06 1760 

Thiram 
0.2% 2.55 2277 2.48 '015 2.46 4020 2.20 1505 2.05 2040 

Control 3.42 1985 3.07 3440 3.07 3610 3.12 931 2.59 1400 

a. DI - Diseno Index 
b. Y - Yield (Kgiha) 
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Appendix Tt"ble 1. 1-5 disease-rating scale recommended by ICRISAT In ISLDN for various leaf 
diseases. 

Rating value area infected 
(%) 

1 -
2 -
3 Up to 25 

4 26 to 40 

5 40 

Description 

No symptoms 
Few scattered lesions/spots 
Typical lesions developing on the 

leaves covering up to 25% leaf 
area 

Coalescing spots covering about 
26-40% lbI areas 

Symptoms more severe, covering 
more than 40% leaf area 

AppendIx Table 2. 1-5 dIsease-Index scale recommended by AICSIP for screening leaf diseases In 
Coordinated trials. 

Rating value area Infected Description 
(%) 

1 
2 Trace of 10 
3 11-25 
4 26-50 
5 50 
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Sources of Resistance to Foliar Disease 
of Sorghum in the International Disease 

and Insect Nursery 

R. A. Frederiksen and Denis Franklin* 

Philosophy 

The purpose of this paper is to describe the 
Texas program for improvement in leaf-disease 
resistance and the diseases involved in the 
program. Leaf-disease resistance has tradition-
ally been secondary to smuts, downy mildew, 
virus diseases, and stalk rots, but with im-
provement in levels of resistance to these 
problems, more attention is being directed 
toward control of foliage pathogens. Currently 
we seekat least moderate levels of resistanceto 
all foliar disease and, particularly, we seek to 
avoid high susceptibility. 

Sorghums with diverse genetic backgrounds
ranging from new introductions to partially 
converted or fully converted breeding lines are 
grown in extensive field nurseries in southern 
Texas. These nursery sites are selected in part
because of their past histories of soilborne 
diseases and previous sorghum cropping. In 
these nurseries, mixtures of rust, grey leaf spot, 
zonate leaf spot and bacterial stripe frequently 
develop rapidly on maturing plants. The ran-
dom occurrence of several different pathogens 
at periodic intervals in anaturally infected field 
nursery may be beset with difficulties. For 
example, only those plants with some levels of 
resistance to all the diseases stand out. This is 
an ideal situation, although severity of reaction 
to any one disease may interfere with evalu-
ation of resistance to another. Frequently, if 
diseases of more mature hosts are present,
reactions to earlier diseases are not observed, 
Leaf blight, which develops on younger plants,
will be much less obvious on plants with serious 
grey leaf spot or zonate than on plants with 
higher levels of resistance to zonate. Conse-
quently, leaf-disease reactions would be scored 
incorrectly. Mixtures of diseases also interfere 

Professor and Graduate Student, Department of 
Plant Sciences, Texas A & M University, USA. 

positively. Zonate leaf spot develops more ag
gressively in fields with a higher incidence of
downy mildew. Recently, we have learned of 
positive interactions with numerous other leaf 
diseases and downy mildew, including an
thracnose and grey leaf spot. This may be due in 
part to lack of resistance expression in SDM
affected plants and, subsequently, increased 
availability of inoculum. In Texas, controlling
downy miidew tends to reduce foliage 
problems. Because of these interactions of 
foliar diseases, one with another and with 
other diseases, it isbetter to evaluate host re
sistance to leaf diseases in environments 
where these problems develop one at a time. 

Another factor interfering with interpretation 
of host resistance isthe physiologic stage of the 
hostatthetimeof appearanceof inoculum.This 
has much to do with apparent levels of re
sistance. Generally, zonate leaf spot (Gloeocer
cospora sorghi) develops on plants approach
ing maturity and nearly always follows anthesis 
(exceptions include reactions of sorghum seed
lings or ratooned sorghum). Sorghums differ
ing in physiologic maturity appear to have 
different levels of resistance to diseases, when 
infact tiereare no real differences in resistance 
per se. Grey leaf spot (Cercospora sorghi) also 
develops late. This, however, may be due more 
to the lack of early inoculum and less to host 
maturity. Leaf blight (Exserohilum turcicum)
develops on young tissue. Mature, fully ex
panded leaves are much less likelythan juvenile
tissue to be invaded by this pathogen. Plant 
density may have either a positive or negative
influence on disease development, as may
plant height. Frequently, dense populations will 
havehigherscoresthanwillsparseplantingsof 
the same material. Taller lines also often escape 
severe disease development when grown with 
dwarf varieties. But when grown with materials 
of comparable height, the levels of resistance 
are similar. 
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Characters associated with leaf-disease re-

sistance need attention. Tan plant color, thick 
waxy leaves, and erect leaves are but a few of 
these characters. Frequently, foliage diseases 
are much less apparent on tan plants because 
the discoloration in red and purple pigmented 
plants is more obvious. Nevertheless, there is a 
genuine belief that tan plants are more resistant 
(note N. G. P Rao's report on breeding pro-
grams in India). That belief is encouraged by the 
legitimate needs of the food industry for 
nonstainedgrains. Traits suchas tan plantcolor 
need cautious evaluation. Possibly, different 
standards are necessary when evaluating their 
reactions (N. Zummo, personal communi-
cation). 

These observations support a greater need 
for accuracy in controlling the environment, 
inoculum, and host maturity during evaluation 
for host resistance. 

Methods 
In the Texas program, we rely in most cases 
on natural inoculum. Unfortunately, natural 
inoculum may not be equally distributed in the 
nurseries. Leaf blight may spread from certain 
very susceptible cultivars such as sweet sudan-
grass and affect dwarf sorghums for as far as 4 
to 5 m down the direction of the prevail ing wind. 
Sometimes it may be useful to know which 
sorghums are extremely susceptible to some 
pathogens andomitthem from the trial or place 
them at such a frequency that their distribution 
will minimize "position" effects in the nursery. 
It is necessary to plant in many different areas 
each year, because (a) each location will offer a 
different environment for disease expression, 
and (b) not all of the pathogens are found at 
any one location. Many times, a given location 
is excellent for the screening of a particular 
disease, whereas, in a more tropical region, 
many foliage diseases may be observed at a 
single location, 

Ideally, all plants in a trial should receive 
equal amounts of inoculum at the same stage of 
plant growth and development in an environ
ment favorable to disease development, while 
isolated from other pathogens. Artificial inocu-
lation can be used infield nurseries to augment 
or control some of the variables in uncontrolled 
field plots. To date, we have successfully used 
the whorl-drop method for leaf blight, zonate 

leaf spot, and anthracnose. For each of these 

diseases, their rcspective pathogens are grown 
on sterile sorghum grain and dropped in the 
whorl of young seedlings. In thatway, inoculum 
will remain in the whorl, often for weeks follow
ing deposition. The inoculum is present in 
young tissue, and there will nearly always be a 
favorable environment for initial infection. We 
prefer to inoculate only a fixed unit of plants at 
the beginning of the row. In this way, it may be 
possible to measure both the initial reaction to 
the inoculum and subsequent spread of the 
disease in the population of plants, thereby 
giving a measure of the generalized resistance 
of any entry. 

It would appear that there are a few ad
vantages to evaluation of sorghum diseases in 
populations of plants or among various sor
ghum entries within a field nursery. This, how
eve-, is not the case. To date, essentially all of 
the known sources of leaf-disease resistance 

have been found in open-field nurseries, often 
when there have been no inoculations or 
spreader rows. The technique of selecting indi
vidual plants within rows or whole rows from 
within families of related materials provides 
some confidence for selection of improved 
levels of resistance to any particular foliage 
disease or group of foliage diseases. Further 
testing tends to confirm the resistance of these 
particular entries. Thejustificationfordoingthis 
in a disease nursery is supported bythe need for 
agronomic adaptation and other cultural 
characteristics that may be evaluated con
currently with levels of leaf-disease resistance. 
Since there are always a variety of nurseries 
distributed specifically for agronomic adap
tation, foliage disease evaluations made at these 
sites can confirm other observations. We re
commend that, wherever possible, the types of 
foliage disease problems be anticipated and 
thattheybeencouraged, either through the use 
of inoculated spreader rows or inoculated indi
vidual plants within the nursery. 

Reaction of Commercial Hybrids 

In U.S. literature, it is frequently recommended 
that resistant hybrids be grown as a means of 
controlling a particular foliage disease in sor
ghum. The problem- is that, to our knowledge, 
commercial hybrids have not been effectively 
scored for their reactions to foliage diseases. 
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During the past few years we have observed 
substantial differences among hybrids in their 
reaction to various foliage diseases in Texas, 
including rust, grey leaf spot, zonate leaf spot,
and in experimen;Ml hybrids, leaf blight. Many 
of the early generation hybridsvwarz resistant to 
bacterial stripe, and sore parents involved in 
these hybrids were resistant to grey leaf spot. 

Most sorghum is grown as hybrids; the Fi 
reaction o disease resistance or heritability of 
the reaction of any leaf disease is therefore of 
tremendous value. With the advent of new 
sources of resistance to leaf diseases, attention 
focused on the heritability of this resistance. 
Consequently, we seek lines with resistance 
that is dominant or partially dominant rather 
than lines that have recessive genes for re-
sistance, unless, of course, the same resistance is 
available in both inbreds. Occasionally there are 

rather striking interactions with certain parental 
combinations, and it ;sahnost impossible at 
times to predict the reaction of hybrids. At other 
times, the reactions of the hybrids are very 
predictable. The F1 heritability reactions of 
common foliar diseases are given in Table 1. 

Part of our philosophy is to maintain 
adequate levels of as broad-based a resistance 
as possible, not only in a horizontal sense but in 
the classical sense of generalized resistance to a 
variety of different diseases. First, we are 
satisfied when we can reduce disease severity 
below the economic threshold. Ofteo foliage
diseases, under commercial conditions, occur 
late in the development of the crop, and (except 
in ratooned crops) partial resistance is 
adequate. This is particularly true for resistance 
to rust. Second, a cultivar would be unaccept-

Table 1. 	 R heritability reactions ol common 
follar diseases. 

Disease 	 Fi Resistance' 

Anthranose dominant 
Bacterial Stripe dominant 
Grey leaf spot recessive 
Leaf blight dominant 
Rust dominant 
Zonate leaf spot recessive 

a. 	 Based on naturally occurring outcrosseas from resistant 
breeding lines, as determined by D.T. Rosenow. 

able to us if it was susceptible to one of the 
common foliage diseases though resistanttoall 
others. 0ome superior sources of resistance to 
the more common fuliat diseases in Texas are 
summarized in Table 2. Foliar anthracnose is 
not listed, because under our conditions large 
numbers of entries have exceedingly high 
levels of resistance. 

Table 2. 	 Sources f folIs'-4dErmse reeletanm 
from entriee dpl yod In the Taiuas 
A & M 'UnlVaeity disease and Insect 
nurseries. 

IS Number or 
Derivation
Derivation 

Zonate Leaf Spot 
IS2816 C 

IS3758 der. 

IS3955 C 

IS12610 der. 

IS12610 der. 

IS12664 der. 

IS12666 der. 

IS2816 x IS410 


Leaf Blight 
IS1335 C 

IS2462 der. 

IS3071 C 

IS3574 C 

IS3758 dar. 

IS6882 C 

IS7064 der.
iS 	08337 dier.
IS7254 C 

IS 12594 der. 

IS12658 C 


-


Grey Leaf Spot 
IS2816 C 
IS 3063 der. 

IS 3574 C 

IS 3758 der. 

IS3955 C 

IS 5843 der. 

IS 2816 der x IS 410 

IS 2930 x IS3922 


Designatonor Sorghum 
Conversion Number 

SC 120-14
 
SC 326-6
 
SC 242-14
 
SC 110-9
 
TAM 428
 
SC 173-9
 
TAM 2566
 
(SC 326-6 x SC 103-12)
 

SC 418-14
 
SC 325-12
 
SC 237-14
 
SC 239-14
 
SC 326-6
 
SC 320-14
 
SC 426-12
SC 574-6
 

SC 89-9
 
SC 167-14
 
Tx 430
 
NSA 935-6
 

SC 120-14
 
SC 333-6
 
SC 239-14
 
SC 326-6
 
SC 242-14
 
SC 448-6
 
(SC 120-6 x Tx 7000)
 
77CSI
 

Continued. 
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Tablo 2. Continued 

IS Number or 
Derivation 

IS 12610 der. x 
IS 2816 der. 

-

Bacteril Stripe 
IS 2579 C 
IS 2816 C 
IS3758 der. 
IS 3955 C 
IS 12608 C 
IS 12610 der. 
IS 2816 der. x IS410 
IS 17459 x IS 12625 

Rust 
IS12610 C 

IS 2816 C 

IS 12539 C 

IS 12564 C 

IS 12666 C 

IS 530 C 

IS 3758 

IS 7809 C 

IS 1335 C 

IS 5530 C 

IS 17459 


Designation or Sorghum 
Conversion Number 

SC 110-9 x SC 120-6 

NSA 935-6 
TP2-76-3 
TP4-2 

SC 423-14 
SC '20-14 
SC 326-6 
SC 242-14 
SC 108-14 
SC 110-9 
SC 120-6 x Tx 7000 
SC 599-6 x SC 134-6 
NSA 440-12 
BTx 3197 

Sc 110-

SC 120-
SC 19 
SC 48 
SC 175 
SC 229 
SC 326-6 
SC 402 
SC 418 
SC 457 
SC 599-6 
NSA 935-6 
TAM 2566 
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The Internationai Sorghum Leaf Disease Nursery
 

R. J. Williams, K. N. Rao, and S. R. S. Dange" 

The International Sorghum Leaf Disease Nur- Africa (Table 1) have participated; in the ISLDN 
sery (ISLDN) program was initiated in 1976 with program. 
the following objectives: There are several important leaf diseases and 

all 	do not occur at each location. The bdsic 
1. 	To ident;', sources of stable resistance to requirement of cooperators is that they should 

the important sorghum leaf diseases; be able to expose the ISLDN test entries to 
2. 	 To obtain information on the variability of sufficient pressure of at least one leaf disease to 

the leaf disease pathogens; and adequately test the reactions of the entries. 
3. 	 To promote the development of a com

municating cooperating international Selection of ISLDN Test Entries 
network of scientists interested in sor
ghum leaf diseases. In the 3 years of operation of the nursery, the

In the 3 years 1976, 1977, and 1978, entries consisted of sorghum lines reported to 
cooperators from 13 countries in Asia and be resistant to one or more leaf diseases in 

various national programs, some lines identi
fied as promising in gerniplasm evaluation at 

Principal Cereals Pathologist and Plant ICRISAT, and lines reported as susceptible to 
Pathologists, ICRISAT. one or more leaf diseases to act 9s indicators of 

Table 1. Cooperators and locations In the International Sorghum Leaf Disease Nursery Program In 
1976, 1977, and 1978. 

Cooperator Location Year(s) 

J. C.Girard 
J. A. Frowd 
0. Sidibe 
S. 0. Okiror 
N.V. Sundaram 

Nioro du Rip, Senegal 
Saria and Kamboinse, Upper Volta 
Tarn, Niger 
Samaru, Nigeria 
Samaru, Nigeria 

1976 

1977 
1977 and 1978 
1977 and 1978 

1977 and 1978 
B. D.A. Beck 
S. Z. Mukuru 

Shire Valley, Malawi 
Ilonga, Tanzania 

1978 
1978 

B. van Arkel and M. F.Vis 
Bhrane Gebrekidan and colleagues 

Nakuru, Kenya 
Alemaya and Arsi Negele, Ethiopia 

1976, 1977 and 1978 
1977 and 1978 

H.C.Sharma and N. K. Jain 
S. M. Naik and K. Mathur 
S. B. Mathur and K.S. Dhanraj 
T. B. Garud 
H.L. Chauhan 

indore, India 
Udaipur, India 
Delhi, India 
Parbhani, India 
Navsari, India 

1976, 1977 and 1978 
1977 and 1978 
1977 and 1978 
1977 and 1978 

1978 
K. N. Rao and S. R. S. Dange ICRISAT Center, India 1976 1978 
V. Ssthuraman and K. Ramanujam 
C. Pannabokke 
S. F.Hussan 
A. and S. Patanothai 

Kovilpatti, India 
Maha Illuppallama, Sri Lanka 
Islamabad, Pakistan 
Khon Kaen, Thailand 

1976, 1977 and 1978 
1978 

1977 
1977 and 1978 
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disease pressure. Entries were requested from 
sorghum workers, provided that the lines had 
dearly shown a good level of resistance to one 
or more leaf diseases at the home location, 

Operation of the ISLDN 
Program 

The saed of test entries is a'sembled and 
multiplied at ICRISAT Center. All cooperators 
receive seed from the same seed lot for each 
entry. This is important if erroneous infor-
mation on pathogen variability isto be avoided. 

A set of entries is sent to each cooperator with 
a book that includes information on the ob-
jectives of the trial; suggestions on planting, 
fertilization, inoculum provision, time and 
method of scoring; and data record sheets for 
climatic data and plant reaction data. 

Cooperators are requested to return one copy 
of the data sheets to ICRISAT as soon as 
possible after completion of the trial. A report, 
containing the data from all cooperators with 

discussion of the important aspects of the 
results, is distributed to all the cooperators, in 
April of the following year. 

ISLDN Results: 
1 -76, 1977, and 1978 

1976 Results 


In this first year of operation we received results 
from three Indian locations - Indore for an-
thracnose, grey leaf spot, and zonate leaf spot; 
ICRISAT Center for anthracnose, rust, grey leaf 
spot, and rough leaf spot; and Kovilpatti for leaf 
blight, anthracnose, zonate leaf spot, and sooty 
stripe- and from two African locations-N 
Nakuru, Kenya, for leaf blight, rust and bac-
-erial leaf stripe, and Samaru, Nigeria, for an-
thracnose and grey leaf spot. 

At Samaru, Indore, ICRISAT Center, 
and Kovilpatti 

Test entries were evaluated for the severity of 
seven leaf diseases on a 1 to 5 scale where 1 
indicates no disease and 5 indicates severe 
disease. Cooperators were given detailed de
scriptivescoring scales for each disease. Scores 
of 1or 2are regarded as resistant; score of 3of 1or areregrdedas isis
esitant aa coreof 

intermediate; and 4 and 5 are susceptibie and 

highly susceptible respectively. 
In Table 2 the numbers of lines with a 

maximum score of 1 or 2 across the four 
locations is given for each disease. Rough leaf 
spot was the least severe (52 resistant lines) and 
anthracnose was the most severe (2 resistant 
lines). 

Entries resistant to more than two diseases 
across locations are listed, with the diseases to 
which they are resistant, in Table 3. One entry, 
IS-7254, was apparently resistant to all seven 
diseases at all four locations, and IS-4277 was 
apparently resistant to five diseases at all lo
cations. Eight entries were resistant to four of the 
seven diseases and 17 entries were resistant to 
three of the seven diseases. 

At Nakuru, Kenya 
The results from Nakuru are given separately, 
as only 38 of the 157 sorg hum lines tested there 
were included in the ISLDN. Dr. van Arkle 
requested lines before the ISLDN had been
 

finalized, for a March plantirg, and Nakuru, at 
1930 m above sea level, has a distinctlydifferent 
environment from any of the other locations. 
Temperatures are low, particularly at night, and 

at Nakuru most of the sorghums take about 6 
months to produce mature grain. 

Table 2. 	 The number of entries In the 1076 
International Sorghum Leaf Disease 
Nursery with maximum scores of 
I or 2"for each of sayan diseases 
acrors four locations in India and 
West Africa. 

Number of entries b
 

Disease Maximum Maximum 
score 1 score 2 

Leaf blight
Grey leaf spot 

2 
0 

26 
5 

Anthracnose 0 2 
Zonate leaf spot
Rust 

3 
5 

18 
16 

Rough leaf spot 12 40 
Sooty stripe 7 17 

a.On a1to 5scale where 1Isabsence of the disease, 2only 
slight incidence, and 6Isseverely diseased.b.There were 57 entries In the 1976 ISLON. 

b._Therewere_57_ntriesnthe_196______ 
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Some lines were only ankle high and com-
Table 3. Idently of entries apparently reels- pletely vegetative, others were in the boot-leaf 

tant to more than two diseases in stage and at various stages of flowering andtests at four locations In the 1976International Sosrghum Leaf Disease grain filling. This variability makes difficult theNursery. comparison of disease reaction between lines,and is a major problem in any program dealing 
Entry Diseases'to which the entry is with disease reactions in variable duration 

apparently resistantb materials. Care must be taken in classing lines 
as resistant if they show little or no disease andIS-7254 LB,GLS, Anth, ZLS, are still in the vegetative or early flowering 

Rust, RLS, SS stages. In such a situation lines should be
IS-4277 LB ZLS, Rust, RLS, SS evaluated at specific physiological stages and 
IS-2419 LB, Rust, RLS, SS 
IS-7322 LB,Rust, RLS, SS not at a given chronological point of the lrop.
IS-8171 LB,ZLS, Rust, RLS 197w Results 
IS-10325 LB,Rust, RLS, SS
 
Bulk YxEntomology LB, Rust, RLS, SS There were 
two groups of entries under the
 
IS-2223 LB, ZLS,Rust, RLS ISLDN 
 program in 1977. For those locations
 
TAM-428 LB, ZLS, Rust, RLS
 
IS-2550 LB,ZLS, RLS, SS where main-season planting is carried out dur

ing the January through March period, anIS-4951 LB,ZLS, RLS Early-Season ISLDN (ES-ISLDN) consisting of
 
BSkYxPicket LBZLSRLS .5 entries was provided. For the majority of the
Bulk YxPickett LB, ZLS, RIS
 
SC-110-14 LB,ZLS,RLS cooperative locations in India and in West 
IS-10180 LB, RLS, SS Africa, planting takes place during the June 

through July period and these locations wereIS-10264 LB,RFLS, SS provided with a Main-Season (MS-ISLDN) 30
IS-10568 LB, RLS, SS entry trial, 20 of which were also included in the 
IS-10870 LB, RLS, SS ES-ISLDN. The results of these two groups of 

IS-2042 LB, RLS, SS entries are reported separately in order to 

IS7188 LB. RLS, SS minimize confusion in comparisons. 
PJ 739 GLS,ZLS,SS Early-Season ISLDN 
IS 107,0 GLS, Rust, RLS 
Bulk YxGPR-165 ZLS,Rust, RLS 
IS 5345 Rust, RLS, SS The ES-ISLDN was tested inThailand,Ethiopia, 
IS4150 Rust, RLS,SS and Kenya. Because of vastly different en-
IS 101 Rust, RLS,SS vironments, different diseases encountered, 

and different screening procedures used, the a. LB-leaf blight; GLS-grey leaf spot; Anth-anth- results from each country are presented sepa
racnose; ZLS-zonate leaf spol; RLS-rough leafspot; rately. 
SS - sooty stripe. 
b. With maximum scores of 1 or 2 on a 1-5 severity scale. 

THAILAND-KHON KAEN UNIVERSITY. Grey leaf 
spot was the only leaf disease to occur with 
sufficient severity to meaningfully diffsrentiate

Of the 38 ISLDN lines planted at Nakuru, only entry reactions (Table 5). IS-7254 was the only
one(IS-10242)was resistant toleafblightand 18 entry free from the disease. Six entries had no 
were classed as intermediate. Five lines were more than reaction 2, ten entries had a 
free from rust and four lines were given a score maximum score of 3, and seven entries had 
of 2. Bacterial stripe was absent from 7 lines and maximum scores of 4 or 5. A possible relation
occurred only slightly on 12 lines. Entries free ship between date of flowering and disease 
from at least one disease are listed in Table4. At incidence is indicated, for the best six entries all 
the time the disease incidence notes were flowered in more than 70 days, whereas five of 
taken, there was great variability between en- the worst six entries flowered in less than 70 
tries in the physiologic stage of development. days. The best entry, IS-7254, was the latest to 
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Table 4. Disease reaction and tafe of phyalooglc development of ISLDN entrles at Nakuru, 
Kenya, free from at Iet one of the three diseases. 

Entry Physiologic stage 

IS 10242 Vegetative 
IS 2384 Vegetative 
IS 2550 Flowering 
IS 5345 Vegetative 
IS 7188 Vegetative 
Bulk YxGPR-165 Flowering 

IS 4951 Vegetative 
IS 10326 Vegetative 
R46943 Flowering 
R46945 Flowering 
PR 50070 Flowering 
IS 555 	 Vegetative 

Table 5. 	 Grey leaf W. reactionsO of 23 Sor-
ghum m.vleos Ir te 1977 earty se
son 18LDr mKhon Kaen, Thailand.. 

Entry 	 Rep. I Rep. II DTFb 

IS-7254 	 1 1 106 

I732 	 2 2 71
BY x: Entol. 2 2 71 

IS-4951 2 2 81 
IS-10180 2 2 71 
LS-5345 2 2 94 

3 2 71TAM-428 
IS-2550 3 2 69 
IS-6266 3 2 92 
BY x GPR 165 3 2 70 
IS-2223 3 3 94 
IS-8171 3 3 66 
IS-4150 3 3 76 
IS-10264 3 3 37 
IS-10564 3 3 66 
156 	 3 3 70 

IS-4277 4 3 66 
BY x Pickett 4 3 69 
SC-110-14 4 3 70 
&643 3 4 64 
H-112 4 3 68 
CSV-2 	 4 3 66 
IS-73 	 5 4 62 

a. 1 - Free from symptoms. 5 - Sere symptoni. 
b. Days to 50% flowering, 

leaf bacterial 
blight rust stripe 

1 2 2 
2-3 1 ? 

5 1 1 
4-5 1 ? 
2-3 1 ? 

3 1 ? 

4 2-3 1 
3 2-3 1 

2-3 2-3 1 
2-3 2-3 1 

5 2-3 1 
2-3 2 1 

flower (106 days), whereas the worst entry, 
IS-73, was the earliest to flower (62 days). 

ETHIOPIA-ARSI NEGELE AND ALEMAYA. In 

Ethiopia tie entries were scored for overall leaf 
disease severity, sterility, and agronomic de
sirabllity. Results are summarized in Table 6. 
Entry iS-10264 had thn least leaf disease, little
sterility, and was moderately desirable. Other 

entries with only slight to moderate leaf disease 
were RYx GPR 165, 1-2550, IS-4150, IS-2223, 
IS-7254, and BYx Entol. Of these latter six 
entries, IS-7254 had the best combination of 
other characters with no sterility and 2/2.5 for 
desirability. Thirteen of the 23 entries had at 
least a 4 or 5 rating for leaf diseases. It will be 
interesting to determine the particular leaf dis
ease involved. Data on flowering dates were not 
provided. 

KENYA-LANET AND BUSIA. These are two 
contrasting locations in Kenya. Lanet is situated 
about 10S of the Equator at approximately 1890 
m elevation, whereas Busia is located approxi
mately 1N of the Equator at about 1200 m 
elevation. Mean days to 50% flowering at Lanet 
was 120, while at Busia mean days to 50% 
"lowering was only 79. Leaf blight and rust 
occurred severely at both locations, while 
baLturial stripe occurred only at Lanet and grey
leaf spot only at Busia. In addition to these leaf 
diseases, grain mold and ergot severity were 
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Table 6. Overall loaf disease severity ratings, terilityratings and general agronomic desIrabliity 

ratings of 23 entries In the 1977 ES-ISLDN at two locations In Ethiopia. 

Entry Overall leaf diseases Sterility' Desirability' 

1 2 2 1 

IS-10264 1 1 1 0 3 2.5IS-7254 2 2.5 0 0 2 2.5
BY x GPR 165 1 2 3 3 5 5
IS-2550 1.5 2 2 21 5 5
IS-4150 1.5 2 0 0 2.5 5 
IS-2223 2 2 2 1 4 4
 
BY x Entol 2.5 2 2 
 0 4 2IS10564 2.5 3 1 0 3 5
IS10180 2.5 3 1 2 2.5 4
TAM 28 2.5 4 0 0 2.5 3
 
BY x Pickett 3 3 2 
 2 5 5IS-4277 3 4 0 0 5 4
IS-4951 3 4 0 3 4 5
IS-5345 3.5 4  0 5 3
IS-6266 3 5 1 1 4 4 
IS-7322 3 5 0 0 5 3
CSV-2 4 5 4 5 4 5
IS-8171 4 5 1 0 4 4SC-110-14 4 4 3 1 5 5
 
1-112 5 5 4 
 4 5 5IS-73 5 5 3 1 5 5IS-643 5 5 2 2 5 5
IS-856 5 5 2 2 4 4 

a. 0 - none 1- Very little leaf disease, very little sterility and most desirable. 
5 - Severe leaf disease, almost complete sterility and least desirable. 

also recorded; data are summarized in Table 7. 
No entry was rust free, and at Busia no entry 

recorded a score less than 3 for this disease. Six 
entries recorded a maximum score of 2 for rust 
at l.anet. Leaf blig ht was moderate to severe on 
almost all entries at both locations. Four entries 
scored 2 for grey leaf spot at Busia and only two 
entries had a maximum score of 2 for bacterial 
stripe at Lanet. Entries IS-7254, IS-4951, and 
IS-5345 had low grain mold incidence, and 
IS-5345 and IS-4150 were free from ergot. 

The envirorment and disease pressures at 
Lanet and Busia are quite different from those of 
most other sites in the ISLDN, particularly in 
latitude, elevation, and associated parameters, 
The low night temperatures at Lanet delay 
flowering, and only at this location is bacterial 
stripe a problem. In view of the severe reactions 

to several diseases, none of these entries ap
peared promising for these locations. 

Main-Season ISLDN 

In order to provide a clear picture of which 
diseases occurred at which locations with 
sufficient severity to provide meaningful entry
reactions, the numbers of entries in reaction 
categories 1-5 for seven leaf diseases at eight 
locations are given in Table 8. Unless at least 
one entry was in at least category 4 for a 
particular disease at a particular location, the 
location is considered as not having provided
sufficient pressure for that disease. The 
disease- ca-rt!-_n relationships based on this 
criterion are summarized in Table 9. Samaru in 
Nigeria provided sufficient pressure for the 
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Table 7. Rowering data anddlesesverity recordsof 23 1977 n-ISLDN entriesatLanet (L) and 

Busla (B) In Kenya. 

Leaf blight GLS B. stripe GMb ErgotbDTFN Rust 

L B 1. B L B B L 

IS-7254 152 110 3 3 4 3 3 3 2 3 
I3-4277 108 77 3 4 5 3 3 3 5 3 
IS-7322 - 84 3 3 4 3 2 4 4 5 
IS-8171 125 77 3 3 4 3 4 4 5 4 
BY x Entol 152 83 3 3 4 4 2 -c 5 3 

IS-2223 118 84 4 3 5 3 - 2 5 4 
TAM-428 125 85 2 4 5 4 3 - 5 4 
IS-2550 96 86 3 5 5 4 3 - 5 3 
IS-4951 - 55 3 5 4 3 2 3 2 3 
IS-6266 147 76 2 4 4 3 3 5 4 4 

BY x Pickett 105 81 2 5 5 3 2 4 4 4 
SC-110-14 105 81 2 4 5 4 3 4 4 2 
IS-10180 118 84 3 3 5 3 4 4 5 3 
BY x GPR-165 136 81 4 3 5 4 - - 5 4 
IS-5345 - 81 4 5 4 3 2 -2 1 

IS-4150 147 82 3 3 5 3 - - 4 1 
IS-10264 96 83 4 3 5 3 3 3 5 3 
IS-10564 108 84 4 4 4 3 3 5 5 3 
IS-643 121 82 2 3 5 3 3 4 5 3 
H-112 125 79 2 - 5 - - 3 4 3 

IS-73 96 81 3 5 5 2 3 3 5 5 
CSV-2 - 81 3 3 5 3 4 2 5 5 
IS-856 133 84 4 5 4 3 3 4 5 4 

a. Days to 50% flowering. 
b. Maximum score from two locations. 
c. No data provided. 

greatest number of diseases (five) and sooty across ait locations, and three entries, IS-7322, 
stripe was the disease occurring with sufficient 555, and BY x Pickett, had maximum scores of 
pressure at most locations (six). 3. There appear to be large differences among 

The reactions of the test entries to the seven locations, e.g., BY x GPR-165-3 had scores of 1 
diseases at those locations with sufficient prec- or 2 at all locations except Delhi where it was 
sure are presented in Tables 10 to 14. given a 4. Conversely the highly susceptible H 

112 had scores of 4 or 5 at all locations except 
SOOTY STRIPE. Six entries had maximum re- Delhi, where it surprisingly received a 2. Some 
actions of 1or 2 at all locations; 12 entries had a entries were susceptible at Indian locations but 
maximum score of 3; 7 entries had a maximum were free at the African locations for example, 
score of 4; and 2 entries had a maximum score IS-2550, CSV-2, SC-110-14, TAM-428, and IS
of 5. Entry IS-10262 was the best entry, free from 643. These apparent differential reactions need 
symptoms atfive ofthe six locations and a score further investigation (Table 11). 
of 2 at the sixth (Table 10). 

LEAF BLIGHT. There are four distinct groups of 
ANTHRACNOSE. Only one entry, BY x En- entries for leaf blight reactions. Group 1entries 
tomology, remained within the 1-2 categories (IS-3390, CS-3541, SC-110-14, IS-4277, and 
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Table 8. The number of entries In reaction categories 1-5' for seven leaf disasse at eight 

locations In the 1977 ISLDN. 

India 	 West Africa 

Disease Cat. Kovilpatti Parbhani Indore Udaipur Delhi Samaru Kamboinse Niorodu Rip 

Leaf blig ht 	 1 6 28 28 27 8 11 11 28
 
2 12 0 0 0 12 8 3 0
 
3 7 0 0 0 6 6 10 0
 
4 3 0 0 0 2 1 3 0
 
5 0 0 0 0 0 2 1 0
 

Grey Leaf Spot 	 1 8 28 21 19 0 0 23 25
 
2 13 0 5 4 5 0 5 3
 
3 0 0 2 4 11 1 0 0
 
4 0 0 0 0 10 2 0 0
 
5 0 0 0 0 2 25 0 0
 

Anthracnose 	 1 2 28 5 26 10 14 8 23 
2 17 0 7 1 2 3 8 4 
3 5 0 5 0 5 8 6 1 
4 3 0 6 0 11 3 5 0 
5 2 0 5 0 0 0 1 0 

Zonate Leaf Spot 	 1 18 28 14 22 21 27 21 3 
2 6 0 7 5 6 0 5 14 
3 4 0 4 0 1 1 2 9 
4 1 0 3 0 0 0 0 1 
5 0 0 0 0 0 0 0 1 

Rust 	 1 29 28 10 12 28 28 28 28 
2 0 0 7 7 0 0 0 0 
3 0 0 8 2 0 0 0 0 
4 0 0 1 4 0 0 0 0 
5 0 0 2 0 0 0 0 0 

Rough Leaf Spot 	 1 18 26 27 27 18 24 25 28 
2 8 1 1 0 9 2 3 0 
3 3 1 0 0 1 1 0 0 
4 0 0 0 0 0 1 0 0 
5 0 0 0 0 0 0 0 0 

Sooty stripe 	 1 5 18 27 27 24 9 18 4 
2 16 5 1 0 1 4 7 8 
3 6 3 0 0 2 10 2 13 
4 1 2 0 0 1 4 1 3 
5 1 0 0 0 0 1 0 0 

a. 1- Free from symptoms. 5- Severe symptoms. 

IS-223) had reactions 1or 2 maximum at all four can locations. Conversely, Group III entries (IS
locations. Group 11 entry IS-10240 was free 10262, 1S-10264, R-55 DX, and Sel. 512) were free 
from blight at the two Indian locations but had from blight at the two West African locations 
moderately severe blight at the two West Afri- and had light to severe blight at the Indian 
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Table 9. Locations with sufficient (+) or Insufficint (-) prswe for determining reactlons of 

entrite to seven loeaf diseases" In the 1977 Main Beason-UiLDN. 

Location RLS RUST GLS ZLS BLIGHT ANTH SOOTY TOTAL +ve 

Udaipur - + . .... 1 
Parbhani -. ... + 1 
Nioro du Rip - - - + - - + 2 
Indore - + - + - + - 3 
Kamboinse - - + + + 3 
Kovilpatti - - - + + + + 4 
Delhi - - + - + + + 4 
Samaru + - + - + + + 5 

Total +ve 1 2 2 3 4 5 6 

a. rough loaf spot; nt; grey leaf spot; zonate loaf spot; lof blight; anthracnose; sooty stripe. 

Table 10. Sooty swlpe severity reactions' of 28 entrles at six locations In the 1977 ISLDN. 

Locationb 

Entry 1 2 3 4 5 6 Total Range 

IS10262 2 1 1 1 1 1 7 1-2 
IS10240 2 2 1 1 1 1 8 1-2 
IS73 1 2 2 1 1 2 9 1-2 
IS3390 2 1 1 1 2 2 9 1-2 
IS 7322 2 1 1 2 1 2 9 1-2 

IS4150 2 1 1 2 2 2 10 1-2 
BY x GFR 165-2 1 1 1 3 1 1 8 1-3 
TAM 428 2 1 1 1 1 3 9 1-3 
IS856 1 1 1 3 1 2 9 1-3 
Sel. 512 2 1 1 2 1 3 10 1-3 

CS 3541 1 1 1 3 1 3 10 1-3 
IS2223 1 1 1 4 2 1 10 1-4 
BY x GPR 165-1 3 1 1 1 2 3 11 1-3 
BY x Entol 2 1 1 4 1 2 11 1-4 
BY x GPR 165-3 2 3 1 3 1 2 12 1-3 

By x Pickett 3 1 1 3 1 3 12 1-3 
R 55 DX 3 1 1 3 1 3 12 1-3 
IS7254 2 1 1 3 2 3 12 1-3 
SC-110-14 3 1 1 2 2 3 12 1-3 
IS2550 2 1 1 4 1 3 12 1-4 

IS8171 2 2 1 3 1 4 13 1-4 
IS4277 2 2 1 3 3 3 14 1-3 
IS10264 2 3 3 1 3 2 14 1-3 
IS6838 3 1 3 4 1 3 14 1-4 
IS643 4 4 1 1 1 4 15 1-4 
CSV-2 2 3 4 1 2 3 15 1-4 
H-112 5 4 1 3 1 4 18 1-5 
555 3 2 1 5 4 3 18 1-5 

a. The greater of two reps. 1 - No symptoms. 5 - Severe symptoms. 
b. 1. Kov~patti; 2. Parbhani; 3. Delhi; 4. Samaru; 5. Kambolnse; 6. Nioro du Rip. 
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Table 11. Anlhmamose evedly vectlmeof 26 enblae at five locatiomn In th l977 ISLDI. 

Locationb 

Entry 1 2 3 4 5 Total Range 

By x Entol. 2 1 1 1 2 77 1-2
 
IS-7322 2 1 3 
 1 2 9 1-3 
555 
 2 3 1 2 1 9 1-3
 
BY x Pickett 2 2 
 3 3 2 12 1-3
 
BY x GPR 165-3 1 2 4 1 2 10 
 1-4
 
BY x GPR 165-1 3 
 1 1 1 4 10 1-4
 
1S-2550 2 2 4 1 
 1 10 1-4 
Sel.512 2 1 2 5 1 11 1-5 
IS-4277 2 5 1 2 1 11 1-5 
CS-3541 1 4 4 2 1 12 1-4
 
&3-8171 2 2 4 
 1 3 12 1-4
 
TAM 428 
 4 3 3 1 1 12 1-4
 
SC-110-14 4 2 
 4 1 1 12 1-4 
IS-10264 2 4 1 3 2 12 1-4
 
CSV-2 3 4 
 3 1 1 12 1-4
 
IS-856 2 1 4 1 
 4 12 1-4 
IS.643 5 2 3 1 1 12 1-5
 
R 55 DX 2 3 1 4 3 13 1-4
 
1&-7254 2 
 1 4 3 3 13 1-4
 
IS-3390 2 5 1 3 
 2 13 1-5 
IS-10262 
 2 5 2 1 4 14 1-5
 
BY x GPR 165-' 2 5 1 3 3 14 1-5 
IS-2223 3 5 1 3 2 14 1-5 
IS-10240 2 5 1 3 4 15 1-5 
IS-6838 5 2 4 1 3 15 1-5 
IS-4150 3 4 4 4 2 17 1-4 
IS-73 2 4 4 3 4 17 1-4
 
H-112 4 4 2 4 5 
 19 1-5 

a. The greater of two reps. 1 No symptoms; 5 - Severe symptoms.
b. 1. KovUpattl; 2. Indor.; 3. Delhi; 4. Semaru; 5. Kambolnse. 

locations. In Group IV there was no distinct ZLS at the two Indian locations had scores of 2 
Indian vs. West African differential reaction and or 3 at Nioro du Rip (Table 13). 
10 entries in this group had maximum scores of 
3, five entries maximum scores of 4, and three GREY LEAF SPOT. At Delhi in India and Samaru 
entries maximum scores of 5 (Table 12). in Nigeria no entry was free from grey leaf spot. 

At Delhi five entries had a maximum score of 2. 
ZONATE LEAF SPOT. Three entries (CS-3541, IS- At Samaru the minimum score was 3 (one
4150 and 555) were free from zonate leaf spot entry), two entries recorded 4, and the remain
(ZLS) at the three Iocations. Ten entries had der 5. This large scale severe grey leaf spot 
maximum scores of 2, 11 entries had maximum reaction at Samaru is surprising and needs to be 
scores of 3,3 entries had maximum scores of 4, thoroughly investigated in subsequent trials 
and the most susceptible entry was IS-73 with (Table 14). 
scores of 4, 4, and 5 at Kovilpatti, Indore, and 
NioroduRip, respectively. Six entries free from RUST. Udaipur was the only location in the 
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Table 12. Leaf blight severity reactionsO of 28 ontrls at four locations In the 1977 ISLDN. 

Locationb 

Entry 1 2 3 4 Total Range 

Group I 
IS-3390 1 1 2 1 5 1-2 
S-7254 1 1 2 1 5 1-2 
SC-110-14 1 2 1 1 5 1-2 
LS-4277 2 1 2 1 6 1-2 
iS-2223 2 2 1 2 7 1-2 

Group II 
IS10240 1 1 3 3 8 1-3 

Group III 
IS-10262 2 2 1 1 6 1-2 
IS-10264 3 3 1 1 8 1-3 
H 55 DX 4 3 1 1 9 1-4 
Sei. 512 3 4 1 1 9 1-4 

Group IV 
IS-8171 3 1 1 1 6 1-3 
CSV-2 2 1 1 3 7 1-3 
555 1 2 3 1 7 1-3 
BY x GPR 165-1 1 3 1 2 7 1-3 
IS-4150 2 2 3 1 8 1-3 

BY x GPI 165-3 3 2 1 3 9 1-3 
CS 3541 2 2 3 3 10 2-3 
IS-6838 3 2 2 3 10 2-3 
IS-7322 2 2 2 4 10 2-4 
IS-73 2 1 5 2 10 1-5 

BY x GPR 165-2 2 4 1 4 11 1-4 
BY x Pickett 2 3 3 3 11 2-3 
IS643 3 3 2 3 11 2-3 
BY :"5ntol. 2 2 4 3 11 1-4 
TAM-428 4 2 2 3 11 2-4 

IS4-56 2 1 5 3 11 1-5 
IS-2550 3 3 3 4 13 3-4 
',-" 12 4 2 2 5 13 2-5 

a. The greater of two reps. 1 No symptoms; 5 - Severe symptoms. 
b. Kovilpattl; Delhi; Samaru; Kambolnse. 

ISLDN with sufficient rust pressure to evaluate entry scored 3, and 1 entry scored 4 (Table 14). 
the entries. Here 12 entries were free from rust, 
7 entries had a maximum score of 2, 2 entries OVERALL REACTIONS. In order to evaluate entries 
had maximum scores of 3, 4 entries scored 4, across the seven diseases, the maximum score 
and 2 entries scored 5 (Table 14). for each entry-disease combination is given in 

Table 15. Entry IS-7254 is the best entry with two 
ROUGH LEAF SPOT. At Samaru, 24 entries were is, two 2s, two 3s, and one 4. Another five 
free from rough leaf spot, 2 entries scored 2, 1 entries (IS-10240, IS-10262, IS-4150, IS-2223, 
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Table 13. Zonate leaf spot severity reactione of 28 entries at three locations In the 1977 ISLD.l 

Entry 

CS-3541 
IS-4150 
555 

IS-7254 
IS-2223 
IS-2550 
R 55 DX 
Sel. 512 
IS-7322 

BY x GPR 165-2 
IS-8171 
BY x Entol. 
TAM-428 
IS-10264 

IS-643 
IS-10240 
SC-110-14 
BY x GPR 165-1 
H-112 
CSV-2 

IS-3390 
BY x Pickett 
BY x GPR 165-3 
IS-10262 
IS-4277 

IS-856 
IS-6838 
IS-73 

a. Greater of two reps. 1 -

Kovilpatti Indore Nioro du Rip Range 

1 1 1 1 
1 1 1 1 
1 1 1 1 

1 1 2 1-2 
1 1 2 1-2 
1 1 2 1-2 
1 1 3 1-3 
1 1 3 1-3 
1 1 3 1-3 

1 2 2 1-2 
1 2 2 1-2 
1 2 2 1-2 
1 2 2 1-2 
1 2 2 1-2 

2 1 2 1-2 
2 2 2 2 
1 3 2 1-3 
2 1 3 1-3 
3 1 2 1-3 
1 2 3 1-3 

3 1 3 1-3 
3 1 3 1-3 
1 4 2 1-4 
2 3 3 2-3 
3 3 2 2-3 

2 4 3 2-4 
2 3 4 2-4 
4 4 5 4-5 

No symptoms; 5- Severe symptoms. 

and BY x Entol.) had maximum scores of 1 or 2 
to four of the seven diseases. 

The locations of the 1977 ISLDN were diverse 
in distance, elevation, latitude, and disease 
pressure. The high-elevation locations in 
Ethiopia and Kenya require a different set of 
entries compared with the locations in India 
and West Africa, and in subsequent years a 
high altitude trial should be assembled for the 
Ethiopian and Kenyan locations. 

In India and West Africa sooty stripe, anthrac
nose, blight, and zonate leaf spotwerethe most 
common diseases and "hot-spot" locations 
were identified. The apparent differential re-
actions for blight and anthracnose need further 
examination. 

The entry IS-7254 performed well at most 
locations including Khon Kaen and the Ethio
pian locations, and was also the best entry in the 
1976 ISLDN. However, it was somewhat later 
flowering than most of the entries (Table 12). On 
the other hand IS-10240 and IS-10262 were 
relatively early flowering and they were close to 
IS-7254 in overall superior performance. 

At the time of preparation of this paper ISLDN 
results have been received from four locations: 
Navsari and Indore in India, Khon Kaen in 
Thailand and Farako-Bb in Upper Volta. As for 
the 1977 analysis, a location is regarded as 
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Table 14. Grey leaf spot,rust and rough leaf spot severity reactions' of 28 entrle at two, one, and 
one location respectively In the 1977 ISLDN. 

Grey leaf spot Rust Rough leaf spot 
Entry 

Delhi Samaru Udalpur Samaru 

1IS-10240 2 5 1 
R-55-DX 3 5 1 1 
IS-10262 4 5 1 1 

1BYxGPR 165-2 3 	 5 1 
3 1IS-7254 4 	 1 

IS-2223 3 4 1 1 
TAM-428 4 5 1 1 
IS-2550 3 15 1 
15-10264 4 5 1 1 
CSV-2 3 5 1 1 

IS-4150 2 5 1 	 2 
4IS-3390 2 5 1 

Sel. 512 2 25 1 
CS-3541 3 4 2 1 
BY x Entol. 2 5 2 1 

BY x Pickett 4 5 2 1 
SC-110-14 4 5 2 1 
BY x GPR 165-1 3 5 2 1 
IS-7322 4 5 2 2 
IS-4277 3 5 3 1 

IS-73 5 5 3 1 
BY x GPR 165-3 3 5 4 1 
IS-643 3 5 4 1 
H-112 4 5 4 1 
555 3 5 4 3 

IS-856 4 5 5 1 
IS-6838 4 5 5 1 
IS-8171 5 5 NRb 1 

a. Greatest of two reps. 1 - No symptoms. 5 - Severe symptoms. 
b. No record. 

having provided sufficient pressure for a par-
ticular disease only if at least one entry de-
veloped a 4-type reaction there to that disease. 
By this criterion, Indore provided sufficient 
pressure for rough leaf spot and rust; Navsari 
sufficient pressure for leaf blight, grey leaf spot, 
anthracnose, zonate leaf spot, rust, and rough 
leaf spot; Khon Kaen sufficient pressure for 
grey leaf spot, anthracnose, and zonate leaf 
spot; and Farako-B6 sufficient pressure for grey 
leaf spot, anthracnose, zonate leaf spot, and 
sooty stripe, 

A full analysis of these data will be made 
when the majority of the 1978 ISLDN data 
sheets have been returned. For this paper we 
have summarized the reactiohs of some of the 
best lines for particular diseases, and the best 
lines from 1977. 

Three entries gave an excellent performance 
with scores of 1 or 2 only for each "severe" 
disease at each Asian location (Tables 16, 17). 
CS-3541 was free from grey leaf spot, anthrac
nose, zonate leaf spot, rust, and blight at all 
locations, and scored a 2 for rough leaf spot at 
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"-tta 15. Flowering diata a rn.am reactions of 28 entries to awvt leaf CT:various 
locations In the Uf 77 tSLDN. 

Enkry MDTFa Rough Rust Zonate SooWy Blight Anth. Grmy No. 
<2 

IS-7254 84 1 1 2 3 2 4 3 (4) 
IS-1024(G 64 1 1 2 2 3 5 5 (4) 
IS-10262 58 1 1 3 2 2 5 5 (4) 
S-4116 72 2 1 1 2 3 4 5 (4) 
IS.2223 69 1 1 2 4 2 5 4 (4)
BY x "rtol. 69 1 2 2 4 4 2 5 (4) 

CS-35 1 65 1 2 1 3 3 4 4 (3) 
/S-10264 60 1 1 2 3 3 4 5 (3) 
IS-3390 57 4 1 3 2 5 2 5 (3) 
9Y xGPR 165-2 61 1 1 2 3 4 5 5 (3) 
TAM-428 64 1 1 2 3 4 4 5 (3) 
IS-2550 66 1 1 2 4 3 4 5 (3) 
SC-110-14 61 1 2 3 3 2 4 5 (3) 
IS-7322 85 2 2 3 2 4 3 5 (3) 

R 55 DX 55 1 1 3 3 4 4 5 (2)
 
Sel.512 70 1 2 3 3 4 5 5 (2) 
IS-4277 55 1 3 3 3 2 5 5 (2) 
&S-8171 71 1 _b 2 4 3 4 5 (2) 
BY x Pickcu 61 1 2 3 3 3 3 5 (2) 
BY xGPR 165-1 61 1 2 3 3 3 4 5 (2) 
IS-643 55 1 4 2 4 3 5 5 (2) 
IS-73 55 1 3 5 2 6 4 5 (2) 
CSV-2 63 1 1 3 4 3 4 5 (2) 

BY xGPR 165-3 61 1 4 4 3 3 4 5 (1) 
555 74 3 4 1 5 3 3 5 (1) 
IS-856 E,3 1 5 4 3 5 4 5 (1) 
IS-6848 58 1 5 4 4 3 5 5 (1) 
H-112 58 1 4 3 5 5 5 5 (1) 

a. Mean number of days to 50% flowering. 
b. No data available. 

Navsari and Indore. IS-2276 and IS-4150 were Overall Performance 
almost as good with no more than a score of 2 
for any disease at any of the locations listed. As the ISLDN locations are diverse in distance 

The anthracnose reactions of IS-10240, IS- and variable in elevation, latitude, and impor
10262, and iS-223 at Navsari, Khon Kaen, and tant local pathogens, it is perhaps not as rele
Farako-Ba indicate the possibility of different vanttolookforoverall performanceofthelSLDN 
pathotypes of the anthracnose organism at entries as it is for the ISDMN or ISGM N entries. 
these locations. Nevertheless, we should examine whether 
Thf. Farako-8 i reactions of the selected en- there are multiple resistant entries. In the 1977 

triesaregiveninTable18.IS-4150wasfreefrom MS-ISLDN, whir,n is the largest and most de
all the major diseases there. CS-3541 also per- tailed data set, six entries scored 2 or less for 
formed well. four diseases and an additional eight entries 



Table 16. 	 Reactions to grey leaf spot, anthrocnoe. cnd zonate leaf spot of selected entries from 

the 1978 ISLDN trial at Navmri, India, ad Khon Keen, Thailan6'. 

Grey Leaf Spot Anthracnose Zonate Leaf Spot 

Navsari Khon Kaen Navsari Khon Kaen Navsari Khan Kaen 

Entry Ri R2 R% R2 R1 R2 Ri Rz R1 R2 R1 R2 

IS-2276 1 1 1 1 1 2 1 1 1 1 1 1 
CS-3541 1 1 1 1 1 1 1 1 1 1 1 1 
IS-4150 1 - 2 2 1 - 1 1 1 - 1 1 
IS-10240 4 3 3 3 4 1 1 4 3 1 1 
IS-10262 1 3 3 3 4 4 1 1 s 2 3 3 
IS-2223 1 1 3 1 2 2 5 5 2 3 1 1 
IS-73 1 3 4 5 2 3 1 1 3 3 4 4 

Table 17. Reactions to mat, roughleaf spotand blightof selected entries from the 1978 ISLDN trial 

at Navsarl and Indore, India. 

Rust 	 Rough Leaf Spot Blight 

Navsari Indore Navasari Indore Navsari 

Entry Ri R2 R, R2 Ri R2 Ri R2 Ri Rz 

IS-2276 1 1 2 2 1 1 2 1 1 1 
CS-3541 1 1 1 1 1 2 2 2 1 1 
IS-4150 1 - 1 1 2 - 2 2 2 
IS-10240 1 1 1 1 3 1 1 2 2 1 
IS-10262 1 1 1 1 2 1 1 3 1 2 
IS-2223 1 1 1 2 4 2 2 2 4 1
 

Table 18. Reactions at Farako-Ba, Upper Volta, to gray leaf spot, anthracnose, zonate leaf spot and 

sooty stripe of selected entries from the 1978 ISLDN. 

Grey leaf spot Anthracnose Zonato leaf spot Sooty stripe 

Entry 	 Ri R2 Ri R2 Ri R2 Ri R2 

IS-2276 2 1 1 1 1 1 3 2 
CS-3541 1 1 2 2 1 1 2 1 
IS-4150 1 1 1 1 1 1 1 1 
IS-10240 4 2 1 1 1 1 1 1 
IS-10262 2 2 1 1 3 2 1 1 
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scored 2 or less for three diseases. Of these 14 
entries CS-3541 and IS-4150 have performed 
very well at the four locations from which the 
1978 data are available. Unfortunately data on 
IS-7254 were not included in the three 1978 
ISLDNdatasheetsreturnedandwehavenotyet 
learned what the problem was with this entry. It 
gave a good stand and grew well at ICRISAT 
Center. 

Discussion 

The ISLDN entries are tested against several 
different pathogen species in a wide range of 
environments. No entry has beenresistant to all 
diseases at all locations, but some entries have 
shown apparent resistance to three or four 
diseases at several locations. 

The 1977 and 1978 anthracnosedata and 1977 
leaf blight data (Tab!es 11, 12, and 16) indicate 
distinct differential reactions to these diseases 
by some entries and stable resistance to them in 
others. 

The ISLDN to date has provided a good 
beginning to the interrational effor! ,o locate 
sou;ces of stable and multiple resiatz.rice to leaf 
diseases, but it is only the beginning. The 3-year 
data will need careful analysis to properly as
sess the validity and consistency of specific 
cultivar-location-disease reactions, the possi
bility of the existence of races of the pathogens, 
and the existence of multiple stable sources of 
resistance. 

Questions 

1. 	The first and most important question is 
whether the ISLDN should continue as a 
composite nursery for all leaf diseases for 
all locations, or whether we should now 
develop separate nurseries for individual 
diseases, groups of diseases, and environ
ments. There are strong arguments for 
and against splitting up the ISLDN, and we 
would like participants to come up with a 
consensus answer to this important 
question. 

2. A second question somewhat tied to the 
first is if and how the investigations of 
indications of races proceed? We can de
velop tentative differential sets based on 
the evidence to date and send these to the 
apparently differentiating locations. Is this 

going to provide useful information? 
Should it begin in 1979? 

3. 	 As yet we have no cooperators in the 
Americas. We feel that this is a major gap 
in the ISLDN program. Who would be able 
to participate in the ISLDN from the 
Americas? 
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Leaf Disease Discussion Session
 

General 

Brhane: 
What is the relationship between the stage 
of development of the sorghum plant and 
its reaction to leaf diseases? In Ethiopia, the 
leaf diseases seem to come mainly after 
flowering, 

Frederiksen: 
Generally, sorghum becomes more sus-
ceptible to foliage pathogens after an-
thesis; however, Exserohilum turcicum is 
more damaging on young plants. Rust and 
grey leaf spot attack susceptible cultivars 
equally well at all crop stages. 

Tyagi: 
Why do sorghum plants with systemic 
SDM infection lose treir resistance to foliar 
diseases? 

Frederiksen: 
This is avery interesting phenomenon, and 
we do not know why it occurs. 

Selvaraj: 
Dr. Girard has tried foliar application of 
chemicals for the control of sooty stripe. Dr. 
Sharma has also conducted experiments 
with foilar sprays. These are not economi-
cal for the farmers in the SAT countries. So, 
would you please enlighten me on the 
objectives of these studies? 

Girard: 
The purpose was not to see if it was 
economical; we wanted to see if a large-
scal, application of chemicals was able to 
control the disease. We also wanted to see 
if, with good control of the diseases, we 
would have an impact on yield. Disease 
control did not seem to have an impact on 
yield. 

Sharma: 
We have some high-yielding lines that are 
resistant to some diseases, but susceptible 

to one particular disease. By chemical con
trol of this one disease, we can increase 
yield. 

K. N. Rao: 
In resistance screening, should we have 
trials on separate leaf diseases, or should 
we work with several tog ither? 

Doggett: 
For a plant breeder it is far more useful to 
have several diseases in one trial than to 
have to deal with them one by one. 

Frederiksen: 
I agree with Dr. Doggett. For resistance
screening work, we want to ocate broad
based resistance to several leaf pathogens. 

Balasubramanian: 
What about the use of seed treatment and 
sanitation on leaf diseases? 

Sharma: 
In our studies, a combination of fungicide 
and carbofuran increased the plant popula
tion and yield of sorghum. Idon't know how 
much was contributed by the fungicide. 
Seed treatment is effective in controlling 
diseases in the early stages of develop
ment. 

Teyssandier: 
It is important ii determine the correct 
stages of growth at which to score for 
leaf-disease reactions. 

Frederiksen: 
There are several possible ways of scoring 
leaf diseases of sorghum, ranging from 
detailed plant by plant examination to rapid 
whole plot estimates. More than one rating 
is necessary. If possible make three ratings 
at weekly intervals. You have to get to know 
the diseases and use common sense. 

Denis: 
Which leafdiseases incre,,se in importance 
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with increases in crop density and/or in-
creases in fertilizers? 

Frederiksen: 
In general, diseases that are endemic and 
spread from within a crop increase with 
plant density. Some diseases are more 
important in succul3nt plants and thus 
nitrogen levels should affect them. We 
need more information on these factors. 

Rust 

Mengistu: 
Do you think the hyporparasiteDarluca can 
reduce the problems of sorghum rust? I ask 
this because we see less rust than we used 
to, and Darluca is always present. 

Frederiksen: 
The mostDarluca Ihave seen is wherethere 
is the most rurt. Darluca actively colonizes 
rust pustules in some environments. Unfor
tunately the experimental evidence does 
not support the hypothesis that it can be 
used for rust control. It is probably a case of 
too little too late. 

Leaf Blight 

Tyagi: 
In view of some disagreement among 
mycologists on the matter, should we 
change the name of Helminthosporium 
turcicum once mor3 and call itExserohilum 
turcicum? 

Frederiksen: 
The perfect stage was described as a new 
species. The work was done by a compe
tent mycologist and geneticist. I think Ex
serohilum turcicum is a valid species name 
for the imperfect stage. 

Oval Leaf Spot 

Anahosur: 
Are the slides you showed of Remulispora 
sorghl and R. sorghicola taken from natural 
conditions or from cultures? CMI reports R. 
sorghi is branched in natural and artificial 

conditions, and R sorghicola unbranched 
in natural conditions. 

Girard: 
I have observed branched conidia of R. 
sorghicola from natural conditions, from 
Senegal. R. sorghi may have branched 
conidia in the proportion of 60%, and R. 
sorghicola only up to 10%. 
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Sorghum Anthracnose 

M. A. Pastor-Corrales and R. A. Frederiksen* 

Sorghum anth;'acnose, also known as red stalk 
rot, is caused by the fungus Colletotrichum 
graminicola (Cesati) Wilson. The diseaso was 
first reported separately from North Carolina 
andTexasin 1911 and 1912,despitethefactthat 
anthracnose in sorghum had been known for 
sometime in India and elsewhere (Heald 1912; 
Stevens and Hall 1911, Tarr 1962). The disease 
has since been reported from most areas where 
sorghum is grown; however, it is more preva-
lent and important in warm, humid regions of 
the world (Bergquist 1973; Jouan and Delassus 
1971; Lebeau et al. 1951; Muntanola 1952; 
Noble 1937; Porter 1976; Saccas 1954; Sun-
daram et al. 1972). 

Since its introduction to the Americas, grain 
sorghum has become increasingly important. It 
is the second most important feed grain in the 
United States and in Latin America and has had 
a very rapid acreage increase in the last few 
years. Grain sorghum ir Latin America is a very 
important crop from the nutritional and 
economic point of view, and the acreage ap
pears to be still increasing - particularly in 
Mexico, Guatemala, Venezuela, Colombia, 
Brazil, Argentina, and Uruguay. With this in-
crease diseases havealso becomean important 
factor in sorghum production. Anthracnose has 
become of economic importance in Latin 
America, whereitisthemostseriousdiseaseof 
grain sorghum, and in some areas it is one of 
the main yield-limiting factors, specifically in 
Brazil, Venezuela, and Guatemala (Maunder 
1975; Sharvelle 1975). In the USA, anthracnose 
is an important disease in the southeast. The 
devastating effects of thin disease on sorghum 
in Georgia and other humid areas are well 
documented (Harris and Fisher 1973; Luekel et 
al. 1951; Lohman and Stokes 1944). It also has 
been a destructive disease in some years on 
grain sorghum and brooncorn inTexasand has 
caused serious loss in broomcorn in Illinois 
(Koehler 1943; Toler and Frederiksen 1970). 

Graduate Student and Professor, Department of 
Plant Sciences, Texas A & M University, USA. 

The Pathogen 

C.graminicola is characterized by dark acervuli, 
the disc-shaped fruiting structures present in 
the necrotic parts of the lesions. In sorghum, 
acervuli can be found on both surfaces of the 
leaf, on the leaf midrib, peduncle, rachis 
branches, and grain. Typically, an acervulus is 
small erumpment, and has dark spines or setae 
at the edge or among the conidiophores. The 
conidia are terminal, sickle-shaped, and borne 
singly. The conidia, which generally have oneor 
two oil drops present, are held together in an 
orange-to salmon to pinkish gelatinous matrix. 
When rain and splashing water strike this mat
rix, the spores aredisseminated through theair. 
When these conidial land on host tissue, they 
produce one or two germ tubes, which in turn 
form appressoria. The appressoria give rise to 
infection pegs that penetrate directly through 
the epidermis and cuticle of the host. 

Symptoms 

The characteristic symptoms caused by C. 
graminicola in sorghum will not be discussed 
here since they have been adequately described 
elsewhere (Dickson 1956; LeBeau et al. 1951; 
Tarr 1962; Williams et al. 1978). Anthracnose 
symptoms vary with genotype and are gener
ally more evidenv on maturing plants; however, 
infection can occur on young plants. 

C.graminicola infects leaves, stems, pedun
des, heads, and the grain, either separately or 
all together. Often these different aspects of 
anthracnose will be manifested as apparently 
different diseases. For this reason it is not 
uncommon to find in the literature discussions
of the leaf symptoms separate from the discussinothpeuceadedsy tm,
sion of the peduncle and head symptoms,
which are referred to as the red-rot aspect of the 
disease. Red rot, a term borrowed from an
thracnose in sugarcane, is not very descriptive 

of the symptoms on the stem, peduncle, and 

head, and leadq to confusion, since other 
pathogens, i.e., Fusarium moniliforme, Mac
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rophomina phaseoli a and some insects can 
incite red-color symptoms also. For this reason, 
the use of "red rot" to describe the anthracnose 
symptoms of the stem should be avoided, 

We have divided anthracnose symptoms into 
three groups: leaf, peduncle, and head 
symptoms. Very often only one type of 
symptom is present or predominates over the 
other two. In Georgia, particularly in 1977, we 
iound the leaf symptom to be the most com
mon; in many entries, plants were found to 
show only leaf infection. Less often they had 
either only peduncle infection or only head 
infection. In 1978, the leaf symptom was almost 
nonexistent in the Corpus Christi (Texas) nur-
sery, even on those genotypes with very severe 
anthracnose symptoms on the peduncle and 
head. 

Many times, anthracnose symptoms are 
found in all three or only twc%plant parts. When 
anthracnose is found in only two plant parts, it 
more commonly infects the head and peduncle 
rather than the leaf. 

Considering this selective tendency, more 
studies appear necessary to elucidate the 
causative factors in infection of one plant part 
and not another. The separation in symptom 
expression may be controlled by the environ-
ment or by host genotype. 

Association of Anthracnose 

with Other Diseases 

Anthracnose is favored by warm, humid 
weather and wind-blown rains, which aid in 
spore dispersal from one plant to another, 
These conditions are also most favorable for 
other sorghum foliar pathogens. Gloeocercos-
pora sorghi (zonate leaf spot) and Cercospora 
sorghi (grey leaf spot). When resistance to 
anthracnose is present in one genotype, often 
one or both of these pathogens attack the 
anthracnose-resistant genotype. Occasionally, 
anthracnose-resistant lines are also resistant to 
one or both of the other pathogens. Unfortu-
nately, the same genes do not condition resis-
tance to the three pathogens. 

We alko have some evidence indicating a 
relationship in the susceptibility of sorghum to 
anthracnose and sorghum downy mildew 
caused by Peronosclerospora sorghi. We have 
observed that sorghum varieties or hybrids 

which are susceptible to downy mildew are 
severely infected by C. graminicola. We have 
also noted that anthracnose-resistant 
genotypes after infection with downy mildew 
become susceptible to the anthracnose fungus. 
Thisobservation isapreliminary one and needs 
further confirmation. 

Host Range and Pathogenicity 

When Wilson published his work (1914) on the 
identity of anthracnose of grasses in the USA, 
he combined many species of Colletotrichum 
with falcate conidia into a single species which 
he erected as Colletotrichum graminicola 
(Cesati) Wilson 1914. In this new broad species, 
he included: Colletotrichum lineola Corda, C. 
bromi Jennings, C. cereale Manns, Dicladium 
graminearum Cesati, Psilonia apalospora Berk 
and Curt., Vermicularia culmigera Cooke, V. 
holci Sydon, V. melicae Fuckel, V. sanguinea 
Ellis and Halsted, V. graminicola Westend, V. 
affinis Socc. and Briard. 

C. graminicola has a wide host range among 
cultivated and wild species of cereals and gras
ses (Tarr 1962) including barley, corn, oats, rye, 
sorghum, sudangrass, johnsongrass, wheat, 
and a large number of grasses (Bruehl and 
Dickscn 1950; Luke and Sechler 1963; Sanford 
1935; Sprague 1950; Shurtleff 1973; Wiese 
1977). However, isolates from one host species
do not necessarily infect other species. The 
capacity of an anthracnose fungus isolate to 
infect several species is not a subject of general 
agreement. Selby and Manns (1909) were able 
to produce typical anthracnose symptoms on 
wheat and emmer in the field, using spore 
suspensions obtained from these two hosts. In 
addition, these authors reported the infection of 
emmer with the isolate from wheat. Edgerton 
(1911), using spores of C. lineola obtained from 
wheat and other grains, and spores of C. cere
ale, obtained from johnsongrass and broom
corn, failed to develop infection on sugarcane. 
These two Colletotrichum species were later 
grouped as . graminicola, which suggests that 
Edgerton was indeed working with two diffe
rent isolates of the same fungus (Wilson 1914). 
Similarly, Sanford (1935), using an isolate from 
oats, was unab;e to develop infection on wheat, 
barley or flay, fJhowdhury (1936) in India re
ported that an '. iate of C. graminicola from 
maize readily cau.IrF, high infecL.ons on sor
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ghum and infected to a lesser degree other 
hosts, including finger millet, Italian millet, 
teosinte, barley, wheat, oats, Panicum frumen-
taceum, Pennisetum typhoideum, and Pas-
palum scrobiculatum. He also reported the 
infection of malz'. with an isolate from sor-
ghum. Lohman and Stokes (1944) described 
stem anthracnose and red rot of sorghum 
caused by Col;etotrichcrm occurring in Missis-
sippi. They pointed out the close similarity 
between the causal agent of the sorghum dis-
ease and C. falcatum, the agent responsible for 
red rot in sugarcane. They also report that C. 
falcaeum from sugarcane produced the red rot 
symptoms in sorghum. LeBeau (1950) con-
ducted pathogenicity studies with Colletot-
richum from different hosts on sorghum and 
sugarcane (the isolates were from sugarcane, 
sorghum, johnsongrass, sudangrass, broom-
corn, Erianthus and 18 grass species). Isolates 
from sugarcane were highly pathogenic to 
sugarcane and rarely pathogenic to sorghum; 
isolates from sorghum, johnsongrass, sudan-
grass, broomcorn, and Eriarthus were non
pathogenic on sugarcane but, for the most part, 
were highly pathogenic to sorghum. Bruehl and 
Dickson (1950) found host specificity among 
isolates of C. graminicola from different cereals 
and grasses, with symptoms produced only by 
the isolates from the same or closely related 
species. LeBeau et al. (1951) suggested that C. 
graminicola consisted of more than one 
pathogenic race, and that the isolates from 
sorghum, johnsongrass, sudangrass, broom-
corn and Erianthus appear to form one or more 
races characterized by their high pathogenicity 
to sorghum, whereas isolates from 14 other 
grass species appear to belong to one or more 
races which do not attack sorghum. Tarr (1962) 
did not find anthracnose in maize or other 
activated crops in the Sudan, even though the 
fungus was found commonly on surghum 
species. Williams and Willis (1963), using a local 
isolate associated with maize anthracnose in 
Ohio, were unable to infect wounded leaves of 
wheat, oats, or barley. Similarly, Dale (1963) 
reported that a maize isolate from Arkansas 
failed to infect sorghum, and an isolate from 
sorghum did not infect maize. Wheeler et al. 
(1974) reported that 30 isolates of C. 
graminicola from six states (USA) readily in-
fected maize and all members of the genus 
Sorghum tested (S. bicolor, S. sudanense and 

S. halepense). They also reported that isolates 
from Avena, Medicago, Hordeum, Bromus, 
Triticum, Calamagrostis, Festuca, Sorghum, 
and Danthonia were nonpathogenic on maize. 
Nicholson (1974) on the other hand, reported 
that a C. graminicola isolate from Indiana maize 
failed to infect wild cane, johnsongrass, sor
ghum, fall panicum and six different foxtails. 
Similarly, isolates from maize in Illinois were 
pathogenic to maize but not to sorghum 
(Hooker 1974). 

To aid control of anthracnose in sorghum or 
any other cereal or grass, the host range of tho 
causal organism should be known. This is 
particularly important in areas such as Texas or 
Central America where sorghum and maize are 
grown side by side. The literature seems to 
indicate that certain isolates of maize anthrac
nose are capable of infecting sorghum in the 
glasshouse (Muntanola 1952). More informa
tion is needed on the ability of different geog
raphical anthracnose isolates to cross-infect 
from one host species to another. 

Pathogen Variability and 
Physiologic Specialization 

A physiologic race, as defined by Stakman and 
Harrar (1957) is a biotype or group of biotypes 
that can be distinguished with reasonable cer
tainty and facility by physiologic characters 
including pathogenicity. 

Harris and Johnson (1967) suggested that 
pathogenic races may exist in C. graminicola. 
Similarly, Frederiksen and Rosenow (1971) 
noted specific differences in reactions among 
selected sorghum lines in Texas, Mississippi 
and Georgia; however, they pointed outthatthe 
majority of sorghum lines tested as resistant or 
susceptible in one area of the United States 
tended to react similarly in another. 

To study the virulence of C. graminicola, and 
to monitor the possible existence or appear
ance of different or new physiological races of 
the pathogen, an International Sorghum An
thracnose V'irulence Nursery (ISAVN) was 
started by the Texas Agricultural Experiment 
Station in 1975). Since its inception,thisnursery 
has been grown in countries in North, Central 
and South America, the Cartibbean region, 
Asia, and Africa. The information so far ob
tained has been most useful in formulating 
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some generalizations about the anthracnose 
fungus. The data obtained in 1975 strongly 
suggested that physiologic races exist within 
the isolates of C. graminicola that infect sor-
ghum (Texas Agricultural Experiment Station 
1975). The variety Wiley, which is highly resis-
tant elsewhere, was infected by C. graminicola 
in Venezuela. In addition the varieties Mn-960 
and TAM-428 were highly susceptible to the 
anthracnose fungus in Nigeria whereas they 
were resistant in theAmericas. Conversely, BTx 
398, Pioneer Brand 846, and C-424, which are 
highly susceptible in the Americas, showed less 
infection in Nigeria. 

During 1976, ISAVN nursery results were 
obtained only from a few locations. In that year, 
the variety TAM-428, resistant in the USA, was 
infected by C. graminicola in Puerto Rico. 

The results obtained in 1975 and 1976 war-
ranted the initiation of an anthracnose nursery 
for converted lines; thus, the Converted Sor-
ghum Lines Anthracnose Test (CLAT) was es-
tablished and the seed distributed in 1977 and 
1978 in different locations of the Americas. 

Control 

Of all possible disease control me-hods for 
anthracnose of sorghum, the use of disease-
resistant material offers the most satisfactory 
means of reducing losses. A number of corn-
mercial sorghum hybrids with good degrees of 
resistance hat e been developed in the last few 
years. Since the disease is most severe in warm, 
humid areas, the need for avoidance of suscep-
tible genotypes where the disease is known to 
occur cannot be overemphasized. In areas 
where the environment is not conducive to the 
development of the disease, a low level of 
resistance to the pathogen will be adequate. 
Although breeding for anthracnose resistance 
has been successful, the possible existence of 
physiologic races, requires screening of sor-
ghum genotypes with many of the suspected 
physiologic races, in order to generate usefully 
resistant material, 

Cultural practices that include the elimination 
of susceptible (reservoir) weeds such as 
johnsongrass, plowing under of infected crop 
debris, and crop rotation should help control 
the disease by reducing the primary inoculum 
and thus preventing early severe infection. As 
the disease is most damaging following 

physiological maturity of sorghum, delay in 
harvest should be avoided. Sorghum also 
should be planted so that maturity will not 
coincide with rainy weather, since this condi
tion is most conducive to the dissemination of 
inoculum. 

Chemical control of anthracnose in sorghum 
is not practiced, and little information is availa
ble. Seed treatment might increase stand and 
decrease seedling blight when very susceptible 
genotypes, such as broomcorn, are planted. 
The use of systemic fungicides during seedset 
also offers some good possibilities; however, 
the cost may be prohibitive. 

Future Research Needs 

More complete study is needed of: 
1. The pathogenicity and host range of sor

ghum isolates of C. graminicola, particu
larly in areas where anthracnose, sor
ghum, and other cultivated and nonculti
vated hosts occur together. 

2. 	 The possible existence of physiologic 
races, with studies conducted on a 

worldwide basis. 
3. 	 The inheritance of resistance. Some au

thors have suggested that different do
minant genes control resistance to leaf 
and stalk anthracnose. This point has not 
been proven. 

4. 	The type of resistance in sorghum to an
thracnose, related to 
a. 	 Reduction in total number of infections; 
b. 	 Reduction in sporulation; 
c. 	Lengthening the latent period; 
d. 	 Reduction of spore deposition; 
e. 	 Shortening of infection period; 
f. 	High infection threshold; 
g. 	 Alteration of resistance by climate, nut

rition, and other factors. 
5. 	 Sorghum seedling reaction to anthrac

nose, correlating the findings with fiL:.! 
results. Does the perfect stage of the fun
gus exist? Do the isolates from leaf, stem, 
and head differ? These and other related 
questions also need further study. 
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Anthracnose of Sorghum in Brazil
 

F. T. Fernandes and R. E. Schaffert* 

In the early seventies, when sorghum began to 
expand in Brazil, it was noted that a relatively 
large number of diseases damaged the crop. In 
order to establish research priorities in the area 
of sorghum pathology, a disease survey was 
made of all Brazil, using a National Disease 
Nursery and other national trials. Foliar an-
thracnose was the principal sorghum disease, 
because of its frequency and intensity in most 
areas of the country. Anthracnose damage was 
most intense in Central Brazil, particularly in the 
area of Ribeirao Preto, Sao Paulo. As a result of 
the survey the plant-breeding program at the 
National Maize and Sorghum Research Center 
(CNPMS) was directed to obtain breeding lines 
resistant to anthracnose. Selections were made 
under field conditions in Ribeirao Preto and in 
Sete Lagoas, Minas Gerais. 

Research at the University of Sao Paulo in 
Piracicaba aimed at selecting plants resistant to 
anthracnose in the greenhoLse, is the topic of 
several thesis problems. As sorghum was a new 
crop in Brazil, it was necessary to import ad-
vanced breeding materials to begin the breed-
ing program. Many breeding lines introduced 
from Texas A & M University in ihe USA were 
considered to be elite with good disease resis-
tance, including resistance to the pathogen Col-
Ictotrichumgraminicola (TX-2536, SC-170, SC-
173, SC-1 10, SC-599-6-10, TAM-428, TAM-430). 
But many of these lines have not shown resis-
tance to foliar anthracnose under our condi-
tions.These lines were probably evaluated and 
selected for resistance to red rot (an important 
disease in the USA), and not to foliar anthrac-
ncse. Other breeding lines, such as TAM-2566, 
SC-175-14, P-721, TX-623 and TX-399, have 
been highly susceptible under our conditions. 

Actually, the number of :;res resistant to 
anthracnose in our breeding program is small; 

Plant Pathologist, and Sorghum Breeder. Centro 
NacionaldePesquisadeMilhoySorgo, EM6RAPA, 
Sete Lagoas, Brazil. 

they include SC-326-6 and derivatives of SC
326-6, SC-234, SC-239-14, Brandes, and an early 
selection from a late-maturing forage variety 
known as Santa Elisa. In order to increase this 
limited genetic base, 400 breeding lines - in
cluding many sorghum conversion entries
were evaluated last year in Ribeirao Preto and 
Sete Lagoas. Some entries have shown excel
lent levels of resistance and are being evaluated 
again this year. Urifortvnately, last year was dry 
in central and southern Brazil and the level of 
anthracnose development was below normal. 
Other material in our germplasm bank is in the 
process of being increased and will be 
evaluated for anthracnose in the near future. 

The pathogen has been identified by its lesion 
type and its morphological characteristics (pre
sence of setae, and shape of conidia) as Col
letotrichum graminicola. However, elongated 
lesions have also been encountered, which 
could indicate the existence of other species of 
Colletotrichum such as C. falcatuln. 

Anthracnose lesions frequently occur on the 
peduncle and stalk, in the panicle, and on the 
grain. In the Iatter case C.graminicola may be 
contributing to reduced germination and seedl
ing vigor. Tests with seed fungicides are being 
initiated this year. 

The inheritance of anthracnose resistance is 
being studied. Fis and F2s of crosses between 
resistant lines such as SC-326-6, SC-283, and 
Brandes lines, with varying degrees of suscep
tibility such as Wheatland (TX-399), CK-60 (TX
3197), Redlan (TX-378), TX-623, and a male
sterilelineBR-O7arebeingevaluatedthisyear. 
Preliminary results of last year's work indicate 
that incomplete dominance is involved. 

The National Maize and Sorghur Research 
Certer has worked in cooperation with other 
institutions, principally with Texas A & M Uni
versity in the USA, to study the problems of 
anthracnose more closely and would like to 
expand these activities. 

Our sorghum-breeding program released 
several grain-sorghum hybrids, forage
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sorghum hybrids, and sweet-sorghum varieties 
with good agronomic characteristics and excel
lent resistance to diseases during 1978. 

Summary 

A survey of sorghum diseases in Brazil has 
shown anthracnose to be the principal disease 
of this crop because of its frequency and inten
sity. The greatest damage from this disease has 
occurred in the region of Ribeirao Preto. Selec
tion for resistance to this disease is being 
conducted by the National Maize and Sorghum 
Research Center, in Sete Lagoas and Ribeirao 
Preto. Greenhouse studies on resistance are 
being conducted by the University of Sao Paulo 
at Piracicaba. Breeding stocks imported from 
the USA as sources of anthracnose resistance 
have reacted as susceptible to foliar anthrac
nose in our conditions. 

The number of resistant lines currently 
utilized in our breeding program is limited. New 
sources of resistance are being identified from 
our germplasm bank and from new introduc
tions. 

The pathogen has been identified as Colletot
richum graminicola, though it is possible that C. 
falcatum could also be involved. Lesions can be 
found on all plant parts, including the seed. 
Preliminary field observations have indicated 
that the inheritance of resistance to this patho
gen is partially dominant. 

Commercial grain and forage hybrids and 
sweet-sorghum varieties resistant to anthrac
nose were released for growing in farmers' 
fields in 1978. 
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Fusarium hisavv;o of Sorghum
in Wezt ricaI 

N. Zumo* 

Sa2roduction 

A Fusariurn disease complex affecting sor-, 
ghum, rni!let, arid maize was observed in 
Pligeria 3nd othor parts of West Africa in 1D71 
and 1975 and on sorghum and sugarcane in the 
Unitkd States from 1966 to the presew. A 
portion cf this dizease complex has long been 
known on SLijarcane as pokkah boeng or 
twisted top (Bolle 1927, 1930; North 1932; 
Zummo 1970) characterized by deformed 
and/or discolored leaves near the top of the 
plant. 

On sorghum and millet, F. moniliforme Shel-
don affects plants at all stages of growth an,; 
can cause seedling blight, root and stalk ro2, 
pokkah boeng or twisted top, seed mold, wid 
head blight (Saccas 1954; Tarr 1962). In West 
Africa, young sorghum plants in the ow..- to 
three-leaf stage are often severely affecierK by
F. moniliforme during periods of prolonged 
cloudy humid weather. The first symptom on 
these plants are variou,;ly ::,olcrd (tan, brown, 
red, purple, black) irrg,,lar lesions on (he
leaves. The tips of the leaves wither and later 
the entire leaf bkides die. If conditions -vre 
favorable for plant growth, the sorghum ,[.}i*.
will outgrow the dsease. Where the disease is 
s vere and the environment remains unfavora-
bie for rapid seedling growth, infected plants 
are killed and the crop may have to be re-
planted. 

Fusarium Root and Stalk Rot 

Fusarium moniliforme has become increas-
inglycommoninrecentyearsasarootandstalk 

Plant Pathologist, U.S. Department of Agriculture. 
Sugar Crops Field Station, Meridian, Miss., USA. 

1. Cooperative investigations of the USDA, SEA-FR, 
Sugar Crops Field Station, Rt. 10, Box 152, Meridian, 
MS 39301, and Mississippi Agriculture and Forestry 
Experiment Station, Mississippi State University, MS 
39762. 

rot pathog. ,i of sorghum in many areas of West 
Africa. 

In the United States, tho diRease is generally 
found in the same areas where charcoal rot 
occurs, particularly on the High Plains from 
Texas to Kansas (E'urnuds and Zumrnmo 1975). 
Like charcoal rot, Fusarium stal: rot apparently 
requires some predisposing conditions for dis
ease development as plants approach maturity. 
Unlike charcoal rot, which does mos, injury 
during periods of mois.ure stress, Pusarium 
stalk rot usually is most damaging during cool 
wet weather following ho!dry w;cather. 

Fusarium stalk rot is usually accompanied by 
extensive root damag,. Under irrigation and 
heavy nitrogen fertilization, root dam.age may 
not cause noticeable change in the crop'sabove 
ground appearance before the r;talks begin tc 
rot. Stalk rot may reduce s,ed filling, resulting 
in seed weight losses up to F0%. 

Root damage typicaly invclves firstthecorti
cal tissos,then the ,acular tissues of all rocts. 
Newly formed roots may e;diitd istinct lesions 
of various sizes and shapes. The rot is prrgres
sive; older roots often are dosiroyed, leaving 
little plant anchorage. When such a rot is exten
sive, plants are easiiy uprooted. 

Fusarium stalk rat can usually be distin
gui.lhed from, charcoal rot because of the less 
pronounced pigmentation and risintegration of 
pititissuesandslowerrot rateofthe Fucarium. 
Charcoal rot may destroy a field of sorghum in 2 
to 3 days; Fusariurm stalk rot may require 2 to 3 
weeks to do so. 

Coincident with increased Fusaritm disease 
incidence are several cultural practices sus
pected of Gorlributing to the increase of the 
disase. These include minimum tillage, high 

nitrogen fertilization, high plant populations, 
and continuous cropping. The fungus persists 
in the soil, on crop refuse, and on weed hosts. 
Sorghum varieties completely resistant to 
Fusarium root and stalk rot are not available. 
Avoiding conditions that may predispose the 
crop to the disease may help reduce losses. 
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Pokkah Boeng, or Twisted Top 
Pokkah boeng, or twisted top, is incited by the 
soilborne fungus Fu.ariummoniliforme, which 
is present in all sorghum areas where high
humidity is prevalent. Although the disease 
may be conspicuous on some sorghurn var-
ieties, overall losses usually are small. 

Pokkah boeng is characterized by deformed 
or discolored leaves near the top of the plant. In 
some cases, the leaves become so wrinkled 
they are unableto unfold properly, resulting in a 
plant with a ladder-like appearance. In extreme 
cases, infection may move from the leaves and 
sheath into the stalks, causing death of the tops.
In mild cases, symptoms often resemble that of 
the mosaic symptom caused by virus. 

Pokkah boeng can be differentiated from 
mosaic by the wrinkled bases and numerous 
small transverse cuts in the margins of the 
leaves of infected plants. Sometimes the dis-
ease causes stalks to bend, and sometimes the 
stalks display "knifecut" symptoms (narrow,
uniform, transversecutsintherindthatgivethe 
impression the tissue has been removed with a 
sharp knife). Because they are covered by the 
Ir,3f sheaths, those lesions may not be apparent 
when pokkah boeng leaf symptoms are present.
Under physical stress such as windstorms, 
the stalks may break aiong the "knife-cut" 
lesions. 

During prolonged wet weather, F. 
moniliforme grows upward on the out,,ide of 
sorghurn stalks and thefungustemporarily may
become established behind the leaf sheaths or 
in the whorls. Metabolites produced by the 
fungus incite distortions in the plants (Zummo 
1972). When the wet weather subsides, the 
fungus dries and the plant resumes normal 
growth. There issome evidence that the fungus 
may be transmitted by seed. Pokkah boeng also 
affects maize, johnsongrass, sugarcane, 
broomcorn, and sudangrass. 

Fusarium Head Blight 

Fusarium head blight incited by Fusarium 
moni/iform6 (Zummo and Frederiksen 1973) 
can be a serious problem on some of the exotic 
dwarf, short-season sorghums in West Africa, 
especially if they flower during extended 
periods of heavy rain and high humidity. The 
disease is characterized by death of several to 

all of the florets in seed heads. When the 
disease is severe, the entire seed head may be 
covered with a copious fungal growth, cream to 
pinkish tan in color. In extremely severe cases,
all heads in a field may be killed. When the 
panicle is split lengthwise, a red-brown to black 
discoloration is evident in the upper portion of 
the peduncle and extends into the branches of 
the head. Sometimes the discoloration may 
extend throughout the peduncle and into the 
upper internodes of the stalk, in which case the 
rind may also be discolored. In severe cases, 
breakover of pduncles may occur. 

Fusarium head blight can be distinguished 
from red rot and peduncle breakage incited by
Colletotrichum graminicola (Cesati) Wilson, be
cause the discoloration in head blight isuniform 
throughout. In red rot, the discoloration is 
interspersed with discrete white areas. In some 
sorghum varieties, individual red rot lesions in 
the peduncle may be easily identified by their 
distinct lenticular shape. 

The mechanism of infection and , enetration 
by the fungus is not fully unds, tood. It is 
suspected that, during extended periods of wet 
weather, mycelium of the fungus, which lives in 
the soil, grows up on the waxy bloom along the 
outside of the stalk. Alternative!y, the fungus 
may infect the head through airborne conidia. 
Penetration may occur through cracks or inse,;t
wounds in the rind of the peduncle, rachis, or 
panicle branches. Sorghum varieties with de
nse, compact heads are more pronetoattackby 
head blight than are varieties with loose, open
heads. Most of the tall local sorghum varieties 
show resistance to Fusarium head blight. Some 
of the early exotic sorghum varieties show 
excellent resistance to head blight and should 
when possible be grown where short-season 
sorghums are recommended. 

Fusarium Seed Moid 

Fusarium seed mold isan important disease on 
short-season, nonphotosensitive sorghum va
rieties that mature before the end of the rainy 
season in West Africa. Because sorghum seeds 
are produced in rather compact panicles with 
large portions of the seed directly exposed to 
the environment, they provide an ideal site for 
fungal qrowth, especially if humid conditions 
prevail as the grain matures. In normal years, 
most local photosensitive sorghum varieties, 
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such as "Fara Faro ,.id "Short Kaura," develop 
their grain after the rains end and the grain 
remains free from seed mold. However, during 
the recent drought period in the Sahel from 
(1969 through 1973), some of the long-season 
photosensitive varieties failed to produce satis-
factory crop y-elds because the rains ended too 
soon. Short-season nonphotosensitive va-
rieties that mature grain before the end of the 
normal rainy season were thus introduced. 
These short, exotic varieties were most respon
sive to higher plant densities and fertility levels. 
Some were very susceptible to Fusarium head 
blight and seed mold. When seed from plants 
infected with head blight and seed mold is 
sown, Fusarium seedling blight may be in-
creased. 

At Samaro, Nigeria, Manzo (personal com-
munication 1975) showed an association of 
several seed-borne fungi with seed of selected 
sorghum varieties planted in the same field. 
When three varieties were compared, Phoma 
sc.rghina was isolated from 36 percent of the
"Short Kaura" seed, 37 percent of the "Samaru2123" seed, and 90 percent of "Roma" seed. 

Fusariummoniiforme was isolated from 2 per-
cent of the "Roma" seed, 4 percent of !.ie 
"Samaru 2123" seed, and 37 percent of !he 
"Short Kaura" seed. 

oie action and interaction of F. moni/iforme 
on seed in storage is not fully known. It can be 
assumed, however, that under conditions of 
relatively high humidity, it can cause seed rot, a 
decrease in food quality of the grain, and 
reduced germination, 

Summary 

A Fusarium moniliforme disease complex of 
sorghum is reported from West Africa. The 
Fusarium attacks sorghum plants at all stages of 
growth and can cause seedling blight, root and 
stalk rot, Pokkah boeng or twisted top, seed 
mold, and head blight. The disease, which can 
also affect maize, millet,and sugarcane, is most 
severe when cloudy humid weather persists for 
an extended time. 
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The Photosynthetic Stress-Translocation Balance
 
Concept of Sorghum Stalk Rots
 

James L. Dodd* 

Root and stalk rots of sorghum can cause severe 
grain losses; yet resistance has been evasive 
and difficult to find. A genotype may appear 
resistant in one year in one location, bu, may 
lodge badly during the next season in the same 
field. Even within arowof several plants that are 
genetically identical, not all may have stalk rot. 
This distribution frequently makes selection of 
resistance difficult and discouraging. There is 
an obvious need to understand the dynamics of 
the environment-host-pathogen interactions 
before constructing stalk-rot resistance selec-
tion mothods, or recomm'anding cultural prac-
tices to minimize stalk rot of ,orghum. 

Very few stalk-rot organisms, on only a few 
genotypes, cause significant rot on sorghum 
before flowering. Periconia circinata (Mang.) 
Sacc. caused early rots in susceptible 
genotypes in the southwestern USA. This dis-
ease was overcome by simply inherited resis-
tance now present in all U.S. varieties. Colletot-
richum graminicola (Cesati) Wilson also can 
cause early rot to a few susceptible genotypes 
of sorghum. 

In the USA, however, most stalk rot problems 
are associated with Macrophomina phaseolina 
(Tassi) Goid. (Sclerotium bataticola Taub.), 
Gibberella fujikuroi Saw., (Fusarium 
moniliforme Sheldon), and Glomerella 
graminicola Politis (Colletotrichum graminicola 
[Cesati] Wilson). These are commonly called 
charcoal rot, Fusarium stalk rot, and anthrac-
noso or red rot, respectively. These fungi, 
ubiquitous on plant debris of many crops, are 
not aggressive pathogens capable of attacking 
vigorous plant tissue, but are able to overcome 
senescing tissue. Each of these stalk rots is 
associated with environmental stresses, rotting 
roots, and 3pproaching plant maturity, 

Plant Pathologist, Cargill, Inc., Aurora Research 
Station, Aurora, II1., USA 
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Charcoal rot is generally associated with high 
temperature drought stresseii, and senescence 
(Rosenowetal. 1977). The stress on the plant is 
a predisposing factor to invasion by M. 
phaseolina (Edmunds 1964; Edmunds et al. 
1965, Hsi 1961), the fungus that apparently has 
competitive advantages over other potential 
pathogens in this environment. Invaded lower
stalk pith tissue has intense black or red pig
mentation, with sclerotie on the vascular bun. 
dies. Frequeiitly, badly affected stalks only 
s.iow the bundles covered with sderotia; there 
is no remaining pith tissue. As with the other 
stalk rots, other fungi may be isolated from the 
rotted tissue. 

Fusarium stalk rot is associated with several 
environmental stresses, such as fertilizer imba
lance, high plant populations, and rootdamage 
(Edmunds and Zummo 1975; Tarr 1962). The 
fungus is often found growing from excised 
leaves of most mature maize plants and proba
bly on other grasses as well. The fungus does 
notgive a distinctive discoloration tothestalk.lt 
appears to be a quick invader of senescing 
tissue and a rapid grower irom infected plant 
parts, making isolation easy. It may be that this 
ease of isolation from dead stalks causes 
pathologists to identify common stalk rots as 
Fusarium stalk rot, although other fungi maybe 
the primary producers of decay in the dead 
tissue. 

Stalks infected with C. graminicola have a 
distinctive red discoloration interspersed with 
whiter tissue, especially in upper-stalk tissue. 
Frequently the infection becomes limited to the 
peduncle and upper stalk, the area of the plant 
in which pith senescence first occurs. High 
humidity appears to favor this fungus, which 
can invade senescing tissue of both maize and 
sorghum. In either host species, most 
genotypes have resistance until afterflowering. 

Theoccurrenceofstalkrotsisassociatedwith 
senescence of plant tissue (Katsanos and Papel
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lis 1965; 1966b, 1969) and the lack of nonstruc-
tural carbohydrates in the senescing tissue 
(Eschie et al. 1977). Furthermore, this type of 
tissue in maize has been shown to produce less 
DIMBOA, one of the metabolites involved in 
resistance to microorganisms, apparently ac-
counting for the ability of weak pathogens to 
invade the predisposed plants. 

Resistance to maturity-related stalk rots has 
complex inheritance patterns linked to en-
vironmental and physiological interactions in 
plants. Consequently, selection of genotypes 
that will reliably maintain healthy stalks and yet 
have high yields over many environments is 
difficult. A better understanding and elucidation 
of the nature of the interactions is a prerequisite 
to selection of genotypes and to recommending 
cultural practices for more stable total crop 
performance. 

These interactions are explained by the 
photosynthetic stress-translocation balance 
concept of predisposition to root and stalk rots 
(Dodd 1977). According to this theory, root and 
stalk rot predisposition begins with senescence 
of root tissue because of an insufficient supply 
of carbohydrate for normal metabolic function. 
The senescing cells, apparently unable to pro-
duce normal resistance metabolites, are in-
vaded by microorganisms that are only weakly 
pathogenic on vigorous cells. As more root 
tissue is destroyed, the ability of the plant to 
obtain water from the soil is reduced. The plant 
eventually reaches the point where transpira-
tion rates exceed water uptake and con-
sequently permanent wilting occurs. Death of 
all tissue occurs after wilting. Several microor-
ganisms now invade and digest the remaining 
stalk structure, eventually resulting in lodging. 
The predisposition, therefore, involves factors 
affecting the carbohydrate supply to roots, i.e., 
the rate of photosynthesis and the rate of 
translocation of carbohydrates to the roots. 
Various stresses reducethe rate and amount of 
photosynthesis. The translocation rate to rootq 
is largely influenced by supply (photosynthetic 
rate) and competition with the graini. 

Photosynthetic Stresses 
Influencing Stalk Rot 

of Sorghum 

Because of the translocation-balance compo-

nent, the stresses significant to stalk rot occur 
after flowering during grain fill. Likewise, the 
level of stress necessary to induce stalk rot 
predisposition is dependent upon thesize of the 
carbohydrate sink of the developing grain. 
Photosynthetic stresses include water deficit, 
destruction of leaf tissue, light reduction, and 
mineral deficiency. 

Water Deficits 

Water shortages affect photosynthetic rate in 
sorghum in nearly a threshold manner. Shear
man et al. (1972) found no depression of C02 
exchange at -18.6 atmospheres water poten
tial, but a 50% reduction at -20.3 atmospheres. 
A severe stress of -26.3 atmospheres inhibited 
photosynthesis to a near-compensation point. 
The severely stressed plants never completely 
recovered after watering to the full carbon 
exchange rate. These experiments were con
ducted under high light intensity, simulating 
field conditions, whereas other studies under 
different conditions showed inhibition of 
photosynthesis in sorghum at --10 atmos
pheres leaf water potential (Beadle et al. 1973). 

Water deficits affect photosynthesis in plants 
by causing stomatal closure, changes in 
chloroplast activity, reduction in leaf growth, 
and senescence of leaves (Royer 1976; Koz
lowski 197F; McCree&Davis 1974). Senescence 
of lower leaves was also induced presumably 
because of water deficit, by cutting roots (Kat
sanos and Papellis 1966a; Papellis & Katsanos 
1966). 

Charcoal rot is the stalk rot most commonly 
associated with water deficits. Water stresses 

ccurring after flowering increased charcoal rot 
by up to 90% (Edmunds 1964; Edmunds et al. 
1964, 1965). Odvody and Dunkle (1979) showed 
that Macrophomina phaseolina only pene
trated host cells after application of stress. 
Katsanos a,:d Pappelis (1966a) found a similar 
reaction with Colletotrichum graminicola, the 
fungur only penetrating dead cells after water 
stress was induced by cutting roots. Predisposi
tion of plants by the effect of water deficit on 
photosynthesis probably leads to any of the 
maturity-related stalk rots. 

Lenf Deatuction 

Any reduction in actively photosynthesizing 
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leaf tissue reduces the amount of carbohydral-
available to the plant for cell maintenance ano 
storage in grains. Artificial removal of the distal 
halves of all leaves increases the rate of cell 
death in sorghum (Papellis & Katsanos 1966) as 
it does in maize (Papellis 1963). Colletotrichum 
graminicola invaded only the dead cells (Kat-
sanos & Papellis 1969). Leaf diseases, such as 
that caused by Helminthosporium turcium 
Pass., are associated with stalk rot, apparently 
because they reduce photosynthesis. Yield los-
ses commonly associated with these diseases 
are probably the result of incomplete grain fill 
because of the root-rot premature-death syn-
drome. Reduction of productive leaf area by 
insect feeding or hail can also predispose plants 
to root and stalk rots. 

Light Reduction 

In species such as maize and sorghum with the 
C4-photosynthetic pathways, light intensity is 
extremely important, because carbon dioxide is 
not generafly a limiting factor to photosynthesis 
in the field. Light intensity is directly correlated 
with photosynthetic rate up to full sunlight. 
Cloudy weather, however, frequently reduces 
light intensity by 20 to 70%, and the photo-
synthetic rate drops accordingly. A prolonged 
period of cl¢cdy skies should, therefore, create 
photosynthetic stress, predisposing sorghum 
to root rot. Light reduction also occurs thiough 
plant competition from narrow rows, or 
crowded adjacent plants within a row. Morti-
more and Gates (1969) have shown that, w;,en 
adequate water is available, stalk rot increases 
in maize planted at higher densities, because of 
the shading effect. 

Mineral Deficiencies 

Thermineral requirements considered optimum 
for grain yield can be expected. in general, to 

increase photosynthetic rate. Potassium av-

ailability appears to be particularly important in 

stalk rot interactions. In maize, low potassium 
and high nitrogen availability is associated with 
stalk rot (Josephson 1962). Addition of potas-
sium to potassium-deficient soils decreased 

stalk rot and lodging in sorghum (Murphy 
1975). Potassium is known to be involved with 
senescence and apparently acts on carbohyd-
rate production (Liebhardt 1968). 

Translocation Balance and 
Predisposition to Stalk Rots 

Removal of the grain head in sorghum reduces 
therateof senescence in stalk pith tissue (Papel
lis & Katsanos 1966) and reduces the spread of 
Colletotrichum graminicola from the site of 
inoculation in the stalk (Katsanos and Papellis 
1969). Macrophomina phaseolina does not 
spread in sterile sorghum plants, but does in 
fertile plants treated with the same postflower
ing stresses (Edmund, & Voigt 1966; Odvody & 
Dunkle 1979). Edmunds and Voigt (1966) also 
found that plants with incomplete pollination 
had an intermediate level of charcoal rot. Dodd 
(1977) found, in comparisons of 110 pairs of 

maize plants, that the prematurely dead plants 
had 20.6% more kernels than did adjacent live 
plants. Similar comparisons with sorghum 
show the same relationship (J. Dodd unpub
lished). Clearly, filling of the grain head is 
involved with predisposition to root and stalk
rot development, and factors influencing the 
size of the grain sink need to be considered. 

Studies with maize (Johnson & Tanner 1972) 
indicate that the number of pollinated ovules is 
critical in determining the amount of carbohyd
rate deposited in the grain of a given genotype. 
It appears that each grain pulls carbohydrate at 
a particular g-n'cicallydetermined rate perday, 
almost regardless of kernel number or stress on 
the plant, until normal abscission layer de
velopment or plant death. This translocation 
pattern is implied in maize (Johnson and Tan
ner 1972), wheat (Wardlaw 1967), and sorghum 
(Kaigama et al. 1977). 

Kaigama et al. (1977) showed that dry-matter 
accumulation in sorghum panicles remained 
constant from bloom until black-layer forma
tion, but dry-matter accumulation in roots, 
stems, and leaves dropped. Nonirrigated 
plants, however, had a greater reduction in 

dry-matteraccurr ulation in these tissues and an 

earlier completion of dry-matter accumulation 
in the panicle, resulting in less weight per 

kernel. Possibly, translocation to the panicle 
stopped sooner because of premature death 

(wilting) from root rot-in the nonirrigated plot. 

Wardlaw (1967) found nearly the same result 
with wheat, in which translocation to the grain 
remained the same in stressed as in nonstres
sed plants, but lower internode and tiller 
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weights dropped. The root and crown translo-
cation was reduced by 50% when stressed 
during this postflowering period, 

The number of kernels multiplied by rate of 
translocation to each kernel determines the size 
of total grain sink. Although both of these 
characters are genetically influenced, kernel 
number is more greatly influenced by environ-
ment. A genotype appears to have a rather 
narrow range in rate of fill per kernel, but awide 
range of kernel number capacity. The preflower-
ing environment greatly influences kernel 
number, and therefore influences the transloca-
tion balance and predisposition to root and stalk 
rot. 

Differentiation and the beginning of estab-
lishment of the panicle occurs about 36 days 
after seedling emergence (Vanderlip 1972). The 
environment from that time through bloom 
establishes the number of kernels per panicle. 
Sorghum is most vulnerable to yield loss when 
undergoing water stress during the boot to 
bloom stagb (Lewis et al. 1974; Salterand Goode 
1967). This is apparently due to reduction in 
kernel numbers, rather than reduced weight per 
head. Pepper and Prine (1972) found that arti-
ficially shading sorghum plants 2 wk prior to 
50% anthesis decreased kernel numbers by 40 
to 60%. 

Therefore, cloudy weather during this time 
could havea major effect on establishing kernel 
number and the size of grain sink. Water availa-
bility, light, and other preflowering environ-
mental factors interact with each genotype's 
physiology to establish the final grain-sink size. 

The predisposition of sorghum plants to root 
and stalk rots is influenced by preflowering and 
postflowering environments. Genotypes will 
respond to these environments in different 
ways. Some varieties will react to excellent 
preflowering environment by establishin_ an 
exceptional grain sink that can be supplied only 
by excellent postflowering conditions, produc
ing adequate carbohydrate to maintain the 
roots, and still meet the demands of the grain 
sink. Such a variety will probably exhibit out
standing yields in this situation. However, If this 
genotype is unable to meet these grain sink 
demands because of postflowering stress, root 
rotand consequent loss of yield from lightgrain 
weight and lodging will result. In the latter 
situation, a genotype that does not establish as 
large a grain sink in response to the excellent 

preflowering environment may stand better 
and have more yield because of greater fill per 
kernel under the postflowering environmental 
stress. 

The interaction between a genotype's ability 
to establish high yield potential (i.e.,largegrain 
sink), and its consequent vulnerability to root 
and stalk rots presents an enigma that sorghum 
breeders must consider. Protection against 
some stresses can be relatively easily obtained 
through resistance to leaf diseases, viruses, 
downy mldew, and leaf-feeding insects. 
Genotypes vary in their ability to cope with low 
soil-water potential withdifferences in root size, 
leaf structure, and cellular physiology. We need 
to identify these differences and find practical 
means of screening for genotypes that are less 
affected by drought stress. 

The combination of high yield potential and 
resistance to root and stalk rots of sorghum 
will come from genotypes that are most energy 
efficient. These genotypes will combine higher 
rates of photosynthesis per unit area of leaf, 
more effective leaf area per plant, complete leaf 
canopy, efficient use of maintenance energy, 
large grain sinks, and efficient root systems.
This obviously multigenically inherited system 
will be difficult to select, but probably will be 
constructed over many years through coopera
tive contributions from many disciplines. 

Meanwhile, pathologists and breeders need 
to utilize schemes such as that used by Texas A 
& M University (Rosenow 1977) for artificially 
applying stress and identifying those 
genotypes that manage the most yield and least 
stalk rot. Other schemes will also be devised, 
but they must be consistent with the kinds of 
environmental stresses in the farmers' fields. 
Results of these screening methods should be 
evaluated in a manner consistent with the 
photosynthetic stress-translocation balance 
concept. 

Cultural Control of St 9 lk Rots 

Cultural practices can make important contribu
tions to the reduction of root and stalk rots of 
sorghum. Irrigation practices, if available, can 
greatly influence the stalk rot pattern. A large 
preflowering watering and poor postflowering 
watering should be avoided. Plants should have 
adequate waterfor photosynthesis until normal 
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abscission layer formation 30 to 40 days after 
half bloom. Water-retention capabilities can be 
increased by certain cultural practices, which 

therefore reduce the severity of water-stress 

climates. Fertilizer imbalances, particularly with 
high nitrogen and low potassium, shouid be 
avoided. 

Implications for International 
Sorghum Breeding Programs 

1. 	Resistance breeding must be carried out 

in basic total-performance breeding 
programs. 

2. 	 Caremustbetakentcselectforbothhigh 
yield and good stalk maintenance. 

3. 	 Evaluations must be undertaken in envi
ronments that are most likely to occur in 
the farmers' fields. 

4. 	 Inoculations maybe useful butare oflittle 
use if the grain development, maturity, orstresses are ignored. 
s 	 e arewigntre s l pdiseases 

5. 	 Wet preflowering and stressful postflo-v-
ering environments promote the most 
stalk rots.
 

6. 	Single plant selections are difficult. 
7. 	 Inbred reactions may not indicate hybrid 

reactions; both must be evaluated, 
8. 	 Inheritance of resistance involves inheri

tance of stress resistance, morphological 
and physiological factors affecting 
photosynthetic rates, and panicle de-

velopment. 
9. 	 Visual evaluation of senescence may be 

the most efficient means of resistance 
selection, hut must be related to maturity 
of grain development. 

10. 	 As attempts to improve yield continue by 
genetics or cultural practices, vulnerabil-
ity to stalk rots will need to be screened. 

Sorghum pathologists can make large con-

tributions (o breeders' and farmers' efforts to 
reduce damage from root and stalk rots by 
identifying the specific stresses predisposing 
sorghum plants to the rots and developing 
methods to overcome these stresses. 
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Stalk Rot Resistance Breedbng in Texas 

D. T. Rosenow* 

Stalk rots are a serious disease problem in 
sorghun. Stalks weakened by rots lodge easily, 
with loss in h -rvestable grain. Also, stalk rots 
may cause premature plant death before grain 
is physiologically mature, curtailing grain 
yields. Stalk rots are often associated with 
environmental and pest stresses, such as those 
caused by drought, greenbugs, and mites. 
These factors are common and are thus a threat 
in the sorghum-producing areas of Texas and 
other locations in the USA. 

Since lodging and stalk rots are often related, 
theterm lodging needs further explanation. The 
terms "stalk strength," "stalk quality," and 
"lodging resistance" have all been used in the 
literature and are basically iden.ical. The term 
"lodging" refers to any bending or breuking of 
any portion of the stalk in such a way as to 
interfere with normai harvest, or cause loss of 
grain, or both. Lodging can be the result of one 
or more plant, environmental, pest, or disease 
factors. 

Lodging in sorghum is often associated with 
stalk rots. Considerable research is reported on 
the causal factors and the relationship between 
stalk rots and lodging - especially with respect 
to charcoal rot (Edmunds 1964a, 1964b; Ed-
munds et al. '1J65, 1970, 1973; Edmunds and 
Zummo 1975; Hoffmaster and Tullis 1944; Hsi 
1961; Maim and Hsi 1965; Voight and Edmunds 
1970). The major stalk rots of the Great Plains 
are charcoal rot (Macrophomina phaseolina 
(Tassi) Gold.) and Fusarium stalk rot (Fusarium 
moniliforme Sheld). In the humid southern 
areas, red rot (Colletotrichum graminicola 
(Cesati) Wilson) is important, although 
Fusarium stalk rot can also be severe. Research 
has shown that charcoal rot develops only in 
plants that have been predisposed by moisture 
stress during the late stage of grain develop-
ment and is especially severe when moisture 
stress is accompanied by high temperatures 

Sorghum Breeder, Texas Agricultural Research 
and Extension Center, Lubbock, Texas, USA. 

(Edmunds et al. 1965; Edmunds 1964b). 
Techniques to screen for charcoril rot were 
developed by Hsi j1961), Maim and Hsi (1965), 
and Edmunds (1964a; 1964b; Edmunds et al. 
1965). The techniques involve either artificial or 
natural (dry-dimate) moisture stress during the 
grain-development stage, combined with 
infected-toothpick inoculation of the stalk. Con
ditions favoring Fusarium stalk rot are less well 
understood. It is usually most severe when cool 
wet weather follow3 hot dry weather (Edmunds 
and Zummo 1975). 

Root rots are also involved in the stalk rot
lodging problem (Edmunds et al. 1973; 
Johnson et al. 1966). Pythium sp apoeared to 
cause extensi,' lodging and serious grain loss 
in northwestern Texas in 1971 (Edmunds et al. 
1973).Weakneckisgenerallyconsideredtobea 
nonparasitic disease associated with a weak
ness at the base of the peduncle (Edmunds and 
Zummo 1975). However, Frederiksen et al. 
(1973) and Zummo and Frederiksen (1973) 
rbported that when Fusarium head blight is 
severe and the rot progresses down the stalk, it 
can result in weak neck and stalk lodging. 

Insects such as the greenbug, are important 
in predisposing sorghum plants to stalk rots, 
but little research has been done on this aspect. 
Teetes et al. (1973) showed that charcoal rot 
was more severe following toothpick inocula
tion i', greenbug-infested plcts. In 1978, 
Johnson (personal communication) found that 
under natural conditions more charcoal rot 
developed in greenbug-susceptible hybrids 
than in resistant hybrids under high greenbug 
numbers and under moisture stress. The Banks 
grass mite and the sugarcane root stalk weevil 
are also thought to contribute to stalk -'t. 

Several older reports indicate di.,erences 
among sorghums in resistance to stalk rots 
(Edmunds et al. 1965; Frederiksen and 
Rosenow "971; Maim and Hsi 1965; Tarr 1962; 
Voight arid Edmunds 1970). However, none of 
the lines possessed a sufficiently high level of 
resistance to contribute substantially to im
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proved stalk rot-resistant types. New Mexico-31 
was the first sorghum line developed and re-
leased primarily for its charcoal rot resistance. 

In maize, Zuber (1973) reported generally 
positive results in improving stalk strength 
through the use of various stalk-strength selec-
tion techniques. 

Research on stalk-strength measurements of 
sorghum was first reported by AI-Tayar (1974) 
and Schertz et al. (1978). These workers 
evr.luated crushing strength, penetration pres-
sure, shearing strength, and bending pressure 
of stalks at four positions, and related them to 
field lodging. They found that the second inter-
node above the ground and the base of the 
peduncle were the best positions to estimate 
stalk strength. Bending of dry plants and green 
stalk penetration eppeared to bethe most prom-
ising, although some significant correlations 
were obtained from each of the testing 
metnods. Bashford et al. (1976) studied 
mechanical properties affecting lodging in sor-
ghum. They found that genotypes classified as 
lodging-resistant required more force to cause 
lodging and were generally shorter and stoc
kier. They also showed that leaf sheaths pro-
vided considerable support, and that plants 
acquired maximum lodging resistance just 
prior to physiological maturity. Esechie et al. 
(1977) found that lodging resistance was as-
sociated with larger diameter of basal inter-
nodes, shorter peduncles, shorter plant height, 
higher weight of basal stalk and peduncle sec-
tions, and a thicker rind. Resistant lines were 
later maturing, appeared to be more perennial 
in habit, and contained higher to*.a nonstruc-
tural carbohydrates but lower stalk potassium 
and protein. 

Anatomical variation in sorghum stalk inter-
nodes was studied by Schertz and Rosenow 
(1977). Large differences were found in the 
number of cells with lignified walls and in wall 
thickness. Differences were also present in the 
degree of lignification in the epidermis, sub-
epidermis, and vascular bundles. Although no 
attempt was made to correlate the differences 
with lodging resistance, it appeared that resis-
tant lines generally had more lignification than 
susceptible ones. 

In 1972, Rosenow (1972) reported promising 
preliminary results in selecting for lodging and 
charcoal rot resistance. In 1977, reports by 
Rocenow (1977) and Rosenow et al. (1977) 

indicated excellent progress in selecting for 
resistance to charcoal rot and lodging in Texas. 
The use of ratings on the degree of plant 
nonsenescence (made on plants under mois
ture stress during the late grain-development 
stage) to predict subsequent lodging and char
coal rot was discussed by Rosenow et al. (1977). 
They found significant correlations between 
nonsenescence, lodging resistance, and chdr
coal rot resistance. Duncan (1977) described 
some characteristics of nonsenescence and 
found that nonsenescing lines had higher leaf
blade chlorophyll content and 26% higher leaf
area duration than did senescing lines. Dodd 
(1977) reported a photosynthetic stress
translocation balance concept of corn stalk rot. 
Katsanos and Pappelis (1965) discussed the 
relationship of senescing tissue and stalk rots. 
These concepts appear quite compatible with 
our observations regarding the relationship 
between nonsenescence and stalk rot resis
tance in sorghum. 

Screening and Evaluation 

The screening and evaluation techniques we 
; .;e at the Texas Agricultural Experiment Sta
tion have proven effective in improving resis
tance to several types of stalk rot. The major 
features of the program are: (a)initial identifica
tion of potential lodging resistance by any 
worker in any nursery, (b) initial screening in 
single-row observation plots in a lodging nur
sery left standing over winter, or allowing an 
entire breeding nursery to stand overwinter, (c) 
screening in replicated trials at several locations 
for charcoal rot as well as for several types of 
lodging. 

The initial screening phase is primarily for 
resistance to after-freeze stalk breakage and 
weak neck resulting from strong winds (often 
exceeding 80 kmph) during the winter months. 
Lines or hybrids with good resistance to this 
type of lodging are then entered in replicated 
trials throughout Texas, where they are ex
posed to root-lodging pressure, moisture 
stress, stalk or root rots, and any other natural 
diseases or insect pests. They are also planted 
in charccal rot-inoculated screening nurseries 
in West Texas. In these charcoal-rot lodging 
nurseries, we use basically the procedure of Hsi 
(1961), Edmunds (1964a, 1964b), and Edmunds 
et al. (1965). ldeal growing conditions are main
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tained during early plant growth, especially 
regarding moisture availability. However, as 
the plants near flowering, irrigation is withheld 
in an attempt to induce moisture stress during 
the late grain-development stage. Stress during 
this period predisposes plants to charcoal rot. 
Toothpicks infected with the causal organism, 
M. phaseolina, are inserted into an internode 
area of the stalk, usually 2.5 to 5 cm above the 
soil surface. We try to inoculate 2 weeks after 
flowering, butthetiming isapparently notcritical 
as long as it is after flowering and beforc 
physiological maturity. We usually inoculate 
five plants in each of three replications. Aftar 3 
to 4 weeks or later, inoculated stalks are taplit 
and the stalk disintegration or charcoal rot 
invasion is rated on a 1-to-5 scale, where 
< 1 = less than one internode affected, 1 = one 
internode invaded, but rot does not pass 
through any nodal area, 2 = two internodes, 
3 = more than two, 4 = more than three inter-
nodes invaded, sometimes with sclerotia, 
5 = extensive invasion, shredding, death, and 
scerotia. 

Data taken on the replicated tests include 
flowering date, plant height, h,.ad exsertion, 
and desirability (an estimate of yield). Lodging 
notes, recorded as percentage of lodged plants, 
are taken periodically through the season 
wheneversignificantlodging occurs.A leaf and 
plant death or senescence rating is also re-
corded when plants are under significant mois-
ture stress during the late grain-development 
stage. Under these conditions, nonsenescence 
has been found to be highly correlated with 
resistance to both lodging and charcoal rot. 
Two new screening techniques that were tried 

the past 2 years are infrared aeriel photography 
using the technique described by Blum et al. 
(1978), and puncture pressure at bas6 of green 
stalks in the field. 

Results and Discussion 

Brooding Lines 

Excellent progress has been made in breeding 
for sorghum lines with improved charcoal rot 
and lodging resistance. Data from the 1975 and 
1975 Statewide Lodging Test (SLT) are sum
marized in Table 1. In addition to the vast 
improvement in lodging resistance in the 20 
resistant lines compared with the five stan
dards, the average charcoal rot rating was also 
much lower -1.3 compared to 3.3. Note that 
average flowering dates are not sufficiently 
different to account for such dramatic differ
ences in lodging percentage and charcoal rot 
ratings. 

Lodging and charcoal rot ratings for 13 of the 
best source lines for resistance to lodging and 
charcoal rot, along with five checkvarieties, are 
presented in Table 2. The line New Mexico-31 
was released as a charcoal rot-resistant line 
(Maim and Hsi 1965). However, all of the 131 ines 
had lower charcoal rot ratings than New 
Mexico-31. All but one of the 13 lines were 
derived either directly or indire, ly from lines 
developed in the sorghum-conversion program 
(Stephens et al. 1967). Several reports name 
sorghums with some degree of charcoal rot 
resistance (Edmunds et al. 1965; Frederiksen 
and Rosenow 1971; Maim and Hsi 1965; Tarr 
1962; Voight and Edmunds 1970), but their 

Table 1. 	Summary ofagronomic, lodging, and charcoal rotdata from the Statewide Lodging Test, 
1975-1976. 

1975 	 1976 

Date of Lodging (%) 
50% Lodging' Charcoal LPD 

Entr:as bloom (%) rating" ratinga 2110 

R.nearch lines (20) 8114 9.3 1.3 2.8 0.5 13.8 
'standard (5) 8113 64.6 3.3 3.4 68.1 90.7 

a. Flowering data, charcoal, and LPD from Halfway, Lodging from Lubbock and Istotal lodging with data taken late winter or on 
date indicated. 
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Table 2. Charcoal rot and 

1973-1977. 

Designation 

SC35-6 (iS12555 der.) 
SC56-6 (US12568 der.) 
SC56-14 (IS12568C)
SC170-6-17 (IS12661 der.)
SC-599-6(9188)(IS17459 der.) 

SC-599-6(9247)(IS17459 der.)
NSA-440 (SS Kaf der.) 
1790E (56 x 33) der. 
1790L (56 x 33) der. 
1778 (56 x 33) der. 
SC-326-6 (IS-3758 der.) 

B-4R (B406 x Rio) der. 

R-T584 (56 x 170) der. 

New Mexico-31 

B-Tx-378 (Redlan)(IS413) 


Tx-7000 (Caprock)(IS410) 

B-Tx-399 (Wheatland)(IS896) 

TAM-428 (IS12610 der.) 


lodging of selected sorghum lines, Lubbock and Halfway, Texas, 

Charcoal rot rating" LodgIng (%)b 

1973 1975 1975 1976 1973-1977 
Lubbock Lubbock Halfway Halfway Avg. Lubbock 

0.8 1.1 2.7 1.5 1.5 2.8 
0.6 0.7 2.2 1.9 1.4 5.6 
0.4 0.6 0.7 - 0.6 2.8
0.6 0.7 1.7 1.2 1.1 39.4
0.8 0.6 1.8 1.4 1.2 34.6 
0.6 0.7 0.8 1.0 0.8 11.0 
0.9 	 1.4 1.3 0.3 1.0 3.0 
- 0.9 2.4 1.4 1.6 19.3 

1.0 0.8 0.8 2.1 1.2 3.6 
0.9 0.4 0.6 - 0.6 10.2 
0.4 0.5 1.7 - 0.9 1.8 
0.5 0.5 1.9 0.9 1.0 3.8 
0.6 0.8 0.8 - 0.8 2.0 
1.7 0.9 2.7 1.4 1.7 54.0 
2.4 1.3 3.9 1.5 2.2 89.8 
- 2.5 3.3 2.2 2.7 90.3 
1.6 1.1 2.5 1.7 1.7 65.2 
1.8 3.0 3.5 - 2.6 86.4 

a. Rated on 1-5 scale: <1 - < one Internode, 1 I one Internode, 4 - more than three Internodes, 5 - death. 
b. Lodging rating taken late In winter following exposure to strong winds. 

resistance has not been sufficiently high to be 
very useful. It appears that several lines listed in 
Table 2 have charcoal rot resistance superior to 
any previously reported lines. The 13 lines 
either have been released or are in the process 
of being released as germplasm-source lines 
for use in breeding for charcoal rot and lodging 
resistance. 

Although these lines were selected for resis
tance to charcoal rot and various types of 
lodging, we believe they also possess resis-
tance to Fusarium stalk rot and other stalk- and 
root-rotting organisms associated with stress in 
Texas. Confirmatoryevidenceforthis islacking, 
but our conclusion is based on the overall lack 
of any stalk or root rot or deterioration in these 
charcoal rot-resistant lines in the various lodg-
ing nurseries, 

In our screening process, most newly iden-
tified lodging-resistant lines are first entered in 
the Preliminary Lodging Test (PLT) grown only 
on th6 High Plains. Entries with sufficient prom-

ise are then moved to the Advanced Lodging
Test (ALT), which is also grown at a few other 
key locations over Texas - such as at Chil
licothe and Beeville. The Statewide Lodging 
Test (SLT) contains only the most promising 
and well-tested lines, and is grown at approxi
mately 15 locations over Texas. These three 
tests contain only lines or varieties, not hybrids. 

Hybrids 
Observation of hybrids in screening tests has 
shown that hybrids are more susceptible to 
charcoal rot and lodging than are breeding 
lines. It also appears that resistance is recessive 
in nature. This means that a hybrid with good 
stalk quality must have resistance in both pa
rents. As potentially desirable lodging- and 
stalk rot-resistant lines are identified, they are 
crossed to male steriles to determine their 
fertility-restoration reaction. If they are nonres
torers (B-lines), they are backcrossed until a 
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suitable A-line counterpart has been developed. 
Several male-sterile lines with charcoal rot re
sistance have been developed. Hybrids where 
both parents have resistance were first 
evaluated in the Hybrid Lodging Test (HLT) in 
1975. The HLT is grown in the lodging-
screening nurseries on the High Plains as well 
as at other key Texas locations, 

Data on selected hybrids for 1975 and 1976 
are presented in Table 3 and Table 4, respec-
tively. Hybrids with one or more resistant pa-
rents generally had less lodging,lower charcoal 
rot ratings, and lower senescence (LPD) ratings 
than did the standards (the last four entries in 
Table 3 and the last five in Table 4). However, 
differences were less than between lines in the 
SLT. Based on lodging, charcoal rot, and senes-
cence ratings, many hybrids with only one 
resistant parent perform much like the suscep-
tible parent. However, in a few lines - such as 
SC-35-6 and1790 - resistance appears to nave 
more dominance. Excessive height and head 
exsertion contributed to lodging problems of 
some hybrids. The maturity and yield of these 
hybrids is comparable to standard commercial 
hybrids, 

Nonsenescence 

Senescence (leaf and plant death - LPD) rat
ings made on plants under moisture stress 
during the late grain-development stages ap
pear to be a good indicator of subsequent 
lodging and charcoal rot. Rating is on a 1 to 5 
scale, where 1 = completely green, and 
5= dead. Highly significant positiveco-relation 
coefficients of about r = 0.7 were obtained bet
ween such ratings and both lodging and char
coal rot (Table 5, 6). The ,-.v correlation bet
ween LPD and lodging in the 1976 SLT at 
Lubbock indizates that the relationship is not 
good if the nursery is not under sufficient 
moisture stress. Senescence ratings can be a 
valuable breeding tool in any breeding nursery 
under late-season moisture strcos. They are 
quick and eliminate the necessity of leaving a 
nursery stand for long periods, or for time 
consuming charcoal rot inoculations. Such 
selection is, in fact, selecting for late-season 
drought tolerance. One of the most highly 
nonsenescing lines, SC-599-6, a Rio derivative, 
also has the highest level of Fusarium head 
blight resistance (Frederiksen et al. 1973). Non-

Table 3. Agronomlc, lodging, and charcoal rot data from the Hybrid Lodging Test, Lubbock and 
Halfway, Texas, 1975. 

Hybrid 

A599 X SC56-14 
A618 X SC56-14 
A599 X NSA440 
A1887 X NSA440 
A618 X NSA440 

A618 X SC35-6 
A618 X 1790L 
A618 X SC599-6 
A599 X Tx7000 
A599 X Tx2536 

RS671 
TAM 680 
A399 X Tx2536 
A378 X Tx2536 

a. Rated on 1-5 scale: 1 = 

b. Lodging data taken Feb. 
c. Parental lines rated as R 

Date of Plant LPD Charcoal Lodging Yield 
50% 

bloom 
height
(cm) 

ratinga 
Half. 

rating" 
Half. 

(%)b 
Lub. 

(kg/ha) 
Lub. 

RxRc 
SxR 
RxR 
RxR 
SxR 

8/7 
8/4 
8/11 
8/11 
8/6 

140 
151 
125 
112 
126 

3.4 
3.0 
3.3 
3.1 
3.5 

2.8 
1.9 
3.8 
3.3 
4.6 

67 
92 
61 
26 
79 

7120 
7430 
6690 
6690 
7430 

SxR 
SxR 

8/5 
816 

149 
138 

2.9 
3.0 

3.5 
2.3 

91 
47 

7120 
6910 

SxR 
RxS 
RxS 

8/3 
8/4 
8/3 

137 
130 
130 

4.2 
4.5 
4.7 

4.8 
4.3 
4.0 

94 
95 
69 

6590 
6120 
6800 

SxS 
SxS 
SxS 
SxS 

8/3 
8/3 
8/3 
814 

128 
152 
115 
130 

4.1 
4.3 
4.3 
3.5 

4.0 
3.1 
4.3 
4.4 

99 
100 
98 

100 

7010 
7320 
5960 
6180 

none, 5 = dead. 
1976. 
= lodging resistant, S - lodglng susceptible. 
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Table 4. Agronomic, lodging, and charcoal rot datu from the Hybrid Lodging Test, Lubbock and 
Halfway, Texas, 1976. 

Hybrid 

Days to 
50% 

bloom 

Plant 
height 
(cm) 

LPD 
rating' 
Half. 

Charcoal 
rating" 
Half. 

Lodging 
(%)b 
Lub. 

Yield 
(kgiha) 

Lub. 

A35 X SC56-14 RxRC 70 115 1.9 1.1 2 5910 
A599 X SC56-14 RxR 69 135 1.8 1.0 73 6940 
A399 X SC56-14 SxR 69 123 1.9 1.6 65 5010 
A618 X SC56-14 SxR 65 165 2.1 0.9 96 6040 
A35 X SC599-' A8) RxR 69 129 2. 1.0 13 6050 
A618 X SC599-6(88) SxR 66 144 3.3 1.9 88 5500 
A1778 X SC599-6(47) RxR 70 116 1.9 1.0 15 5940 
A1778 X SC170-6-17 RxR 69 126 2.1 0.7 58 4950 
A599 X NSA440 RxR 70 122 2.2 1.1 22 5910 
A4R X NSA440 RxR 70 102 2.0 0.9 3 5770 
.A I.8 X NSA440 SxR 69 124 2.2 1.5 72 5500 
A399 X 1790L SxR 72 123 1.6 0.8 5 3990 
A399 X 1790E SxR 65 119 2.0 1.1 42 6600 
A599 X SC326-6 RxR 70 125 2.0 0.7 20 5770 
A599 X TAM428 RxS 69 130 3.0 2.8 100 6190 
Commercial 68 117 2.8 2.0 98 5910 
TAM 680 SxS 69 110 3.7 3.0 96 4950 
A399 X Tx2536 SxS 68 108 2.7 1.7 99 5220 
A378 X Tx2536 SxS 66 143 2.7 2.7 100 5360 
A378 X Tx7000 SxS 71 133 3.2 2.1 100 6590 

a. Rated on 1-5 scale: 1 - none, 5- dead. 
b. Lodging data taken Feb. 1977. 

Parental line rating of R - lodging resistant, S - lodging susceptible. 

senescing lines also have rather good Bank's
Table 5. Correlation coefficients of senes- grass mite resistance (Foster et al. 1977). 

cence (LPD) rating with lodging and 
charcoal rot. 

Infrared Aerial Photography 
Test, year, Lodging Charcoal Lodging Charcoal 

and locationa Halfway Halfway Lubbock Lubbock Correlation coefficients in Table 6 show that 
infrared ratings that measure differences in 

HLT-75-H-LPD 0.74** 0.78** - - plant canopy temperatures on individual plots
HLT-75-L-LPD - 0.68"* 0.55"* 0.70** were not associated with senescence or lodg-
HLT-76-H-LPD 0.78*" 0.73** 0.73** - ing. 
SLT-75-H-LPD - 0.55"* 0.66** -
SLT-76-H-LPD - - 0.70** -
SLT-76-L-LPD - - 0.37 - Puncture Pressure 

*, *0 significant at 0.05 and 0.01, respectively. In 1976, plants at physiological maturit,' in a 
a. HLT - Hybrid Lodging Test; SLT = Statewide Lodging random-mated population were punctured with 

Test. 75 - 1975, 76 = 1976. LPD = Leaf and plant death a 1/16-inch bit in a hand-held penetrometer. The 
rating. puncture was in the first obvious internode, or 

311 



Table 6. Correlation coefficients among slx churactristics, Statewide Lodging Test-11976. 

Days to 50% 
Trait b!oom Plant height 

Days - -. 47" 
Height -

Infra red 
Plant death 
Puncture pressure 
Lodging (%) 

0and * significant at 0.05 and 0.01, respectively. 

about 2.5 to 5 cm above the soil line. Seven 
percent of plants with the highest pressure were 
selected and random mated. Comparisons in 
1977 indicate that thu -_!3cted population ex-

ceeded the original population by an average of 
0.9 kg of pressuretn penetrate each stalk (11.16 
to 10.26). 

Also in 1976, we punctured each line in the 
Statewide Lodging Test and obtained a highly 
significant negative correlation (r = -. 71) with 
lodging (Table 6). The average pressure for the 
five check lines was 8.91 kg, while that of the 20 
lodging-resistant lines was 10.85 kg. 

Insect Fimage 

The greenbug and Bank's grass mite often 
create serious lodging and stalk rot problems. 
Resistance to these pests has been found, and 

can increase the level of overall stalk rot resis-
tance. 

We have not done inheritance studies on stalk 
rot resistance. Fi data in (Table 3,4) indicatethat 
in most lines resistance tends to be recessive, 
while in a few lines it is more dominan't. In F2 

populations the influence of lodging-r',sistant 
parents is very obvicus. In either F2 populations 
in each of three groups, classified by their 
pars ital reactions (Res x Res x Sus, and 
Sus x Sus). the average lodging was 3.5, 16.8, 
and 49.4%, respectively. Lodging resistance as 
we measure it is indeed heritable, but not by a 
single gene as Coleman and Stokes (1958) 
reported in sorgo. 

nfrared 
Leaf, plant 

death 
Punct.'Jre 
presskire 

Lodging 
(%) 

-. 23 
.22 
-

-. 47" 
.40 
.J 

-

.64** 
-. 29 
.08 

-. 52* 

-.0"* 
.60"* 
.20 
.70** 

--. 71 

Maturity antd Height 

Plant height and maturityzr;a i-'poiinnt consid
erations in breeding for staik rot and lodging 
resistance, since reiztance is often related to 
short stature and !. maturity (Table 6). IGV 
plotting a curve, selection could be (don oniy 
within heights or maturities. We huve riot dona 
this, but we attempt to -lbectively exert se!ec
tion pressure for earli ass and away from ox
tremely short plants with little head exsertion. 

Summary 

Although stalk rot resistance is a comp!ex 

phenomena, much progress has been made in 
breeding for higher levels of resistanci. using 

proper screening techniques. Our technique of 

first selecting for resistance to after-freeze stalk 
breakage, followed by screening for moisture 
stress-charcoal rot type lodging resistance has 
worked well 161breeding for charcoal rot resis
tance. I believe we have made :ro ress intwo 
areas: we have selected for anatomically 
stronger plants, and we have selected for plants 
that have a different physiological response 
under moisture stress. These plants do not 
become predisposed to stalk rot susceptibility 
by moisture stress as easily as common sor
ghums. Such lines, in fact, have tolerance to 
late-season drought stra;ss. 

Portions of this program could well be 
adopted by other sorghum breeders. A promis
ing selection technique that can be used any
where moi,;ture stress is common is the use of 
leaf and plant death (nonsenescence) ratings. 
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The ICRISAT Charcoal Rot Resistaace Program 

K. N. Rao, V. S. Mdl dy, R. J. Williams, and L. R. House* 

Charcoal rot caused by Macrophomina 
phaseona (Tassi) Goid. is a potentially impor-
tant disease of zorghum in many parts of the 
world. It is severe on sorghum that is filling
grain during hot dry weather, particularly if the 
crop is subjected to moisture stress. There is 
evidence that the incidence of the disease is 
related to stress factors connected with the 
translocation of carbohydrates from the stalks 
to the grain, and for this reason the di:ne 
appears to be more important in high-yielding 
grain surghums than in lower yielding mate-
rials. Although charcoal rot was acknowledged 
as an important disease of sorghum, research 
activity on its control did not begin until 1977, as 
grain mold problems kept the limited staff busy 
until that time. 

Objectives 

TheobjectivesoftheprojectatlCRISATareto: 
1. survey the extent of , ield losses and the 

affected areas in the SAT; 
2. 	 understand the factors influencing the dis-

ease; 
3. 	 standardize field-screening techniques; 
4 	 identify sources of resistance in the 

germplasm and other breeding lines;
5. breed for broad-spectrum stable resistant 

lines in elite agronomic backgrounds; and 
6. 	 investigate the inheritance of charcoal rot 

re istance. 

Geographical Distribution 
The charcoal rot organism is widely distributed 
in tropical soils and is known to infect a wide 
variety of crop species (Dhingra and Sinclair 
1977). Charcoal rot ismost severe in susceptible 
cultivars when grain filling coincides with 

P!art Pathologist, Plant Breeder, Principal Cereals 
Pathologist, and Principal Sorghum Breeder,
ICRISAT. 

periods of high soil temperatures (350C) and 
moisture stress (<25% available soil moisturcm) 
(Hsi 1967; Edmunds . 

Symptoms 

The most common symptoms in sorghum are 
poor grain filling, premature leaf senescence, 
and crop lodging. intorna'!y the stem pith of 
infected plants becomes disintegrated; the 
separated fibro-vasriar bundles are nov'red 
with the srnpll black, sclero.ial bodies ol the 
fungus which give the stem a blackened ap
pearance, hence the name "charcoal rot." The 
only feasilh'a means of control of this disease in 
the SAT is the use of resistant cult: -ars. 

Screening Methods 

The basic requirement of any resistance
identification program is a meaningful and 
effective screening technique. Screening 
methods and programs for charcoal rot have 
been reported by Uppal et al. 1936; Hoffmaster 
and Tullis 1944; Karper 1949, 1953; Edmunds 
1962, 1964; Maim and Hsi 1964; Edmunds and 
Voigt 1966; Hsi 1967; and Anonymous 1977. In 
this paper we give an account of the program
for charcoal rot resistance at ICRISAT, in which 
we present details of the wide range of cultivar 
reactions encountered in our field-screening 
programs using toothpick inoculations and in
duced drought stress, and describe the nature 
of breeding material generated from the begin
ning of the program in pcstrainy season 1977. 

Resistance Screening 
at ICRISAT Center 

Inoculum Preparation 

The pathogen was cultured on wooden tooth
picks in honey-peptone medium (peptone 1 g,
honey 5 ml, distilled water 94 ml). Toothpicks 
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were packed, pointed ends up, into wide-
mouthed screw-capped bottles, and were 
sterilized at 15 psi for 20 min.Two loops of a 
mycelial-sclerotial suspension made from 
stock cultures of M. phaseolina were seeded 
into each 100 ml of sterilized cooled honey-
peptone medium. The medium was shaken 
thoroughly to allow even inoculum distribution 
and poured under aseptic conditions (using a 
laminarflow clean-air chamber) into the wide-
mouthed bottles (about 20 ml/bottle), contain-
ing the sterile toothpicks so vhtt the level of 
medium in the botte covered about one-third of 
the length of the toothpicks. The bottles were 
incubated at 35'C for 7 days at which time the 
toothpicks were covered with mycelia and 
scleiotia of the charcoal rot fungus and ready 
for use in inoculation, 

Field-inoculation Procedure 

Plants were inoculated 2 to 4 weeks after 50% 
flowering. Irrigation was withheld when the 
majority of the cultivars were at the boot-leaf 
stage (this was during the postrainy season, 
and moisture stress was easily controlled by 
withhnlding or applying irrigation). A fungus-
infected toothpick was inserted obliquely into 
each .talk at its second internode; the toothpick 
was inserted into a hole punched into the stalk 
with athin iron needle. Care was taken to ensure 
that the toothpick did not emerge through the 
other side of the stem, for this would promote 
rapid drying of the inoculurn. Between 20 and 
34 plants of each entry, in a single plot with no 
replication, were inoculated, 

Cultivars Tested 

A total of 517 sorghum elite cultivars, hybrids, 
and male-sterile maintainers- based on their 
elitenesstovariouscharacterssuchasyieldand 
resistance to drought, disease, and insects 
were selected for testing. 

Evaluation of Reactions 
and the Results 

Cultivars were evaluated for resistance at 
physiological maturity. The stalk of each plant 
of each cultivar was first squeezed to determine 
iftheinternalstructurewasdestroyed,aswould 
be indicated by a soft stalk. The stems were then 

split open so that the extent of fungal coloniza
tion of the stem, as indicated by the number of 
nodes crossed and the total length of visible 
fungal colonization, could be measured. 

As indicated, three infection parameters were 
measured on each plant of each entry
presence or absence of soft stalk, number of 
nod%, crossed, arnd distance of spread of dis
ease from thetoothpick. Lines that had no plant 
with soft stalk, no plant with nodes crossed, and 
a mean symptom spread of no more than 5 cm 
were classed as highly resistant. 

In Table 1 the charcoal rot reactions and seed 
color are given for the best 27 lines together 
with those of five highly susceptible lines. 
Nineteen of the 27 highly resistant lines origi
nated from the populations developed by the 
late Dr. R.E.Karper of Texas A & M University in 

the USA. The downy mildew-and rust
resistant sorghum SC-120-1V '.trnong those 

lines highly resistant to charcoal rot. 
None of the 15 B-lines tested, were in the 

highly resistant category (Table 2), but several 
appeared moderately resistant when compared 
with VZM 2-B, Maldandi-B, and 2077-B. 

This is the first 1,,ige-scale field screening for 
charcoal rot resistance at ICRISAT Center. Be
cause of the influence of soil moisture and 
temperature on sorghum susceptibility to char
coal rot (Hsi 1967; Edmunds 1962, 1964), it will 
be important to sufficiently replicate entries in 
advanced screening of selected lines. 

Although there is a reasonable correlation 
between the three infection parameters (Table 
3), it seems useful when dealing with elite 
material to continue to record all three infection 
parameters and to assess susceptibility on the 
combination of the three. 

Sorghum cultivars already reported res stant 
to charcoal rot are Rice kafir, 'all red kafir No. ". 
Atlas sorgo 899, Wild amber sorgo, Kansas 
orange, African millet, Sumac 35038, Sumac 
1712, Tall white sorghum 787, Corneous sor
ghum 6166 (Wadsworth and Sieglinger 1950); 
Texas black kafir (Karper 1953); and New 
Mexico-31 (Maim and Hsi 1964). 

As with several other sorghum diseases, care 

must be taken to avoid the confounJinig of 
different flowering dates. For charcoal rot sc
reening, lines of similar maturity dates should 
be grouped together to facilitate initiation of 
moisture stress at the correct physiological 
stage (boot-leaf). 
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Toe1"t.wc- re. parametews and teed color of selected .ntrlea In the potaany 
4 

21-70, 
25t-98 
1-52 
1-30 
SC- 20-14 
,4-45 
G-39 

20-67 

8-55 

2-86 

.:3 


4-20 

(954063xCS 3541)-30 

ZI 1-82 
(954068xCS3541J-64 

20-87 

IS-410 
18-10 
4-22 

IS-1266-C 
15-36 
GS-121 

23-94 

(954068 xCS 3541)-11 
&S-1235 

SC-120 

(954068x CS 3541)70 

2-34 
IS-5622xWABC 1121 

A-2268 


VZM-2B 

Maladandi-B 

&.-.c.nn trial. 

Days to 50% 
flowering 

61 
61 
64 
61 
62 

64 
65 

70 
55 

69 

64 

62 


82 


65 
82 


61 
72 

70 
112 

48 
56 

44 

83 

70 

56 


70 


71 


76 

7C 


77 

76 


76 


Soft 
stalk 
(%) 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 

100 

100 


100 


100 


100 


Mean Nodes 
crossed/ 


plant 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

0 
0 

0 
0 
0 
0 

0 
0 

0 
0 
0 

0 

0 

4.9 
2A 

4.8 

2.6 

3.0 

Men . 
Of Seed 

color 

1.3 1 6llow 
1.4 Y 	 k',; 
1.8
 
1.8 V.

1.8
 
1.9 Yc,! 
1.9 	 .c 

cream 
2.2 Yellow 
2.4 Yellow 
2.5 White 
2.5 Yellow 
2.6 Dark 

cream 
2.8 Dark 

crc"-"n 

2.8 Yc-!;-w 
2.8 

w,]te 
3.3 YElow 
3.4 Yelow 
3.6 Yellow 
3.7 	 Dark 

cream 
3.9 Brown 
4.2 Yellow 
4.4 White 

black
 
subcoat
 

4.4 Cream 
4.7 Cream 
4.9 	 Dark 

brown 
5.0 	 Dark 

brown 
5.0 	 Chaiky 

white 
10.3 Yellow 
17.5 	 Pearly 

white 
22.5 	 Cream 

white 
29.1 	 Pearly 

white 
32.2 	 Pearly 

white 
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Table 2. Charcoal rat rcictio4 of 15 sorghum B-lhise sciaoned at r,:'6AT Ceaemw, poualny 
siasor. 1977 

Days to 50% Soft stalk t7san nodes MmI; ;ength of spread 
Entry flowering (%) crossed/plant (cm) 

1 45- 61 9.4 0.2 5.3 
10248-0 57 10.0 0.2 2.0 
2'19-B 63 10.0 0.2 4.9 
1202-8 72 14.3 0.5 4.6 

70 16.7 0.7 5.3 

10511-8 	 69 26.9 0.7 4.6 
76 33.3 1.8 13.8 

1036-B 69 42.3 1.3 8.0 
10460-B 70 42.9 2.5 7.6 
CK-60-B 69 48.3 2.0 12.2 

3659-8 65 67 1 1.7 12.3 
534-8 58 75. 0.1 7.6 
VZM-2B 76 150 2.6 29.1 
Maladandi-B 76 100 3.0 32.2 
2077-B 78 100 7.8 35.7 

:-;d .KJ in 	the ir ionr' I trials tested over 
Table 3. 	 Correlation coefficients between many I¢.ctiona.tu,,.-,,. ut the SAT.Thisforms 

three clarcoal vet reaction paramet- Unit-" -n;,tvitVt ,j. i), where emphasis is on 
esm. ~.dvi ping and strengthaning thesource mate-

Soft stalk YzJi;lj 1 1 
Nodes crossed (mean no./plant) 0.76 1 The crosses between the sourcu,:, .id other 
Maan fzi )th of spread (cm) 0.80 0.70 agronomically good lines will bL'hindled simi

larly; for the most part. In the F5, preliminary 
yield trials will be conducVJ:, in India. The 
selections will beassessed fo? ! hir yield poten
tial. Selections from thi , after seed in-The Breeding Program - crease, will be tested in internationl trials 

A Projection throughout the SAT. (Unit 2 acti'ity, Fig 1). 
In Unit 3, the charcoal rot r. ;r'.e sources 

The charcoal rot resistance utilization program will be crossed to lines resi.:tart to r)iher dis
will involve screening and selection fullcwing eases or pce-ts. In F3 and F4, the linezt; w ill be 
the crossing in a cyclic mariner. Lines success- screened for as many traits as . 
fully emervin"tt from the initial screening will be Assiming that the gene numbet involved in 
funnelled through advanced screening in repli- the resistance is not large and the effects of 
cated mulhilocztion trials for exposure to vari- genes are mostly additive, thebreeding method 
ous populations of the pathogen, under diffe- envisaged in the scheme is pedih;ree. However, 
rent environments. In order to strengthen the the breeding procedures will be appropriately 
source material, the different sources will be modified, depending on the information we 
intercrossed, absuming that the resistant genas obtain on gene number, gene effects, pathogen 
in various lines are different. In F2 selection will variability, etc. 
be for agronomic traits, and the F3 and F4 lines 
will be screened against charcoal rot by inocule- Breeding Activity 
tion. In Fs, replicated trials with inoculations will 
be performed. The final selections will be in- in the 1977-1978 season, lines reported to be 
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Figure 1. The projectedcharcoal rot resistance program at ICRISAT. 



resistant in other programs were crossed. The 
Fis were advanced in the summer season at 

Bhavanisagar (11'271). The F2s were planted at 
ICRISAT Center, , 1Aarwar in the 1978 rainy 
season. The pppulation size in F2s ranged from 
600 to 1000. Inoculation wa%; not carried out. 
Charcoal rot did not develop, (because rains 
were good throughout the growing season), so 
selections vere confined to agronomic traits. 
About 93S Fi elkef.-ions were made from the 
ICfll3A) Centcr planting. Po.e.nts involved in 

in Tabla 4. In order to avoid 
the rains and cncourage charcoal rot, late (Aug) 
plantings were made at Dharwar. However, 
these platniar., suffered from head molds, and 
charcoal ro.' was observed only in pockf.ts. 
Nearly 3L.0 agronomically good types lvr/ 
recovered from tiis matirial. 

In the present plantings (postrainy 1978) all 
the F3s were planted in i.vo 4-m rovis with 40 
plants per row. Inol vw:in-7 wi!i'.e c:ried out 
at the appropria stae.g,,nd t ection made 
for less susceptible rpLa rcgand within 

thosc Frs ar ;'4ed 

n,; ".r 

families. 

The crosses obtained fronri tie Bhavanisagar 
summer sowings were --dvanced to F2 by plant
ing at ICRISAT Centeg inthe 1978 rainy season.Very little selection pressure was applied 
amon lthe Fis. at4n pressare nwas pled t 
among the Fis.A" ut472 F~s arenowplanted at 

Dharwar as well as the ICRISAT Center. The 
population size is the same as the rainy se3son 
plantings. hn 40 of these F2s, both parents are 
less susceptible to charcoal rot. In the rimain-

ing F2s, the second parent is drawn from across 
the disciplines. 

The Fis (1300) made in the postrainy season 
1978 are now being advanced. The parents 
involved in these are listed in Table 4. 

S -' 81 

The importance of charcoal rot in high yielding 
dryland sorghum is increasing. The factors 
affecting the causal organism are briefly dis
cussed. The objectives of the program at 
ICRISAT are outlined and the program for util
ization of charcoal rot resistance is projected. 
Inocul um preparation and field inoculation pro
cedures are described. The postrainy season 
1977-78 screening results are prezentd. The 
breeding material generattdd froin thr begin
ning of the project in 1977-78 postriiny season 
is described. 
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20 
5 
3 

24 
98 

F2 Fs 

27 51 
7 16 

11 15 
3 4 
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3 3 
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67 104 
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Sorghum Stalk Rots in West Africa 

J. A. Frowd* 

The stalk rots of sorghum obuserved in West 
Africa can be classed into two types, according 
to thaer causal ptiYco.en - charcoal rot, caused 
by ths .gus Macrophominaphaseolina, and 
soft rot, caused by the fungus Fusarium 
moniliforme. Both diseases are known 
throughout West Africa, in a region extending 
from Senegal to Chad and the Central African 
Empire. 

The recent upsurge in introduction of exotic 
sorghums into West Africa ha3 been associated 
with observatio.is of stalk rots. The continuing 
development of genetic resources to identify 
materials adapted to specific subregional envi-
ronments in West Africa, together with a high 
rate of germplasm introductions, has necessi-
tated a program of monitoring susceptibility to 
stalk rots. Of the two stalk rots, charcoal rot is 
the more important, and its discussion will form 
the main part of this paper. 

Inthe present study, carried out at Kamboinse 
in Upper Volta, the occurrence of charcoal rot 
on a major scale was first noted in 1976. CSH-6 
growing on a ilhallow lateritic soil was severely 
attacked; the disease appeared to be most 
severe on the upper parts of gently sloping 
toposequences; that is, where fluctuations in 
soil moisture are the most rapid between in-
creasingly spaced rain-showers at the end of 
the rainy season. Further observations in 1977 
confirmed the susceptibility of CSH-6; addi-
tionally, CSH-1 and SPV-13 were found suscep-
tible. Conversely, resistance appeared to be 
present in S-29 (an improved local variety de-
veloped in Upper Volta by IRAT), in EC-64734-2 
(now known as VS-701), and in 2KX-2E-21 (now 
known as VS-703). Field observations in 1978 
gave further inform3tion on the susceptibility of 
certain lines, notably SPV-35, 926, and four F2 
hybrids (SC-108-3 x IS-9333, SC-108-4-

Principal Cereals Pathologist, ICRISAT Cooperative 

Program, Station Agricole de Kamboins6, 
Ouagadougou, Upper Volta. 

8 xSPV-9, SC-108-4-8 xSPV-35, and SC 
108-4-8 xIS-3962). These observations were 
made in naturally infested plots, but many were 
confirmed and chFiracterized in detail in arti
ficial-.noculation tests. 

Experimentation 

Critical testing for charcoal rot resistance was 
carried out in two 1978 experiments grown at 
Kamboinse: (a) The International Sorghum 
Charcoal Rot Nursery (30 entries) assembled 
and distributed from ICRISAT Center 
(Hyderabad), and (b) high-yielding advanced 
varieties (17 entries) adapt ( to the Sudano-
Sahelian zone of West Africa. 

The objectives ofthetesting programwere(a) 
identification of sources of resistance to the 
charcoal rot fungus found in West Africa, and 
(b) the ascerainment of the resistance or sus
ceptibility of advanced materials with potential 
of being extended to farmers. 

Materials and Methods 

Inoculations were carried out using the tooth
pick method. Sderotia of the fungus, collected 
from stem tissues of infected plants in 1977, 
were seeded onto a medium containing 15 g 
agar, 5 g honey, and 1 g potassium nitrate per 
liter. To( ,icks were inserted into the seeded 
agar; after 4 days at 320C they were infested 
with mycelium. Toothpicks thus infested were 
inserted into thestems of 20 plants per two-row 
plot, 2 weeks after flowering. Plants were ob
served for lodging and soft stems at physiologi
cal maturity; stems were then sectioned Ion
gitudinally and the number of tiodes crossed by 
the fungus was recorded. 

Results and Discussion 

Principal results are presented in Tables 1, 2, 
and 3. Good sources of resistance to charcoal 
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Table 1. Charcoal Rot Nursery entries sheu-
Ing high resistance at Kamboinso. 

Entry 
Soft stalks

() 
Nodes crossed ' 

(no) 

2-86 0 0.1 
4-45 0 0.2 
8-55 0 0.3 
1-30 0 0.3 
CSV-4 0 0.4 

a. Mean of 20 observations _more 

Table 2. 	 Entris Inthe advanced varieties test 
showing high resistance to charcoal 
rot nt Kamboinse. 

Soft stalks' Nodes crossed a 
Entry (%) (no) 

NES-1077 0 0.1 
SC-108-4-8 0 0.12219 B 0 0.1 
65/30 	 0 0.1 
CSV-1 0 0.1 
VS-701 0 0.1 
a. Mean of 20 observations 

Table 3. 	 Entries susceptlble to charcoal ret In
Inoculated trla~s at Kambolns6.Inoculated__ trialsat____________ 

Soft stalks" Nodes crossed" 
Entry (%) (no) 

SPV-35 45 1.9 
A-2268 35 4.0 
H-410 	 35 1.8 
CSH-6 35 1.1 
(IS-954068 	 x 
CS-3541)-11 25 0.7 

a. Mean of 20 observations 

rot -e.g., 2-86, CSV-1, and VS-701 -are av-
ailable. 

The extreme susceptibility of CSH-6 and 
SPV-35 has been confirmed under experimental 
conditions, in support of earlier field observa-
tions. The value of these two cultivars to far

mers is in doubt. Rao and Williams (1978) have 
confirmed the extreme susceptibility of A-2268, 
whereas eight lines showed no soft-stalk 

symptoms at ICRISAT Center or in our studies at 
Kamboinse. These were 25-98, 1-52, 1-30,4-45, 8-55, 2-86, 23-94, and (IS

954068 x CS-3541)-64. However, two 
lines - H-410 and (IS-954068 x CS-3541)
11 -which appeared resistant at ICRISAT 
Center, were among the five most susceptible 
lines tested at Kamboinse. 

The performance of existing "elite" lines is 
problematic (Table 4). In the case of 

SC-108-4-8, field observations have 
suggested that it is susceptible to charcoal rot, 
and when crossed with other susceptible types, 
e.g., SPV-35, this susceptibility appears to in
crease, possibly by complementary gene ac
tion. The results of toothpick screening would 
suggest, however, that SC-108-4-8 carries re
sistance to charcoal rot at Kamboinse. Cer
tainly, further testing is required to resolve this
divergence of results, taking into account the 
environmental conditions of the test. 

Soft Rots 

Fusarium stalk rot of sorghum is similar to 
charcoal rot, in that it requires predisposing 
conditions for the onset of infection. At Kam
boinsd, VS-703 was observed infected by a stem 
rot at soil level in a field with a high water table;
the field had received a heavy dose of nitrogen
ous fertilizer. This observation, in early August, 

was characterized by a soft white water-soaked 
pith rot, spreading upwards to the shoot tip; at
the time, it appeared that inflorescence de
velopment would be inhibited. 

Table 4. 	 Comparison of charcoal ret reis
tances In three elite Ilnes at Karn
boinse and at ICRISAT Center. 

Kamboinse ICRISAT Center 

Soft Nodes Soft Nodes 
stalks crossed stalks crossed 

Entry (%) (no) (%) (no) 

S-v35 45 1.9 11.5 0.5 
CH- 3 .1 6.3 3.5 
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In the light of this single observation, it would 
be advisable to recognize the existence of F. 
moniliforme and take steps to avoid its increase 
in the course of normal cultural practices. 
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Sorghum Head Blightsavd Stalk Rots Discussion
 
Session
 

Anthracnose season to season? Is there a reliable 
method of inoculation of anthracnose to 

Balasubramanian: get disease reaction before flowering? 
What happens when both Colletotrichum 
grminicolaand C falcatum are inoculated Frederiksen:togeher ntosorgIs t up-Most inoculum survives with plant debrisum? ereanytogether onto sorghum? Is there any sup

pression of one by the other? Does the 
close proximity of sugarcane affect C fal-
catum incidence in sorghum? 

Frederiksen: 
There is information in the litei Aure on the 
susceptibility of sorghum to C. falcatum. 
Some workers maintain that C.falcatum is 
just a strain of C.graminicola. I know of no 
work indicating antaonism betwecn these 
species, nor of sugarcane being a source of 
inoculum for sorghum, though it would not 
surprise me. These are areas of major con-
cern to Us in our research and they are 
receiving attention from Mr. Pastor. 

Sundaram: 
There are three distinct types of symptoms 
of foliar anthracnose on sorghum in 
Nigeria. When varietal reactions are re-
ported, the symptom type should be spec-
ified. We probably need further studies on 
this aspect. 

Frederiksen: 
Variation in symptom type is important and 
certainly an area that needs active investi-
gation. We are looking at the relationhips 
between isolates and symptoms produced. 

Sharma: 
At Indore in India the atypical diffuse le-
sions with several acervuli are observed. 
Lines resistant to isolates prdlucing typical 
symptoms can show slight incidence of the 
atypical symptoms. The atypical symptoms 
have not been observed in farmers' fields. 

Brhane: 
What are the different methods of trans-
mission of anthracnose, especially from 

or wild collateral hosts such as johnson
grass or other Sorghum spp. There are 
many published inoculation techniques: (a) 
use of leaf debris from previous year's or 
season's crop; (b)artificially infested grain 
drnpped in whorls of young plants; (c) 
hypodermic placement of conidia in 
whorls; (d)toothpicks inserted into stalks, a 
technique that will work in dry environ
ments. 

Mengistu: 
Iam of the view that seeds are good means 
for disease distribution. In our experience 
in Ethiopia, most of the discasus are 
confined to research stations, and newer 
diseases, not seen earlier in farmers' fields, 
are prominent at these stations. 

Frederiksen: 
The environment and genotypos at cxper
iment stations are generally quite different 
from farmers' fieids. Most sorghum patho
gens are widely distriLuxcd. The severe 
disease reactions at expe~iment stations 
are reported on new unadapted sorghums 
and do not necessarily reflect importation 
of new pathogens. Most research seed is 
free from those few pathogens not already 
distributed worldwide. 

Williams: 
I fully agree with Dr. Frederiksen. We must 
remember that susceptibility is also seed
borne. When you introduce an exotic 
genotype to pathogen populations for the 
first time, you may observe very severe 
disease. So it is natural that in a nursery of 
newly introduced cultivars you can get high 
levels of a disease that is unimportant in 
local cultivars. In this case, it is the suscep
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tibility that is seed-borne and not the 
pathogen. 

Fusarium Diseases 

Girard: 
There are two forms of Fu,.'ariurn 
moniliforme-F. moniliforme sensu 
stricto -producing microcoidia in long 
chains, and Fusarium moniiforme var. 
subglutinans -producing microconidia in 
clumps (more or less like F. oxysporum). F. 
moniliforme var. subglutinans is as-
sociated with uokkah boeng. Can it f.lso be 
associated with root rot, seedling blight, 
head blight, stalk rot, or grain -,ilds? Are 
the relationships between the different dis-
eases of the "Fusarium ,-,*plex" known or 
suspected? Are the perfect stages Gib-
berella fun!auroi and G. oniiformis also 
found in nature associated with the 
Casarium complex? 

Selvaraj: 
Fusarium monififorme var. subglutinans is
notarnly morphlgirrne difret firm F.i 
not only morphologically different from F. 
moniifor,;,e sensu stricto, as you have 
rightly pointed out, but also pathologically 
different. Experiments conducted by us at 
Kano, Nigeria, have confirmed that the
former causes pokka boeng but does not 

cause head blight or stalk rot, even though
it is also found in the grain-mold complex 
and is seed transmitted. Head blight and 
stalk rot ara caused by the samepathogen - F.moniiforme sensu stricto. 

This pathogen is not able to incite pokkah
boeng, even though it often causes head 

mold. Both Fusaria cause seed rot and 
seedling blight. The perfect stages of these 
pathogens were not recorded in the dis-eased host.Maysakrtigfnifrtivdros 

Chareoal Rot 

Girard: 
Macrophomina phaseolina can attack a 
wide range of plants, such as maize, sor
ghum, groundnut, cotton, beans, cowpea, 
and soybean. Arethere specialized forms of 
this fungus, each being adapted to a 
specific host plant? 

Generally the sterile form of the fungus 
called Rhizoctonia bataticola is found. In 
Senepal, under drought conditions, we find 
it o:,groundnut and cowpea. But under 
wry humid conditions, the pycnidial stage 

Macrophomina phaseolina can be found. In 
fact we do not know if it is the same
pathogen. Doc: anybody know if the pyc
nidial stage can be associated with sor
ghum stalk rot? 

K. r,:. Rao: 
I know of no evidence for host specializa
tion. We see the sclerotial stage with sor
gllhm charcoal rot. 

Ravindranath: 
Rhizoctonia bataticola and Macrophomina 
p/;aseoinaattack many crp' in su:;mi
arid tropics, such as peanut, castorbean, 
sunflower, sesamum etc. Work in India has 
shown that strains and physiological races 
do not exist. Slight morphological differ

ences exist. In the last rabi (postrainy) 
season, CSH-6 was raised on some soils of 
Andhra Pradesh for the first time, and 
suffered heavily from charcoal rot. This 
incidence also supports the view that strain 
variation is not important. 

SndrmThe mode of infection of the charcoal rot 
fungus in nature is through soil and roots,
and the mechanism of resistance is there
fore likely to be specific n roots. Are we 

justified in labeling plants susceptible if 
they develop symptoms following tooth
pick inoculation, because this does notsimulate natural conditions? 

Frederiksen: 
Many stalk rotting fungi first invade roots 
and the charcoal rot pathogen is no excep
tion. However, most inoculations involve 
artificial conditions, possibly bypassing 
some host resistance. They are useful in
sofar as they identify host genes condition
ing levels of resistance. 

Dodd: 
I believe that when you inoculate directly 
into stalks you measure the degree of 
senescence of the tissue. The spread of the 
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pathogen provides tho mieasure. I dislike 
toothpick inc -.;i.r, i'tbecause it is not 
valid, but because it is so labor intensive, 
which restrictsthe number of locations and 
replications that can be used. 

Balasubramanian: 
Do the grains of M35-1 shrivel following 
stalk deterioration in your trials? 

K. N. Rao: 
The grain of M35-1 was normal following 
severe stalk disintegration. 

Balasubraman;an: 
Are erect-leaved sorghums more i'e.istant 
to charcoal rot? Can we control charcoal rot 
by diffemrntial leaf clipping, thus changing 
carbohydrate movement? 

Dodd: 
In maize there is less stalk rot when lower 
leaves are clipped than when upper leaves 
are clipped. The effect is different if only 
alternate olants are clipped because of 
different shading effects. 

Denis: 
Is there any relationship between root mass 
or distribution and charcoal rot susceptibil-
ity? 

Dodd: 
Attraction of carbohydrate is toward meris-
tematic tissue and therefore the number of 
root meristems could be important in the 
movement of carbohydrates towards the 
roots. This should be examined, but it 
might be difficult to bring such information 
into use for field screening. 

Rosenow: 
Among our stalk rot-resistant lines there is 
variability in root mass frcm larga to small. 

Dodd: 
It would be important to !ook at root mass 
early in the season and not wait until plant 
death. 

Rosenow: 
Nonsenescent sorghums tend to have a 
small root system early in the season but 

maintain actively growing roots right up to 
the late stages of grain filling. Some of the 
high!, susceptible lines have a large root 
sysim early in the season which dies 
before the completion of grain filling. 

Selvaraj: 
In northern Nigeria, root rot, stalk rot, and 
head blight all seem to be related. 

Brhane:
 
It has been stated that amount of stalk rot 
(charcoal rot) and sink capacity are posi
tvely correlated. We have some lines with 
very small heads and thus low sink capac
ity, but they are stalk rot susceptible. If, in 
general, the relationship between sink size 
and stalk rot susceptibility is positive, how 
should breeders go about combining high
yield and charcoal rot resistance? 

Dodd: 
This is an important question. You have to 
select for yield, not just kernel number, and 
stalk quality (by selecting for nonsenes
cence) in many environments. 

Rosenow: 
The generality is valid, but it is not absolute. 
Lines with the same yield potential can vary
greatly in stalk rot susceptibility. Breeding 
for high yield should be continued in coor
dination with screening for stalk rot suscep
tibility. It is possible to get high yield and 
stalk rot resistance into the same plant. 

Williams: 
I have heard the charcoal rot path,'gen 
referred to as Sclerotium bataticola. Does 
any one have any comment on the use of S. 
bataticola? 

Ravindranath: 
There should be no confusion on this mat
ter. The pathogen was orginally described 
as Sclerotium bataticola based on the 
sterile mycelial stagefound byTaubenhaus 
in 1913. This was changed to Rhizoctonia 
bataticola (Taub.) Butler in 1925, because of 
the obvious and abundant rhizoid hyphae
supporting and interconnecting the 
sclerotia. Thus the hyphal characteristics 
separate it from the genus Sclerotium. 
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A World Review of Sorghum Smuts
 

J. A. Frowd* 

Sorghum is one of the most important of the 
tropical grain crops. it is frequently referred to 
as guinea-corn in Anglophone West Africa and 
as jow3ar, jola, juar, or cholam in India. World 
production of sorghum (1974) is reported to be 
46.9 million tonne, of which the USA is the 
largest producer (15.1. million tonne), followed 
by India (8 million tonne). Nigeria produces 3.5 
million tonne annually, and, among West Afri-
can countries, Upper Volta and Niger are also 
important sorghum producers. Of an estimated 
total area of 42.4 million ha in sorghum cultiva-
tion, India has the greatezt share of 17 million 
ha, followed by Nigeria and the USA, each with 
5.6 million ha. Yields in India and West Africa 
are substantially below the world average of 
1103 kg/ha, and it is in these areas that the 
greatest need for removal of constraints to 
sorghum production exists. 

Many aspects of the importance of tha smut 
diseases of sorghum have been, and remain, 
the subject of conflicting statements in the 
literature. Sincethe publication in 1962 of Tarr's 
book on sorghum diseases, much add'Itional 
material has appeared on the biology and con
trol of sorghum smuts. However, we s'ill need 
more information on certain aspects oi these 
diseases: for example, on their distribution and 
relative importance in variour area, of the 
world, race characterization in the smut fungi, 
resting-spore longevity and the requisite condi-
tions for their germination and host infection, 
and more efficient or more acceptable mea-
sures for control of smut diseases. 

This review attempts to highlight some of the 
possible research priorities that need to be 
pursued in the light of recent progress on smuts 
of sorghum, 

* Principal Cereals Pathologist, ICRISAT Cooperative 
Program, Station Agricole de Kamboinsd, 
Ouagadougou, Upper Volta. 

Historical Oackground 

Four distinct smut diseases of sorghum are 
recognized, and they are caused by fungi in
cluded in the order Ustilaginales of the class 
Basirdiomycetes. Covered smut is the best 
known of these diseases, and extensivr litera
ture concerning it and its causal pathogen has 
appeared over the last 70 yeara. It is caused by a 
fungus described as Sporisorium sorghi Link 
1825, aldough Sphacelotheca sorghi (Link) 
Clinton (1902) is the name now usually ac
cepted. LoosesmutiscausedbySphaceotheca 
cruenta (Kuhn) Potter (1912), originally de
scribed as Ustilago cruenta Kuhn 1872. Another 
Ustilago sp, U. reiliana Kuhn (1875), was de
scribed as the cause of head smut dise3se, 
thoughthenameSphacelothecareiliana (Kuhn) 
Clinton (1902) i', widely used. Long smut dis
ease was attributed to the fungus described as 
Sorosporium ehrenbergii Kuhn (1887), though 
its generally accepted name since 1903 has 
been Tolyposporiurn ehrenbergii (Kuhn) 
Patouillard. 

Geographical Distribution 

Sorghum smuts are widespread throughout the 
world and all four species occur in the Indian 
subcontinent. Of these, covered smut has the 
widest distribution, coextensive with sorghum 
cultivation. It has been reported from Denmark 
and Canada (northernmost limits) to Chile and 
Australia (southernmost limits) - CMI Map No. 
220 (1974), and from ten countries in West 
Africa. Its pattern of distribution probably 
reflects its seedborne mode of carryover. Since 
loose smut is borne in the same manner and its 
causal fungus is in many respects simil3r to that 
of covered smut, its distribution probably does 
not differ greatly from covered smut. There is 
little information on the distribution of loose 
smut in West Africa (King 1972), though it is 
mentioned as occurring in Chad (Saccas 1954), 
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Niger (Jouan and Delassus 1971), and Came-
roon (Foko 1975). 

Head smut has been reported from many 
parts of the world, though records of occurr-
ence of this soilborne disease are not as numer-
ous as those of covered smut. Estonia and the 
USA are the northernmost limits of its distribu-
tion, and Ch~le and New Zealand are its south-
ernmost limits (CMI Map No. 63, 1969). There 
are records from seven West African countries: 
Cameroon (Foko 1975), Chad (Saccas 1954), 
Ghana, Niger (Jouan and Delassus 1971), 
Nigeria, Senegal (Bouhot and mallamaire 
(1965) and Upper Volta (Delassus 1964). 
Long smut appears to have a more restricted 

distribution than the other smuts and apart 
from those of the Indian subcontinent, reports 
of its occurrence are largely from East Africa 
and the Middle East (CMI Map No. 337, 1970). 
Five records are known from West African 
countries, i.e., Cameroon (Foko 1975), Ghana, 
Niger (Jouan and Delassus 1971), Nigeria and 
Senegal (Bouhot and Mallamaire 1965; Bouhot 
1966),long smut has not been reported fromthe 
western hemisphere. The author has frequently 
noted its occurrence in Upper Volta. 

Losses 

Although well-proven chemical methods forthe 
control of covered smut are known, it is still 
regarded by many as the most destructive 
disease of sorghum (Ranganathaiah and Gov-
indu 1970) or, at least, the most destructive of 
the smuts (e.g., Ramakrishnan 1963). This is 
particularly true in the third world countries, 
where seed dressing is not practiced. Losses in 
West Africa average 5to 10% (Keay et al. 1967); 
Mercer-quasline 1969; King 1972) and in parts 
of Africa up to 50% (Frederiksen, King, and 
Sundaram, personal communications). Under 
typical cultural conditions, Mathur and Dalela 
(1971) estimated yield losses of 4.5 and 1.7% in 
two crop years in Rajasthan, India, but the 
possible extent of seed dressing in the crop was 
not taken into account. A loss of 1 % typically 
cause yield reduction of 4.1 million kg in Rajas-
than and a financial loss of 2.1 million rupees 
(1964prices), ln Nigeria,Harris(1963)estimated 
a 1.3% loss due to covered smut atL500 000, or 
the unrewarded cultivation of 70 000 acres. 
Losses of 20 to 60% have been reported in crops 
that did not receive seed treatment (Sundaram 

1972); maximum losses under extreme condi
tions have been 50% in Injia (Delvi 1958) a-id 
60% in Burma (Anon. 1943). Covered smut is 
now quite rare in the USA (Edmunds and 
Zummo 1375). 

Head smut and long smut are generally re
garded as secondary in importance to covered 
smut. In regions with an annual rainfall of less 
than 635mm, long smut has been described as 
the next most serious disease to covered smut, 
and losses may attain 10% (Frederiksen, King, 
and Sundaram, personal communications) to 
20% (Bamdadian 1968). Selvaraj (personal 
communication) notes that long smut and head 
smut may be serious in northern Nigerin in 
drought years. Though overall losses d,,'e to 
head smut in Nigeria are less than 2% (King 
1972), in Niger head smut has been termed the 
most serious and destructive smut disease of 
sorghum (.Jouan and Delassus 1971). Head 
smut caused heavy losses in USA in the late 
1950s and resistant hybrids subsequently de
veloped have proved susceptible to new races 
of S. reiliana which have appeared since 1968 
(Frederiksen, King, and Sundaram, personal 
communications). 

The common occurrence of loose smut in 
sorghum-growing areas is rarely regarded as a 
problem, since the disease is localized and, like 
covered smut, readily controlled by seed treat
mer;s. Possible losses of 2% have been asses
sed in Niger and Nigeria (King 1972). In areas 
where ratooning of sorghum is prarticed, loose 
smut may reach epidemic proportions. 

The Pathogens 

Within the Ustilaginales, the genera implicated 
in causing smut diseases are Sphacelotheca 
and Tolyposporium. In this order, much of the 
mycelium is converted at maturity into 
chlamydospores or teliospores which produce 
basidia after a period of rest. Sporidia are 
produced from the subdivided basidium. 

Sphacelotheca is differentiated from Ustilago 
by its possession of an outer false membrane 
(peridium) covering the sorus, and a central 
columella of host tissue. The peridium is com
posed of fungus cells which are transformed 
into spores. In many cases, the peridium is 
evanescent and the smut is mistaken for a 
species of Ustilago (Thirumalachar 1966). The 
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spores of Sphacelotheca are single within the 
sorus, and become dusty at maturity, 

Tolyposporium is characterized by the ap-
pearance of its cnres In regular balls contain-
ing many spores. Tolyposporium has been 
differentiated fromnSorosporium bythefactthat 
its spores are held together by interconnected 
thickening, of the exospore walls, whereas 
Sorosporium spores are not intercalary within 
the ball. The permanency of the spore ball has 
no meaning in differentiating betweer, the two 
species (Thirumalachar 1966), and Duran (1969) 
appears to be ini partial agreement in stating 
that the spore balls of Tolyposporium "tend to 
be permanent or semipermanent" whereas 
those of Sorosporium "tend to disintegrate into 
indli?:.ual spores." Thirumalachar (1966), in 
examining the type genus Tolyposporium, con-
siders that it conforms to a Sorosporium 
species though he suggests that the name 
Tolyposporium be retained as it is well-
established and another type-genus should be 
designated. 

The fungi of the Ustilaginales produce no sex 
organs and almost any two compatible cells 
may combine, the environment determining 
their behavior with regard to sexual fusion, 
Compatibility within the smut fungi appears to 
be extremely complex; for example, Vah-
eeduddin (1942) reported some 66 "sex 
groups" (mating types) in 74 lines from 28 
teliospores of Sphacelotheca sorghi. 

Discussion of fungal taxonomy at the species 
level follows in four sections, each devoted to a 
single smut disease. 

Sphacelotheca sorghl 

Taxonomy 

The smut sor are filled with dark powdery 
spores which vary in size. The spores, averag
ing4to7p in diameter, are dark brown in mass 
but olive brown singly (Tarr 1962). 

The existence of races in S. sorghi became 
apparent in the 1920s. Five races were identified 
in the USA (Tisdale et al. 1927) and these have 
well characterized differences in color, length, 
and manner of rupture of sori. However, races 
cannot be separated only on these characters, 
study of their cultural characters revealed 
further points of distinction. 

Five races have been reported on sorghum in 

India (V-,heeduddin 1951), two of which were 
similar to USA races; a third resembled a 
synthetic hybrid between two races of the U.S. 
origin. The other two were described as new 
races. Other workers have since corroborated 
the existence of more than one physiologic 
form of the fungus in other parts of India: 
Dasgupta and Narain(1960)distinguishedthree 
races in Uttar Pradesh, while Ranganathaiah 
(1969) observed two races in Karnataka. The 
efficacy of chemical control measures against 
S. sorghi is believed to be the factor removing 
pressures on host resistances and, presumably, 
has prevented the evolution of new races (Ed
munds and Zummo 1975). Natural hybridiza
tion betweenS. sorghiandS cruenta is thought 
to have given rise to a range of races, but 
hybrids show irregularities in sporidia forma
tion and those produced frequently fail to de
velop hyphae. The existence of relationiships 
between the U.S., South African, and Indian 
races has not yet been determined in detail. 
Two races have been distinguished in South 
Africa by their differential reactions on White 
Yolo and Hegari sorghums. Designated as SA1 
and SA2, they have been incorporated ii a 
modification of Vaheeduddin's race nomencla
ture (Gorter 1961). In the relationships of the 
races, it is doubtful whether race 1 and race 6 
(Vaheeduddin 1951) are distinct and similarly 
whether race 4 and race SA2 are distinct. 

Spore Survival and Germination 

Spores of S. sorghi may remain viable for up to 
13 years under dry conditions (Sundaram 1972) 
and spore germination can take place im
mediately after they are formed; no resting
period is required. Viability of spores depends
on time of collection and method of determin

ing their germination potential. 

Host Range 

S. sorghi appears to be restricted to the genus 
Sorghum (Zundel 1953). 

Sphacelotheca cruenta 

Taxonomy 

The chlamydospores of S. cruenta are larger 
and darker in color than those of S. sorghi, 
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averaging 7 to 8 p in diameter. In contrast toS. 
sorghi, sori usually rupture before exertion, and 
release of spores occurs before harvest. 

Two races are known to occur in the USA 
(Melchers 1933) and the existence ofthreeraces 
is now generally recognized (Rodenhiser 1934). 
These have probably arisen as a result of 
hybridization with S. sorghi 

Spore Survival and Germination 

Chlamydospores, when stored dry, have been 
reported to retain their viability for 4 years 
(Takasugi and Akaishi 1937). 

Host Range 

S. cruenta is apparently restricted to the genus 
Sorghum though it has been reported on cer-
tain sugarcane varieties in which Sorghum 
halepense was one parent (Chona and Munjal 
1951). 

Sphacelotheca reillana 

Taxonomy 

Spore balls are produced on the myceliurn 
which is systemic throughout the aerial parts of 
the diseased plant. They are 60 to 180/u in 
diameter when young and contain papillate 
spores, which average 13p in diameter at 
maturity. 

The existence of races in S. reiliana was 
demonstrated by AI-Sohaily et al. (1963) who 
tested 18 head smut collections from the USA 
and India on five sorghum differentials and 
recognized four races. When maize cultivar 
North Star was included as a differential, a fifth 
race could be distinguished. The criteria used 
by these workers are too stringent for uncover- 
ing all possible races of the pathogen, since no 
account was taken of the degree of plant infec-
tion, and the number of plants used in their 
experiments was small. Total virulence of all 
compatible lines was determined in several 
chlamydospores produced from monosporidial 
lines (Mehta et al. 1967). These workers iden-
tified three races in covered smut collected at 
different locations, but use of all compatible 
combinations from single chlamydospores 
showed that fiveraces existed. This is explained 
in terms of the heterozygous nature of 

pathogenicity in chlamydospores, giving rise to 
different pathogenic forms from the same 
chlamydospore, Edmunds and Zummo (1975) 
broadly group three races as follows: (a) a race 
attacking most sorghum hybrids grown before 
1975, (b) a California race pathogenic to Early 
Hegari SA 281, and (c) a race virulent to resis
tance derived from Tx 09 combined with White 
Feterita (Frederiksen and Roderigu ez-Campos 
1969). 

The introduction of smut-resistant hybrids 
since 1957 (Stewart and Reyes 1958) gave a 
temporary solution to continued head smut 
losses, and by 1968 a new population of smuts 
was established - necessitating introduction 

of new sources of genetic resistance (Frederik
sen, King, and Sundaram, personal communi
cation). A new race of head smut designated as 
race 4 was characterized by its ability to attack 
TAM 2571, a line resistant to race 3 (Frederiksen 
et al. 1975). 

The appearance of new virulent genes in S. 
reiliana is of concern in the USA and elsewhere. 
A possible new race is thought to occur in 
Nigeria (King 1972), though whether this is due 
to race subdivision remains to be determined. 
The relationships of the races described in the 
USA, to the three obtained from India (Al-
Sohaily et al. 1963) and the two described by 
Padaganur and Govindu (1971) in India also 
require elucidation. 

Spore Survival and Germination 

The reported maximum period of viability of S. 
reiliana spores is 8 years (Brefeld 1883 [cited by 
Fischer 19361) and, more recently, it has been 
stated that they will survive for at least 7 years 
(Jouan and Delassus 1971), and at~east 10years 
in Texas (Reyes and Frederiksen, personal 
communication). This data contrasts with other 
estimates of 2 years (Ramakrishnan 1963), 18 
months (Sundaram 1972) and 12 months (Sun
daram 1955). From these reports, it seems 
probable that S. reiliana spores will remain 
viable for long periods, duringj which sporadic 
germination occurs when conditions become 
favorable. Another possible factor is contained 
in the results of Swearngin et al. (1966), who 
showed that natuially released teliospores 
grew sparingly, whereas immature teliospores 
will readily germinate. The low percentage 
germinationofsporesinwater(2%)reportedby 
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Sundaram (1955) probably indicates this point, 
Enhancement of germination to 8% in 2% sugar 
solution was interpreted as a stimulatory effect 
of the sugar (Siddiijui 1965), but in the absence 
of critical comparisons it is obvious that much 
further information is required on the behavior 
of teliospores of S. reiliana. 

Host Range 

S. reiliana occurs in two distinctforms, infecting 
maize and sc,-'bum. Reports exist of infections 
minzhre other ARepogexofsenera. (Upetansin thre other eenera:Andropogon (Uppal et al. 
1935; Rayss 1956) Cleistachne (Wiehe 1953) and 
Euchlaen (teosinte) (Zevada et al. 1955). The 
importance of sudangrass in field margins as an 
alternate host for the pathogen has been de-
monstrated (Halisky 1963). 

T yposporiurn ehronbergil 

Taxonomy 

Spores are united into balls, which are dark 
brown globose io oval bodies between 30 and 
240p in diameter. The spores at the perinhery of 
the !:,oore ball are dark brown and p; 'te on 
the free side, whilst internal spores are light 
brown and smooth-walled. They are usually 
globose but somewhat angular, and average 12p 
in diamete,'. The existx'e of at least two races 
of long smut has been suggestcd oy Tarr (1962), 
a conclusion based on differential infection 
patterns in Sorghum purpureo-sericeum and 
nearby Sorghum bicolor plants. 

Spore Survival and Germination 
Spores of T. ehrenbergii are reported to retain 
their viability for 2 years (Ramakrishnan 1963;theirviabiia 196 
Sundaram 1972). 

Host Range 

T.ehrenbergii occurs on pearl millet in addition 
to sorghum (Tarr 1962). 

Smut lelationships 

Hybridization studies have elucidated some 
aspects of the inheritance of characters of each 
of the smut fungi. Intraspecific and interspecific 
hybridizations give rise to new pathogenic smut 

types, each of varying pathogenicity. Some
times these are termed "races." 

Hybrids bctween S. sorghi and S. cruenta 
occur readily (Rodenhiser 1932), but the 
heterothallic interactions between them result 
in a high degree ofsterilitl and the basidia fail to 
develop sporidia, or develop only a few. 

Dikaryons from haploid lines of S. sorghi and 
S. reiliana were found to be differentially 

pathogenic in four varieties of sorghum. Sorus 
type was either S. sorghi type, or an inter
mediate, though spores from Fi sori gave .ori 
resembling S. sorghi and S. relana in a 2:7 ratio 
when tested or nine varieties. It was conclhded
that the factors controlling S. sorghi characters 
appeared closely linked, or were inherited as a 
unit (Rodriguez and Frederiksen 1968). 

Vaheeduddin (1942) crossed S. reiiana with 

S. cruenta and obtained a range of hybrids, in 
some of which the sori resembled those of 
Tolyposporium ehrenbergii and, in some, 
heterosis was evident. 

A summary of the characters of the four smut 
fungi is given in Table 1. 

Mode of Host Infection 

Covered Smut 

McKnight (1966) showed that the ideal 
position for infection on sorghum, using un
germinated teliospores, was on the testa at the 
time of seeding. Significant infections of sor
ghum variety Martin occurred when inoculation 
was delayed, up to coleoptile length of 5mm, 
but subsequent infection was rarely successful. 
In sorghum variety Pink Kafir, infections wereobtained up to a coleoptile length of 20 mm, but 
otie pt oepielnt f2 m u 
never when the primary leaf was more than 20 
mm through the coleoptile. Soil transmission of 

the pathogen does not occur. 

Loose Smut 

The causal pathogen is able to infect florets 
directly, although it is probable that most infec
tion arises from meristematic invasion during 
or shortly after germination (King 1972). Infec
tion of the seedlings generally arises from seed 
contaminated with spores. As they germinate 
readily in water, soil transmission is unimpor
tant. 
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Table 1. Charactwrbtlca of four smut fungi. 

Host 

Smut Stunted Heading 

S. sorghi 
(covered smut) 

Yes Premature 

S. cruenta 
(loose smut) 

No Normal 

S. reiliana 
(head smut) 

No Premature 

T.ehrenbergii 
(long smut) 

Normal 

Source: Alnsworth (1965) 

Heed Smut 

Although seedborne infection may occur head 
smut is typically soilborne, with infection at the 
seedling stage. Delassus (1964) indicated that 
artificial inoculation of seed had little effect on 
ultimate disease incidence. Siddiqui (1965) ob-
tained 40% infection of plants when spores 
were mixed with soil into which the seed was 
planted. Eight percent of the plants became 
infected when spores were shaken with seed 
before planting in sterilized soil. 

Long Smut 

The mode of infectiorn cf sorghum by the long 
smut fungus has received considerable atten-
tion in recent years. Ragab and Mahdi (1966) 
obtained results which enabled them to refute 
the belief that long smut infection was derived 
only from airborne sporidia, and suggested that 
infection may arise from mycelium in the grain, 
spores in the soil, or airborne sporidia. They 
reported that up to 1% of sorghum seed 
examined contained mycelium, although it was 
not identified certainty as that ofT. ehrenbergii. 

Teliospores mixed with seeds resulted in 
21.9% plant infection, and seed planted in soil 
containing teliospores gave rise to 14.3% in-
fected plants. Spraying panicles with sporidial 
suspensions did no: result in infection, and 
dusting spores on to the panicles with a brush 
resulted in 5% plant infection. Conflicting re-
ports of teliospore treatment of seeds as an 

Sorus Spores 

Site Membrane Surface Diam. 

Ovary Rather Apparently 6-7p 
permanent smooth 

Ovary Ruptures Minutely 7-8p 
easily echinulate 

Inflorescence Ruptures Conspicuously 9-1 2p 
easily echinulate 

Ovaries Ruptures Free surface 12p 
papillate 

infection route have since appeared; Tamimi 
(1971) showed infection of 12 of 14 cultivars 
resulted from seed dusting, whereas Hassan et 
al. (1970) were unable to induce infection by this 
means, nor were they able to domonstrate 
infection resulting from spo.is sprayed on to 
the panicles. Recently, it has been found that 
long smut infection occurred onlybysporidia or 
germinating teliospores, inoculated to host 
plants from the boot stage to not later than 
anthesis. Inoculations at the boct stage using 
germinating teliospores gave maximum infec
tion. Bamdadian (1968) described long smut as 

seedborne, and Mabry and Lightfield (1974) 
claimed to have intercepted long smut on sor
ghum seed imported to the USA. The relative 
importance of the three possible infection 
routes has yet to be determined. 

Screening Procedures 

Inanyscreeningtrial,theobjectivek1'oprovide 
adequate infection pressure onto the recipient 
host in order to detect genetic resistance. This is 
accomplished by supplying inoculum under the 
most suitable conditions for infection, and if 
possible, by manipulating the environment to 
further enhance the success of any possible 
initiation and buildup of infection. These 
techniques correspond to the most prevalent 
route of infection determined for the particular 
pathogen and applied to the host at its most 
susceptible phase of growth, which does not 
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necessarily correspond with the phase of 
growth when it is infected in "re. 

Covered Smut 

Most of the covered smut screening procedures 
have used the technique of mixing teliospores 
with dry seed prior to planting. The proportions 
of inoculum to seed vary widely between indi-
vidual tests and in many cases (e.g., Ran-
ganathaiah and Govindu 1970) are not speci-
fied. Grewal and Vir (1961) inoculated seed at a 
rate of 0.5 ww prior to planting in the field, and 
obtained ultimate disease incidenceof 6.9,24.5, 
and 21.2% over 3 years. The application of 
spores to seed enables several races of S. 
sorghi to be applied sirnultaneously; for exam-
pie, Casady etal. (1962) applied a mixture of five 
races of the fungus when testing for smut 
resistance in a sorghum breeding program. 

The investigation of differential suscep-
tibilities is not necessarily most rigorous when 
carried out under field conditions (Adlakha and 
Manjal 1963). Three of four sorghum lines failed 
to develop infection in the field when the seed 
was mixed with smut teliospores and tested 
under prevailing high-temperature conditions. 

Loose Smut 

Hypodermic injection of spores into the grow-
ing point is a suitable alternative to the applica-
tion of teliospores to seeds immediately before 
planting. Keay et al. (1969) showed that 64% of 
3-to 4-week old sorghum plants became in-
fected when plants were inoculated with a 
hypodermic syringe, 

Head Smut 

The combination of seed and soil previously 
infected with S. reiliana teliospores is the most 
widely used screening method. On a small 
scale, this is done by sowing seeds in soil in 
pots, incorporating the teliospores (Padaganur 
and Govindu 1971). On a somewhat larger 
scale, "sick plots" have been established by 
hoeing-in of teliospores, as described by King 
(1972). This procedure increased infection in 
Pink Kafir sorghum from nil to 6.6%, i.e., the 
greater infection pressure converted "resis
tant" sorghum into "susceptible" variety. 

Halisky (1963) applied tel iospore suspensions 

directly to rows of six varieties of sorghum. An 
increase from 20 ml to 120 ml of teliospore 
suspension per foot of row resulted in an 

increase in panicle infection from 33.2 to 61.7%. 
This increse in plant infection of 85.8% corres
ponds to the logarithmic increase in the amount 
of inoculum used (77.8%) and tends to support 
the finding of AI-Sohaily (1961), who proposed 
that the percentage of head-smutted plants in a 
trial was directly proportional to the logarithm 
of the number of teliospores in the soil. In the 
same study, AI-Sohaily determined that 800 
spores ver gram of soil constittited a threshold 
for plant infection. It should be remembered 
thatthesuccessofthesesporesincausingplant 
infection is dependent on environmental ef
fects. 

Where head smut prevalence is known to be 
high, varietal screening may be carried out on 
land with a previous history of infected sor
ghum. This has been done by Casady et al. 
(1962) and in multilocational tests for race 
determination in Texas, by Fredeiiksen et al 
(1969). There are obvious drawbacks to this 
method,and its use is possiblybest restricted to 
multilocational testing (within a region) to ob
tain an indication of relative susceptibilities of 
lines. 

Hypodermic syringe inocu;ation of 3-week old 
plants is a method employed to ensure that 
every plant in a trial receives a standardized 
amount of inoculum. Examples of its use are 
quoted by Keay et al. (1969) and King (1972) from 
Nigeria. King showed that Nigerian sorghum 
types inoculated by this method showed 71 to 
90% infection, whereas exotic types were not 
infected. The technique, by reason of the con
trol of inoculum achieved, has been used widely 
in race-characterization studies. Al-Sohaily et 
al. (1963) inoculated young plants with sporidia 
at or near their growing points; Frederiksen and 
Rodriguez-Campos (1969) injected teliospores 
and sporidia into 3-week old plants in a race
characterization study, while Wilson and Fre
deriksen (1970) injected compatible monospor
idial lines in a demonstration of differences in 
histopathological responses to infection. 

Long Smut 

Little work has been carried out on varietal 
screening to this pathogen, and artificial infec
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tion studies with the object of determining its 
mode of infection (described previously) repre-
sent the extent of work carried out. When 
methods of infection have been elucidated, 
critical screening procedures will require de-
velopment. 

Disease Assessment in the 
Sorghum Smuts 

Disease assessment in all the sorghum smut 
diseases is problematical, on account of the 
quasi-systemic nature of the pathogens in-
volved. Quantitative measurements are not 
possible, since lesions of different size or 
number are not produced. In the absence of a 
ready method for estimation of the degree of 
plant infection (such as using height reduction 
as a measure of infection by covered smut, 
attempted by Ranganathaiah and Govindu 
[19701), the usual measure of susceptibility is 
the percentage of plants that show disease 
symptoms. It is the reliance on this method of 
assessment that emphasizes importance of en-
suring that each individual plant is exposed to 

an adequate amount of inoculuri, eg., by 
hypodermic syringe inoculation. In the case of 
head smut, the criterion of "none" against 
"some" infection as the distinction between 
resistant and susceptible types may be too 
stringent for uncovering all races of the patho
gen (AI-Sohaily et al. 1963). Furthermore, where 
not all infected plants become diseased, i.e., 
100% infection does not occur, major genes for 
resistance in the host may be modified by 
certain factors. These might be so important as 
to obscure the resistance inheritance pattern 
and represent another group of sources of 
resistance to disease (Mehta et al. 1967). Work
ing with covered smut disease, Gorter (19131) 
pinpointed the most difficult part of a resistance 
susceptibility investigation as that which lay in 
thedecision as to whether a varietywas suscep
tible or resistant when the percentage of infec
tion was low. Frequently, the conclusions of 
varietal assessment studies are presented with 
the candidate entries assigned to arbitrary 
categories (Table 2). 

Theuseofsucharbitraryassessment can give 
conflicting results, as exemplified by the studies 
carried out at the same laboratory (Table 3). 

Table 2. Vailetal assessment of sowghums for reaction to smuts. 

Resistant 

Moderately resistant 

Moderately susceptible 

Susceptible 

Very susceptible 

Mathur et al. Singh and Yadav Ranganathaiah 
(1964) (1966) and Govindu (1970) 

< 10% < 10% 0-1% 

< 5% < 5% 1-5% 

< 10% 5-10% 

< 15% < 15% > 10% 

> 15% > 15% 

Table 3. Disease assessment of some sorghum IInes (studied at tho same laboratory) according to 
arbitrary categories assigned by workers. 

Mathur et al. 
Sorghum Line (1964) 

510-Z Resistant 
T3 Very susceptible 
59/76 Very susceptible 
59/65 Susceptible 

Singh and Yadav 
(1966) 

Mod. resistant 
Resistant 
Mod. resistant 
Susceptible 

Ranganathaiah 
and Govindu (1970) 

Mod. resistant 
Resistant 
Mod. resistant 
Mod. resistant 
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Gorter (1961) has atternpted to improve on an 
arbitrary choice of the point of distinction bet-
ween susceptibility and resistance by drawing it 
at the point of 0.1 x percent infection, where x is 
the highest infection level obtained on the most 
susceptible line in the experiment. The formula 
may also be used to compare single season, 
single line results to other similar exoeriments, 
e.g., a line appearing relatively resistant of all 
tested in oneseason may showa higher percen
tage infection than 0.1 multiplied by the value of 
a universally accepted highly resistant type 
averaged over several seasons. Thus the line 
would be designated "susceptible." 

Most reports of disease assessment refer to 
rating at the time of heading or shortly before 
harvest. The report of Harris (1963) is note-
worthy in that heads were sampled and dissec-
ted when 11 to 20 spikelets had not attained 
flowering stage. 

Influence of Environmental 
Factors on Smut Infection andDisease Development 

Infection of the Host Plant 

Covered Smut 

Relatively cool conditions increase the fre-
quency of occurrence of covered smut (Doggett 
1970). In Nigeria, Harris (1963) noted that lower 
temperatures in May and June promoted smut 
infection. This was related to higher infection 
rates where mean temperatures were near 75'F 
(23.9'C) (e.g., the Plateau-Zaria regions), than at 
80F (26.7'C) (e.g., the Sokoto-Bornu regions), 
the temperature at which sorghum growth is 
favored but smut spores germinate less readily. 
The importance of temperature as a determin-
ant of initial infection at sowing time was 
stressed by Adlakha and Munjal (1963) who 
showed that three out of four lines previously 
inoculated with smut spores did not become 
infected when sown in the field at34 to42"C, but 
all showed infection when germinated in soi: 
and incubated at 22 to 29"C. 

Soil moisture is equally important as a de-
terminant of smut infection. Relatively dry soils 
have long been recognized as promoting smut 
infection, and less than 28% moisture has been 
frequently quoted as optimum for plant infec-

tion. In light of this evidence, it is difficult to 
interpret Doggett's observations on the preva
lence of covered smut (25% infection) on an 
impeded-drainage lower slope, compared to 
less than 5% infection on a free-draining sand at 
the top of the same slope. The observation may 
not be unconnected with increased plant infec
tion observed on slightly acid soils (Sundaram 
1972). 

Loose Smut 

The causal fungus requires infection conditions 
similar to those of covered smut; these have 
been examined in detail by Shukla and Mishra 
(1969) who reported spore germination over a 
range of temperatures between 10 and 35'C 
(optimum 25'C), a figure in close agreement 
with the figure of 8 to38 C (optimum 28 to32'C) 
reported by Shih (1938). Infection occurs over a 
range of pH values from 3 to 9 (Shukla and 

Mishra 1969). 

Head Smut 
In 1926, Christensen showed that cool, dry soils 
were conducive to head smut infection of sor
ghum. Optimum temperatures for infection 
were 24C at 15% soil moisture content and 
28'C at 25% soil moisture content. The disease 
is more serious in "drought" years (Selvaraj, 
personal communication) in Nigeria, though 
some regard it as more common in "wet" than 
in "very dry" years (Frederiksen, King, and 
Sundaram, personal communications). The as
sociation of "dry" soil with high pH has been 
associated with high disease incidence in 
southern Texas (Frederiksen, personal com
munication). Kruger (1969b) similarly observed 
that spore germination was lower at higher pH 
values. 

Pai and Pan (1964) were able to obtain a 
six-fold increase in germination of S. reiliana 
spores when they were held in moist conditions 
at 32 to 35'C for 35 days, and then transferred to 
a sucrose solution. In general, high tempera
tures were more effective in promoting germi
nation under moist than under dry conditions, 
although extended treatment (190 days) caused 
a drop in spore germinability. 

Cool night temperatures and moderate day 
temperatures were offered as an explanation 
for higher incidence of head smut in upland 
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parts of Georgia, USA, (Harris et al. 1971), than 
elsewhere in the state. Temperatures in the 
range 21 to 25°C promoted the occurrence of 
head smut. 

Kruger (1969a) showed that spores of head 
smut germinated readily immediately after 
moistening dry soil, but after that initial period 
only a few spores (1 to 3%) germinated. If the 
soil was then dried and remoistened, a second 
peak of germination occurred. In a later report, 
Kruger (1969b) stated that plants growing on 
infested soil kept moist for several weeks before 
seeding showed decreased infection. Head 
smut incidence was high if spores were kept in 
dry soil. These results are at variance with those 
of Doshimov (1974), who reported that winter 
conditions (low temperature, frozen soil, snow 
cover, and rain) increased the pathogenicity of 
head smut spores in the soil. 

It is difficult to differentiate between the 
effects on spore germination and disease de-
velopment in the plant under distinct micro-
environments. For example, King (1972) has 
referred to a "tree effect" on tne prevalence of 
head smut in northern Nigeria; the disease was 
more prevalent near trees. 

Long Smut 

Of thesmutdiseases, much less is known of the 
factors influencing host infection by T. ehren-
bergii. King (1972) stated that the disease is 
more prevalent where rainfall is less than 750 
mm. In observations on the disease in Israel, 
Minz and Palti (1960) found that it was more 
common where mean relative humidity was 50 
to55%andminimawere35to40% inJulyand 
August, than where mean relative humidity was 
70 to 80% and minima 50 to 55% in the same 
months. 

Spread Within the Host Plant 

For alh the smut diseases caused by 
Sphacelotheca sp, the infection pattern of the 
main stem determines the type of host coloniza-
tion which results. All three Sphacelotheca are 
known to initiate meristem infections during or 
shortly after seed germination. Infections are 
carried upwards in the meristematic tissue, 
causing very little colonization in the vegetative 

plants, but they rapidly grow in the floral parts 
where sori develop. 

In covered smut, sorus production depends 
on the pattern of early infection, though the 
main head may escape infection if the upper
most cells of the meristem are not invaded 
(Melchers 1933). The number and distribution 
of smutted florets in a panicle varies, and there 
is great variability in the grain/sori ratio as well 
as in the color, shape, and size of the sori (King 
1972). In good growing conditions, the apex of 
the plant is able to keep ahead of the smut, and 
the panicle will not become infected (Doggett 
1970). Hence the disease is frequent in cooler 
conditions unfavorable for sorghum growth. 
Although one might infer that slow seed germi
nation might promote infection, it does not 
follow that rapid seed germination will reduce 
infection (Ramakrishnan 1963). If an infected 
plant is cut back, smutted tillers are likely to 
develop (Doggett 1970). 

Loose smut differs from covered smut in that 
the fungus causes plant stunting, and side
branch production is stimulated. The disease is 
predominantly found on tillers and not on the 
primary heads of infected plants. Furthermore, 
all ovaries in a panicle are infected, unlike in 
covered smut (King 1972). Sorghum plants 
affected with loose smut or covered smut in 
Andhra Pradesh (India) have been reported to 
flower one month ahead of healthy controls 
(Dakshinamurthy and Rao 1965), though this 
phenomenon is more widely recognized as a 
characteristic of loosesmut infection (e.g., King 
1972). King investigated the possibility that 
isolates from main shoots and tillers of loose 
smut-infected sorghum plants were different 
from each other, but apparently reached no 
conclusions. 

Thedeterminantsofsorus production in head 
smut have been examined in some detail by 
Wilson and Frederiksen (1968, 1970); as in 
covered smut and loose smut, the mycelium is 
carried by elongating cells to the floral primor
dium and is summarized in Table 4. 

Sori are usually extensively formed on the 
tillers. Alagianagalingam and Soumini 
Rajagopalan (1972) observed multiscri produc
tion on an infected plant and found that not only 
inflorescences were converted into sori, but 
also vegetative parts by proliferation of axillary 
buds (actually colonization of axillary buds). 

Long smut infection is generally believed to 
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occur at the time of panicle exsertion its mode of 
infection is not well understood. 

Table 4. Colonization by mycellum and sorus 
pioduction In hoad smut. 

Colonization by mycelium Sorus produced 

Widespread at beginning
of elongation Typical, smooth 

Only in basal r.egions of 
meristem before elongation Vegetative head 

Carried into lowest regions 
of floral primordia Small 

Widespread but sparse Resembles partially 
at time of elongation differentiated 

inflorescence, 

Spread Within the Crop 

The cultural practices associated with the pro
duction of sorghum might be identified as the 
nonclimatic influences on spread and disease 
development within the crop. Manyof thesecan 
be directly related to observations made in the 
course of other studies affecting plant infection. 
Early seeding has been shown to result in 
higher rates of infection by covered smut (El 
Helaly 1939) and by head smut (Harris et al. 
1971). This concurs with the observation that 
moderate temperatures favor infection, as 
noted previously. The association between 
deep sowing and increased severity of loose 
smut (Ramakrishnan 1963) is also a function of 
lower temperatures at greater soil depths, 
promoting growth of the fungus. Early seeding 
and increased disease is most likely to be 
associated with lack of rain (hence, temperature 
will be a determinant), whereas deep sowing 
may involve more actively the role of soil 
moisture immediately following germination, 

The application of fertilizer to soils has pro-
duced some pronounced effects on smut inci-
dence. The role of phosphates has received 
greatest attention in field-scale experiments. 
Increased phosphate levels are well known in 
reducing both covered smut and loose smut 
infection. In studies of S. reiliana on maize, 
phosphate was less effective than potassium in 

reducing head smut incidzi.ce. Reductions 
were 9% for P205, 34% for KCI, and 45% for 
NPK. Lack of potassium was also observed to 
cause higher incidence of hoad smut. 

Trials of chemicals applIed to soilborne 
spores, however, have not given consistent 
results. Soils treated with B, Mn, and Cu at 0.1% 
had lower inoi:4,;um potential than untreated 
soil, presumably by an acceleration of spore 

gerr-;-qtion (Barakhtayanskaya 1964). On the 
contrary Kruger (1969a) showed that salts (N, P,
K, Mg, Fe, anJ S) added to enriched or minimal 
agars had ro influence on head smut spore 
germination, though when added to soil,spores 
did not germinate or germinated very little. 

In the case of head smut, moi work remains 

to be done on the importance of crop residues 
as sources of inoculum for infection of the 
following crop. For example, Kruger (1969a)
noted that soil contai.iing residues from sor
ghum resulted in more smutted maize, though 
this was not observed with maize residues. The 
incorporation of residues in this manner 
influences the C:N ratio. 

Sources of Resistance 

Every major sorghum group of economic im
portance contains resistance derived from at 
least one variety or line (i.e., Feterita, Milo, 
Hegari, Kafir). Resistance from lines in the 
Feterita group has been used most extensively, 
as it is derived from allelic genes for resistance. 
In contrast, inheritance of Hegari resistance to 
smuts appears to be complex and controlled by 
genes which are nonallelic. 

Some sources of resistance to covered smut, 
head smut, and long smut located by several 
workers are shown in Table 5. Types showing 
less than 0.1% infection of susceptible entries, 
as reported by their respective workers, are 
included. 

Although many of these lines may contain a 
measure of resistance to one or more of the 
smut pathogens, care should be exercised in 
predicting hybrid reactions from the parental 
reaction. This has been emphasized by Fre
deriksen (personal communication), who was 
unable to estimate hybrid reaction to head smut 
in this manner, indicating that the mode of 
inheritance is not strictly allelic. Further details 
of inheritance appear in the next section. 
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Tab!, 5. Some sources of resistance to coy- Entry Degree of Reference 
ered smut, head smut, and Song smut. resistance 

Entry Degree of Reference 60/22 Moderately Mathur et al.
 
resistance* T4 resistant (1970)


510-2
 
COVERED SMUT 59/65
 

53/3 (Gwalior 1) resistant, Mathur et al. 5936
 
53/10 (EC-4593) Infection 1% (19W) No. 54 BAN The most Markov (1964)
 
57/1 resistant
579
57/9 (b) (of several) 

57/10 (b) Savasai Semi-resistant Fatemi (1967)57/17 Gandhi 
57/20 
57/24 Spur Feterita Immune Tamimi and 
57/30A-Sohaly 
510-2 (1967) 
4106 ____________________ 

4106 A Redlan Highly Tamimi and 
48113 Moderatraly Mathur et .1. Reliance resistant AI-Sohaily 

4102 resistant (1964) White Yolo (M_67) 

infection 1-5% HEAD SMUT 

T3 Resistant Singh and TAM (SC 110-9) The most Frederiksen 
(as above) Yadav (1966) IS-12664C resistant (private com

(SC-173) (of several) munication) 
510-2 Moderately Singh and Lahoma Sudan 
59,76 resistant Yadav (1966) PI-48770 
59/106 (as above) (Whitu Kafir) 
60/22 

Most sweet Highly Edmunds and 
T29/1 Resistant Adlakha and sorghums resistant Zummo (1975) 
P.J. 7K Munjal (1963) 
P.J. 23K Milo types Fairly resistant Sundaram 
Nandyal (IS 3814) Feterita types (1972) 
Bilichigan BrGem Corn types 

Kafir ty;c, 
KB 2540 Some Casady at al. 

resistance (1962) Feterita types Resistant AI-Sohaily at al 
(1963) 

Nandyal (IS 3814) Resistant* Ranganathaiah 
IS-84 and Govindu FC 81 Dominant form Al-Sohaily 
D-340 (1970) of resistance (1961) 
BH 4-1-4 
BS 81-3 RS 630 Resistant AI-Sohaily at al. 
C7-1162 (1963) 

Framida Immune Gorter (1963) Nandyal Resistant Padaganur and 
90 Days White (IS-3814) Govindu 

IS-84 (1971) 
T3 Resistant Mathur et al. Karad local 
Hybrid TI (1970) M. 35-1 (IS-1054)

0. 531-21B 
CSH 1 

Terms used are those of respective workers, except where
 
marked with an asterisk (1). Continued.
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Table 5. Contd. 

Entry 	 Degree of Reference 

resistance 


All Feteritas 	 Resistant Mehta et al. 
Feterita-derived lines (1967) 
Hegari (P.1. 34911) 
White Kafir 
Wheatland 
Dwarf Kaiang 
Dwarf Yellow Milo 
Dwarf Yellow Durra 

Tx 414 
Lahoma 

White Kafir 	 Resistant Frederiksen and 
Early Hegari 	 Rodriguez-
(IS 106) 	 Campos (1969) 

Kafir E65L-5427-3 Resistant Wilson and 
(BTAM 618) Fredriksen 

(1970) 

KS 652 	 Not completely Casady (1964) 
resistant 

LONG SMUT 

Redlan Resistant0 Tamimi (1971) 
Regular Hegari 

Durra Selection 	 Resistant Tyagi (personal
Pierce Kaferita communication) 
European Dwarf 
Broomcom 
D.Dwf. Feterita 
Piper 
Desert Bishop 
As 3749 Standard Feterita 
Dutch Boy 

Inheritance and Mechanism 
of Resistance 

Not only is there good resistance to covered 
smut, but resistance to at least some races 
seems to confer resistance to loose smut also 
and quita probably to head smut. In WestAfrica, 
the development of covered smut resistance 
may be desirable (King 1972), because seed 
dressings are rarely used. 

Thz inheritance of covered smut resistance 
has been comprehensively studied by Casady. 
Casady (1961) found thatthree resistancegenes 

for the three races of S. sorghi appeared to be 

linked.A 1:3 inheritanceof resistance tosuscep
tibility against each race was established in a 
spur Feterita x Pink Kafir recombination. How
ever, reaction of Fi progenies of Combine Kafir 
60 x Spur Fetarita and Pink Kafir x Spur 
Feterita indicated that resistance was incom
pletely dominant, and data from F3 lines of 
Dwarf Yellow Milo x Spur Feterita showed that 
the two parents possessed the same gene for 
resistance against race 1 of S. sorghi. Casady 
tht'i'rfore suggested that Spur Feterita is not a 
true Feterita, but it is the only variety ava'3ble 
resistant to known races of S. sorghi. The 
reaction of Fi progenies of sorghum crosses to 
S. sorghi (race 1) showed that smutting was 
dominant to the blasting reaction (Casady 
1963), as determined by a study of F3 lines of 
Spur Feterita x Pink Kafir. 

Earlier, Casady et al. (1962) had observed that 
nearly all developed sorghum lines with resis
tance to covered smut were also resistant to 

head smut and suggested the existence of a 
close linkage between covered smut resistance 
and head smut resistance. If one accepts 
Casady's interpretation of earlier studies by 
Marcy, one could postulate three-way linkages 
for the genes that govern reaction to S. sorghi, 
S. cruenta, and S. roifiana. Casady and co
workers were unable to locate complete resis
tance to head smut. KS-3 (Spur Blackhull
3 x Redbine-60) inbred was released as a result 
of their program, though its level of resistance 
was not as high as in the original sourcevariety, 
KB-2540. When KS-3 was crossed with Combine 

Kafir 60, KS-652 was developed, which (while 
not completely resistant to head smut) reduced 
its incidence to 2.4% where Combine 7078 (a 
susceptible type) showed 22% infection. 

The study of host-parasite interactions has 
been confined to the characterization of three 
types of head smut resistance by their com
patibilities. An incompatible reaction, as
sociated with mycel ium disappearance and ap
pearance of teliospore-like objects and not 
influenced by temperature (as found in Early 
Hegari and Fis with Early Hegari as the male 
parent) indicated a complex form of inheritance 
influenced by environmental factors. Hyphal 
growth was present in inoculation wounds of 
Laho o -a sudangrass, White Kafir P 148770, and 
B T"1 v1618, but there was no infection of 
susceptible entries, as reported by their growth 
in host tissue; the reaction was not influenced 

343 



by temperature. Resistance factors were pre-
sumed to be present in the meristem zone. In 
Tx09 and Ft derivatives, there was complete 
inhibition of sporidial development, stable over 
a range of temperatures and interpreted as 
"major gene resistance." 

Conclusion 

The direction of future research can be consi-
dared under four separate headings: fungus 
biology, race characterization, screening and 
associated disease-assessment problems, and, 
long smut (including overlaps into the three 
above-mentioned headings). 

In the development of head smut, informa-
tion is required on the environmental factors 
favoring the initiation and development of plant 
infection; for example, on the longevity of 
survival of the spores and the microclimatic 
effects that influence infection. The reported 
differences in isolates of loose smut obtained 
from tillers and main shoots of infected plants 
requires clarification, as do further studies on 
the effects of soil minerals on the development
of all the smut diseases.The extent of hybridization of the races bet-

ween covered smut, loose smut, and head smut 
is poorly defined in all areas where the diseases 
occur together. Indeed, the existence of races of 
covered smut and head smut in Africa has not 
been surveyed or described. Continuing re-
search on the determination of races of S. 
reiliana is called for: their present total number 
is not known and their relationships demand 
clarification. For example, is race Texas 9 (Al-
Sohaily etal. 1963)thesameasrace4(Frederik-

sen et al. 1975); King (1972) has referred to the 
possible subdivision of races of head smut, 
which implicates the launching of a fundamen-
tal study on the genetics of S. reiliana. 

The most pertinent problems in sorghum 
varietal improvement hinge on assessment 
methods and the isolation of resistance to S. 
reiliana. 

The need for standardized methods for 
disease evaluation, including the drawing up of 
agreed assessment scales, would be a major 
asset in comparative screening work. Such a 
system could be immediately applied in afuture 
program of screening of sorghums for resis 
tance to the head smut pathogen, necessary for 

race monitoring, and for the noting of varietal 
responses, especially in conjunction with a 
breeding program, since head smut reaction of 
progeny lines are not always predictable from 
parental reactions. 

Long smut is a disease of importance in 
certain localized regions (Upper Volta is a case 
in point) and many questions on the disease
and its causal fungus require elucidation. For 

example, neither the mode of host-plant infec
tion nor the conditions influencing disease inci
dence are well understood. In these cir
cumstances, artificial inoculations in screening 
work cannot be taken at optimum time, op
timum inoculum concentration, or optimum 
inoculation method. It is evident that race 
characterization will be needed in any future 
program on the sources of resistance to long 
smut by intensive study of varietial reactions. 
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Importance of Sorghum Smuts
 

in African Countries
 

N. V. Sundaram*
 

Smut diseases of sorghum are widespread in 
African countries, and are economically impor-
tant in most of the sorghum-growing areas. All 
four kinds of smuts belonging to two genera 
and four species have been recorded on culti-
vated sorghum in Africa. The most destructive 
and common of them is covered smut, caused 
by Sphacelotheca sorghi. This disease was first 
described by Link in Egypt in 1825. 
Sphacelotheca reiliana (Kuhn) Clinton, the 
causal c;ganism of head smut of sorghum, and 
long smut caused by Tolyposporium ehrenber-
ghii, were also recorded in Egypt by Kuhn in 
1875 and 1887, respectively, though under dif-
ferent generic names (Tarr 1962). 

The recorded distribution of these smuts in 
Africa are listed below: 

Common Causal African countries 
name organism where reported 

Covered Sphacelotheca Egypt, Uganda, 
smut or sorghi (Link) Kenya, Sudan, 
grain smut Clinton Nigeria, Niger, 

Cameroon, Upper 
Volta, Senegal, 
Mali, Tanzania, 
Ethiopia, Somalia,Gabon, Zaire,
Congo, and 

South Africa 

Loose smut S. cruenta South Afric&, 
(Kuhn) Potter West Africa, Tan-

zania, Uganda, 
Kenya, Sudan, 
Gabon, Zaire, 
Congo, Malawi, 

Head smut S. reiliana Probably in all 
(Kuhn) Clinton sorghum-growing 

countries in 
Africa 

Principal Cereals Pathologist, ICRISAT Cooperative 
Program, Institute for Agricultura l Research, Sam-
aru, Zaria, Nigeria. 

Long smut Tolyposporium Egypt, Sudan, 
ehrenberghil Kenya, Tanzania, 
(Kuhn) Patouil- Tunisia, Malawi, 
lard Somalia, West 

African countries 

Economic Importance 

Of the four smuts, covered smut is the most 
serious in most of those African countries 
where prophylactic control measures are not 
used. Infected heads are more or less com
pletely smutted. Though there is no systematic 
assessment of grain loss in the sorghum
growing countries in Africa, from a survey 
conducted by the author in Nigeria and 
neighboring countries in 1977 estimated grain 

loss in farmers' fields at about 5%. Up to 30% 
infection was observed in "hot-spot" areas. 
Accordi~ig to Wallace in 1934, the infection in 
Tanzania varied from 8 to 43%, with an average 
of 25% (Tarr 1962). One nativevariety had 100% 
infected heads. Similar situations may be ex
pected in most of the countries in Africa where 
control measures are not practiced. 

The losses due to sorghum loose smut are 
relatively low, rarely exceeding 10%, even inreaieylwraeyeceig1%evnn 
"hot-spot" areas. However, unlike those 
afflicted by covered smut, the infected plants 
are nearly always barren. Therefore, the loss in 
yield is directly proportional to the number of 
plants infected. 

Hzad smut incidence is comparatively high in 
all sorghum-growing areas in Africa and par
ticularly in low-lying fields. In Nigeria, the dis
ease is especially severe along the northern 
Sudan savanna belt. The situation in Niger in 
areasadjoining Nigeria issimilar. lnsomefields 
up to 10% of the plants may be infected. But 
overali, infection does not exceed 1 to 2%, and it 
is considered to be of minor importance at this 
time. 

Long smut is widespread in areas where the 
plants flower during humid warm periods. A 
large number of varieties, including landrace 
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and improved cultivars, are susceptible to long 
smut in Nigeria, Cameroon, Niger, and in other 
countries with similar climatic conditions. 
Though the number of infected spikelets in any 
infected head normally may not exceed 20 to 
30%, under favorable conditions, infected 
spikelets may exceed 70% in very highly sus
ceptible cultivars. This is less important in wet 
and cooler areas. Besides West Africa, the 
disease is widespread in Egypt (5to 50% of the 
grains with an average of 15% in each affected 
head), but crop losses do not exceed 2% on the 
average. 

Control Methods 
Few records are available as to howwidely seed 
treatment has been adopted for the control of 
smut diseases in African countries. In Sudan, 
grain smut was rarely found in areas where the 
seeds were treated before sowing. In West 
African countries, grain smut is widespread in 
local varieties not treated with fungicides. 
Chemical control measures for other smuts are 
not known. 

Future Program of Research 
Since nontoxic fungicidal seed treatments are 
inexpensive and effective in controlling covered 
and loose smuts of sorghum, further efforts are 
needed to encourage their employment. Future 
research should stress on locating rusistant 
materials for head smut and long smut, which 
are becoming increasingly important in low 
rainfall areas. Favorable conditions for their 
epiphytotic occurrence are present in most SAT 
regions. Continuous screening of all breeding 
materials ai appropriate stages, to eliminate the 
lines most susceptible to these two smuts, is 
essential. Standardization of techniques to 
create epiphytotics for screening for resistance 
in various zones to suit local conditions is 
essential. The possibility of seed treatmentwith 
systemic fungicides, especially to provide resis
tance to head smut in the early stage of growth 
of the plants, .. ,ds to be studied. The only 
method available at present for the control of 
long smut is breeding for resistance. 

There is a great need for a systemic fingicide 
that would control both head and long smuts, 
since control methods other than host resis
tance have proved ineffective. 

Reference 
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Sorghum Smuts Research 

and Control in Nigeria 

J. Cyril Selvaraj* 

Sorghum (Sorghum bicolor [L.] Moench) is be only about 2.0 million tonne (Anon. 1975!. 
grown on about 5.6 million ha in Nigeria under Diseases constitute an important production
subsistence mixed-farming conditions (Anon. constraint under both traditional and improved
1977). It is the principal food crop in the Sudan farming conditions. On the basis of disease 
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Figure 1. Vegetation zones in northern Nigeria (after Clayton, 1957). Vegetation zones: 1.Sahel 
savanna; 2. Sudan savanna; 3. Sub-Sudan savanna; 4. northern Guinea savanna; 5.
southern Guinea savanna; 6. derived savanna; 7. forest; 8. plateau; 9. montane. 

and northern Guinea zones, and is an important surveys conducted during the 1975 to 1978 
cereal in the southern Guinea and the derived cropping seasons, the loss in sorghum due to 
savanna zones of Nigeria (Fig. 1). The current diseases (excluding Striga) in Nigeria is esti
annual production of sorghum is estimated to mated at about to 10 to 12%. 

The smuts are the most important and wide
* Cereals Pathologist, Institute for Agricultural Re- spread group of diseases in all sorghum

search, Kano, Nigeria. growing areas of Nigeria. They are more 
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damaging to the traditional cultivarsthan to the 
improved cultivars. It was earlier estimated 
(King 1969, 1970b).tht the smuts are responsi-
ble for 8 to 10% annual yield loss. The relative 
importasr!. of the four smuts has changed 
cor.,iderably over the years. Detailed assess-
ment of crop loss due to individual smuts is not 
available, but estimates based on the results of 
surveys from 1975 to 1978 are presented in 
Tables 1 and 2. A brief description of their past 
and present position, including general dis-
tribution, extent of damage, and the areas of 
severe incidence is presented below, 

GRAIN SMUT. Grain or covered smut 

Table 1. 	 Estimated sorghum crop loss due to 
smuts in Nigi.:ia, 1975 to 1978 sur
veys. 

Smuts 	 Yield loss Ml 

Grain smut 1.0-1.5 
Loose smut 0-0.5 
Head smut 2.0-2.5 
Long smut 2.0-2.5 

Total 	 5.0-7.0 

(Sphacelotheca sorghi ILink] Clinton) occurs 
throughout Nigeria. The disease was serious in 
the past, and occasional heavy attacks have 
been recorded (Harris 1962). In 1965 in Bauchi, 
Bornu, and Plateau provinces, the average loss 
due to this disease was 5%; however, a survey 
conducted in the Zaria province in 1967 re
vealed losses as greatas 50% in somefieldsdue 
to grain smut (Keay 1968). Harris (1963) 
examined 470 samples from the 12 northern 
provinces of Nigeria, and found that on average 
in each year about 1% of the spikelets were 
infected by grain smut. The disease has become 
less important, but in fields sown with non
treated seeds, the disease is common and 
sometimes severe. "Hot-spot" areas are 
Funtua, Samaru, Kaduna, Bauchi, Gombe, and 
Biu (Fig. 2) in the northern Guinea Savanna 
zone. 

LOOSE SMUT. Loose smut (Sphacelotheca 
cruenta IKuhn IPotter) is widespread, but sever
ity is generally light and occurrence is sporadic. 
The yield loss did not exceed 2% (King 1970a), 
and the disease is not a problem at present. The 
disease is typically found on tillers of plants 
having healthy primary shoots. Fungicidal seed 
dressings effectively protect the crop from in

fection by smut spores adhering to the seed 
surface. 

Table 2. Prevalencea and Importance of smuts In the various climatic zones In Nigeria. 

Climatic zones 

Suc n savanna 

Northern Guinea savanna 

Southern Guinea savanna 

Grain Loose Head Long 
Year smut smut smut smut 

1975 ,- +2 +1 +++3 +++3 
1976 ++1 +1 +++23 
1977 +2 +1 .. +3 .++3 
1978 ++1 +1 ++2 +++2 

1975 ++2 +1 ++2 ++2 
1976 ++3 ++1 +++3 ++2 
1977 ++2 +2 +++3 ++2 
1978 ++2 +1 ++2 +1 

1975 +1 +1 +4+1 +1 
1976 ++2 +1 -2 41 
1977 ++1 -+1 +41 41 
1978 ++1 -1 ++1 +1 

a. Prevalence: - = not present; + - occasional; +- = common; = abundant. 
b. Importance: 0 - no importance; 1 - minor; 2 = moderate; 3 = major. 
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Figure 2. Areas of severe incidence of grain smut in Nigeria. 

HEAD SMUT. Head smut (Sphacelotheca zones. Annual yield loss attributed to the dis
reiiana [Kuhn] Clinton) occurs sporadically in ease is about 1% (Manzo 1975). Long smut has 
all sorghum-growing regions of Nigeria. It usu- caused severe damage during drought years
ally affects the late-maturing varieties, which (1971 to 1973), and has also been observed in a 
are extensively grown by peasant farmers. severe form in the past few years. It is particu-
Overall loss due to head smut was estimated at larly severe near trees. The mechanism of the 
less than 2%. Infection iz oiten greater in parts tree-effect is not clearly understood. "Hot-spot"
of the fields near trees. Though attacks were areas are located in the dry regions (Fig. 4).
reported to be mild in the past (Keay 1968), in 
recent years the disease has increased consid
erably in the Sudan and northern Guinea Review of Past Research 
savanna zones (Selvaraj 1977, 1978a, 1978d).
"Hot-spot" areas are Samaru, Kaduna, Bauchi, Research on sorghum smuts in Nigeria has 
Gombe, Gusau, Katsina, Daura, Kano, Hadejis, been in progress since 1957 (Harris 1963). Ini
and Gashua (Fig. 3). tially, studies were restricted to routine diag

nosis of diseases, recording outbreaks, id
LONG SMUT. Long smut (Tolyposporium advising farmers on field sanitation and oiner 
ehrenhergii [Kuhn) Potter) occurs annually and cultural methods of control. Grain smut was the 
is severe in the drier Sudan and Sahel savanna most destructive disease and caused consider
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Figure 3. Areas of severe incidence of head smut. 

able crop loss. The other smuts were relatively 
less damaging. Chemical seed treatment with 
organomercurials, which were later replaced by 
formulations containing thiram, was recoin-
mended to the farmers. 

Studies on the physiologic races of head 
smut, grain smut, and loose smrut were under-
taken in later years, while the breeders were 
attempting to incorporate resistance to smuts in 
the new sorghum varieties. Few physiologic 
races of smuts exist in Nigeria. King (1969, 
1970a, 1972) reported thatonly two races (race2 
and race 4) of grain smut exist on rainfed 
sorghum. He also reported that an unknown 
race, different from either of the above two, 
exists on sorghum grown duringthedry seasoni 
in the Lake Chad region. Variations in the 
grain-to-soni ratio of infected heads - as well 

as in the color, shape, and size of soni - aren~ot 
associated with the existence of different 
physiologic races. The presence of a race smi
lar to race 2 of loose smut has been de
monstrated, and there are go-- ;ndications of 
the presence of a new undescribed race of the 
loose smut fungus. It is likely that the Nigerian 
race of S. reiana differs from any of the races 
described elsewhere. Investigations of the 
physiological races of long smut have not been 
made in Nigeria. The presence of only a few 
physiologic races amnong sorghum smuts might 
be dueto lackofselection pressure on the smut 
fungi. This situation might change as more 
farmers follow improved agronomic practices. 

No attempt was made to identify host resis
tance to grain smut. However, head smut reac
tion of Nigerian local materials was assessed. 
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Figure 4. Areas of severe incidence of long smut. 

Injection of head smut sporid ial suspension into boot with a hypodermic syringe. Infection de
the growing point of seedlings produced satis- creased in inoculations (spraying of sporidia or 
factory head smut development. The Nigerian germinated teliospores) performed in the pre
sorghums SK-5912, YG-5760, L-2123, RZ 1-69, and early-anthesis stages. No infection was 
and FFBL 3-1-6 were very susceptible, whi!e obtained from inoculations conducted at the 
most exotic types showed very little infection, early seed-set stage. 

The mode of infection of the long smut 
pathogen was studied in relation to environ
mental conditions (Manzo 1973,1976). Infection 
results from airborne spores picked up from the Techniques of Screening
soil and deposited on thr panicle. Long smut Germplasm and B'eeding 
spores have been detected on sorghum flag Material for Smuts Resistance 
leaves at the early boot stage. Several inocula
tion techniques, including soil and seed applic
ation of sporidia, were compared. Good infec- At the Kano Agricultural Research Station (Field
tion was obtaincd by injecting a suspension of C4B) germplasm collections and breeders' 
sporidia or germinating teliospores into the promising lines were screened for disease re
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sistance in the sorghum all-disease (including 
Striga) nursery. The nursery was developed and 
maintained by planting disease-susceptible 
materials and incorporating them into the soil 
towards the end of each growing season. How
ever, materials frori the "Breeding program for 

the Sudan savanna zone" were screened under 
natural epiphytotic conditions at the Kano 
breeding nursery. As smuts incidence is 
sporadic and not uniform, even in the all dis-
ease nursery, inoculations were made to create 
epiphytotic conditions. 

Artificial Inoculation Techniques 

Grain Smut 

Two techniques have been evaluated: 

SEED APPLICATION. Seeds were mixed with 
smut spores at the rate of 0.5 g/kg, and sown in 
cool soil. Severe infection occurred in fields 
sown under cold and wet soil conditions. This 
simple technique was followed for the evalu-
ation of germplasm collections and breeding 
materials. 

PARTIAL VACUUM INOCULATION OF SEED. Seeds 
were mixed with teliospores (0.2% by 
weight) by adding sufficient water to just cover 
the seed. The mixture was placed under partial 
vacuum for 2 hr, during which time the vacuum 
was broken at half-hour intervals. Seeds were 
spread to dry and the procedure repeated the 
following day. After the second smut applic-
ation was dry, 0.2% of smut spores were dusted 
onto the seed surface. Good grain smut inci-
dence was obtained by this technique. Seed-
dressing chemicals and formulations were 
evaluated with seeds contaminated by this 
technique. 

Long Smut 

Inoculation of germinating teliospores in the 
boot stage (Manzo 1976) is currently used to 
screen limited numbers of germplasm .nd 
promising lines. Five grams of teliospores were 
germinated (germination percentage was 10 to 
20%) in water, and made up to 1 liter. An 
injection of 25 ml of this suspension was forced 
into the boot with a hypodermic syringe equip-
ped with a stout needle. This high level of 

inoculum was found to be necessary for satis
f; .:ory infection. Usually, ten heads were inocu
lated in each entry. 

Head Smut 

Several inoculation techniques, described be
low, were compared. 

DISEASE NURSERY. A separate head smut nur
sery was developed at Kano (Field C4A). Smut 
spores (teliospores) collected in the previous 
year from locally grown sorghums were hoed 
into the upper 5 cm of soil at the rate of 5 gIm2. 
Susceptible local ;,:. :.!'ons (Fara-fara, SK
5912, and S-?4?3) were planted. The nursery 
was ready for screening in 1977. Germplasm 
and breeders' promising lines were screened in 
this nursery. 

PoT STUDIES. Plants were grown in 5 kg capac
ity pots in which head smut spores %0.5g) were 
incorporated a few weeks prior to planting. This 
technique produced about 80% infection in 
susceptible materials, and is useful for screen
ing small number of entries, particularly in the 
dry season. 

APPLICATION OF GERMINATING TELIOSPORES TO 
SEED. Seeds were mixed with germinating 
teliospores (0.2% by weight) and sown im
mediately incool soil. 

PLACING GERMINATING TELIOSPORES IN THE 
PLANTING HOLE. Just before planting, a quan
tity (0.1 g approx.) of germinating teliospores 
was placed in the planting hole (5 to 7 cm 
depth). This technique has produced results 
comparable to those obtained in the smut 
nursery. However, it is followed only in certain 
limited seed-dressing trials, as a large quantity 
of smut spores is required for inoculation. 

HYPODERMIC INJECTION TECHNIQUE. Smut 

spores collected in the previous year were 
stored in a dry cool place. Spores (0.5 g) were 
germinated in one liter of water in. mixed in a 
blender for half a minute. Hypodermic injec
tions were made twice, 20 and 40 days after 
planting. Inthe past, King "1969)employed this 
technique for screening sorghum collections. 
At present, it is used only in certain off-season 
screenings. 
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Procedure for Disease Rating 

Grdin Smut ard Long Smut 

For general eva;uation of materials, disease on 
individual heads was assessed on a0 to 5 scale, 
based on the estimated percentage of infected 
spikelets (0= no disease; 1 = only a few seeds 
per head diseased; 2 = 1 to 2% of seeds per 
head diseased; 3 = 2 to 5% d"seased; 4 -:5 to 
10%, and 5 = more than 10% diseased). 

Incertain detailed studies with long smut, the 
actual number of sori in each head was counted 
and the average recorded. 

Head Smut 


The percentage of heads infected was recorded. 
In the screening trials, about 100 heads were 
counted to obtain reliable information on dis-
ease reaction. 

1eaction of Germplasm 
and Breeders' Promising 
Lines to Smuts 

Germplasm coliections and breeding materials 
were evaluated for smut'esistance, using some 
of the techniques described above. 

Reacticn of Graii Mold-
and Striga-rmsist rt. Lines 
Grain mold- ani Striga-resistant lines, iden-
tifiedfromnermplasmcolectiorisbythelAR/JP 
26 program, were test3d for reaction to grain 
smut, ht~ad nmut, and long smLut. 

All lines were &usceptib!etogtain smut, some 
(SRN-4882 A, sart, SRN-4G27, SRN-4481) had 
considerable resistance to head smut, and 
many of them h .aacerta;n degree of resistance 
to long smut (Table 3). 

Reactioni of Sorghgam Vaietls 
and Promising Lies 

Thu sorghum breeding program at the Institute 
for Agricultural Research (I.A.R ).Samaru, is 
developing varieties adapted to the various 
cl imatic 7ones in northern Nigeria. Lines prom-
ising for the various zones were evaluated for 
long smut and head smut resistance, 

Northern Sudan Savanna 

The early nonphotosensitive materials are 
adapted to this zone, where the growing period 
ranges between 90 to 100 days. Reaction of 
early sorghum varieties to head smut and long 
smut under natural and artificial conditions of 
infection is presented in Table 4. Entries L 
137/62 and G-59 are resistant to long smut, and 
P-147 and IS-12610C are resistant to head smut. 
Moreover, in the Kano breeding nursery, the 
early hybrids have only mild infections of the 
two smuts. 

Sudan Savanna 

The growing period for this zone is suited to 
photosensitive materials that flower after 100 
days. Table 5 presents smut reactions of the 
promising lines. LineRZ-1 is very susceptible to 
long smut, and the other lines are moderately 
susceptible. KL 538-75, KL-2, and KL-5 have 
shown considerable resistance to head smut. 

Northern Guinea Savanna 

High-yielding semidwarf cultivars and hybrids 
arp adapted tothis zone. Rnactions of promising 
lines and hybrids under natural conditions at 
Samaru and the promising lines under artificial 
inoculation at Kano are presented in Table 6. 

At Samaru, under ;iatural ccnditions, theinit.nce of head smut was mild tnd sporad~c, 
whi!e long smut occurred only in traces. Most of 

the lines are susceptible to head smut. The lines 
SL-187, SL 203175, SL 1359/73, and St. 7576 
showed considerable resistance to long smut. 
However, as these lines are devaloped for the 
climaticzorle where long smut is not a problem, 
resistance to this disease is not of primary 
importance. 

Reation of a Local Collection 

of Sorghum 
A local collection of sorghum (late-flowering) 
consisting of 39 entries was screened for 2 
successive years (1977 and 1978 crop seasons) 
for head smutand long smut resistance. Among 
these, six entres were identified to have a 
certain degree of resistance to head smut, and 
14 entries were conidered to be resistant to 
long smut. 
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Taboe 3. 	 Reaction of selected grain mold- and Striga-rellstant lines to smuts under artificial 
.condItIons of Inoculation In Nigeria. 

Reaction to 
Reaction to' 

- Grain Head Long 
Grain smut smut smut 

Lines mold Striga (0--5 scalle) (%) (0-5 scale) 

SRN-4841 Rb R 4.21 37.5 2.34 
SRN-6838 A R R 3.96 19.4 1.92 
SRN-4882 A R R 4.34 8.3 3.26 
SRN-6496 R R 4.27 42.4 3.13 
Blu seed mold resistant R R 4.71 56.2 2.91 

Tafirkit (Nigcr) R R 4.63 21.4 2.84 
Sart R R 4.17 12.9 3.05 
SRN-6788 R MR 4.05 29.4 2.70 
SRN-2123 R MR 3.92 43.8 2.91 

SRN-4310 B MRb MR 4.33 383 3.40 
SRN-4627 MR MR 4.64 16.4 3.36 
SRN-4423 B MR MR 3.62 31.2 4.13 
SRN-44881 MR MR 3.83 14.6 2.82 
SRN-4882 B MR MR 4.15 45.4 3.64 

a. Reaction to grain mold and Strigs is based on the evaluation made by IAR/JP. 26 program. 
b. R - Ras 	 tant; MR - Moderately resistant. 

Table 4. 	 Reaction of earty sorghum 1lnea, promising for the Northern Sudan savanna, to smuts. 

Natural incidence" Artificial inoculation 

Head smut Long smut Head smut Long smut 
Entries (%) (0-5 scale) (%) (0-5 scale) 

Early varieties 
CK-60B 4.4 2.2 32.5 4.5 
HP-3 3.6 1.8 25.6 3.8 
HP-8 5.7 1.0 43.7 1.7 
P-147 0 0 12.9 2.0
 
IS-1261CZ 0 0.2 15.3 2.1
 
Ex-Bauchl 3.9 1.2 593 2.6
 
L-137/62 5.6 0 22.4 0.8
 
G-59 8.2 0.4 48A 1.2
 

Early hybrids 
CK-60A x HP-3 2.9 1.3 
CK-60A x HP-8 1.4 0.9 
CK-60 x P-147 0 0.7 
CK-612A x HP-3 0.6 0.5 
CSH.5 (India) 1.1 0 
CSH-6 (India) 0 0.6 

a. Natural incidence recorded In the sorghum.breeding nursery, Kano, 1977. 
b. Reaction of early hybrids was not assessed under artificial conditions of Inoculation. 
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Table 5. Reaction of promising Sudan savanna lines to sm-ts at Kano. 

Natural incidence Artificial inoculation 

Head smut Long smut Head smut Long smutLines (%) (0-5 scale) (%) (0-5 scale) 

RZ-1 (check) 2.1 2.9 29.8 4.6
YG-5760 (check) 4.9 
 1.1 37.3 2.4KL-408-75 2.8 1.0 42.1 3.6KL-538-75 1.0 0.8 12.4 2.5
 
L (94 x SK) 2.9 
 0.9 31.5 2.6KL-1 4.6 1.2 29.3 2.1
KL-2 1.3 0.5 8.6 2.7KL-3 5.3 1.4 52.1 3.1KL-4 4.7 1.5 45.2 2.5
 
KL-5 
 1.2 1.0 14.7 2.3
KL-6 3.8 1.2 25.3 3.5Kano bulk line 4.9 1.5 32.6 3.1
IS-1287 3.1 0.3 29.7 2.8 

Table 6. Reaction of promislng Northern Guinea lines and hybrids to smuts. 

Natural incidence at Artificial inoculationa 
Samaru, 1976 at Kano, 1977 

Head smut Long smut Head smut Long smutEntries (%) (0-5 scale) (%) (0-5 scale) 

Lines and varieties 
SK-5912 (SSV-3) 1.2 0 54.3 1.2Var. 2123 (SSV-4) 0.9 0.6 61.5 1.5Var. 2141 (SSV-5) 1.1 0 49.2 1.9
SL-181 (SSV-8) 3.6 0 51.4 2.3SL-107 (SSV-6) 4.3 0 32.5 0.6
SL-201175 2.5 0.2 43.1 1.2SL-203/75 1.E 0 26.4 0.54SL-1202/73 4. 0.6 35.3 1.8SL-126673 3.5 0 41.7 2.4
SL-1389/73 1.1 0 25.6 0.48
SL-1499173 (SSV-7) 1.4 0.4 54.2 1.7SL-1621173 2.5 0.6 18.5 1.5SL-75176 2.1 0.0 33.2 0.45FFBL (Tall sorghum) 3.6 0.1 48.6 2.4 

Hybrids 
RCFA x L-187 (SSH-1) 5.4 0
 
RCFA x SK-5912 (SSH-2) 
 3.3 0.2

ISNIA x L-187 
 1.1 0
 
ISNIA x L-1499 
 0.5 0
 
ISNIA x L-1266173 
 0.8 0.3 
ISINIA x L-1389/73 2.1 0.3
 
Kurgi A x SK-5912 
 1.0 0.2 

a. Reaction of the hybrids to smuts was not assessed under artificial conditions of Inoculation. 
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Farming Practices on Smut Development 

Sowing 	Date 
It is the practice among farmers in Nigeria to 
sow sorghum as soon as the rains are estab
lished. Early plantings support good seed g, r-
mination and seedling establishment, and in 
most cases, have given better yield. But early 
plantings have severe long smut incidence. 
Improved early varieties sown at this time 
mature before the rainy season ends, leading to 
molding of the heads. The natural incidence of 
long smut and other diseases in HP-3 sown at 
different dates was studied in the experiments 
planted by the Institute of Agricultural Restearch 
(I.A.R.) agronomist at Kano, 1976 to 1978. 

Early plantings had good seed germination 
and seedling establishment, and generally gave 
good yield (Kaigama 1977-1978). Long smut 
incidence was negligible in the 1978 trial. Re-
suits (Table 7) show that in both 1976 and 1977 
long smut was observed only in the early 
sowings. 

Soil Frtiqity 
In farmers' fields, plants grown on poor soils
and poorly maintained can have severe grainsgrain 

smut. 
The effect of various levels of nitrogen, 

applied as urea in a single dose before planting, 
on grain smut incidence in a susceptible inocu
lated local Fara-fara selection was studied at 
Kano in 1977. Grain smut was severe in low 
nitrogen levels (Table 8). 

Table 8. 	 Effect of nitrogen application on the 
dovolopment of grain smut In a sus
ceptible sorghum at Kano, 1977. 

Application rate Grain smut 
(kg/ha) (0-5 scale) 

0 	 4.12 
25 	 3.07 
50 1.95 

100 1.18 

Smut Control by 
Chemical Seed Treatment 

Use of resistant varieties has been the primary 
means of disease control in sorghum. Fungici
dal application is not "onomical. Seed 
treatment- inexpensive, dafe, and easy to 
apply -is the only chemical method recom
mended to farmers in Nigeria. The objective of 
seed treatment is to improve seedling estab
lishment and to control grain smut. Studies 
were made to increase the efficiency of seed 

and seedling protection, and to control grain 
smut. 

Routin 	 Seed Dressing Practicedby Farmers in Nigeria 

Seed treatment with formulations containing 
thiram (thiramlaldrin', thiram/lindane2 ) is an 

1. AJdrex T Trademark of National (Shell) Ltd. 
2. Femasan D: Trademark of ICI Plant Protection Ltd. 

Table 7. Effect of sowing dates on the development of long smute and other disease In HP-3 
sorghum at Kano, 1978 and 1977. 

1976 1977 
Grey 

Date Long smut Anthracnose Date Long smut leaf spot 

1 July 1.32 1.23 21 June 1.89 1.78 
10 July 1.01 1.83 29 June 1.46 2.64 
20 July 
30 July 

0 
0 

2.75 
3.46 

7 July 
15 July 

032 
0 

3.42 
3.95 

a. Disase ratings are on 0 to 5scale. 
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effective practice, which gives almost 100% 
control of grain smut in routine seed-dressing 
trials. An effort was made to understand the 
effectiveness of this practice in the farmers' 
fields. Prevalence of grain smut in adjacent
fields planted with treated and untreated seeds 
was surveyed (Table 9). Most of the treated 
fields had less than 1% infection while the 
untreated fields had higher infection levels. 

Nonsystemic Chemicals -
Seedling Emergence
and Grain Smut Control 

Comparison of Chemicals 

Medium-quality seeds were artificially con
taminated with grain-smut spores, following 

Table 9. Prevalence of grain smut In farmers' fields sown with treated or untreated seeds in 
Nigeria. 

No. of 

Location Seed sown 
fields 

examined 

Ungogo Treated 21 
Untreated 18 

Rano Treated 14 

Birnin Kudu 
Untreated 
Treated 

12 
17 

Wudil 
Untreated 
Treated 

19 
8 

Untreated 6 
Bichi Treated 24 

Untreated 16 

Seed treatment is popular among the pro-
gressive farmers in Nigeria. A bench-mark sur-
vey(Williamsetal. 1976) ofselected locations in 
the Kano State of Nigeria revealed that in 1976 
about 36% of the farmers applied chemical 
dressings to their seed before planting (Table
10). The survey did not indicate the percentage 
of area sown with treated seedi, and it isnot easy 
to estimate the percentage of the sorghum-
growing area sown with treated seeds (Selvaraj
1978b). The National Seeds Service at Samaru 
is supplying farmers with improved seeds 
which are already treated with formulations 
containing thiram. The area sown viith such 
seed is still less than 5%. However, as the 
traditional farmers are now also able to ap-
preciate the importance of seed treatment, it is 
foreseen that in the future more area will be 
sown with treated seeds, 

No. of fields with various levels of smut incidence 

0 0.1-1.0% 1.1-5.0% above 5.0% 

17 3 1 0 
6 

10 
4 
2 

5 
2 

3 
G 

5 
13 

1 
3 

4 
1 

2 
0 

8 
5 

3 
1 

3 
2 

5 
0 

2 1 1 2 
18 6 0 0 
6 3 4 3 

the partial-vacuum method. Treatments were 
randomized in five replications with 200 seeds 
in each treatment (Plot size: 2 x 7.5 m).Seed
ling emergence counts were taken 15 days after 
plant'ng and grain smut was recorded in the 
crop-maturing stage. 

Thiram, maneb, captan, mancozeb (Dithane 
M-41,), quintozene (Brassicol), thiram/aldrin
(Aldrex-T), and thiram/lindane (Fernasan-D) 
were studied. Se6ds in all chemical treatments 
produced significantly greater stand counts 
than thecontrol seeds; thetreatments also gave 
satisfactory control of grain smut. 

Comparison of Good and Poor 
Quai s
 

Quality Seeds 
The effect of treating good and poor quality
seeds on the incidence of grain smut was 
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Table 10. 	 Percentage of farmers applying 
seed-dressing chemicals at 
selected locations In the Kano 
State, Nigeria, 1976. 

PercentageLocation 

Karaye 42 
Gazarawa 40 
Dawakin Kudu 19 
Birnin Kudu 27 
Roni 67 
Gwaram 	 29Gwarm 29Poor-quality 

Average of all samples 36 

Source: Williams et al. (1976). 

studied (Table 11). 	 Improved germination of 
poor quality seed was obtained by thiram 
treatment, but better control of grain smut was 
obtained in good quality seeds than in the poor 
ones. Perhaps poor quality seeds might be 
more vulnerable to attack by the grain smut 
pathogen. A high rate of thiram might be 
required for better control of grain smut in 
seeds of poor quality. 

Systemic Chemicals-

Seedling Emergence and 

Grain Smut Control 


Though conventional formulations containing 
thiram have given satisfactory control of grain 

smut and favored seedling establishment, 
seedborne fungi associated with moldy grains, 
such as Fusarium sp, Curvularia sp, He/min
thosporiurn sp, and Phoma sp, and soil
inhabiting Fusarium spp are not controlled by 

present seed-treatment practices (Selvaraj 
1978b). Hence a broad approach to seed dres

sing was tested, and chemicals and mixtures of 
chemicals with a wide spectrum of activity were 
introduced to increase the efficiency of crop 
protection. 

Seed 

The effect of seed treatment on fungal infection, 
seed germination, and smut control was 
studied in 	severely molded poor-quality sor
ghum (var Ex-Bauchi). One lot of thetreated and 

untreated seeds was germinated in petri dishes 
containing 	PDA. Each treatment had 60 seeds 
and was replicated 	four times. After 10 to 12 
days, the percentage of germination and infec
tion by various fungi was recorded. Another 
seed lot was artificially contaminated with grain 
smut sporeb and planted in the field. 

In the laboratory (agar plates) and field tests, 
systemic fungicides remarkably increased 
germination and reduced the percentage of 
seeds from which Fusarium could be recovered 
(Table 12). The higher germination could be the 
direct effect of the chemicals on the fungal flora 
of the seeds. Thiabendazole and guazatine are 
very effective against Fusarium spp and gave 
the highest percentages of germination. 
Fusarium sp are the important fungi responsi-

Table 11. 	 Effect of treatment (Thlram) and no treatment of gocd and poor sorghum seed on seed 
germlnation and grain smut Incidence In some promising cultivars 

Germina.:on (%) Grain smut (0-5 scale) 
Seed 

Variety quality Not treated Treated Not treated Treated 

Ex-Bauchi Good 82.3 82.6 4.14 0.68 
Poor 50.6 69.4 4.32 1.75 

HP-3 Good 91.5 92.3 3.96 0.84 
Poor 42.5 73.5 4.12 2.13 

0.73Good 79.2 80.4 3.20 
Poor 41.4 68.9 3.68 1.84 

S-7706 

0.93CK-60 	 Good 85.6 86.0 3.61 
Poor 64.9 81.2 4.22 2.01 
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ble for the reduction in seed germination in 1976. All chemicals except carboxin in
(Selvaraj 1978c). creased seedling emergence. Systemic fungi-

Guazatine is not effective against grain smut. cides, alone or in combination with the conven-
The other chemicals gave good smut control. tional chemicals, are comparable or slightly 

superior to thiram/aldrin or thiram/lindane 
Medlun-quality Seed combinations. Except for the Fusarium spp, 

most of the fungi were found on the seed 
The field experiment (Table 13) was conducted surfaces. Hence, even if the internal fungi are 

Table 12. Effect of chemical treatment of moldy sorghum grains on fungal Infection, seed 

germination, and grain smut Incidence In Nigeria. 

PDA Plates Field 

a.i. a.i. Germination Fusarium Germination Grain smut 
Chemical (%) (g/kg) (%) sp (%) (%) (0-5 scale) 

Thiram 50 1.5 51.2 55.2 63.1 1.86 
Maneb 80 2.0 50.7 58.9 61.9 1.98 
Benomyl 50 1.0 68.5 37.3 60.2 0.92 
Carbendazim 50 1.0 69.3 35.4 60.8 1.12 
Carboxin 75 1.5 47.2 60.2 65.4 0.35 
Thiophanate methyl 70 1.4 65.6 36.5 61.9 1.03 
Thiabendazole 32 0.64 75.4 28.3 62.5 n.94 
Guazatine 35 0.88 74.2 31.1 62.3 2.95 
Untreated control - - 45.4 64.2 53.2 4.22 

SE ± 1.83 1.62 1.54 

Table 13. EffGct of seed treatment on seedling emergence and control of grain smut, 1976. 

Seedling Giain 
a.i. a.!. emergence smut 

Chemical/formulation (%) (glkg) (%) (0-5 scale) 

Reference 
Thiram/aldrin (Aldrex T) 50/25 1.5/0.75 68.5 0.87 

Systemic 
Benomyl (Benlate) 50 1.0 63.1 0.63
 
Carbendazim (Bavistin) 50 1.0 59.1 0.51
 
Thiabendazole (Tecto) 32 0.64 58.8 0.97
 
Carboxin (Vitavax) 75 1.5 51.4 0.32
 
Thiophanate methyl (Topsin) 
 70 1.4 61.2 0.74 

Combinations 
Carbendazim/maneb (Bavistin M) 50/30 1.5/0.9 64.3 0.59 
Thiophanate methyl/thiram (Homai) 50/30 1.0/0.6 75.2 0.61 
Thiophanate methyl/maneb (Peltar) 25/25 0.5/0.5 65.8 0.73 
Untreated control - - 52.7 4.27 

SE ± 1.41 
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controlled by systemic fungicides, results in 
terms of improved seedling emergence may 
not be striking, 

All the chemicals gave satisfactory smut con-
trol. Carboxin is the most effective chemical 
against grain smut, though it has not improved 
seedling emergence. 

Effect of Systemic Chemicals 
on Head Smut 

Seed dressing with systemic chemicals was 
attempted as a new approach to head smut 
control. 

In preliminary studies, various inoculation 
techniques were compared, and the application 
of germinating teliospores (teliospores + 
sporidia) in the planting hole or injction of the 
same in thegrowing pointofseedlings gavethe 
best results. Inoculation with ungerminated 
teliospores was less effective. 

Comnparison of Seood-Dresing 
Ch~emicals 

The efficiency of three chemicals was com-
pared, following the inoculation technique of 
placing the teliospores and sporidia in the 
planting hole. Resuilts (Table 14) show a general 
reduction of head smut in seed-treated plots, 
Fenfuram is superior to Vitavax and pyra-
carbolid. 

Comparison of Inoculation
Techn )4ues 

The experiment was repeated using different 

inoculation techniques. Fara-fara sorghum, 
which had the highest level of infection in the 
previous year's trial, was used for the study. 
Results are presented in Table 15. 

In inoculations, the chemicals generally re
duced the percentage of head smut incidence. 
But Vitavax was not effective where technique C 
was employed. The results obtained with 
technique B confirm the previous year's results 
(Table 14). The protection offered by the chemi
cals is only partial. Perhaps the infection of 
seedlings might have occurred over an ex
tended period of time which exceeded the 
period of protection offered by the chemicals. 
However, the results should be interpreted 
cautiously as the experiments were conducted 
only once at one location. 

Sumnm.iry nmA 
Future Line of Work 

Of the four smuts recorded on sorghum in 

Nigeria, gra-i smut, head smut, and long smut 

are economically important. However, the pre
valence and importance of the various smuts 
will be monitored along with other diseases to 
determine research priorities. 

The identification of disease-resistant mate
rials with a view to their utilization in resistance 
breeding is the main approach to the control of 
long and head smuts. Suitable artificial
inoculation techniques standardized at the 
I.A.R. were successfully employed to screen 
germplasm and breeding materials. Future 
efforts will be made to identify resistance from 
local collections. Only a few physiological races 

of the smuts have been reported in Nigeria. 

ToMe 14. Effect of seed dressing on the incidence of head smut In four sorghum varieties, 1977. 

Treatment 

Nontreated check 
Inoculated check 
Vitavax 75, inoculated 
Fenfuram (Panoram 35), 
inoculated 

Pyracarbolid 25, 
inoculated 

SE ± 

Percentage of head smut on 
Rate 

per kg SK-5912 Fara-fara RZ-1 YG. r760 

- 1.8 0.7 1.2 0.9 
- 38.4 58.3 45.2 49.6 

2.0 g 25.1 39.3 27.6 30.5 

15.0 ml 18.3 26.4 20.3 16.9 

2.5. g 22.5 33.6 25.2 28.2 

1.55 1.92 1.61 1.44 
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Table 15. Effect of Inoculation techniques and systemic seed dremhlgs on the percentage of 

Incidence of heed smut. 

Inoculation techniques' 

Seed treatments 	 A B 

Check 1 (no dressing, not inoculated) 0.6 1.5 1.1 
Check 2 (no dressing, inoculated) 13.3 58.2 52.7 
Vitavax 75, inoculated 5.6 39.4 48.3 
Fenfuram (Panoram 35), inoculated 2.4 24.7 30.9 
Pyracarbolid 25, inoculated 3.8 30.5 26.8 

SE ± 	 1.07 1.93 1.78 

a. 	A - Sed application of tallospores and sporldla. 
B - Placing teliospores and sporldla In the planting hole. 
C - Head smut sick plot incorporated with abundant tellospores. 

Studies on the physiological races of head smut 
and long smut will be taken up again to deter-
mine if any new race has developed in recent 
years. 

Investigations were made to improve chemi-
cal seed treatment, an economical and practical 
way of disease control on sorghum. Though 
formulations containing thiram have satisfac-
torily controlled grain smut, an overall ap-
proach to the control of sorghum diseases 
including the smuts (grain and head smuts)was 
resorted to, using chemicals with wide-
spectrum activity. Evaluation of new chemicals 
will be continued to find more effective seed 
dressings. 

Farming practices, like sowing date and soil 
fertility, influence the incidence of long smut 
and grain smut. Further studies are required to 
determino the role of soil moisture and other 
soil conditions on grain smut and head smut, 
and the influence of atmospheric humidity and 
temperature on long smut infection. 
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The Head Smut Program at Texas A & M 

R. A. Frederiksen and Lucas reyas* 

History of Head Smut in Texas 

From 1890, when head smut was first reported 
in the USA, through the 1920s when reports of 
its distribution and occurrence were noted in 
Texas (Potter 1914; Reed et al. 1927), little 
attention was given to the disease. The key 
report by Stewart and Reyes (1958 established 
the severity of the disease, the use of disease-
screening nurseries, and the possibility of 
physiologic races. Head smut, in fact, was a key 
disease which eventually led to the develop-
ment of the sorghum disease resistance pro-
gram at Texas A & M (Texas Agri Exp Sta 
1974-76). 

During the 1950s, RS-610 (ATx 3197 x Tx 
7078), one of the early sorghum hybrids, was 
widely distributed in southern Texas. It, along 
with other hybrids (pedigrees similar toATx 399 
x Tx 7078), transformed this region into a grain 
sorghum growing area and at the same time 
promoted the appearance of head smut (Reyes 
et al, 1964). Rosenow (1963) used Combine 
White Feterita, Tx 09, as a source of resistance 
to head smut and developed a smut-resistant 
version of Combine 7078 known as Tx 414. 
Rs-626 (ATx 3197 x Tx 414) was an example of 
this first generation smut-resistant hybrid. 
While Rosenow cautioned about possible new 
races and found evidence of different genes for 
resistance, he was cautiously optimistic that 
with the new sources of resistance, when de-
ployed through hybrids, "the disease should be 
brought under control, and head smut should 
again become a minor sorghum disease." 

Asearlyas 1965, shortly after thedeployment 
of RS-626 and other head smut resistant lines, 
smut was found in resistant hybrids (this was 
reported by L. E. ClarkandR.A. Frederiksenasa 
seed mixture). In 1967 near Berclair, Texas, we 

Professor and Graduate Student, Department of 
Plant Sciences, Texas A & M University, College of 
Agriculture, College Station, Texas, USA. 

observed smut in commercial fields of several 
different commercial hybrids advertised as 
smut-resistant. In 1968, we grew a set of 
selected sorghum lines in one of these fields. 
These sorghum differential varieties were 
selected from the work reported by Mehta et al. 
(1967) and Wilson (1969). These sorghum lines 
subsequently became the base for the Uniform 
Head Smut Nursery, and in their initial deploy
ment assisted in the description of a key race 
(race 3) ofSphacelotheca rei/iana (Frederiksen, 
et al. 1968). In 1975, we also reported the 
occurrence of yet another population of smut, 
designated as race 4. (Frederiksen et al. 1975) 
This population, which is still increasing in 
prevalence in Texas, developed following the 
deployment of the first-generation downy 
mildew (Peronoscierospora sorghi) resistant 
hybrids. Currently, head smut is a potentially 
serious disease in most of the sorghum
growing areas of Texas. Major losses were 
observed in selected fields in 1976 and 1977 in 
both southern and northern growing regions of 
the state. This, coupled with head smut in 
maize, has required a high priority research 
effort in Texas (Frederiksen 1977; Frederiksen 
et al. 1976). 

Background Research 

Manis (1971) reconfirmed the nature of 
physiologic variability in S. re/iana. He de
monstrated that potentially different races 
could be obtained from single teliospore prog
eny; clearly, races of S. reiliana represent popu
lations and mixtures of populations. Mehta et 
al. (1967) established the basis for the Uniform 
Head Smut Nursery by finding certain sorghum 
entries resistant to all known isolates of the 
pathogen. Of his original list of resistant sor
ghums, only Lahoma remains. Rodriguez (1968)
undertook to determine the role of interspecific 

hybridization in variability of sorghum smuts. 
Quite remarkably, he learned that S. sorghi and 
S. re/liana, while genetically related, quickly 
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dissociate into their respective types. Certain 
physical traits of the respective pathogens ap-
pear to be closely linked. Spore marking, 
sporidia production, percentage germination, 
and infection type were all linked and quantita-
tively inherited. Transgressive segregation for 
virulence was not found from any of the cros-
ses. Head smut teliospores were effective in-
oculum in soil mixtures, but not effective on 
seed. Consequently, these and related traits 
tend to skew populations toward the parent 
smut pathogens. Wilson and Frederiksen 
(1970a; 1970b) made studies oh the his-
topathology of compatible and incompatble 
host-parasite interactions. In these studies, 
characteristics of pathogen differentiation were 
defined, as were characteristics of developing 
sori. In compatible systems, infection hyphae 
proceed intracellularly until they reach differen-
tiating or partially differentiated meristem, 
when they develop intercellularly. Total coloni
zation of partially differentiated panicles leads 
to the classical head smut sorus, while localiza-
tion of the parasite results in partially smutted 
panicles. Only traces of the smut pathogen are 
present in blasted or sterile panicles. Wilson 
also found that in resistant varities of sorghum 
orwith avirulent cultures of the pathogen, initial 
colonization of the host was restricted. In some 
cases, sporidia failed to fuse, aod infection 
hyphae did not develop. By implication, 
Wilson'swork indicated thatthere might befour 
initial states which might result in incompatible 
host-parasite interaction. These are: (a) failure 
to germinate in presence of the host, (b) failure 
to form a dikaryon, (c) failure to penetrate, and 

Table 1. 	 Relations between Incidence of head 
College Station, Texas, 1975. 

(d) failure to establish intercellular mycelium. 
Manis (1971) attempted to characterize the na
ture of host resistance to head smut. He noted 
physiologic changes, particularly among 
peroxidase enzymes from compatible and in
compatible host-parasite interaction and an 
accumulation of a flavonoid-like material. 

More recently, Miller (1978) studied a variety 
of inoculation techniques, hoping to improve 
on the hypodermic or field methods already 
employed (Edmunds 1963). Unfortunately, he 
was unable to improve on these procedures. 
J. H. Foster has learned that certain soils are 
more conducive to teliospore infection ef
ficiency than others (M. S. thesis, in prepara
tion). 

Effect of Head Smut on
 
Yield of Grain Sorghum
 

Populations of hybrid grain-sorghum plants 
were inoculated at various frequencies at 
Victoria and College Station, Texas. The exper
iments were designed to establish various 
levels of head smut in a constant plant density. 
The plant densities were established at about 
150 000 plants per hectare. In all three tests, the 
effect of incidence of smut on grain yield was 
linear and significantly negatively correlated 
with yield (Table 1). 

From a combined analysis of all three tests, it 
is estimated that an increase of 1% head smut 
decreases yield by 44.5 ± 2.7 kg/ha. These ef
fects on yield are much morestriking than those 
caused by downy mildew. 

smut and 	grain sorghum yields at Victoria and 

College Station 
Victoria Early planting Late planting 

Average smut Yield Average smut Yield Average smut Yield 
incidence (kg/ha) incidence (kgiha) incidence (kg/ha) 

(%) (%) (%) 

66.7 1259 25.8 4176 34.5 2470 
37.1 3937 29.8 3815 31.3 2294 
26.3 3102 12.7 4338 15.9 3327 

0.7 4648 0.0 4838 0.0 3310 
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Race Concepts 

Currently, four races of S. reiiana (Table 2) are 
recognized in the USA. Uniquely d ifferent popu-
lations exist in -Africa (King and Frederiksen 
unpublished data), and there are differences 
among populations of S. reiliana attacking sor-
ghum and co- i (Frederiksen 1977; Miller 1978). 
Any populaticn ofS. reiliana is a mixture. The 
ability, however, to attack host cultivars with 
various genes for resistance is ever present. 
Currently,wedesignatetheseracesonthebasisCuro ye ure diffterentiaraienthes bsis
of one of four key differential varieties, but 
many combinations of these pathogen popula-
tions are 	possible (Table 3). The two groups 
most frequently isolated include races 1, 3 and 
1,3,4. Occasionally we have found races 1,2,3, 
4 and races 1,4. Very little race 2 exists in Texas 
(Table 4). 

The distribution of these populations is di-
rectly related to previous cropping histories. 
Growers 	 along the upper-coast areas, while 
utilizing one popular downy mildew resistant 
hybrid, developed a unique race 4 population 
(Home 1976). Similarly, areas along the lower 
coast, growing other popular hybrids, de-
veloped their population of race 4; this race 
could be partially differentiated by commercial 
hybrids, but not by the differential varieties. It 
suggested to us that similar or closely related 
genes for resistance were being used in com-
mercial breeding (Frederiksen et al. 1970). 
Monitoring with the Uniform Head Smut Nur-
sery is done extensively in areas with head 
smut problems (Texas Agri Exp Sta 1974-76, 
Table 4). 

Table 2. 	 Reaction of four differentia sor-
ghum cultlvars to physiologic races 
of Sphacsiotheca relliana. 

Differential Reaction by Race 
variety 1 1, 2 1, 2,3 1, 2,3,4 

Tx 7078 S S S S 
SA-281 
(Early Hegari) R S S S 

Tx 414 R R S S 
TAM-2571 

(SC 170-6-17) R R R S 

S- susceptible, R- resistant 

Table 3. Common head mut race groups and 

their distributon In Texas. 

Differential 
variety Reaction to Race 

TA708SAo281R S SR SR SS SR 
Tx 414 S S R S R 
TAM-2571 R S R S S 

Race mixtures 1,3 1,3,4 1 1,2,3,4 1,4 
Common race 
des;gnation

Where found 
3

South 
and 

4 
South 
Texas, 

1 4 
South High
Texas Plains 

4 
Central 
Texas 

Cent Il High 
Plains 

Host Resistance to Head Smut 

Resistance to head smut is complex and must 
involve either many genes or complex genes, 
suggesting that simple backcross breeding and 
testing in a single location are not appropriate. 
Lines selected as sources of head smut resis
tance must be stable over a number of loca
tions. Recently, we initiated a population study 
by pooling Sis based on, resistance at three 
locations. A single cycle of selection and ran
dom mating produced a dramatic shift in the 
frequency of resistant individuals (Miller 1978). 
This approach c ; i be easily managed, but the 
question is: will the appropriate genes be 
pooled? Will these sources of resistance for 
smut-resistant hybrids have longer lives? 
Equally interesting has been the re3ction of 
hybrids and hybrid combinations. Occasionally, 
with smut-resistant pollinator lines, or with 
smut-resistant seed parents, the resistance acts 
recessively and the hybrid smuts; in other 
cases, it is incompletely dominant. Occasionally 
a smut-resistant pollinator and seed parent will 
produce a smut-susceptible hybrid (Texas Agri
Exp Sta 1974-76). Some common sorghum 
inbreds such as Wheatlacarel, Caprock, and 
certain kafirs have had a moderate level ofsmut 
resistance over the years and in different envi
ronments, even though they have been used 
extensively. Consequently, we are optimistic 
that a higher degree of stability of resistance to 

head smut is possible, particularly as more 
hybrids with different smut-resistant genes in 
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Table 4. Average Incidence of -Vid smut among entries of the Uniform Head Smut Nursery at 
seven Texas locations and one Kansas location In 1976. 

1 2 3 4 5 6 7 

Reps 

Designation 1&2 3&4 
Smut percentages 

SA-281 0 0 0 0 0 0 0 0 0 
Pl-48770 0 0 0.9 0 0 0.1 0 0 0 
B TAM-618 0 0 0 0 0 15.3 0 12.5 2.2 
Lahoma Sudan 0 0 0 0 0 0 0 0 0 
Ca'f,#38 0 1A 0.6 0 0 11.7 0 3.2 0 

Tx 7078 0 57.2 21.7 35.2 50.5 40.C 21.3 0 24.4 
Tx 414 27.1 483 18.9 32.1 31.2 15.3 10.6 0 15.6 
IS-12664C (SC-173) 0 0 1.2 0 0 2.4 0 1.5 0 
IS-2403C (SC-103) 4.0 0 0 0 9.9 0.7 2.5 4.3 0 
SC 170-6-17 (sel-4267) 0 1.1 1.9 0 17.1 14.9 5.6 0 6.1 

SC -70-6-8 (sel-4252) 0 0 1.3 11 10.8 6.9 0 0 0 
SC 170-14 0 0 0 0 5.4 4.5 4.4 5.3 0 
TAM-428 (SC 110-9) 0 0 0 0 0 1.1 0 0 0 
Tx-2536 0 5.8 4.3 6.9 9.3 9.1 5.4 493 2.8 
B-Tx-399 0 12.0 3.0 4.0 8.6 0 9.5 0 0. 

B-Tx-3048 0 0 0 0 0 10.5 0 0 0 
B-Tx-3197 8.0 7.0 0.9 7.7 29.6 8.6 12.1 0 2.8 
SC-241-12E 43.0 59.5 58.6 97.5 58.3 85.8 653 0 ..7 
8311 (Pioneer) 10.6 4.2 1.1 2.9 7.5 11.7 5.3 4.7 2.2 
NK-413 0 0 0 0 15.0 17.0 9.1 12.1 0 

Race or race groups 1,3 1,3 1,3 1,3.4 1,3.4 1.3.4 1,3 1,3 
in each nursery tr d tr 4 tr 4 

1. Berclair; 2. Bonnie View (Acco nursery); 3. Corpus Christi; 4. Edna; 5. Ganado (P-A-G nursery); 6. Halfway; 7. Robstown; 
0.Plains, Kanas. 

different genetic backgrounds become availa- References 
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sorghum. Proceedings, 32nd Annual Corn and Sorrepeated screening in many locations in Texas. ghum Research Conference 32: 89-105. 
.hese probably represent most of the known 

sources of head smut resistance. FREDERIKSEN, R. A., ROSENOW, D. T., REYES, L, and 
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Acknowledgment relfiana in South Texas. Plant Disease Reporter 53:1969. 
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and D. Tuleen. The research was supported in part by Reaction of common sorghum lines to races 1and 3 
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Table 5. Comparison of head smut percentages In 1976 and 1977 in several open-pedigreed 
sorghum varieties previously identified as resistant. 

1976 1977 

Variety or designation Berdair Edna Halfway Kress 

Smut percentages 

SA-1754 D-iarf Bonar fl.*' - 2A 3.0 0 1.5 
CI-182 Feterita 0 0 1.0 0 
CI-693 Red Feterita 2.9 0 2.5 2.2 
FC-6601 .rFeterita 2,0 0 1.0 0 
PI-3491 H1a-ari 0 0 0 3.3 

SA-281 Early Hegari 0 0 0 0.5 
SA-79 Bor'ita 2.1 0 0 4.6 
SA-391 Combine Bonita 0.7 2.2 1.0 5A 
SA-392 Combine Hegari 0 0 0 1.7 
B rAM-618 SR Combine Kafir 0 0 0 3.6 

A TAM-618 SR Combine Kafir 0 0 0 0 
FC-13641 White Kafir 0 1.5 0 0 
PI-48770 White Kafir 0 0 0 0 
SA-350 Imperial Kafir 1.1 0 0 6.0 
TS-2324;; Wetland Dwf. Kaoliang U 0 0 0 

CI-332 Dwarf Yellow Milo 0 0 0 0 
CI-352 Standard White Milo 0 1.0 0 0 
FC-8927 Dwarf White Milo 0 0 0 0 
FC-16219 Finney 2.5 0 0 2.8 
SA-368 Texas Milo 0 1.0 2.0 0 

SA-7088 Chinch Bug Res. Milo 0 1.0 0 0 
TS-13352 Doub;z; Dwf. White Milo 0 0 0 0 
FC-8963 Double Dwf. Yellow Milo 2.0 0 - 0 
FC-32127 Lahoma Sudan 0 0 0 0 
SA-1998 Piper Sudan 15.0 0 0 -

DA-3494 Day x Atlas 0.8 0 0 0 
FC-8989 Desert Bishop 0 0 0 0 
KS-3 Spur Kaf. x Redbine 60 0 0 0 2.2 
B TX 3048 Redbine selection 0 0 10.7 0 
B Tx 3047 Redbine selection 0 0 0 0 
B Tx 3035 Redbine selection 3.1 1.0 0 0 
Tx 7000 Caprock 0 0 3.3 0 

FREnrFn,-,v7N,R.A.,ROSENow, D.T.,andREYEs, L. 1975. HORNE, C. W., FnEDERIKSEN, R. A, TOLER, R. W., and 
Races of Snh'.celotheca re/lana on sorghum in TRAMPODA, J. D. 1978. Disease rating ofcommercial 
Texas. Plant Disease Reporter 59: 549-551. grain sorghum and corn hybrids. Texas Agr Ext Ser 

MP 1352. 
FREDERIKSEN, R. A., BERRY, R. W., and ( TER, J. H. MANis,A L,Jr. 1971. Invitro cultureof mycellum and 

1975 Haad smut of maize in Texas. Plant Disease tellosporoz, of Sphacelotheca re/liana (Kuhn) Clint., 
Reporter 60: 610-611. and biochemical changes associated with Inlection 

of Sorghum bicolor (L.) Moench by races 1 and 3 of
HORNE, C. W. 1976. New race of head smut fungus S. relane, Ph.D. l.;esis, Texas A & M University,poses a problem for grain sorghum producers. Plant Texas. 81 pp. 

Disease Views and Reviews, 25 June 1976, Texas 
Agr Ext Sar, Collego Station, Texas. . -A., B. K., FREDERIKSEN, R. A., COLLIER, J., and 
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Smut Discussion Session
 

Anahosur: 
When there is partial infection in head 
smut, the hesd produces no grain; whereas 
with partial infection of grain smut, the 
nor.smutted florets produce grain. What is 
the explanation for this difference? 

Frederiksen: 
An interesting question. I have no idea of 
the answer. There is little evidence of 
mycelium in the noninfected part. There 
must be some sort of interference with or 
antagonism toward the flowering 
mechanism. 

K. N. Rao: 
As head smut infection involves the rachis 
and rachis branches, there may be interfer-
enco with nutrients going to other parts of 
the head. This would not be the case with 
grain smut. 

Balasubramanian: 
Hzr Dr. Frederiksen any information on the 
type of germination of head smut spores in 
the exudates from roots of resistant and 
susceptible cultivars? 

Frederiksen: 
Jim Foster in our laboratory has found that 
exudates from different cultivars affect 
rates of growth of the fungus following 
germination, but not germination per so. 
We believe that this may be a factor in
volved when different reactions are ob
tained with hypodermic inoculations, com
pared with reactions when the cultivars are 
exposed to soilborne inoculum in the field. 
When we inoculate by hypodermic injec
tion we probably bypc-s some resistance 
mechanisms. 

Doggett: 
Does the population improvement ap
proach offer agood opportunity for control 
of the variable smut populations? At 
ICRISAT we thought that if we could get our 
populations well established, as B and R 

populations, we might be able to move 
towards hybrids which were made from 
apparently homogenous material, but 
which would be genetically far more vari
able. This of course might be unsuitable in 
the USA where a high degree of uniformity 
is required, but it could work well In the 
developing world. 

Frederiksen: 
A heterogenous population should provide 
more stable resistance than a homogenous 
one. I think we havo o bevery careful about 
variability in maturity, not only because of 
problems of harvesting but also because of 
problems like midge - which increase with 
a spread of maturity. I think a mixture of 
different smut-resistant genotypes in a uni
formly maturing background would be 
useful in controlling smut. Smuts are en
demic, and thus the distribution of new 
genotypes occurs more slowly than with 
many other fungal pathogens, such as 
rusts. 
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Sorghum Ergot 

N. V. Sundarxmn" 

Ergot, also known as sugary disease or "asal i" 
disease of sorghum, was first collected by 
McRae in India (Madras State) in 1915. He 
described the pathogen in 1917 as Sphacelia 
sorghi, believed to be the conidi-l stage of an 
undetermined species of Claviceps. Kulkarni et 
al. (1976) described the perfect stage as 
C/aviceps, but at present the name Sphacelid 
sorghi (based on the conidial stage), is in 
popular use. 

Geo,aphical Distribution, 
Host Range, and 
Economic Importance 

Sorghum ergot has boan reported from many 
sorghum growing countries (Tarr 1962; Molefe 
1975). 

The sorghum ergot pathogen has been re-
ported to infect Pennisetum americanum and 
Ischaemum pilosum in India (Sundaram 1974; 
Sundaram and Singh 1975). Futrell and Webster 
(1036) reported successful infection of maize by 
Sphacelia sorghifrom Nigeria. Itwas alsofound 
that the ergot from guinea grass (Panicum 
maximum) readily ifected both sorghum and 
pearl millet. Reddy (1968) successfully infected 
pearl millet with sorghum ergot but Chin-
nadurai and Govindaswamy (1971) failed to get 
positive results. However, Reddy reported that 
the fungus from sorghum readily infected Cen-
chrus ci/;aris and C.setigerus when artificially 
inoculated. Surprisingly, these two grass hosts 
were also reported by Ramakrishnan (1963) to 
be collateral hosts of Claviceps microcephala 
(C. fusiformis), t1-q millet ergot pathogen. 
Perhaps additional grass alternative hosts 
occur in other countries, 

Ergot of rye (C/aviceps purpurea) is well 

* Principal Cereals Pathologist, ICRISAT Cooperative 
Program, Institute for Agricultural Research, Sam-
aru, Zaria, Nigeria. 

known for its alkaloid content, which is harmful 
to humans and cattle. In sorghum ergot, the 
sderotia are not very well developed, in the 
sensethatthey arenot so hard asthosein ergot 
of rye or of other grasses; sorghum ergot has 
hollow locules containing conidia mixed with 
"honey secretion." This is perhaps the roason 
why harmful alkaloids are not always produced 
by the fungus. When mature sderotia of ergot 
of rye are sectioned, no such hollow or honey 
secretion is observed. However, reports on the 
possible presence ofalkaloids in sorghum ergot 
have come from Burma (Tarr 1962), India 
(Chinnadurai and Govindaswamy 1971), and 
Nigeria (Mantle and Waight 1968). The alkaloids 
varied from place to place. In Burma the al
kaloids were undcturmined, but caused fatal 
results when fed to cattle. In India ergotanine 
was found, while in Nigeria dihydro-ergosine 
was isolated. 

Economic Importance 

Ergot severity on sorghum depends mostly 
upon weather conditions at flowering. If days 
are cool (minimum of 190± 10C), highly humid, 
and cloudy during the ant ,cn; period, the 
spread of the disease is rapid and damage is 
severe. The male steriles become almost 100% 
infected. In India, many endemic pockets have 
been identified (Sundaram 1971). With the in
troduction of a hybrid program involving male 
steriles, theseverityoft JL,,ae has increased, 
in some cases completely destroying seed 
setting. Estimation of yield loss is complex and 
dependent upon more than one factor. How
ever, in Stara district of India's Maharashtra 
State during the 1975 wet season, extensive 
areas in seed production were severely dam
aged by this disease. I made similar observa
tions in eqvArl seed-production plots 
elsewhere in India. Molefe (1975) reported 
Botswana's first epiphytotic of sorghum ergot 
during 1973-74. Late-planted sorghums were 
particularly affected. 
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Resistance Screening Methods 

Cool, wet, cloudy weather during anthesis of 
the crop favors rapid spread of the disease. 
Simulating these conditions successfully pro-
doiced epiphytotic infections (Sundaram 1971).
The method consists principally of spray-
inoculating the spikelots with viable conidia 
when the stigmas are just emerging. Care is 
taken to direct the spray on all sides of the 
inflorescence so that the conidia are unifo'rmly
deposited. Immediately after spraying, the ears 
are covere with brown selfing bags. To assure 
inoculation, the spray isrepeazed. if the atmos-
phere is dry, it is essential to irrigate the field 
after spraying, preferably with sprinklers. Plant-
ing of the test entries should be timed so that 
flowering coincides with coo!, wet weather. 
Best results are obtained when daytime atmos-
pheric temperature remains between 19 and 
280Cand there is good dew formation in the 
night. 

Present screening methods appear to be 
quite effective and practical. To get the best 
results flowering must occur during cool wet 
weather - not always possible in rainfed 
semi-arid regions. Insuch cases it is difficult to 
achieve the desired results, unless we create 
humidity artificially during the incubation 
period of 6 to 10 days. Ifdifferent types (photo-
sensitive and nonphotosensitive) are screened, 
planting dates must be adjusted so that the 
plants will flower and can be inoculated at the 
same time. 

With the scoring scales and techniques pre-
sently adopted, incidcnce on a crop basis is 
assessed by counting the infected and healthy 
ears, irrespective of the intensity of infection. 
Then, when normal grains mature, the intensity
grade is worked out on al to 5or 1tol0 scale as 
the case may be, with grade 1being the least 
infected and grades 5 or 10 representing the 
most severely infected ears. The major draw-
back of this method isthatthe sugary secretion, 
which covers most of the healthyprains, makes 
it seem as if a much larger numbe- of grains is 
infected. When sclerotia are formed, it is com-
paratively easy to assess the intensity, 

Sources of Resistance 
Few publications are available on sources of 
ergot resistance in.sorghum. The pathogen is 

reported to infect ovaries up to 5days following 
pollinat;on. Resistant materials should be 
heavy pollen shedders, with the period from 
gynoecium to anthecium as short as possible.

Ajrekar (1926) tested numerous varieties 
grown at Poona and Dharwar, areas with high
disease expression under natural conditions, 
and none was immune. Futrell and Webster 
(1966) reported that male sterility increases 
susceptibility, but lines thatwere female sterile 
showed a low degree of susceptibility. Twin
seeded varieties are also susceptible. A large
scale evaluation of 3680 varieties from the 
world collections of sorghum assembled by the 
Indian Council of Agricultural Research with 
the active cooperation of the Rockefeller Foun
dation was made at Coimbatore in late 1965and 
1966 (Sundaram 1971). Of 28 resistant lines 
identified, 15were from Africa, eight from India,
and the rest from the USA and Japan. An 
additional 76 entries were identifici as some
what resistant, with infection intensities of less 
than 10%. The resistant entries and the moder
ately resistant entries belonged to the major 
groups caudatum and conspicuum, and some 
of the moderately resistant entries were from 
thedurra group. Periodicevaluation of released 
varieties and hybrids isdone in India under the 
All-India Coordinated Sorghum Improvement 
Project.

No concentrated study appears to have been 
made on the variability of the pathogen, even 
though indications are that it is variable. 

International Screening 

To start with, locations could be selected in 
Sudan, Ethiopia, Kenya, Uganda, Botswana, 
Nigeria, Senegal, and Cameroon. InIndia, good 
locations would include Dharwar, Poona, 
Coimbatore, Indore, and Hyderabad. 

Test entries may be limited to 50 in the first 
year of testing, and should include the 28 lines 
from the world collection already identified as 
resistant, ten to 12 of the elite varieties and 
hybrids from India. Released varieties and 
hybrids of the test locations could be included 
for comparison. 

Research Priorities 
Sources of Resistance 
Thefacilitytoproducean artificial epiphytotici; 
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essential to evaluate test entries at any locality. 
All breeding materials and varieties resistant at 
one location should be evaluated in various 
centers. 

Studies on Collateral Hosts 
Further investigation is needed on the role of 
collateral hosts. 

Fungicidal Control 
Fungicidal control of this disease ts not always 
feasible, but, in view of the intensity of the 
disease on male steriles colmmonly grown in 
hybrid programs, it is important to continue the 
study on the use of systemic fungicides forcontrol of ergot. 
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Ergot Discussion Session
 

Mengistu: 
Ergot of sorghum occurs in Ethiopia, but 
sclerotia are not observed. Issclerotial for-
mation associate. with certain ecological 
zones or other factors? 

Sundaram: 
It may be associated with ecological zones 
and also with cultivar. The factors influen-
cing it are reali, not known. 

Balasubramanian: 
Sclerotia are closely associated with cli-
mate. Sclerotia may form in one year and 
not in another. Moreover, the appearance 
of ergot itself is greatly influenced by 
weather conditions, and given the same 
weather condition, the formation of 
sclerotia vary from one variety to another. 

K. N. Rao: 
I believe the environmental factors are of 
major importance and not the specific 
genotype. 

Anahosur: 
Two types of sclerotia are found in Dhar-
war, long curved and hard short ones. It is 
possible that two or more species may be 
involved. 

Brhane: 
How does the ergot organism perpetuate 
itself from season to season? In Ethiopia a 
higher incidence of the disease was re-
corded in the experimental farm than in 
farmers' fields. Inoculum may be building 
up under these conditions. 

Sundaram: 
Perpetuation is through sclerotia mixed 
with seeds and collateral hosts. Farmers' 
varieties probably flower during drier 
periods than do materials at the research 
station, and thus escape severe infection. 
There might be natural selection for resis-
tance as well. In experimental fields, var- 

ieties flower at differ-mnt times and thus 
some varieties may flower to coincide with 
favorable weather conditions, resulting in 
more ergot. 

Zummo: 
What part do insects play in the dissemina
tion of ergot? Insects are attracted to the 
honeydew and will pick up the conidia and 
spread them throughout the crop. 

Sundaram: 
Insects spread the disease, from wild hosts 
to cultivated sorghum, as well as within the 
crop. In India 14 different insect species 
have been associated with field transmis
sion of the pathogen. 

K. N. Rao: 
Arethese rating scales for measuring ergot 
reaction? 

Sundaram: 
In the All India Coordinated Sorghum Im
provement Project, we use incidence 
(which is crop infection %) and intensity of 
the disease on individual ears. 

Balasubramanian: 
Ergot is very common in the tropics, but is it 
prevalent in temperate sorghum? 

Zummo: 
The disease is not known in temperate 
sorghum-growing areas. 

Bhat: 
There are at least five areas of investigation 
needed for ergot toxins: 

1. the chemical nature and biological 
effects of sorghum ergot sclerotia; 

2. 	the carcinogenic nature of the al
kaloids; 

3. 	 safe limits for human consumption; 
4. 	 the nature of ergot-induced diseases 

of cattle and man. 
The staff of the National Institute of Nutri
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tion in India are willing to undertake studies 
of these problems, but they need a supply 
of materials. 

House: 
Time of flowering is effective in avoiding 
the disease in India. Is this also true of other 
countries, particularly in Africa? 

Sundaram: 
This appears to be generally true, but the 
critical flowering date varies with location. 

Rosenow: 
Is there a current list of resistance sources? 
Also, have elite breeding lines, containing 
wide adaptation and multipledisease resis
tance, been screened for ergot? Who has 
this information? 

Sundaram: 
Two lists of sources of ergot resistance are 
available. 

1. Sorghum in the Seventies, eds. Drs. N. 
G. P. Rao and L R.House. 

2. 	The Annua' Reports of the All-India 
Coordinated Sorghum Improvement 
Project list the reaction of elite and 
released varieties and hybrids. 

K. N. Rao: 
At ICRISAT we are screening most of the 
elite materials this season, and we can 
assemble a preliminary ergot-resistance 
screening nursery for interested workers. 
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Bacterial Diseases 

N. V. Sindaram* 

Bacterial diseases of sorghum, though they 
have been reported for a very long time, rarely 
cause epidemics in sorghum-growing areas.As 
many as ten bacterial pathogens, pathogenic 
either under field or experimental conditions, 
have been reported on sorghum from various 
parts of the world. Among these (Table 1), three 
have been frequently reported from many 
countries to be constantly associated with sor-
ghum, causing leaf damage in the field under 
natural conditions. 

Bacterial leaf diseases are especially impor-
tant in rainfed sorghum, since continuous 
humidity with warm temperatures and rain 
splash help spread the pathogens. Occasionally 
bacterial pathogens are seedborne. Some 
pathogens have known alternative hosts, which 
include perennial grasses and cultivated crops. 
These also help the pathogens to survive 
adverse weather and other conditions. 

Losses due to bacterial diseases have not 
been assessed, but there is no doubt that 
epidemics cause considerable damage to the 
crop. It is possible to mistake bacterial disease 
for deficiencies or rots, as at times saprophytes 
develop on leaf tissue destroyed by a bacterial 
pathogen, further confusing the symptoms. 

Since the geographical distribution, capacity 
for epidemic development, screening methods, 
etc., vary with the types of bacterial diseases, 
they are dealt with separately in the following 
pages. Most of the information given is from 
Tarr's (1962) book. 

Bacterial Leaf Stripe 

Causal organism: Pseudomonasandropogoni 
(E. F.Smith) Stapp 

Synonyms: 	Bacterfum andropogoni E.F.Smith 
Phytomonas andropogoni 
(E.F.Smith) Bergey et al. 

* 	Principal Cereals Pathologist, ICRISAT Cooperative 
Program, Institute for Agricultural Research, Sam-
aru, Zaria, Nigeria. 

Bacterial stripe was one of the first bacterial 
diseases of sorghum to be described. The bac
terium was isolated by Erwin F.Smith and his 
coworkers in the USA during the early twentieth 
century. Details of its taxonomy are given by 
Bradbury (1973). 

Georaphical Distribution 
and Economic Importance 
Bacterial stripe has been reported throughout 
the sorghum belt of the United States, Argen
tina, Formosa, Australia, Nigeria, India, Japan, 
Sudan, and the USSR, and probably occurs in 
many other sorghum-growing countries. 

In addition 	to grain sorghum, this disease 
occurs cn sudangrass, broomcorn, johnson
grass, andS.almum under natural conditions. It 
is also known to affect maize and sugarcane 
under artificial inoculation. 

Studies on 	the epidemiology and seasonal 
occurrence of the disease have been limited. 
Infection is established through the stomata 
and through leaf injuries. Among the dis
seminating agents are wind (carrying infected 
debris), rainfall, insects, and to some extent 
human beings passing through the field. The 
spread of the pathogen is favored by continued 
warm weather combined with high humidity. 
The spread of the disease is, however, arrested 
once dry weather occurs. Sources of infection 
include infected dry leaves left in thesoil, seeds 
carrying the pathogen, and perhaps the peren
nial grass hosts around the field. 

Screenin Methods 
Since detailed studies on the epidemiology of 
the pathogen have not been undertaken, no 
specific method for establishing artificial 
epiphytotics has been described. However, with 
the limited knowledge available on the various 
sources of inoculum and the method of entry of 
the bacterium into the host tissue, standardiza
tion of the technique to achieve effective 
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methods of screening could be worked out. The phere. Sprinkler irrigation would help to estab
main source of the inoculum could ba infested lish the disease most effectively. 
debris spread on the whorls during optimum The scoring scales commonly used to score 
weather - high humidity and warm atmos- resistance to leaf diseases have been adopted 

Table 1. Bacterial pathogens recorded on sorghum. 

Name of the pathogen Common name 

Pseudomonas andropogoni Bacterial 
(E.F.Smith) Stapp leaf stripe 

Xanthomonas holcicola Bacterial 
(C.Elliot) Starr and Burk. streak 

Pseudomonassyringae Bacterial 
Van Hall leaf spot 

Bacterium sorghi Bacterial 
(Burrill) Chester blight 

Pseudomonasfluorescens Bacterial 

P. alboprecipitans Rosen Leaf spot 
of Setaria 

Pseudomonasrubrisubalbicans Mottled stripe 
(Christopher and Edgerton) of sugarcane 
Kaasilnlkov 

Xanthomonas albilineans Sugarcane 
(Ashby) Dowson leaf scald 

)L rubrilineans Bacterial 
(Lee at al.) Starr and stripe of 
Burkholder sugarcane 

X. rubrisubalbicans Mottled 
(Christopher and stripe of 
Edgerton) Savulescu sugarcane 

X.stewartii (E.F. Bacterial 
Smith) Dowson wilt of
 

maize
 

Pseudomonas lapsa Bacterial 
(Ark) Starr and stalk rut 
Burkholder of maize 

Pseudomonas marginalis 
(Brown) Stevens Leaf spot 

Doubtful pathogenicity 
Bacillus omelianski Soft rot 
Serbinoff of sorghum 

Bacterium termo 
Dujardin Red stalk 

B.ovatum (Bruyning) Red 
Chester blotches 

First reported 
country 

USA 
(Virginia) 

USA 
(Texas) 

USA 
(Iowa) 

USA 
(Illinois) 

USA 
(Arkansas) 

USA 

USA 
(Hawaii) 

USA 
(Louisiana) 

USA 

USA 
(California) 

Egypt 

USSR 

France 

Netherlands 

Author Year 

E.F.Smith 1911 
et al. 

Elliot 1929 

Kendrick 1926 

Burrill 1937 

Rosen 1922 

Christopher and 1930 
r-lgerton 

Ashby 1940 

Lee at al. 1925 

Christopher and 
Edgerton 1930 

E.F.Smith 

Ark 1940 

Melchers 1931 

Serbinoff 1915 

Dujardin 1841 

Bruyning 1897 
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for use with bacterial diseases, hence, special 
scales are not required. 

Sources of Resistance 

of varieties for their resistance toScreening 
bacterial stripe has been mostly done under 
field conditions in almost all countries where 
the disease is present. In general, many workers 
have observed that "sorgos" as a group are 
more susceptible than grain sorghum or 
sudangrass. Elliot and Smith (1929) found that 
Silver Top, White (from India), Sumac Red 
Amber, and Early Amber were susceptible. 
Dwarf Early Sumac, Honey, Black Amber, 
Folger's Early Rose, and Sugar Drip were mod-
erately resistant. Among the grain sorghums, 
only kafir (bird-proof) and chicken corn showed 
heavy infection; durras from India were resis-
tant. in general, varieties from Sudan showed 
high resistance. On an average, about 40% of 
the grain sorghums tested in Virginia, USA, 
were highly resistant and 20% highly suscepti-
ble, the remainder being intermediate in reac-
tion. Luttrell (1950), who made the evaluation in 
Georgia, USA, repofted Hegari and Early Hegari 
to be high!y susceptible, whereas Caprock, 
Double Dwarf Yellow Sooner, Double Dwarf 
White Sooner, Martin's Combine Milo, Texas 
Milo, Plainsman, and Imperial Kafir were 
slightly infected. Leoti sorgo, Cody, Shallu, and 
Tift, and sweet sudangrass are moderately re-
sistant (Leukel et al. 1951). Broomcorn is se-
verely affected in Argentina (Muntanola 1950). 
P. andropogoni is reported to infect Sorghum 
caffrorum, S.bantuorum, S. durra, S. chinense, 
and S. saccharatum in the USSR. (Yakushevskii 
et al. 1974). 

The available literature on screening for resis-
tance to bacterial stripe suggests possible 
sources of resistance, but no sorghum group 
was resistant. Continued evaluation of host 
resistances to bacterial stripe is essential. 

Bacterial Streak 

Causal organism: Xanthomonas holcicola 
(Elliot) Starr and Burkhol-
der 

Synonyms: Bacterium holcicola Elliot 
Phytomonas holcicola (Elliot) 

Bergey et al. 

Pseudomonas holcicola (Elliot) 
Stapp 

Geographical Distribation 
and Economic Importance 
This disease his been reported from the USA, 
Australia, South Africa, Argentina, New Zea
land, Mexico, and perhaps from other sor
ghum-growing areas, especially the USSR, In
dia, and the Philippines. Streak occurs in grain 
sorghums, johnsongrass, and sudangrass. 
Broomcorn is free from infection in the USA but 
is reported to be susceptible in Argentina. 

There is no evidence to show the extent of 
crop loss due to this disease, but considering 
the leaf damage it can cause under favorable 
weather conditions, forage and grain losses 
could be considerable. 

Epidemiology 

Bacterial streak, like bacterial stripe, appears in 
warm, wet weather. Information on methods of 
creating epiphytotics is scant. Seed transmis
sion cannot be overruled, since the infection is 
seen as early as the second-leaf stage in seed
lings. 

Sources of Resistance 

Limited work suggests that sorghum cultivars 
differ in reaction to streak. In Kansas, Leoti Red 
sorghum, Barchet Kaoliang, Early White Milo, 
Buff durra, and certain kafirs were resistant 
under field conditions. Certain other varieties of 
kafirs and Freed sorghum were moderately 
resistant. Highly susceptible varieties were 
Wonder kafir, Farr's European milo Farr's 
Dwarf Hegari, and other Milo-Kafir-Hegari 
progenies. In general, kafirs were resistant 
while Leoti sorghum, Cody, Shallu, and Tift 
were moderately resistant. 

Bacterial Leaf Spot 

Causal organism: Pseudomonas syringae van 
Hall 

Synonyms: Bacterium holci Kendrick 
Phytomonas cerasi (Griffin) 

Bergey et al. in Clara, 1934 
Phytomonas matthiolae 
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P~iudomonas iolci (Kendrick) 
Bergey et al. 

P. citraefaciens 
P. citriputealis 
P. trifoliorum 
P. vignae 
P. viridifaciens 
P prunicola 
P. utiformica 
P. hibisci 
P. sponniosa 

Geog cphlcl Distrpution
Gnd Economic Importance 

Si~lce this bacterium has a wide host range, 
incuding monocots and dicots, its distribution 
is very wide. It is found in almost all sorghum
growing countries in the world. 

8acteeial leaf spot on Sorghum spp has been 
reported from the USA, Argentina, China, Bul-
garia, Yugoslavia, Rumania, the USSR, and 
probably is present in Italy, Hungary, Mexico, 
West Africa, and India. Although this diease is 
widespread, major crop losr has not been 
reported. However, epiphytotic outbreaks have 
occurred undz: favorable climatic conditions in 
,ulgaria on sudangrass, and caused severe leaf 

damage. Yakushevskii et al. (1974 r.ported this 
as a serious disease infecting almost all varie
ties of sorghum in the USSR. 

Epidemiology 
on grassThe crganism causes leaf spottinr 

hosts. Spread of the disease is largely depen-
dent upon wind and rain splash. Detailed infor-
mation onthe method of spread and co.1tions 
favorable to epidemic outbreak is lacking. Suc-
cessful infection can be obtained by spraying a 
bacterial suspension on leaves, thereby imply-
ing that the bacterial pathogen gains entry 
through the stomata. The incubation period is 
very short, from 2 to 3 days. Initially bacteria 
move intercellularly, but soon cause the disin
tegration of the affected tissue and become 
intracellular. Sorghum and sudangrass are sus-
ceptible at all stages of their growth. Under low 
temperatures and wet weather, the pathogen 
spreads rapidly. By placing infected leaves on 
the soil surface at planting, Chumaevskaya and 
Nikolaeva (1975) obtained infection. Suecessive 
crops of sorghum favored higher infection, 

The bacteria perpetuates on infected debris 
left in the soil, and Is also seadLorne. Seed 
collected from infected plants and sown in 
sterile soil showed positive infection in most of 
the cases. The bacterium survives for at least 3 
months on dry sorghum seeds. 

Sources of Resistance 

Systemic screening of varieties for reaction to 
bacterial spot has not been done -n many 
countries. Recently, Chunaevskava and 
Nikolaeva (1975) tested 112 varieties of sor
ghum and found 42 resistant to P. syringae.
Nikolaeva (1974) reported thot of 153 cultivars 

screened, resistance was o~bserved in the 
Negrityansku (African) group. 

Otuui Bacterial Diseases 
of Minor Importance 

Apart from the three major bacterial diseases 
reported on Sorghum spp, a number of bacte
rial pathogens have been reported from tirn !to 
time. Among these the following are consi
dered to be of some consequence. 

Bacterial Blight 

Bacterial blight ., caused by Bacterium sorghi 
(Burt-ill) on sorg;.Jm and broomcorn. 

Soft Rot 

Caused by Bacillus amelianski Serbinoff, this 
disease was reported from Russia in " rg 
causing soft rot of sorghum stems, w;th the 
lower part of thestem darkening,softening,and 
emitting a butyricodor (Tarr 1962). However, no 
further report appears to have been made from 
any other country. 

Bacterial Leaf Spot and Top Rot 

Caused by Pseudomonas alboprecipitans 
Rosen. this disease was first reported from 
Ark insas, USA (Tarr 1962). It causes leafspot on 
foxtail millet. Artificial inoculation of this bac
terium was successful. On sorghm, t leaf 
spots arf) greyish green, bordered ;iih :cw 
discolorat'. in. Spraying a water suspension of 
the patho, ten resulted in successlul infection of 
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sorghum and sudangrass. Maize is also readily 
infected. Secondary infection of top rot cused 
by Gibberella fujikuroi var subglutinans is 
sometimes obser'-ed, 

Bacterial Red Strips of Sugarcane 
It is caused by Xanthomonas rubrilineans (Lea 
et al.) Starr and Burkholder orX. rubrilineans 
(Lee et al.) Dowson. Urder artificial inoculation, 
this pathcL7en was found to slightly infect sor-
Shum in Hawaii, and was pathogenic on sor-
ghum, broomcorn, sudangrass, johnsongrass, 
Sorghum verticilliflorum, S. plumosum, and 
Zea mays in Australia (Tarr 1962). 

Mottled stripe disease of sugarcane caused 
byXanthomonasrubrisubalbicans (Christopher 
and Edgerton) Savulescu infects sorghum 
uo.-jer artificial inoculation. But the same does 
not appear on sorghu!-T under natural condi-
tions except ;. New Zealand, where it was 
reportW,!cause eaf stripe ofsorghum by Hale 
and Wilkie (1972). 

Bacterial wilt of maize -tx:ed by Xanth-
omonasstewartii(E. F.Smith) Dowson, whi h is 
very severe on maize, produces similar 
symptoms on sorghum when inoculated in the 
laboratory (Ivanoff 1935). 

Sugarcane gummosis caused by X. vas-
culorum (Cobb) Dowson, readily infects sor-
ghum, sudangrass, johnsongrass, and broom-
corn under artificial inoculation only (Ivanoff
1935). Zummo and Freeman (1974) reported 
bacterial sur.spot, a new cJisass of sugarcane 
and sweet sorghums, from Texas, USA. This 
disease causos abundant ooze on the under-
sides of the spots. Zummo (1969) also described 
a bacterial soft rot on sweet sorghum. 

mntern ionaI Te~*in 
for Vavietal Resistance 
Since no systemic screening has been done in 
the past in most of the sorghum-growing coun-
tries, except perhaps to some extent in t.,e USA 
and USSR, it may not be possible to im
mediately lay out an international screening 
program. Therefore, it is desirable to screen 
during the next sowing season in order to 
identify resistant materials from the local collec
tions tested under artiuicial epiphytotic condi-
tions. The resistant entries would then be in
cluded in future international tests. 

Most of the sorghum bacterial diseases of 
economic importance have been known to be 

seedborne. Therefore, trials could be under
taken to ev;,JIiate effectiveness of seed treat
ments with bactericides. This could be done 
with local susceptible cultivars. 

Research Priorities 

There is little information intheliterati-vonthe 
extent of spread of the bacterial dis& -as, their 
economic importance, and the reaction of the 
local cultivars, etc. It is esser.tial ihat basic data 
on the above be obtained by conducting a 
well-planned survey during the next few years. 
The identification of pathogens is of prime 
importance; to achieve it representative sam
pies can be sent to a central organization, such 
as the Commonwealth Mycological Institute in 
the UK. 

Simultaneously, screening of local cultivars 
can be undertaken, using standard techniques 
to create epiphytotic conditions. Commonly 
adopted methods of creating the codition 
consist of the following: 

1. Seedborne pathogen: This can be 
achieved by treating the seed with the patho
gen after harvest or, alternativJy, by inoculat
ing the pathogen on the ear when the seed 
starts maturing and preserving such seed for 
the next year's trial. 
2. For others: Collect the leaf debris of a 
specific bacterial disease (especially from 
highly susceptible cultivars), dry well, and 
preserveinthelaboratoryforthenextseason. 
Spray-inoculate the debris on the young 
seedlings. The spray should fall on the soil 
and splash soil particles on the young leaves, 
simulating natural conditions. If possible, a 
more favorable environment for infection can 
be achieved by sprinkler irrigation, especially 
at noontime when the temperature will be 
high. Alternatively, inoculation of seedlingswith finely powdered diseased debris could
be done 
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Bacterial Diseases Discussion Session
 

Dange: Should desiccated plant debris 
be used as a source of bacterial 
inoculum, or should bacterial cul-
tures be used? 

Dange: The causal agent of bacterial red 
stripe of sugarcane Is Xanth
omonas rubrilineans (Leo et al) 
Starr and Burkholder. 

Sundaram: Desiccated plant debris can be 
stored over a period of months 
and the bacteria will remain via-
ble. If you make several transfers 
of bacteria in culture, you may 
lose virulence. 

C.Selvaraj: We need a detailed illustrated 
guide to aid in the difficult prob
lems of identification of bacterial 
leaf diseases. 
In Nigeria, bacterial streak (or 
stripe?) and yellow leaf blotch 
occur on sorghum every year. 
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Viruses and Viral Diseases of Sorghum 

R. W. Toler* 

Tarr (1962) reviewed viral diseases of sorghum 
and reported that they caused surprisingly little 
damage. He identified sugarcane mosaic, maize 
mosaic, red stripe, Fiji disease, stunting disease 
(sugarcane ratoon stunting), bromegrass 
mosaic, oat pseudo-rosette, cucumber mosaic 
(celery mosaic), barley yellow dwarf, rice stripe, 
lucerne or alfalfa dwarf streak in Nicaragua,
freckled yellow-stripe diseases, and maize 
streak as those diseases of sorghum occurring
worldwide. Miller (1966) also published a list of 
virus diseases that infect sorghum. 

The purpose of this paper is to present the 
current situation of sorghum viruses and viral 
diseases. Where appropriate, I have selectively 
extracted information with the intent of 
stimulating research on virus and virus-like 
diseases of sorghum. 

Reddening or discoloration of the leaves, 
necrotic lesions, enations, galls, necrosis, and 
stunting are virus-disease symptoms of sor-
ghum that are quite distinct from mosaic, yel-
lows, and stripe-type diseases produced on 
sugarcane, maize, or other cereals. Of the 13 
viral diseases listed by Tarr (1962), lucerne or 
alfalfa dwarf (Pierce's disease) (Freitag 1951) is 
now considered to be caused not by avirus, but 
by a rickettsia. Sugarcane ratoon stunt, another 
disease of sorghum reported by Tarr, is no 
longer considered to be caused by a virus, but 
Sias been recently shown to be incited by a 
bacterium. 

The only sorghum disease definitely shown 
to have a mycoplasma agent as an incitant is 
yellow sorghum stunt (YSS). This disease was 
first observed in Mississippi on sweetsorghum 
(Sorghum bicolor) in 1966 by Zummo et al. 
(1975). The dic-jse is of economic importance, 
and occurs in the sweet sorghum-growing 
areas of Mississippi, Alabama, Georgia, Ken-
tucky, Ohio, and Texas. YSS was observed also 

Professor, Cereals Virology, Department of Plant 
Sciences, Texas A & M University (USA). 

on grain sorghum, but not on johnsongrass. 
Electron micrographs of diseased leaf sections 
revealed mycoplasma-like bodies in sieve ele
ments of the phloem. The nonspiral bodies 
displayed characteristic mycoplasma ultra
structure, i.e., ribosomes, DNA-like fibers, and 
bounding unit membrane (Bradfute and 
Robertson 1974a; 1974b). 

The symptoms indude stunting, leaves 
bunched together at the upper part of the plant,
and leaves that curl adaxially with puckering 
and undulating margins. The most conspicuous 
symptom is the yellow-tinged cream color of 
the upper leaves. Diseased plants rarely pro
duce seed heads, and those that are produced 
are barren. The mode of transmission of the 
disease is unknown. 

Zummo reports sweet sorghum cultivars 
MN1056,Roma, and Ramada to be very suscep
tible, while Rio, Brandes, and Sart, although 
exhibiting leaf symptoms, were not severely
stunted (Zummo el al. 1975). 

We evaluated grain sorghum accessions 
under natural infection to YSS in Texas; the 
reactions are shown in Table 1. 

Sorghum was listed as susceptible to barley 
stripe mosaic virus uy Smith (1972). After re
viewing the orig inal citations, this author found 
sorghum had been tested for susceptibiiity to 
BSMV by threeworkers. Sorghum vulgare Pers. 
hybrids, Modoc x Sooner (white-seeded) and 
Modoc x Sooner (brown-seeded) were non
susceptible when mechanically inoculated by 
Slykhuis (1952). Two sorghum cultivars, Atlas 
and Westland, were found to be nonsusceptible 
by Sill and Hansing (1955). Singh et al. (1960) 
also found Sorghum vulgare var. sudanense 
(Piper) Hitch and S. vulgare Pers. cultivar Loota 
nonsusceptible to BSMV. No definitive report 
was found demonstrating sorghum as a sus
ceptible host of BSMV. 

Sorghum is considered susceptible to several 
viruses only under experimental transmission. 
Many of the following viruses have not been 
observed causing diseases of sorghum in na
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Table 1. Reaction of sorghum bloolor (L.) Maench lines to yellow sorghum stunt (YSS) utfder 
natural Infection at College Station, Y'm.s. 

Designation 

RTx2536 

ATx378 x RTx2536 
ATx399 x RTx2536 
(75CS 5740) 
ATx399 x (75CS-5740) 

(75CS 5761) 
ATx399 x (75CS-5761
(75CS 5769) 
ATx39B x (75CS-5769) 
(75CS-5822) 

(75CS-5866) 
(75CS-5866)
(75CS-5889) 
RTAM428 
RTx414 

Rio 
BTx3197 
BTx378 
BTAM618 

Pedigree 
Infected plants 

(%) 

5.6 
7.5 

(SC-0110-6-3-1-E2xTx2536)-8-2-3-2-1 
5.0 

30.0 
27.5 

(SC-170- x Tx2536)-40-1-1-1-x 

(SC-170- x Tx2536).40-1-3-3-x 

(SC0599-6 x SCO110-9-P1-1-1)-4-1-1-1-x 

25.0 
37.5 
47.5 
52.5 
55.0 

(SC0599-6 x SCO110-9-Pl-1-1)-4-1-3-2-x 
(.3C056-6-4-2-3 x SCO170-6-6-3)-4-4-6-3-6k 
(ETx3297 x SC0170-)-7-3-1-3-1-2 

60.0 
47.5 
52.5 
5.0 
2.5 

Sweet sorghum 
Combine Kafir-60 
Red'an 
Smit Resistant Combine Kafir-60 

2.5 
0 
0 
2.5 

ture. Although they may not be economically 
important at present, they are of significance as 
virus indicators, vector hosts, and in the iden-
tification of existing and unknown viruses. They 
are potentially important pathogens of sor-
ghum. 

Cucumber Mosaic Virus (CMV) 

Wellman (1934a; 1934b) experimentally trans
mitted celery mosaic, which is a disease caused 
by cucumber mosaic virus, toSorghum vulgare 
Pers. CMV was transmitted to sorghum from 
celery by the aphid Aphis gossypii. Sweet sor-
ghum, milo, and kafir were susceptible, show-
ing chloroticlesions and stripes. CMV is charac-
terized by Gibbs and Harrison in a summary 
published in 1970. 

Panicum Mosaic Virus (PMV) 

In a host-range study employing mechanical 
inoculation, Niblett and Paulson (1975; Niblett 
et al. 1977) infected and recovered PMV from 

Sorghum bicolor (L.) MoenclO. Small faint 
lesions were observed on the' leaves of the 
inoculated plants. However, the St. Augustine 
decline strain of panicum mosaic virus (PMV-
SAD) does not infect S. bicolor (Toler 1969), 
and cultivars Redlan and New Mexico 31 were 
not susceptible when mechanically inoculated 
with PMV-SAD. The virus was characterized by 
Niblett and Paulson (1975). 

Rice Stripe Virus (RSV) 

Experimentally, Sorghum halepense (L.) Pers. 
andS. sudanence (Piper) Stapf are hosts of RSV. 
Symptoms when the virus was transmitted by 
the leaf hopper Laodelphax striatellus Fallen 
include chlorosis arid chlorotic striping (Lida 
1967; Ling 1967; Yamada et al. 1956). Properties 
and transmission have been briefly discussed 
by Smith (1972). 

Maize Rutg ,.warfVi-us 

Maize rough dwarf virus was experimentally 
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transmitted to Sorghum vulgare Pers. by 
Vidauo et al. (1966). The virus is vectored by 
plant hoppers of the family Delphacidae, with 
the only known natural vector being Laodel-
phax striate/lus. LoAsolo (1957; 1971) sum-
marized the properties of the virus. 

Barley Yellow Dwarf Virus 
(BYDV) 

Barley yellow dwarf was first described in 
California by Oswald and Houston (1953a). 
Studies on the host range of the virus, reported 
by Houston (Oswald and Houston 1953b), in-
cluded sorghum. Viruliferous apple-grain 
aphids (Ropa/isiphum prunifoliae) were trans
ferred to sorghum seedlings. After two 3-day 
feeding periods, the aphids were eliminated by 
application of an insecticide. The plants were 
grown for 1 month to allow symptom develop-
ment evidence of virus multiplication and recov-
erywastested by feeding nonviruliferous apple-
grain aphids for 3 days on the inoculated sor-
ghum plants. After acquisition feeding, the 
aphids were allowed a transmission feeding 
period of 3 days on Blackhulles barley, the 
indicator host. Sudangrass, Sorghum 
sudanense (Piper) Stapf and S. vulgare cultivar 
double dwarf 38 milo were symptomless car-
riers. Cultivar double dwarf sooner milo was 
immune. The evidence suggests that if BYDV 
becomes important on sorghum, a source of 
immunity is available for use in control of BYDV 
in sorghum. Properties of BYDV were sum
marized by Rochow (1970). One possible 
occurrence on sorghum in Mississippi was 
reported by Summers and Bowman (1953). 

Oat Pseudo-Rosette Virus 
(OP V) 

Soukhov (1938) and Soukhov and Vouk (1938) 
described the disease on Holocus sorghum, 
infected with OPRV when experimentally 
transmitted by the leaf hopper Delphacodes 
striatella Fall. Soukhov and Vouk (1938) found 
crystalline virus aggregates in infected cells. 
However, workers in Japan report two types of 
virus particles, and the virus is not clearly 
elucidated at this time. Transmission and prop-
erties were discussed by Smith (1972). 

Peanut Clump Virus (PCV) 

Sorghum arundinaceum (great millet) was 
found as a symptomless natural host of PCV in 
Upper Volta in 1976. The bioassay with 
Chenopodium amaranticolor was used to de
tect presence of the virus insymptomless plants 
(Dollet et al. 1976). In mechanical inoculations 
of S. arundinaceum, the plants could not be 
infected by leaf inoculation, but 13% of the 
plants were infected when roots were inocu
lated with PCV. Sorghum plants were also 
infected by planting in infested soil. 

Maize Chlorotic Mottle Virus 
(MCMV) 

Castilloand Hebert (1974) firstdescribed MCMV 
on maize in Peru, and reported experimental 
mechanical transmission and infection of Sor
ghum vulgare Pers. and S. halepense (L.) Pers. 
Symptoms on sorghum and johnsongrass in
cluded chlorosis and mottling (Loayza 1976). 
Tne virus was reported occurring in the USA by 
Niblett and coworkers (Niblett and Paulson 
1975; Niblett and Claflin 1977; Niblett et al. 
1977). The virus is synergistic with maize dwarf 
mosaic virus and wheat streak mosaic virus in 
corn. The isolate from Kansas produced local 
lesions on ;noculated leaves of Sorghum 
halepense and S. bicolor. Based on serol
ogy and host reaction, two strains were de
scribed: Peru strain MCMV-P, and the Kansas 
strain MCMV-K (Niblett et al. 1977). 

Sugarcane Fiji Disease Virus 
(SFDV) 

Symptoms of Fiji disease, including elongated
galls or enations on the under surface of leaves 
and on stems, were observed naturally occur
ring in the Philippines by Kunkel (1924) and later 
by Ocfemia and Celino (1955). The plant 
showed, in addition to leaf symptoms, shor
tened stalks with stiff malformed leaves, head
less plants, or plants with poorly formed heads, 
and plants that turned prematurely brown. 
Harris (1958) observed a similrr disease on 
sorghum in Nigeria. in 1956. Hutchinson et al 
(1972; 1973) reported definitive transmission to 
Sorghum bicolor (L.) Moench cultivar R525 Piper, 
by the leaf hopper Perkinsiella saccharicida. A 
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similar disease, called maize vein enation, has 
been observed on sorghum in India (Ashlawat
and Raychaudhuri 1970), but the vector is re-
ported to be Cicadulina mbila, that also vectors 
maize streak virus. SFDV is vectored by Perkin-
siella spp and MRDV is transmitted by Laodel-
phastriatellus.Properties of the virus have been 
summarized by Hutchinson and Francki (1973). 

Sugarcane Chlorotic 
Streak Virus 

This diseasewasfirst reported in Louisiana. The 
unconfirmed vector isDraeculacephalaportola. 
Soil transmission is reported, and a soil-
inhabiting vector suggested (Abbott 1961). 
Transmission to Sorghum vert/cilliflorum was 
reported by Eagan (1965). On this host, pale 
yellow streaks, usually less than 5 cm in length, 
were observed on the second and third leaves. 
The streaks were irregular in wdth and not 
continuous. 

Maize Streak Virus (MSV) 

Maize streak (Storey 1929) has been reported in 
India (Seth et al. 1972b) and in Africa (Bock 
1974; Bouriquet 1964). Three strains are known 
(a)maize (type) sirain, (b)sugarcane strain, and 
(c) the guineag ass or panicum strain. Vectors 
are confined to the genus Cicadul/na - i.e., C. 
mbi/a, C.storeyi, C.bipunctella zea, C. fatens, 
and C.parazeae (Bock 1974). Damsteegt (1978; 
and personal communication 1977) observed 
four species, five subspecies, and one acces-
sion of sorghum to be susceptible to MSV in 
experimental transmissions with the vector C. 
mbi/la. Sorghum plumosum, S. versicolor, S. 
vertic/i/iflorun, and S. b/color, subspecies 
mi/aceum, nervosum, mi/sorne, cernuum, 
and vulgare all produced symptoms, including 
chlorotic streaks and stripes, when infected 
with MSV. One accession of S. b/color, Tx-412, 
not only was susceptible but also exhibited 
intense chlorosis, striping, and stunting. Tx-412 
might well serve asa good indicator host. Maize 
streak virus occurs in India on naturally infected 
sorghum, i.e., Sorghum bicolor cultivars 
Swarna and CH 5-2 (Raychaudhri et al. 1976).
Properties of MSV were summarized by Bock 
(1974). 

Brome Mosaic Virus (BMV) 

BMV was described by McKinney et al. (1942). 
Sorghum, Sorghum vulgare Pers. johnson
grass, Sorghum halepense, and sudangrass 
Sorghum vulgare var. sudanense Hitchc. 
were found to be susceptible hosts when seed
lings were mechanically inoculated (McKinney 
1942; McKinney et al. 1942). An extended host
range study by Ford et al. (1970) revealed 
johnsongrass to be anonsusceptible host, but 
not Sorghum bicolor. In1975, sorghum plants 
with narrow interveinal chlorotic stripes with a 
mottled appearance were collected in fields of 
the Agricultural Experiment Station in Burelson 
county, Texas (Bush et al. 1976). Mechanical 
transmission studies of the host range of the 
virus from sorghum paralleled those of BMV, 
including lethal necrosis of sweetcorn and 
mottling of johnsongrass and sorghum cul
tivars Atlas, Rio, and Sart (Gordon personal 
communication). Electron microscopy, purifica
tion, and serology all demonstrated that the 
virus was brome mosaic. After observing 
natural occurrence of BMV in sorghum, Bush et 
al. (1976) evaluated the genetic vulnerability of 
the crop. The effects of BMV on a set of 12 
sorghum differentials were studied in 1977; 
those susceptible to BMV included Redlan, 
Tx-414, Tx-7078, Tx-398, NM-31, Tx-412, Sumac, 
and Tx-3048. Resistant to BMV were Caprock, 
Combine White Feterida, Combine Kafir 60, and 
Combine Shallu. The materials classed as resis
tant did not develop symptoms. Sources of 
resistance are available in the sorghum 
genome, should BMV spread or become 
economically important. Lane (1977) has de
scribed and characterized the properties of 
BMV. 

Maize Mosaic Virus (MMV) 

Maize mosaic virus has not been reported 
occurring naturally on sorghum, but in experi
ments in Venezuela (Herold 1972) S. bicolor was 
infected with MMV when transmitted by Pere
grinus maid/s. Varma et al. (1975) and Bhargava 
and Shukla (1966) reported P. maidis vectored 
rhabdo virus (MMV) in India, but did not report 
host range other than Zea mays. Briton-Jones 
(1933) reported apossible natural occurrence in 
Trinidad. Properties and transmission of MMV 
were described by Herold (1972). 
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maize utripe Virus (MSVI 

A stripe virus disease of sorghum and one 
called "freckled yellows" were described in 
India (Cherian and Kylasam 1937); they are 
reported to be transmitted by Peregrinus 
maidis. A pathogenic agent that causes 
chlorosis, early flowering, and excessive tiller-
ing in sorghum was described by Capoor et al. 
(1968), who identified it as maize stripe virus, 
characterized as a polyhedral virus vectored by
P. maidis. It is considered to be different from 
maize streak virus, since streak is vectored by 
species in the genus Cicadulina (Kulkarni1973).
Chatterji (1971) described a stripe disease of 
maize occurring in Maharashtra; the disease 
was transmitted byP. maidis, but did not infect 
sorghum, pearl millet, wheat, or rice. Kulkarni's 
paper includes description and characterization 
of the disease. 

Maize Chlorotic Dwarf Virus 

Maize chlorotic dwarf infects sorghum, produc-
ing some slight stunting and tertiary vein 
chlorosis (stupting has been seen only in the 
field). Natural infection has been reported. The 
virus infects sudangrass, sweet sorghum, grain 
sorghum, and johnsongrass, but is not at pre-
sent economically limiting on sorghum in the 
USA. 

The leaf hopper vector is Graminefa nigrif-
rons Forbes. Sorghum bicolor (cul..,ars Rio, 
Atlas, Sart, Sargo), S. hah'pense, and S. vulgare
varsudanense were infected under experimen-
tal transmission by virulifirous G. nigrifrons, 
and the virus was recovered by leaf hopper 
transmission to indicator maize and by rate-
zonal purification from infected tissue. 
Johnsongrass, S. halepense, is the only host 
that consistently occur in the same regions as 
the leaf nopper vector, and is considered to be 
the principal overwintering host for MCDV 
(Nault et al. 1976). 

Sugarcane Mosaic Virus 
(SCMV) 

SCMV was first described, according to Tarr 
(1962), by Brandes. It was identified on Sor-
ghum vulgare Pers. by Brandes and Klapaak 
(1923) (see also Bockholt and Toler 1968). 
Kunkel (1924) reported trnisgrass, Sorghum 

virgatum (Hack.) Stapf, and johnsongrass,
S. halepense (L.) Pers., as host plants of this 
virus. The only other report of SCMV infection 
in johnsongrass was by Abbot and Tippett
(1966), who wrote that strains A, B, and D did 
not infect this species, but strain H produced a 
low percentage of infection. Host range of 
SCMV, including sorghums, is discussed by
Matz (1938) and by Summers et al. (1948). 

Maize dwarf mosaic virus (MDMV) is 
sufficiently serologically related to SCMV to be 
considered a strain of SCMV (Shepherd 1965). 
Some workers refer to this virus as the 
johnsongrass strain (SCMV-J or SCMV-JG) of 
the sugarcane mosaic virus (Teakle and Grylls 
1973). In my discussion, it will be treated as a 
separate disease. It is important wherever sor
ghum is cultivated in the proximity of sugar
cane. 

Adsur (1950) reported using seedlings of the 
sorghum cultivar Hegari to determine some 
physical properties of SCMV in Puerto Rico. 
Dean and Coleman (1959) studied cultivar reac
tion of sorghum to SCMV strains Band D.Atlas, 
Sumac, Tracy, andWiley exhibited a wide range 
of reaction and symptom types, and these 
workers concluded that sorghums were not 
ideal differential hosts for the SCMV strains 
studied. Abbot and Tippett (1966) studied the 
effects of strains A, B, and D on 18 sorghum 
cultivars; they failed to develop sorghum diffe
rentials, but reported resistance to SCMV in 
sorghum. Dean (1969; 1970) observed in 1964 
that sorghum cultivars MN- 1954, Sart, Rio, and 
Atlas produced differential reactions to strains 
A, B,D, E,and H.He also reported that sorghum 
cultivar Atlas was a local lesion host for SCMV 
strain E. The following year he found that 
CombineKafir 60 was also alocal fsion hostfor 
that particularstrain. Zummo, writing about the 
new virulent strain L in 1974, reported that 
cultivar Sart is susceptible to the new strain. 
Soil transmission of SCMV-H to sorghum 
sudangrass hybrids Beef builder T and Lindsay 
77 (Sorghum vulgare x Sorghum sudanense) 
was reported by Bond and Pirone (1970). 

Resistance in sorghum to SCMV was 
evaluated by Dean and Coleman (1959), using
72 sweet sorghum accessions inoculated with 
SCMV strain B. Reactions of the hosts were 
classified as susceptible mottling andior 
necrosis (red or tan) and resistant (delayed 
symptom expression and mild mottling); of 
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these 62 were classed susceptible and eight 
moderately resistant. Two were classified as 
very resistant on thegrounds that mild mottling 
symptoms disappeared in the inoculated seed-
lings. Mottling symptoms in plants infected 
with SCMV have been observed todisappearor 
become masked as sorghum plants approach 
maturity (Brandes 1923; Brandes and Klapaak 
1923; Dean and Coleman 1959; Dean 1969, 
1970). Frazil et al. (1970) studied ten sorghum 
genotypes inoculated in the field with SCMV 
strains A, B, D, H, and I. Reaction varied from 
sus.,eptible to resistant, and virulence of the 
strains on the ten genotypes were in decreasing 
order, B,H,A,D, and I. Susceptibility and resis-
tancetothefivestrainsincludedverysusceptible 
cultivar New Mexico 31, Atlas, and Redlan. 
Cultivars of intermediate susceptibility to the 
strains were Tx-412, Rio, Tracy, Shallu, and 
Sumac; the resistant cultivars were Martin and 
Wiley. On a disease-severity index ranging from 
1 to 9, cultivar Wiley rated 1.03 for strain 
SCMV-B; 1.05 for H; 1.04 for D; 1.02 for A; and 
1.16 for .train 1.For cultivar Martin, the ratings 
were 1.01 for strain SCMV-B; 1.45for H; 1.15for 
A; 1.45 for D; and 1.14 for strain I. 

Infection of sorghum with SCMV strains de-
lays flowering. Time to first flowering in inocu-
lated plants, as compared with controls, was 
longer in the more susceptible accessions (12 
days in cultivar Rio inoculated with SCMV-D), 
and shorter in the more resistant accessions 
(1day in Martin). Plant height of the ten acces-
sions was in general reduced because of the 
infections, but this characteristic varied with 
accession and with strain. Additional effects of 
accession x strain interactions included reduc-
tion of head length, threshing percentage, 
weight of seed, test weight, seed size, grain 
yield, and forage yield. 

Transmission of SCMV strains to sorghum 
has been accomplished principally by mechani-
cal means and, under natural conditions, by the 
aphids that vector SCMV to sugarcane. With 
one exception, aphid transmission of SCMV 
strains specific to sorghum has not been 
studied. The ambrosia aphid Dactynotus 
ambrosiae, when acquisition-fed in numbers of 
1 to 15 on itchgrass,Rottboellia exaltata, multi-
inoculated with SCMV-I and MDMV-A, acquired 
both strains. When transmission-feeding occur-
red on Sorghum bicolor cultivar Rio, some 
individual plants were infected with SCMV-I 

aione, others with MDMV-A alone, and some 
were infected with both (Koike 1970; Koike and 
Tippett 1971). 

A number of diseases of millet are caused by 
mechanically transmissible and aphid-vectored 
viruses with properties similar to those of 
sugarcane mosaic virus. Sorghums can be 
naturally and artificially infected and listed as 
hosts of these viruses. Raychaudhuri et al. 
(1966; 1976) consider these to be related to 
SCMV - perhaps even strains of SCMV, asthey 
are flexuous rods with many common hosts 
and vectors. They include ragi (Eleusine 
coracana) mosaic, described from New Delhi by 
Keshavmurthy and Yaraguntaiah (1969) and 
Batra et al. (1970), and from Mysore by Sub
bayya and Ra',chaudhuri (1970). Eleusine 
mosaic in the 1leccan was described by Rao et 
al. (1965; i967). Bajra (Pennisetum typhoides 
[Burm.J Stapf and Hubb.) mosaic was reported 
from Delhi (Seth 1967; Seth et al. 1972a, 1972b, 
1972c; Seth and Singh 1975) and from Uttar 
Pradesh (Chaudhary and Singh 1976). Another 
virus disease with asorghum host that does not 
infect sugarcane is called maize mosaic (Bhar
gava and Shukla 1966; Bhargava et al.'1971; 
1972; Paliwali and Raychaudhuri 1965; Paliwali 
et al. 1968; Raychaudhuri et al. 1966; 1976), but 
is not to be confused with maize mosaic virus, 
which hasa rhabdoparticle. Thisviraldiseaseis 
economically important on maize, sorghum, 
and millets in India, and is suspected to over
winter in grass and cereal stubble. It is related 
to, and is possibly a strain of,sugarcane mosaic 
virus, and somewhat resembles maize dwarf 
musaic virus (SCMV-J). Narayan and Ram 
(1976) discussed sorghum red stripe disease, 
and listed SCMV as its causal virus in India. 

Many strains of SCMV are described in the 
literature (Abbott 1961; Abott and Tippett 1966; 
Benda 1970; Bhargava et al. 1971; 1972; Chona 
and Rafay 1950; Edgerton and Taggert 1924; 
Khurana and Singh 1972; Koike and Tippett 
1971; Litzenberger and Stevenson 1957; Matz 
1933; 1938; Narayan and Rarm 1976; Rishi and 
Ram 1967; Summers et al. 1948; Tippett and 
Abbott 1968; Vasudeva 1955; Wiehe 1948; 
1953; Williams et al. 1976; and Zummo and 
Gordon 1971), but are not conclusively differen
tiated on so:-ghum. 

Bhargava et al. described SCMV-A, B,F,and D 
from India (1971; 1972) and Khurana and Singh 
(1962; 1972) listed SCMV-E and C.New strains 
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in the USA include SCMV-I, K, L, and M (Koike 
and Gillaspie 1975; Tippett and Koike 1970; 
Zummo and Stokes 1973; Zummo 1974). 

Sorghum red stripe was probably the first 
virus disease of economic importance naturally 
occurring on sorghum. It was first reported 
from Italy and a color photograph of the disease 
appears in Tarr (1962). It is considered by 
Lovisolo (1957) and by Grancini and Mariani 
(1974) to be a strain of SCMV. 

Maize dwarf mosaic virus is serologically 
related to SCMV and is known by some workers 
as SCMV-J, or the johnsongrass strain of SCMV. 
In Australia, the sugarcane mosaic virus that 
infects johnsongrass is designated as SVMV-
JG. Grancini and Mariani (1974) have sum-
marized the work with sorghum. The disease 
has been reported from France, Bulgaria, 
Romania, Australia, South Africa, Yugoslavia, 
India, USA, Colombia, Venezuela, Peru, Thai-
land, Mexico, and the Philippines. 

Globally, this virus has received more atten-
tion than any other sorghum disease-causing 
virus. MDMV was described in three papers by 
Dale (1964; 1965; 1966) and shown by 
Shepherd to be serologically related to SCMV. 
He suggested that it should be labeled the 
johnsongrass strain of SCMV; hence the desig-
nation SCMV-J (Shepherd 1965; Shepherd and 
Holdeman 1965). Variations of MDMV were 
revealed by Hill et al. (1973), who characterized 

and purified the non-johnsongrass isolate, the 
MDMV strain B.This is confusing, since techni
cally if johnsongrass is not a host, it should not 
carry a MDMV designation or SCMV-J or 
SCMV-JG classification. The virus is seedborne 
in low percentage on maize, according to 
Shepherd. Soil transmission of the causative 
agent has been reported by Bond and Pirone 
(1970; 1971). Some 13 species of aphids are 
known to be vectors (Daniels and Toler 1969; 
Ingram and Summers 1936; Messieha 1967). 
Symptoms include stunting (Bockholt et al. 
1968) mosaic reddening and striping of leaves 
(Bockholt and Toler 1968; Bockholt et al. 1968), 
delayed flowering, yellowing, mottling, small 
seed, and reduction in quality ofseed, reduction 
in grain yield, and death ef various genotypes. 
(Amador et al. 1969; Bccknolt and Toler 1968; 
Bockholt et al. 1968; Bockholt et al. 1969; 
Canerday and Guadauskas 1970; Ciferri 1955; 
Dale 1964; 1965; Damsteegt 1978; Daniels and 
Toler 1969; Ford et al. 1967; Gillaspie 1973; 
Gillaspie and Koike 1973; Haddan 1928; Hop
kins 1958; Lastra 1976; Penrose 1974; Persley et 
al. 1972; Perseleyetal. 1976; Persleyetal. 1977; 
Snazella et al. 1971; Snow 1970; Teakle et al. 
1970; Teakle and Grylls 1973; Toler et al. 1967; 
Toler 1968; Toler and Hobbs 1968). 

Principal control is through host resistance 
(Table2to7)(Condeetal. 1976). Mechanisms of 
resistance include tolerance (Bockholt and 

Table 2. Maize Dwarf Mosaic Virus (MDMV) Strain A effect on sorghum Indlcators In Texas. 

Sorghum 
entry Symptomc 

Tx-414 Mosaic 
Tx-412 Mosaic 
Tx-3042 (Redbine) Mosaic 
Tx-398 (Martin) Mosaic 
Sumac 6550 Stunting reddening 

Tx-3197 (Combine 
Kafir-60) Stunting reddening

New Mexico-31 Stunting reddening 

Tx-3048 (Redbine) Stunting necrosis 
Tx-378 (Redlan) Stunting necrosis 

Tx-7000 (Caprock) Stunting necrosis 

Disease Reduction Disease 
Index in yield Reaction 
1-5 (%) Rating 

1.0-2.9 0.0 Tolerant 
2.0-3.0 31.4 Susceptible

1.0 - Tolerant 
1.0-2.1 8.7 Tolerant 

5.0 - Tolerant 

4.5-5.0 47.6 	 Susceptible
5.0 100.0 Highly 

susceptible 
5.0 - Susceptible 

4.5-5.0 33.7 Highly 
susceptible 

4.8-5.0 	 - Highly 
susceptible 

401 



Table 3. 	 Tolerance to Maie Dwarf Mosaic Table 6. Resistance to maize dwrf mosaic 
Virus (MDMV) Ingrain sorghum lines virus (lowlevels of Infection) In grain 
and hybrids, sorghum accessions 

Reduction Infection 
Days to Yield in yield Source Entry (%) 

Entry flower (Iblacre) (%) 
Smith and Toler 

RS-621 1" 65.0 3600 1976 NM-31(M3)76-380-13 7.4 
Hb 65.3 3500 0.0 NM-31(M2)76-369-2 6.0 

Tx-414 I 68.3 2766 Perseley et al. 
H 66.7 2766 0 1976 Q-7539(0S7596)-3Aex 5.0 

RS-625 I 64.0 3866 80G wh-74 
H 64.0 4000 3.1 

Martin I 68.7 2800 Toler and Miller 
(Tx-398) H 67.3 3066 8.7 1976 SC-0534(IS7596)PR 10.0 

Toler and Miller 
a. infectedb. Healthy 1976 SC-0097-14 5.0 
Source: Toler and Bockholt 1967. 73-CS-271, 72 

Table 4. Field reslstanco In grain sorghum to Table 7. 	 Reaction of grain eorghum virus Indi
cators to maize dwarf mosaic virusstrains A and B (Ford 1976). 

Disease Rating Index (1-5) 	 Infection 

Mechanical Natural MDMV-A MDMV-B 
Entry Infection Infection Entry MV (%) 

IS-2549C (SC 228) 2 IIS-2816C (SC120) 2 1 NM-31 Weskan x Redbine 57.0 0.0IS-12612C (SC112) 2 1 Tx-412 (Tx 09xTx 403) 43.0 63.0IS-12666C (SC175) 2 1 BTx-3197 Comb. kafir 60 23.0 0.0VarietyR10 3 1 SA-394 Combine shallu 37.0 	 21.0TAM-2566 2.5 1 PI-35038 Sumac 25.0 10.0 
_ _ _ _ _ 2.5 _ _ 1BTx-3048_ 	 Redbine Sel. 30.0 	 0.0 

Source: Rosenow, Johnson, and Toler 1975). 	 BTx-378 Redlan 24.0 0.0 
SA-7000 Caprock 24.0 0.0 
Tx-414 7078 Dor. 37.0 0.0 
SA-7078 7078 47.0 0.0 
BTx-398 Martin 46.0 0.0 

Table 5. 	 Immunity to maize dwarf mosaic Tx309 Comb. Wh. Fet. 5.0 5.0 

virus in grain sorghum accessions 

Source Entry Infection Toler 1968; Bockholt et al. 1968), immunity, and 
(%) resistance to infection. Sorghum differentials 

Teakle and Pritchard for identification of MDSV and other SCMV 

1971 Krish QL-1 0 strains have been suggested by Bockholt et al. 
Perseley et al. 1972 Q7539(I7596)-3 to 0 (1968,1969) and by Grancini andMariani (1974). 

7 by exll-97-H74 With modification 	 and additions, an inter-

Toler and Miller 1976 SC012014E 0 	 national virus disease nursery is proposed with 

a common set of differentials available73-CS-31, 32 
worldwide. This would constitute an important 
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aid to uniform identification of viruses causing 
diseases of sorghum. 

Summary 

Viruses are important etiological agents of sor-
ihum in the world. The first viral disease re-

ported on sorghum was sugarcane mosaic, 
caused by sugarcane mosaic virus (SCMV) de-
scribed by Brandes in 1923. Currently some 13 
strains of SCMV are known to infect sorghum.
The most importani viral disease in regard to
Thetribu ion andnec viralcdiseaseaineregard to
distribution and economic importance today is 
maize dwarf mosaic virus (MDMV), which is 
serologically related to SCMV and often called 
theJ, JGi,orjohnsongrassstrainofSCMV.This 
virus has been observed in Europe, India, and 
Australia as well as in North, Central, and South 
America. Fifteen other viruses have bien iden-
tified as causing diseases of sorghum. These 
viruses vary in their economic effects in diffe
rent countries. Viral disease control is primarily 
through host resistance. An International Uni-
form Virus Nursery is proposed with specific 
indicator genotypes to aid in virus and virus 
strain identification. 
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The Cause and Control of Sorghum Viral Diseases
 
in Australia 

D. S. Teakle t 

Sorghums Present in Australia 
and Their Natural Infectionby Virusesb 

The genus Sorghum is represented in tropical 
and warm-temperate Australia by species oc-
curi ing as native plants, introduced weeds, or 
grain and forage crop plants. Native sorghums 
occur in tropical Australia where they are of 
minor importance as forage for cattle. They 
have not been found infected by viruses in 
the field, but three species - S. laxiflorum, S. 
rnacrospermum, and S. stipoideum - became 
naturally infected by the Australian johnson-
grass strain of sugarcane mosaic virus (SCMV-
JG) when grown in a glasshouse with aphid-
infested, virus-infected sorghums (Teakle and 
Grylls 1973). Thus at least these species are 
potential field hosts of the virus, 

Weed sorghums include S. halepense 
(johnsongrass) and S.verticilliflorum (wild sor-
ghum). S. halepanse has spread rapidly in 
Australia since 1970, and is regarded as a major 
weed (Monaghan 1978). Both species are im-
portant reservoirs of SCMV-JG, whileS. verticil-
liflorum is also a major reservoir of the Austra-
lian maize stripe virus, 

Commerci3l sorghums include S. bicolor 
(grain and forage sorghums), S. almum and S. 
sudanense (sudangrass). Figures for the 
1976-1977 production year show that grain 
sorghum occupied 86% of the 618 000 ha sown 
to sorghums, and that the grain yield was 
956 000 tonnes, worth about $A80 million. The 
main growing areas are southern and central 
Queensland and northern New South Wales, 
where commercial sorghums regularly become 
infected by SCMV-JG and occasionally by the 
Austral an maize stripe virus. 

Departmentof Microbiology, UniversityofQueens- 
land, St. Lucia, Australia. 

Importance of Sorghum 
Viral Diseases in Australia 
The Australian Maize Stripe Agent 

Diseases caused by this suspected virus were 
first recorded in maizeby F.W. Blackford in 1943 
and in Sorghum vcrticillfflorum, S. bicolor, and 
S. sudanense by R.S. Greber in 1960-62 (Sim
monds 1966). These workers showed that the 
vector was the plant hopper,Peregrinus maidis, 
and that the acquisition and inoculation 
threshold periods were approximately 1 hr 
each. The nature of the presumed virus and its 
relationship with viruses causing similar dis
eases elsewhere have not been established (R. 
S. Greber, personal communication 1978). The 
agentcausesbroadyellowstripesonthefoliage 
of maize and sorghums, and the yield of in
fected plants is greatly reduced. Infection inci
dence may be high ir sweet corn or maize 
grown in coastal districts of Queensland, where 
the plant hopper vector and the major reservoir 
host,S. verticilliflorum,arecommon. ltisrarein 
the major inland agricultural areas, where the 
resistant S. halepense is the prevalent weed 
sorghum and the vector is uncommon. Because 
this agent is unimportant in commercial sor
ghums in Australia, it will not be discussed 
further. 

Although four strains of SCMV occur in 
Australia (Teakle and Grylls 1973), only the 
Australian johnsongrass strain (SCMV-JG) has 
been found infecting sorghums naturally. This 
strain is widespread in central and southern 
Queensland and northern New South Wales, 
where it causes considerable losses in suscep
tible cultivars of maize and sorghum (Grogan 
and Teakle 1969; Teakle et al. 1970; Penrose 
1974; Persley et al. 1976; Henzell et al. 1979). Its 
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occurrence in sweet corn in Victoria and in 
sorghum in the Northern Territory is confined to 
single rtcords and there is as yet no evidence 
that it is permanently established in- these 
states. 

SCMV-JG has probably been present in 
Australia for more than 30 years. Symptoms 
now attributable to SCMV-JG were first re-
corded in maize by T. McKnight in 1948, in S. 
almum by A. J. Pritchard in 1960, and in S. 
bicolorand S. halepense by the author in 1966 
(Simmonds 1966). Its identity as e strain diffe-
rent from the Australian sugarcane and Ameri-
can johnsongrass (MDMV-A) strains was estab-
lished by Taylor and Pares (1968). 

Sorghum Diseases 
Caused by SCMV/JG 

S. mnptoms 

Threedistinct diseases caused bytheSCMV-JG 
strain are recognized, and are called mosaic, red 
stripe, and red leaf. The genotype of the host 
determines the mosaic and red stripe reactions 
(Teakle et al. 1970), whereas genotype and 
temperature control the red leaf reaction 
(Persley et al. 1977). Plants containing Krish 
resistance are immune to systemic infection 
(Conde e al. 1976). Table 1gives the genotypes 
of susceptible and resistant sorghums and an 
estimate of the yield losses which can occur. 
The K and N genes are either at the same locus 
or very closely linked (R. G. Henzell and D. S. 
Teakle, unpub!ished), whereas the rif gene is 
independently inherited (Persley et al. 1977). 

Crop Losses and Capacity 
for Epidemic Development 

Forage sorghums often have 100% incidence of 
infection by the end of the first growing season. 
With grain sorghums, incidence of infection at 
maturity may be 50 to 100%. Incidence is 
usually higher in mosaic-reacting sorghums 
than in red stripe-reacting sorghums, but this Is 
partially offset by the greater tolerance of many 
mosaic-reacting sorghums (Teakle and Moore 
1972). 

Epidemics occur when there is an abundant 
source of SCMV-JG in nearby weed or culti
vated sorghums and, presumably, the move
ment of large numbers of aphids, such as 
Rhopalosiphum maid/s, Aphis craccivora, and 

A. gossyp// (Teakle and Grylls 1973). Cool 
weather promotes more severe symptom de
velopment, in particular the red leaf reaction 

(Persley et al. 1977). 

Screening for Resistance 
to Infection 
This can be done using any of three environ
ments or three inoculation methods, each of 
which has its advantages and disadvantages 
(Table 2). In practice Oueensland workers have 
mainly used natural (aphid) or airblast inocula
tion when working in the field, and leaf-rub 
inoculation for glasshouse or growth-cabinet 
work. Any environment or inoculation method 
is suitable when testing for the "strong" 
monogenic resistance of Krish sorghum, but 
natural (aphid) inoculation in the field has given 
best results with the "weak" multigenic field 
resistance of Q-7539. 

Table 1. Symptoms, genotype, and probable yield loss of sorghuums affected by SCMV-JG. 

Maximum 

Reaction 
Foliage 

symptoms Genotype 
yield lossa 

(%) 

Mosaic chlorotic streaks kk nn Rf- 0-30 
Red leaf 
Red stripe 

necrosis (after cold weather) 
necrosis 

kk nn rlfrf 
kk N. -

10-90 
60 

Resistant nil K 0 
(Krish gene) 

a. Assuming 100% infection in the seedling stage (Henzell et al. 1979) 
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T&U. 2. Evaluation of environments and Inoculation methods used for *crening sorghums for 

resisance to SCMV-JG. 

Advantages 

ENVIRONMENT 

Field natural; 
normal plant growth 

Glasshouse some control of weather, 
pests, other diseases 

Growth cabinet good control of weather, 
posts, other diseases; suitable 
for red leaf evaluation 

INOCULATION METHOD 

Aphids 	 natural; permits detection of 
low levels of resistance 

Air-blast 	 efficient; 
fat 

Leaf-rubbing 	 efficient; 
inexpensive 

Disadvantages 

affected by weather, pests, other 
diseases; field equipment required 

expensive; 
labor Intensive 

very expensive; 
labor intensive 

inefficient; slow; 
virus-source plants required 

unnatural; equipment expensive; 
may not detet lowlevels of resistance 

unnatural; slow with large numbers of 
plants; may not detect low levels of 
resistance 

Susceptibility to systemic infection is deter-
mined on the basis of mosaic or necrotic 
symptoms developing in seedlings. This can be 
confirmed by inoculation to sweet corn or 
sorghum indicator seedlings, or by negative-
stain electron microscopy. Plants are more 
susceptible when young. 

Screening for Tolerance 
Plantb that produce only mosaic symptoms are 
tolerant in comparison with plants that produce 
either red-stripe or red-leaf symptoms. Screen-
ing for the red-stripe disease can be done at any 
temperature, but for the red-leaf disease a low 
temperature (e.g., 150C) must be provided. In 
countries with warm dimates, this low temper-
ature must be provided by means of 
controlled-environment plant-growth facilities. 

Lines exhibiting only the mosaic reaction 
differ in degree of tolerance. At present, yield is 
the only reliable basis on whi.h screening is 
done, although symptom severity is a useful 
guide. 

Sources of Tolerance 
or Resistance to Infection 

Until recently almost all sorghums grown in 
Australia were susceptible to infection by 
SCMV-JG (Teakle et al. 1970), although some 
commonly grown varieties were tolerant and 
experienced little yield loss (Parsley et al. 1976; 
Henzell et al. 1979). The use of tolerance as the 
sole means of avoiding losses caused by 
SCMV-JG, however, has not been acceptable, 
because nontolerant sorghums often out
yielded tolerant sorghums when virus inci
dence was low. Thus a search was made for 
resistance. 

Krish Resistance 

The first source of resistance was Krish sor
ghum (Pritchard 1964), a tall, grassy photo
period-sensitive cultivar derived from the cross 
Sorghum sp x S. bicolor group Rox
burghli (S. halepense 2n = 20 x S. roxburghi) 
(Krishnaswamy et al. 1956). Kr "hsorghum was 
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shown to segregate for virus susceptibility and 
resistance IT~dkle and Pritchard, 1971), and it is 
probable .nat only one of the original parents, 
the Indian Sorghum sp (=S. halepense 
2n=20=Q12117), was resistant (Conde et al. 
1976). Krish resistance depends on a single 
gene, K,with resistance dominant over suscep-
tibility. It is effective against all four Australian 
strains of SCMV. It has now been transferred to 
16 breeding lines which have been field tested 
sufficiently to show that they are not agronom i-
callyinferiortotherecurrentparents(Henzellet 
al. 1978, Table 3). In additior, virus-resistant A 
and 3 lines of three other sorghums - Tx-378, 
KS-4, and T.4-618 - should be released in 1979 
(Henzell et a. 1978). 

0-7539 Resistance 

A second source of resistance to all tour strains 
of SCMV in Australia is Q-7539, a tall, 
photoperiod-sensitive grain sorghum of Nige-

rian origin (Persley et al. 1972). In contrast to 
Krish resistance, which is controlled by a single 
gene, resistance in Q-7539 is probably mul
tigenic and quantitative. Leaf-rub or air-brush 
inoculation produces a high proportion of in
fected plants and is considered too severea test 
for screening. However, screening by growing 
sorghums near air-brush inoculated sweet corn 
in fields infested by aphids has revealed lines 
with a low incidence of infection compared with 
the recurrent parents, KS-4 and TAM-422. A 
Texas 610 with Q-7539 resistance in both 
parents will be available for release in 1979 
(Henzell personal communication 1978). 

Other Sources of Resistance 

Of approximately 1000 other lines tested in the 
world sorghum collection, none were resistant 

to intfection by SCMV-JG (Persley, personal 
communication 1978). Apparently resistanceto 
this strain is uncommon. However, since there 

Table 3. Pedigree of released SCMV-reslstam lines 

Year of
 
Lino release Pedigreea
 

0L-1 1972 (Tx-414 x Krish 13)R-7078) TAM-422
 
QL-2 1972 TAM-422 (Tx-414 x Krish 13) R-7078)
QL-3b 1972 KS-43 x Krish 21 
QL-4 1972 TAM-618 (KS-42 x Krish 21) 
QL-6 1977 KS-193 x Krish 13 701137-3-1-2-llbk-10 
QL-7 1977 KS-193 x Krish 13 7 1137-3-1-2-llbk-12 
QL-8 1977 KS-194 x Krish 13 70/137-102-2-3-1-10 
QL-9 1977 KS-194 x Krish 13 70/137-102-2-3-1-26 
UL-10 1977 KS-194 x Krish 13 7o/137-102-2-3.1.39 
QL-11 1977 KS-194 x Krish 13 701137-102-2-3-1-41 
QL-12 1977 KS-19s x Krish 13 7/137-102-2-3-8 
QL-13 1977 (Tx-414 x Krish 13)R7078 7 /136-6-7-13bk 
0L-14 1977 (Tx-414 x Krish 13)R7078) TAM422 701136-6-7A-17-3bk 
OL-15 1977 TAM-4222 (Tx-414 x Krish 13)R7078) 70/136-102bk-3-2-bk 
QL-16 1977 TAM-222 (Tx-414 x Krish 13)R7078 70/136-102bk-27-1 
0L-17 1977 TAM222 (Tx-414 x Krish 13)R7078) 7 /136-102bk-27-1-3 

a. Tx-414 - R7078z x Tx-09 
R7-78 Isthe male parent of Tx-610 
TAM-422 - R70784 x Tx-09 and is the male of Tx-610SR
 
KS-4 - B-3197io x B-398 and Is the female parent of Q5161. B-3197 Isthe female parent of Tx-610SR and Tx-626.
 
TAM-618 is a head-smut resistant Combine Kafir
 
KS-19 Is the male parent of 0-5161.
 
QL-6- QL-17 are homozygous for Krish resistanre, w.hereas QL-1 - 0L-4 contain some st,,tceptiblo plants.


b. 	QL-3 has been immune to sorghum downy mildew in ICRISAT trials (see report on the Internatilnal Sorghum Downy Mildew 
Nursery) 
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are approximately 13 000 lines in the world 
sorghum collection so far untested, other resis-
tart sorghums may occur. 

Lines with resistance in other countries have 
often been susceptible in Australia. For in-
stance, of ninr lines reported to have resistance 
in Texas (Toler and Huebner 1978), only one, 
SC-0097, had a low incidence of infection (3%) 
in Queensland, and six lines were approxi-
mately as susceptible as KS-19 (67%) (Persley, 
personal communication 1978). 

Stability of the Resistance 
and Variability of the Pathogen 

Krish and Q-7539 resistances have been highly 
stable in Queensland. A possible exception is 
thediscoveryofanecroticredstriationsdisease 
in a bc2F2 population of KS43xKrish and 
B513 x Krish in 1972. Characteristics of this were 
the higher than normal number of plants in the 
susceptible class and the occurrence of both 
necrotic and mosaic classes when only a 
mosaic class was expected. This necrotic red 
striations disease has not been seen in recent 
years. 

in 	addition to SCMV-JG, three other strains 
have been reported, namely the sugarcane, sabi 
grass, and Queensland blue couch grass strains 
(Teakle and Grylls 1973). There is no evidence 
that these infect sorghums in the field, although 
they can infect sorghum in the glasshouse. 
Krish and Q-7539 resistances are effective 
against all four strains of SCMV when tested in 
the glasshouse. 

Suggested International 
Screening fow SCMV 
Tolerance or Resistance 

International screening differs from national 
screening in that more virus strains and host 
genotypes are tested and a wider range of 
biological and physical environments is en-
countered. The number of locations required 
for adequate international screening is un-
known, because our knowledge of SCMV-
caused diseases of sorghum is incomplete, 
However, preliminary evidence based on the 
mosaic and necrotic reactions of "differential" 
sorghums indicates that eleven "strains" of 
SCMV in seven different countries can be 

placed in either of two groups (unpublished). 
Thus, at least two sites, reflecting the Australian 
and American (or European) johnsongrass 
strains of SCMV, should be used for screening. 

So far, lines identified as resistant to SCMV 
infection in Australia (Krish, Q-7539, SC-0097) 
have also been resistant in Texas, but the 
reverse has not been found (Persley, personal 
communication 1978). Possibly the Australian 
johnsongrass strain (SCMV-JG) is more infecti
ous than the American strain (MDMV-
A=SCMV-J) to many sorghum lines. 

Other Control Measures 
There are several feasible approaches. 
Aphicides could be applied to destroy the vec
tors. However, this measure is only slightly 
effective with stylet-borne viruses, and is unde
sirable because of its cost and polluting effect. 
Insect repellents, such as aluminum foil, would 
probably be more effective but too costly. Cul
tural methods would include (a) altering the 
time of planting to avoid the worst infection 
period, (b)eradication of alternative hosts such 
as johnsongrass, and (c) planting at a consider
able distance from known infected weeds or 
crops. All the above methods are unlikely to be 
as 	effectivr ,eliable, convenient, or cheap as 
the incorporation of genetic resistance by 
plant-breeding techniques. 

Areas Where Research 
Priority Is Needed 

Krish Resistance 
Several questions need to be answered: 

1. 	Is Krish resistance effective against all 
present strains of SCMV in all countries? 
Preliminary tests in Australia, France, 
Hawaii, India, Italy, the Philippines, and 
USA (Texas) have shown that either Krish 
or a derivative is resistant to one or more 
strains of SCMV. Additional tests in these 
and other countries are needed. 

2. Will new strains of SCMV arise and over
coma Krish resistance? The development 
of new strains of SCMV which infect previ
ously resistant varieties of sugarcane and 
maize has been observed in the USA. It is 
possible that Krish resistance of sorghum 
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willsufferthesamefate, andaclosewatch 
should be kept for this. 

3. 	Can Krish resistance be incorporated into 
othersorghum breeding lines? TheKgene 
for resistatice is now present in a number 
of diploid beeding lines, and its incorpo
ration into others should present no great 
difficulty. Obtaining homozygous resis
tant tetraploid sorghums, such as S. a/
mum, would be more difficult.The K gene 
is apparently present in Silk, a tetraploid 
sorghum. 

4. 	Does Incorporation of Krish resistance af-
fect other properties? In Australia the 
Krish-resistant parental lines QL-6 to 
QL-17 are generally superior to their recur-
rent parents in open headedness (confer-
ring resistance to head caterpillar and 
Heliothis), and are resistant to rust (Puc-
cinia purpurea), leaf blig ht (Drechslera tur-
cica), and grey leaf spot (Cercospoia sor
ghi). Further, hybrids produced using 
these lines are higher yielding by 10 to 
20% (Henzell etal. 1978). In the USA, QL-1 1 
was resistant to sorghum downy mildew 
Frederiksen, personal communication to 
Henzell). However, further testing in Au-
stralia and other countries under a widi 
range of conditions is required to indicate
strong and weak traits. 

Other Sources of Resistance 

The same questions concerning Krish resis-tance need to be answered for 0-7539 resis-
tance nd tor besre fr0-7539reeisy 
tance and for sources of resistance recently 
identified in other countries. 

Summary 

Viral diseases of sorghums in Australia are 
caused by the Australian maize stripevirus and 
the johnsongrass strain of sugarcane mosaic 
virus (SCMV-JG). The latter virus causes three 
diseases -mosaic, red leaf and red stripe 
which cause 0 to 90% loss in yield of plants 
inoculated in the seedling stage. Disease reac-
tion is determined genetically by the host, and, 
in the case of red leaf disease, by low tempera-
tures. 

Two sources of resistance to SCMV infection 
have been st,!died in Australia, i.e., Krish resis-
tance, which L.controlled by a single gene, and 

0-7539 resistance, which is multigenic. Krigh 
resistance is particularly promising in Australlia 
and other countries, and has generally proven 
to be stable in Australia. 
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Maize Dwarf Mosaic Virus A and Maize Dwarf
 
Mosaic Virus B as Causal Agents of a Varied
 

Symptomatology in Different Cultivars
 
of Sorghum bicolorL. (Moench)
 

E. E. Teyssandior, Delia Docampo, Graciela Laguna, 
and Laura Giorda* 

The maize dwarf mosaic virus (MDMV) induces 
a variety of symptoms on infected sorghums in 
Argentina, and each sorghum cultivar may 
react to thedisease in a different way. This variety 
of symptoms was observed in areas of 
Pergamino (Buenos Aires province) with re-
markably different climatic cond:tions. 

The range of symptoms observed in the two 
areas were similar, although the sorghum 
materials examined were different. The situa-
tion attracted the attention of technicians of the 
Cargill Experiment Field (Pergamino), Manfredi 
Experiment Station (INTA), and the Phyto-
pathology Department of the Agricultural Sci-
ences Institute of the Cordoba National Univer-
sity, who began a joint research project to 
investigate whether the observed symptoms 
were caused by a virus or a combination of 
viruses, 

The work included artificial inoculation of 
numerous breeding lines and precommercial 
cultivars at Pergamino Experiment Field, Man-
fredi Experiment Station and the greenhouse of 
the Phytopathology Department in Cordoba, 
using controlled sources of inoculum. It was 
possible to reproduce the range of symptoms, 
as well as to demonstrate the presence of 
MDMV in the diseased plants (based on physi
cal properties, the size of the particles, the 
reaction on a set of differential hosts). 

Through serological tests (Van Slogteren 
technique) it was possible to identify the pre-
sence of MDMV strain A and MDMV strain B as 
causal agents of this range of symptoms. 

Plant Pathologist, Cargil, S.A., Plant Pathologists, 
Universidad Nacional de Cordoba, and Plant 
Pathologist, INTA Exper ment Station, Manfredi. 

Leaf Symptoms 

1. 	Slight mosaic with discontinuous Ion
gitudinal stripes. Pale and dark green 
blotches alternating on young and old 
leaves. 

2. 	 Definite mosaic followed by the formation 
of chlorotic rings, superimposed, which 
become coalescenttothepointofturning 
large areas on young and old leaves 
chlorotic. 

3. 	 Small chlorotic rings, which later become 
necrotic and tend to become reddish 
arabesque lines on mature leaves. On 
young leaves (tillers), mosaic is present. 

4. 	Elongated, oblong tan spots ranging in 
length from 3 to 5 cm and 0.5 to 2 cm in 
width, with reddish edges. These tend to 
become coalescent on mature leaves. On 
young leaves (tillers) mosaic is present. 

5. 	 Concentric necrotic tan rings, which re
main isolated or generally end in large 
necrotic areas. As necrotic areas become 
generblized, all leaf areas are covered. 

General Symptoms 

1. Affected plants tend to be dwarfed be
cause of shortening of the internodes. 

2. 	 Reduction in size of the panicle. 
3. 	 Sterility caused by total absence of pani

cles. 
4. 	 Reddish panicles with shrivelled kernels. 
5. 	 Death of plants when infected early or in 

very susceptible materials. 
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Sorghum Viral Disease Discussion Session
 

Frederiksen: 
Why are viral diseases of sorghum more 
Important in the Americas than in Asia or 
Africa? 

Tea kle: 
The sugarcane mosaic group of viruses is 
more important in "ooler regions, whero 
they induce red-leat symptoms. Monocul
ture of sorghum on large areas in the 
Americas and Australia is certainly favora-
ble to epidemics. Some of the genotypes 
used for making hybrids in the Americas 
develop necrotic reactions. The local vari-
eties giown in small patches in Asia and 
Africa may have been selected over time for 
tolerance to the viruses. 

Toler: 
The type and population of insect vector is 
important for virus transmission and it 
varies among continents. For example, in 
India there are several viruses on millets 
that can infect sorghum that are leaf-
hopper vectored. 

Teyssandier: 
In Argentina, lines show very severe 
symptoms when planted early. This may be 
so because low temperatures induce se-
vere symptoms (red leaf and necrosis), but 
also because conditions are favorable for 
sorghum to be invaded by greenbugs that 
come from the wheat fields. 

The population of Sorghum halepense 
(johnsongrass) around sorghum fields 
might also be important reservoir for the 
virus. 

Toler: 
Sugarcane mosaic virus types, which have 
a wide distribution and are most important 
economically, tend to have a wider host 
range and can betransmitted by aphids and 
also mechanically. There is no lack of viral 
reservoirs in the cooler areas. 

N. G. P. Rao: 
Insect pests are generally more important 
in the tropics. Diseases are more impertant 
in temperate regions. 

Frederiksen: 
What will happen in the future concerning 
viral diseases in the tropics? 

Toler: 
Temperature has a great effect on the type 
of vectors and the population of vectors. It 
has no effect on the presence of viruses, 
and does not hinder viral infection, but it 
greatly influences symptoms. Viral dis
eases will probably increase in incidence. 
Sorghum was first listed as an experimen
tal host for brome mosaic virus; 24 years
later this virus was found in Texas on 
sorghum under natural conditions. As 
genotypes become more uniform, rare vir
uses may become important. 

K. N. Rao: 
In India we seldom observe viral infection 
on sorghum, and then only zPn occasional 
plants. We never see it on a wide scale, or 
causing significant yield losses. I am curi
ous about sorghum yield losses due to 
viruses in the Americas. 

Teyssandier: 
In Argentina, MDMV appeared suddenly 
and spread rapidly. We have not yet esti
mated the yield losses. Some seedlings are 
killed, but many infected plants produce 
panicles. 

Riccelli: 
The estimated losses are considerable in 
Venezuela. In 1977 SCMV caused losses in 
sorghum production all over the country. 

Teakle: 
When there is an occasional cold snap of a 
few days in Australia, we have heavy losses 
in red-leaf-susceptible sorghums. 
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Balasubramanian: 
How are necrotic lesions produced? Are 
they produced on systemicalty infected 
plants? Do they contain virus? 

Toler: 
The virus is systemic. Chlorosis and mottl
ing appear first, then necrosis develops. 

Teyssandier: 
Necrotic areas develop in mature leaves, 
while mosekic occurs in young tissue. 

Malaguti: 
Some viruses are seed-transmitted. Are 
any strains of SCMV transmitted by seeds? 

Toler: 
SCMV was first reported to be seed
transmitted in maize by Shepard in 1967. In 
1977 and 1978 Boothroyd demonstrated 
MDMV seed transmission in sweet corn. I 
tested 22 000 seeds from MDMV-infected 
plants, but I obtained no evidence for 
MDMV transmission in sorghum. 

Toler: 
I propose that we develop a set of differen
tials that would be available for interna
tional use, to give an idea of variants of 
MDMV and other viruses all over the world. 
We could start with the differential set used 
by Drs. Teakle, Riccelli, and myself, with 
which we obtain differential responses to 
MDMV-A, MDMV-B, Brome mosaic, 
SCMV-A, B,D,H,and I,and with thevirulent 
virus strains in Venezuela and Argentina. 
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Utilization of Resistance
 



Strategies for Utilization of Disease Resistance
 

in Sorghum 

H. Doggett* 

The objective of ICRISAT's sorghum program is 
theproduction ofsorghum cultivars possessing 
both improved stability and level of yield, with a 
grain qubl ity acceptable to consumers. ICRISAT 
is only one member of a number of groups of 
scientists working together towards the same 
ends. However, ICRISAT does have a special 
responsibility to support other scientists in the 
technical areas of their work. 

There are two aspects of yield icprovement: 
(a) the accumulation of positive yield factors, so 
that genotypes with a more stable, better pro-
duction potential are developed, and (b) the 
accumulationoffactorsthathelptofrustratethe 
yield reducers (pests, diseases, Striga, and 
physiological stresses) that prevent the full 
expression of inherited potential performance. 
Impr.oved genotypes should ideally be matched 
to the best economic farming practices. 

In the semi-arid tropics as a whole, chemical 
disease control is uneconomic. The only excep-
tionis theuseofseeddressings, and even these 
w;ll take a long time for adoption by many 
sorghum cultivators who save their own seed. 
For practical purposes, when we talk of disease 
control in the sorghums of the developing 
world, we are talking of breeding for disease 
resistance. However, the plant breeder cannot 
confine his attention to disease resistance. He 
has also to improve yield, adaptation, maturity 
length, drought resistance, pest resistance, 
Sfrige' resistance, and grain quality, to mention 
only some of hLs problems. If we consider the 
timescale required to take each of these aspects 
in turn, and to combine them step by step until 
the perfect sorghum genotype has been 
created, it is inconceivably long. Further, dis-
ease resistance is most certainly not a single 
factor, but the accumulation of numerous gene-
tic factors that thwart numerous disease or-
ganisms. It is therefore absolutely essential to 
see resistance breeding as one facet, albeit a 

* Associate Director, Agricultural, Food and Nutrition 
Services, IDRC Regional Office, Sri Lanka. 

most essential facet, of the total improvement 
program. Perhaps the step-by-step approach 
has seemed superficially attractive because of 
the amazing success of U.S. scientists in creat
ing the modern North American sorghum cul
tivars. However, let us not forget that sorghum 
was a new crop in that country, lifted out of its 
home environment. Problems tended to arise 
step by step, as diseases or pests appeared, and 
were therefore solved step by step. The main 
problems of the Old World -Quelea birds, 
Striga, shoot fly, and Chilo stem borer - have 
not yet reached the main sorghum areas of the 
USA. Material developed there has not been 
subjected to selection pressure for any of these 
major pioblems. I often wonder whether the 
history of pearl mil let hybrids in India would not 
have been very different if the male-sterila pearl 
millets had been developed in the Old World, 
rather than in the New World where they were 
totally isolated from the downy mildew patho
gen which prevails in the Old World. 

Diseases are caused by parasitic organisms, 
although by no means all of them are obligate 
parasites. We can view the history of disease 
development as the interaction of two geneti
cally variable populatios--that of the host 
plant and that of the pathogen. In the course of 
this interaction, pathogens developed strains 
that could parasitize, and these exerted a selec
tion pressure on the host population. If the host 
population responded successfully, then a re
sistance mechanism developed which, in turn, 
exerted a selection pressure on the population 
of the pathogen, favoring mutations, or genetic 
recombinations, which could break down this 
resistance mechanism. The ding-dong struggle 
has been continuing since life began. And the 
host plants we have today are those that had 
been fashioned on the anvil of adversity so that 
they can flourish and reproduce in the presence 
ofnumerousparasiticorganisms. Similarly, the 
parasites, or at least the obl igate parasites, have 
developed such versatility that they have man
aged to survive successfully on their resource-
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ful hosts. Obligate parasites that have survived 
as successfully as have the wheat rusts and 
downy mildews have a flexibility which we 
ignore at our peril, 

The third component of this system is fur-
nished by the environment. Conditions in one 
area may favor the host relative to the parasite, 
and in another area the converse may be true. 
Differing climatic conditions during the course 
.jfthe year may favor one of the antagonists in 
this struggle. Historically, the so;ghum areas of 
the Old World consisted of regions, or even 
pockets, where the host genotypes werc in 
balance with the pathogen genotypes within 
the system. Today, however, there is much 
movement of host plants between regions and 
into pockets, and there has certainly been 
movement of the pathogens as well. Thus, 
when dwarf shallu from the USA was grown in 
1952 on light land at Ukiriguru, Tanzania, it fell 
flat on its face from charcoal rot, and provided 
thefirst record of the existence of the disease in 
that country., 

How, then, can we tackle the problem of 
disease resistance? I suggest that our basic 
approach must be to look at the situation just 
outlined, and to join it. We should seldom think 
of adding resistance genes one by one, al-
though there could be particular situations 
where this approach is correct. We have the 
situation in which there are differences between 
the genotypes ifthe various sorghurn cultivars 
that have developed indifferent reqions, or 
pockets. We can assume that, down the years, 
the cultivators have exploited thegenetic varia-
tion available to them to a large extent, and for 
the plant breeder to continueto work withinthat 
circumscribed system is largely a waste of time. 
He is not going to do very much better than 
cultivators have done before him. The plant 
breeder's basic operation shall therefore con-
sist of crossing together different cultivars de-
veloped in different regionswhich will therefore 
have differently adapted genotypes. From these 
crosses, he extracts new lines superior to the 
parents originally used. However, the parents 
brought in from other locations wiil have de-
veloped a different spectrum of disease resis-
tances, perhaps against dilferent diseases, but 
certainly against different levels of those dis-
eases as a result of environmental differences, 
resulting in different selection pressures. What 
we need "o do is to expose the segregating 

material from such crosssi%" to as comprehen
sive an assault a5 we ;,.n organize by the 
important pathogens from both areas, so that 
the complementary superior resistances are 
selected out. 

I think that ICRISA7 can assist a great deal in 
making this possible. Multilocatimnal testing of 
large segregating populations may theoreti
cally be the best way to do this, if the locations 
are chosen so that there is exposure to every 
important sorghum disease. This would be an 
enormous undertaking. However, if we could 
develop a comprehensive range of disease 
nurseries, much of the initial screening for 
resistance to disease could be carried out in the 
early segregating generations, leaving only 
manageable quantities of material to be sent 
out for multilocational tests. Therefore, I seethe 
firs' of ICRISAT's most valuable supportive 
";unctionsas the identification of susceptit.c 
sorghum cultivars, and the development of the 
technology to create epidemics in the disease 
nrseries, so that plant breeders in the nationa! 
prograns have the tools for disease-resistance 
selection available to them. 

The multilocational testing starts within 
countries and within regions, but the s.cond 
main supportive function of ICRISAT lies in its 
organization of multilocational testing of crops 
for the seni-arid tropics. In this way, the best 
material in the national and regional nurseries 
can be exposed to the whole range of 
sorghum-growing conditions. These nurseries 
result in the identification of both susceptibles 
tor local-disease-nursery purposes, and resis
tant material for use as parents. 

I would not want to make the breeding for 
disease resistance sound too difficult. As men
tionedinmyearlierpaper, andmadeclearinthe 
leaf disease session, much can be done in 
national programs by planting material ata few 
locations, with the plantings timed so that high 
levels of disease incidence occur. One then 
throws out the susceptibles and favors the 
cleaner plants. However, in dealing with cros
ses involving exotics, especially crosses of 
exotic x exotic material, it is essential to test 
disease resistance adequately, and disease
nursery technology outlined in theleaf diseases 
session ought to be used. 

There is a fundamental difference between 
plants, which strongly influences the kind of 
resistance mechanisms that have been de
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veloped under the selection pressure imposed 
by pathogens. The self-pollinating crops derive 
from generally self-pollinating ancestors, 
whose popilations approximated to mixtures 
of pure lines. Selection therefore tended to be 
for the accumulation of resistance factors in the 
lines, and of linkages that often resulted in their 
behaving as major genes. A range of resistance 
factors was accumulated, which, working to-
gether as a group (a mixture of pure lines, each 
with somewhat different resistance factors), 
wereabletocontainthevariabilityofthepatho-
gen so that epidemics did not occur. 

Single genotypes occupying large areas are 
always vulnerable to organisms possessing the 
flexibility of some of the obligate parasites. 
When this happens with a crop plant such as 
wheat, the selection imposed on the population 
of the pathogen results in new races and causes 
"a breakdown of resistance." Thus, with the 

wheat rusts, it has proved necessary - at least 
with regard to rust resistance - to go back to 
the ancestral situation, and to grow a mixture of 
genotypes. These multilines present the patho-
gen with a similar situation to that which pre-
vai tid in the wild ancestors of the wheat crop, 
and selection pressures on the pathogens to 
produce new races are areatly reduced. We are 
simply using the mechanism that the wheat 
plznt had developed in its wild state. However, 
thedevelopment and maintenance of multilines 
:equires much technical input. A series of dis-
tinct resistance genes has to be identified, and 
has to be backcrossed into a common 
genotype. The rust races and the resistance 
gene- n,.ed constant monitoring during the life 
of the multiline. 

The cross-pollinating crops present a diffe-
rent picture, for resistance factors were ac-
cumuiated within the population and not within 
individual inbred lines. Therefore, pressures to 
accumulate and develop major genetic factors 
were less, and polygenic situations are more 
common. In situations of considerable pres-
sure, the entire population developed resis-
tance and major genes were accumulated, but 
often against a broad background of modifier 
genes. 

The hazards of covering large areas with 
single genotypes are just as great for the 
cross-pollinating crops as for the self-
polkiiating crops, and for exactly the same 
reason. The single genotype imposes a selec-

tion pressure on the pathogen, to which it 
responds by the production of new races. 
Downy mildew in pearl millet is an excellent 
example. The plant breeder's response should 
be to go back to the resistance mechanisms 
developed by the ancestors of pearl millet 
during the evolution of the crop. Genetic varia
bility for resistance must be retained. This 
can be done by taking a series of inbred 
lines, each showing resistance to different 
races of the pathogen, and then recombining 
them into random-mating populations as a 
synthetic. The parallel with the multiline 
approach for the inbreeding plant is evi
dent. l'owever, there is a much easier way of 
doing this, which again is the way in which the 
plant did it in the wild. A variable population is 
exposed to the full range ofthe pathogen,which 
itself imposes the selection pressure on the 
population without any need to extract inbred 
lines, or to identify resistance factors (provided 
that appropriate recurrent-selection technology 
is used, and that the full range of the distribution 
of the pathogen is used to provide the selection 
pressures).
 

I see a parallel between the situations where 
the pathologist and the breeder are working to 
obtain resistance to many races of one patho
gen, and thesituation in which theyarewvorking 
for resistance to single r3ces of many patho
gens. We can use the technology that the plants 
themselves have developed during their years 
of evolution to do a large part of our work for us. 
By using male-steriles to treat sorghum as a 
cross-pollinating crop, we can subject popula
tions to intense selection pressure for a whole 
range of disease-causing organisms, and just 
accumulate our resistances without lots of 
genetic studies. 

I would therefore regard the second most 
important task of ICRISAT as being the de
velopment of random-mating populations con
taining a broad spectrum of disease resis
tances, as well as many other desirable charac
teristics. In terms of sorghum improvement in 
the d.veloping world as a whole, I would give 
this aspect of study the highest priority, be
cause it presents a workable answer to the 
problem of how we can accumulate these 
numerous favorable characteristics needed in 
our improved crop plant. I recognize that IC-
RISAT has had to become involved in so much 
national program work that this cannot be given 
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the priority which Ibelieve it needs. Perhaps this 
could be the most important place where the 
USAID-supported Title XII program could be of 
lasting and verygreat assistance to thedevelop-
ing world, i.e., the development of populations, 
and the recurrent-selection technology te go 
with them, which can take crop improvement in 
national programs for great distances merely 
by selection carefully carried out by well-
trained, experienced scientists with a thorough 
knowledge of the crop situation and its needs in 
their own country. They ought to have started 
life as farmers, and to have retained the closest 
possible links with farmers. 

I would outline again a few of the ways in 
which recurrent selection in random-mating 
populations can be used to handle disease 
resistances. 

1. 	Mass-selection Systems where a popula-
tion is developed by random mating, for 
three generations, parent lines carrying 
individually some of the resistsnces re-
quired, so that the final population will 
contain all the desirable resistances. Mass 
selection for clean plants is then per-
formed, choosing male steriles and male 
fertiles in alternate generations. Selection 
pressures of 20 to 25% might be used for 
the first three cycles, with more intenso 
selection pressure subsequently. The 
population should be grown for selection 
under conditions favorable to disease de-
velopment, and artificial aids should be 
used to enhance disease levels. Failing 
this, the population should be grown at 
two or three sites where disease levels are 
naturally high. Grain from the selected 
heads from all sites should be random 
sampled and mixed inequal proportions 
at the beginning of each cycle, i.e., the 
harvest from the male-fertile plants cho-
sen in the second generation of the cycle, 
Large numbers of plants are rather easily 
handledbysuchbulkmethods.Thus,2000 
plants can be grown in a block and divided 
up into a 5 x 4 grid, each containing 100 
plants. For 10% selection pressure-
which is quite high - the best ten plants 
aretaken from each grid. Carrying forward 
200 plants per generation in this way gives 
plenty of opportunity to select for good 
agronomic type at the same time. 

2. 	 S2 Testing Systems. In this system, some 

selection pressure for resistance can be 
applied both in the Si (F2) and $2(F3) 
generations, and this might prove particu
larly useful for grain mold resistance. One 
half of each S i row should be inoculated 
with grain mold, and the selection of the 
lines to go into S2 testing should be 
influenced by the mold reaction. Alterna
tively, P separate replication of the S2 

evaluation trial should be treated as a 
grain mold resistance nursery, and the 
heads actually used for the recombination 
generation would include some that 
showed superior mold reaction. 

3. 	 It is always permissible to include one or 
two good grain mold resistance entries in 
the recombinationgeneration, evenifthey 
do not come from the popuation itself. 
Evidently the inclusion of several such 
lines could lead to difficulties, and the 
figure suggested is of the order of 5%. 

4. 	The sidecarapproach is ofspecial value.In 
this method, a separate population is 
under stvong selection pressure for grain 
mold resistance in parallel with the main 
population, which ia being improved for 
agronomic, quality, and yield characters. 
Crosses are made between the popula
tions in a manner anale3ous to the con
ventioral backcross method used bet
ween individual paronts. In this way, a 
steadily improving standard of grain mold 
resistance is combined with the ag

ronomic improvements being achieved in 
the main improvement population. 

I have attempted a broad coverage of the 
subject, and have left the classical resistance 
breeding until last, becauselexpect manyother 
people to speak on this. I would add as 
ICRISAT's fourth task, the identification and 
creation of sorghum lines which combine high 
levels of particular disease resistances with 
good agronomic characters, some level of pest 
resistance, and an acceptable grain quality. 
These would be valuable parents for workers in 
national programs. However, I am firmly con
vinced that it is the population-breeding ap
proach, combined with good disease nurseries 
and multilocational testing, which is going to 
prove to be the most effective answer, not only 
to breeding for disease resistance but also for 
the improvement of the sorghum crop as a 
whole. 

424 

http:value.In


Note: 	 Afl1 this papr was written, I camn scrosa a 
paper by Frey, Browning, and Simmons on thit 
topic, which Is very helpful. Copies aro t'valla
ble for Imose Interesed. Tho reference Is: Friy, 
K. J., Browning, J. A., and Simmons, It. D., 
1977. Management sst-..' for host genes to 
control disease loss. Annals New Y'jrk 
Academy of Sciences, 255-274. 
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Needs and Strategies for Incorporation 
of Disease Resistance in Sorghum Hybrids 

Compared with Varieties 

L. R. House* 

Improvement of sorghum may be characterized 
in three broad aspects: improvement in yield 
and is stability; improvement in resistance to 
diseaaes, insects, Striga, and drought; and im-
provement in quality. 

It may not be possible to immediately solve 
all poblems, and frequently varieties and hy-
brids superior for yield but deficient for other 
traits are released for farmer use along with a 
package of management practices. Shifts in 
disease and insect problems generally occur 
when there are changes in variety and man-
agement. These shifts help mount pressure to 
expand the research base and resources to take 
up these problems, 

For the small farmer, stability of yield is more 
important than high yield per se. Stability can 
be defined as uniform performance over sea-
sons and locations. Some varieties are more 
stable than others and in sorghum hybrids are 
almost universally more stable than variet;c. 
Resistance to diseases and other yield-limiting 
factors contributes to stability. 

It is necessary to identify those factors that 
limit stability and yield and also to identify 
where such factors are important and where 
research on these factors can be focused. Viral 
disewses are important in parts of theAmericas 
but not in India; obviously, research on them 
should be focused in the Americag. Such exam-
pIes are many. 

The job then is to breed for yield and yield 
stability and to incorporate resistance and qual- 
ity traits as necessary. As a solution to these 
problems is frequently dependent on environ-
men, the establishment of regionally specific 
networks of stations is required in the case of 
ICRISAT, such a system of stations is being 
developed and it is expected tht this, in collab-
oration with country programs, will provide a 

Principal Sorghum Breeder, ICRISAT. 

mutually suoporting network. It isthrough such 
a network that multilocational evaluation of 
materials for most traits of economic impor
tance can finally be undertaken. 

Varietal Improvement
in Relation to the 
Improvement of Hybrids 

Incorporating Disease Resistance 
Into Varieties and Hybrids 

General!y, good varieties make good parents 
for hybridr; the best varieties may not be the 
best parents, but surely the best parents are 
good varieties. The improvement in disease 
resistsnce in a hybrid is essentially a matter of 
improving resistance in the parents i.e., varietal 
improvement. The development of hybrids can 
be viewed cs an extension of a varietal
improvement program. 

As elite varietias are developed, they can be 
crossed to aseed parent for evaluation in hybrid 
combination. The production of sorghum hy
brids depends on the availability of a cytoplas
mic male-sterility mechanism. The male-sterile 
seed parent is referred to as an A-line, the 
maintaine: of the A-line is called a B-line, i.e., 
A-line x B-line produces the A-line. The restor
ers of male fertility (R-lines) are used as pol
linator parents of hybrids. 

The development and evaluation of hybrids 
reauires more time than is reqaired to develop 
varieties. Usually vrieties are developed first 
and then evaluated in hybriu cumbination. Un
less resistance to a disease is dominant in gene 
ac.ion, itgenerall,,willhavetobebred intoboth 
parents, i.e., the B-line and R-line. The source of 
resistance, when crossed to the B-line, may 
.nterfere with the male-sterility mechanism, i.e., 
the sources of resistance available may all be 
R-line in reaction; additional test evaluation 
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would be eequired to m.intain the factors for 
nonrestoration as disease resistance is being 
incorporated. This amounts to making a 
testcross onto an A-line and checking for non-
retoration. 

8mckcrosuing 

Development of male-sterile seed parents, or 
A-lines, involves a breeding process requiring 
eight to ten or more generations. Recently, for 
example, nonrestoring (B-line) entries have been 
identified from ICRISAT composites. The 
best of these will be converted directly into A-B 
line pairs by backcrossing, but also, ascreening 
and breeding process will begin for resistance 
to diseases and insects, and forquality. Depend-
ing on the mode of inheritance of the trait(s) of 
interest, and whether or not they are available in 
already existing B-lines, this may be a relatively 
fast and easy, or a long and difficult process. 
W.hile backcrossing, the B-line is the recurrent 
parent, i.e., it is the constant parenl used in each 
cycle of backcrossing. Time can be saved if it is 
being improved for resistance during the 
backcrossing process to develop the A-line. In 
fact, the maintenance of an A-Iine ;s a backcros-
sing process, so as the B-line improves the 
A-line can be simultaneously improved. Im-
provement is a relative thing; good field resis-
tance is generally satisfactory and may be 
approached over time, i.e., if a new variety or 
parent has a significantly better level of resis-
,arce than that currently available, it is con-
tributing, 

Backcrossing may also be useful for the 
improvement of existing proven parents; for 
example, the improvement of grain mold resis-
tance in CK 60-A and CK 60-B may be desired. 
Good progress towardr this objective appears 
possible using a backcross breeding proce-
dure. 

Recurrent Selection in B and R 
Ctn~sites 
Population breeding techniques are useful for 
the simultaneous incorporation of many traits. 
If a breeder is interested in hybrid development 
he can keep varieties with R-line and B-line 
reaction separate when composites are formed, 
i.e., B-lines can form one set of composites, and 
R-line another set. In as much as possible, it 

would be worthwhile using source material for 
resistance and quality traits with B-linereaction 
in B-type composites. Unfortunately, the av
ailability of resistant ?ypes in a B-line 
background is scarce. This means that R-type 
source material must frequently be used. 
Testcrossing onto A-line is required to deter
mine nonrestoration. It is also possible to cross 
the B-line composite to the source material of 
interest. Eva uation might be made in F2 or 
backcross progeny from such a cross. Evalua
tion should incl udea test for nonrestoration and 
only the nonrestoring segregates with the 
trait(s) of interest selected for recombination 
back into the population. We anticipate follow
ing such a process as this at ICRISAT. 

It is simpler in the case of the R-line compo
site. As most source material is R-line in reac
tion, the improvement of the population (incor
porating the resistance and quality traits of 
interest) can proceed in the same way as for 
normal varietal improvement, i.e., no tcstcrcs
sing is required to maintain nonrestoring fac
tors. 

Population breeding proceeds by cycles of 
improvement, each cycle involving an evalua
tion and recombination phase. This cyclic pro
cess of breeding is referred to as recurrent 
selection. Reciprocal recurrent selection is a 
breeding procedure useful if hybrids are an 
objective. In this breeding system, each popula
tion is used as a tester for the other, i.e., entries 
in the B-composite would be crossed onto 
genetic male-steriles (frequently utilizing the 
ms3 or msi male-sterility source) in the 
R-composite and vice versa. The hybrids so 
formed are evaluated in yield trials and the 
parents to be recombined in each population 
identified from the best hybrids. In this way, it 
should be possible to identify material from 
both populations that, when combined, will 
result in good hybrids. Obviously, resistance 
and quality traits can be strengthened in both 
populations by screening during the evaluation 
phase of each breeding cycle. 

We can appreciate that improvement of hy

brids is essentially a matter of varietal im
provement. It is apparent that the identification 
of good hybrids can be expected to take more 
time than the development of good varieties 
because the varieties must first be developed, 
then evaluated in hybrid combination. Also, it is 
generally necessary to breed resistance into 
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both parents of a hybrid and this may involve 
tetcross evaluation of B-line types to be sure 
that genes for nonrastoration are not lost. The 
discussion to follow will deal primarily with 
varietal improvement, asthis isthebasicewtity. 

The ICRISAT Sorghum 
Improvemenit Program 

The program at ICRISAT will be used to illus-
trate needs and strategies. 

If one looks at a list of discase and insect 
problems on sorghum, it is apparent that deal-
ing with all of them in a breeding program 
would be a frustrating exercise. Priorities must 
be established. We have decided initially at 
ICRISAT Cent,r to concentardte on breeding for 
resistance to grain molds, charcoal rot, and 
downy mildew. However, we anticipate being 
sure that our material isnot unusually suscepti-
ble to other diseases. We recognizo, for exam-
pIe, that some of the bacterial diqeases are 
important in parts of Africa and that anthrac-
nose and viral diseases can be major limiting 
factors in parts of the Americas. We are still in 
the process of establishiw'q regional stations, 
and as these stations devel.,-3 we will provide 
and encourage the accumulution of a wide 
diversity of material that can be evaluated for 
reaction to major diseases, as well as other 
traits of economic interest, in the region rep-
reerted by that station. 

Resistance to grain molds is of universal 
concern and is associated with the desire for 
earlier maturing varieties that can be expected 
to perform better than traditional cultivars if 
rains stop early. It is not so widely recognized 
that the use of earlier types can result in the 
buildup of midge that can be devastating on 
iate-maturing traditional types. One way to be 
ready for this is to breed for midge resistance in 
early material. We are beginning to make pro-
gress on this front. 

Charcoal rot has increased dramatically in 
recent years and, as Hugh Doggett pointed out, 
probably followed a change to susceptible var-
ieta! material. The incidence of downy mildew 
also seems to be on the increase. These two 
diseases are of universal concern. 

O ur approach has been to develop satisfac-
tory screening procedures and evaluate collec-
tions and existing breeding stocks. This source 

material has then been incorporated into our 
breeding material and, increasingly, breeding 
material is appearing in our screening pro
grams. 

We feel that dose interdisciplinary coopera
tion is a key element of our activities - ateam in 
the best sense of the word. We plan to apply 
selection pressure on early generation material 
where variability for traits of interest should be 
fairly high. Three basic thrusts are identified 
the development of agronomically elite types, 
the development of source material for resis
tance and quality traits, and the development of 
types where there is an effort to incorporate 
multiple traits simultaneously. It is valuable to 
identify afironomically good material for use 
per se and as parents for crossing to source 
material. The development of source material is 
more or less the building-block approach 
wherein an attempt is made to improve, idi
vidually, the level of resistance or quality in 
different materials, although an effort is made 
to obtain multiple traits as far as possible. 
Severe levels of stress areused and thematerial 
is given reasonable protection against pests 
and diseases not involved. Our effort to simul
taneously incorporate many traits is still in a 
formative stage. The approach in early genera
tion material is to screen in epidemic and 
epiphytotic conditions similar to a situation as 
thefarmerfacesit.Withjenerationsorcyclesof 
improvement, depending on the trait, the level 
of screening severitywill be increased. We hope 
to maximizeour chances to accumulate desired 
genes in this way. Too severe a screen with 
early generation material may result in the loss 
of useful genes. 

The breeding techniques used in all three 
aspects depend largely on the mode of inheri
tance. Trichomes (microscopic hairs on sor
ghum leaves) for example, have been found in 
the case of shoot fly to contribute to oviposition 
nonpreference. The presence of trichomes is 
controlled by a single recessive gene. The 
manipulation of this trait is different from one 
that is polygenically controlled. We are in
terested in learning more about mechanisms of 
resistance because this knowledge may enable 
us to more completely screen the genetic mate
rial available. It may also enable us to use 
different breeding techniques and to stren-then 
the expression of the resistance trait. 

The degree of resistance for different traits 
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varies. We have decided that direct evalua-
tion of breeding material for resistance to stem 
borer, charcoal rot, and downy mildew is 
worthwhile but not for shoot fly. Our approach 
is changing so that breeders with rosponsibility 
for different projects will lower selection pres-
sure on the trait involved. The numbers of 
selections in each project will then be reduced 
first by screening for resistance to stem borer, 
charcoal rot, downy mildew, and grain mold. 
For traits like resistance to shoot fly, where the 
available levels of resistance are poor and the 
trait is polygenically controlled and recessive, 
we feci that the material screened should be 
crossed tothe best source material thatwe have 
and the segregates screened, beginning with 
low shoot fly pressure. We have yet to try these 
ideas, but it does present a phased approach to 
the rapid incorporation of many traits into the 
same material. The ones that appear to be 
easier are undertaken first. 

There is a substantial effort in the breeding 
program at ICRISAT to develop new elite lines 
from composites. Composites are also being 
developed for resistance to mold, Striga, and 
three insect pests - shoot fly, stem borer, and 
midge. Population breeding provides a valu-
able mechanism for simultaneous incorpora-
tion of many traits. Composites developed ear-
lier were primarily directed toward increasing 
yield in plants with tan color and pearly white 
seeds. The objective is now being broadened to 
incorporate resistance traits. To avoid incor-
porating poor material into a relatively elite 
population, bulk pollen from the population will 
be crossed onto source material, or selections 
fron the composites will be evaluated directly 
for resistance. If necessary, backcrossing will be 
undertaken. Segregates will be screened for 
multiple traits; seed from the source families is 
being evaluated for yield, disease, and pest 
resistance. Good selections from each evalua
tion will be intermated in the recombination 
phase and the cycle repeated. 

We anticipate that sources of resistance iden
tified at one location will be evaluated at other 
locations, so that we learn about racial variation 
or differences in reaction. The best material 
found in these different situations can be recom
bined. Regional cooperation is necessary for 
this to succeed. International disease and pest 
nurseries, and some relevant trials from breed
ers, have now been distributed for several 

years. These have already been mentioned at 
this meeting. 

A program for the development of hybrids is 
gaining strength at ICRISAT. As a service, we 
expect to concentrate on the development of 
A-lines adapted to different environmental situ
ations, and to incorporate resistance to dis
eases and insect pests with good grain quality. 
We have begun to search our material for B-line 
reaction with some success. W..; also have 
available B-lines developed by the All India 
Coordinated Sorghum Imporvement Project, 
and from the USA, and elsewhere. We first 
screen these as possible source material, par
ticularly for resistance to grain mold, charcoal 
rot, and downy mildew. For grain quality, it is 
important to our breeding effort if source mate
rial in a B-line background can be identified. 

We are also aware that all problems do not 
appear everywhere. We need not be concerned 
about resistance to shoot fly for material to be 
used intheAmericas. The problems of sorghum 
adapted in cool high-elevation areas are quite 
different from those occurring in the lowland 
and more tropical situations. 

We feel that our program is finding definition 
in identifying priorities and selecting the best 
locations from which to undertake research. We 
feel that our breeding strategy is broad based, 
using a range of breeding procedures to de
velop high-yielding stable lines, to identify and 
strengthen source material, and to attempt 
simultaneous incorporation of many traits. Our 
screening techniques are improving and useful 
material is increasingly being identified. 
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Breeding Sorghums for Disease Resistance 
in India 

N. G. P. Rao, R. V. Vidyabhushanam, B. S. Rana, 
V. Jaya Mohan Rao, and M. J. Vasudeva Rao* 

Breeding for resistance to prevalent diseases or 
control through fungicide usage have not re-
ceived adequate attention in attempts to im-
prove traditional subsistence-level culture of 
sorghums in the semi-arid tropics. Seed treat-
ment through Sulfur or other fungicides to 
control smuts has been, by and large, the major 
recommendation. In transforming traditional 
sorghum culture to productive agriculture and 
attaining stability at higher levels of production, 
incorporation of disease resistance in future 
cultivars assumes particular importance- not 
only in order to provide resistance to known 
disease hitherto not considered serious enough 
to cause economic losses, but also to avoid 
possible occurrence of diseases in epiphytotic 
proportions. As explained in its annual reports, 
combining resistance tomorethan one disease 
in futue cultivars has been a major objective of 
the All India Coordinated Sorghum Improve-

merit Project. Some of these efforts will be 

briafly outlined, 

Head Molds and 
(rain Deterioration 

One of the major breeding efforts to avoid 

climatic vulnerability of rainfed sorghums has 
been to develop cultivars whose duration 
would match with the duration of the rainy 
season, as against the disproportionately long 
duration of 5 to 6 months for traditional cul-
tivars. While the development of hybrids and 
varieties that mature in 90 to 110 days confer 
stability of production, even in years of low 
rainfall, occasional late rains in October cause 
grain deterioration and consequent low market 
price. The problem has been to reconcile the 

Plant Breeders, All India Coordinated Sorghum 

Improvement Project, IARI Regional Station, 
Hyderabad, India. 

need for earliness for yield stability and neces
sity of avoiding grain deterioration when rains 
arrive before harvest (Rao 1977). This situation 
occurs in several African countries as well. 

Grain deterioration is the result of heads 
getting soaked during the grain-drying stage, 
andlor development of molds resulting in grain 
discoloration. The problem of head molds in 
India has been investigated by various workers 
including Narasimhan and Rangaswamy 
(1969a, 1969b); Koteswara Rao and Purnachan
drudu (1971), and Ravindranath and Indira 
(1979). Curvularia, Fusarium, Helminthos
porium, Alternaria, and Phoma have been re
ported to be the common genera of fungi 
associated with head molds. Phoma has been 
observed to occur under humid heat, particu
larly if harvests are delayed. In gooseneck 
types, only the exposed portion is infected by 
Phoma; the other side is relatively free. Experi
ence also indicates that bagging prevents oc
currence of Phoma. 

From the point of view of breeding, it appears 
necessary that the total process of grain de
terioration (involving fungal and physical as
pects) should receive attention. Screening for 
resistance to head molds and grain deteriora

tion has identified the released variety CSV-4 
(CS-3541) as the best available. The released 
hybrids CSH-5 and CSH-6, which have CS-3541 
in their parentage, are alsodesirable. In fact, the 
availability of CS-3541, CSH-5, and CSH-6
which corrected for the drawback of grain 
discoloration of CSH-1 - has now enabled 
larger coverages in states like Andhra Pradesh 
and Tamil Nadu where molds are serious. It has 
also made practical the practice of double
cropping under rainfed conditions in parts of 
Maharastra, Madhya Pradesh, and 
Karnataka. 

Further screening efforts have also identified 
CSV-5 (148/168), SPV-35, SPV-81, SPV-102, 
SPV-126, SPV-141, and SPV-249 as moderately 
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resistant to head molds. Besides, IS-3927, IS-
9327, IS-9333, and IS-9530 have been reported 
as resistant by ICRISAT workers, and may be 
used as genetic stocks. 

Selection criteria to breed for resistance to 
grain deterioration have been developed by 
Rana et al. (1977). The three characters - tan 
plant type, low water absorption capacity when 
soaked for a period of 2 hr, and the breaking 
strength of grain -are the criteria used for 
selection of types resistant to grain deterior-
ation. 

The inheritance of hardness of seed and rate 
of water absorption are predominantly additive, 
and selection for these characters together with 
the tan plant type is effective. The tan x tan and 
hard x hard crosses exhibited less deterior-
ation. As the degree of softness increased, the 
degree of deterioration also increased, and 
hard x hard crosses within tan types are the 
best (Rana et al. 1978). 

From the crosses involving CSV-4, CSV-5, 
SPV-81, SPV-102, etc., several advanced gener-
ation progenies of economic worth have been 
isolated and are undergoing yield testing. 

Downy Mildew 

Downy mildew caused by Peronosclerospora 
sorghi has been more frequently observed in 
humid areas around Dharwar in Karnataka and 
adjoining areas of Maharashtra and parts of 
Tamil Nadu. Occurrence of downy mildew in 
the yellow locals of Andhra Pradesh was ob-
served during the current rainy season. Even 
though most locals showa susceptible reaction, 
SDM rarely assumed epiphytotic proportions 
outside experimental fields. Even so, it is desir-
able to avoid release of highly susceptible 
cultivars in vulnerable areas. 

Fortunately, very high levels of resistance 
have been built up in released hybrids and 
varieties. The following parents/hybrids/ 
varieties are highly resistant to SDM: 

Parents: .. 2219A and B, 2077A and B, 
323A and B, CSV-4 (CS-
3541), CSV-5 (148/168) 

Hybrids: 
(released and 
experimental) .. CSH-5, CSH-6, SPH-24, 

SPH-107 

Varieties: 
(released and 
experimental) .. CSV-4, CSV-5, SPV-35, 

SPV-81 (Uchv-2), SPV-104, 
SPV-105, SPV-126, and 
SPV-238 

Among genetic stocks, QL-3, IS-173, and sev
eral others have been reported to be highly 
resistant. 

Resistance to SDM appears quantitative in 
inheritance. F3 progenies of resistant x suscep
tible crosses presented normal distribution 
(Rana etal. 1978a). However, there is a report by 
Puttarudrappa et al. (1972) indicating two corn
plementary factors governing resistance. 

Fi hybrids between resistant and susceptible 
parents indicate partial dominance for resis
tance, their infection percentages falling be
tween mid-parental values and the resistant 
parent. A detailed genetic analysis of inheri
tancetodowny mildew is presently in progress. 
Available evidence indicates the highly herit
able nature of resistance. Hence there should be 
no problems in transference. 

Charcoal Rot 
Charcoal rot caused by Macrophomina 
phaseolina becomes prominent under condi
tions of moisture stress, usually during the 
postrainy season, and when low soil moisture 
and high temperature occur during seed de
velopment, as sometimes happens in rainy 
season situations. 

Screening of presently available cultivars 
identified the 'following moderately to highly 
resistant types: 
Highly resistant: CSV-5 (148/168) and 

SPV-104 
Moderately resistant: .. 323B, 296B, SPV-34, 

SPV-35, SPV-105, 
SPV-106, SPV-126 

Some efforts have been made to study the 
genetic basis of resistance to charcoal rot (Rana 
et al. 1978a), and further studies are in progress. 
Hybrids between resistant and susceptible 
parents show intermediate reaction or tend 
towards resistant parent. The F2 range was 
within parental limits. In F3, there was trans
gressive segregation and the distribution was 
continuous. The relationships between F1 and 
F2and between F2and F3 were significant atthe 
10% level only. This low degree of determina
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tion indicates that heritability of resistance may The ru3t reactions of certain cultivars differ at 
be low. Since Ft hybrids tend to approach Dharwar and other centers. Patil-Kulkarni et al. 
resistant parents, use of moderately resistant (1972) reported more than two pairs of genes, 
parents (or at least one resistant parent) in 3 susceptibility being dominant. At Dharwar, 
hybrid program may confer advantage to the where stocks rated as resistant to rust at other 
hybrid with respect to reaction to charcoal rot. locations succumb to rust, the following were 

identified as resistant to rust: SPV-9 (SB 411), 
Leaf Diseases SPV-13 (SB 803), SPV-34, SPV-35, SPV-73 (SB 

1079), SPV-81 (Uchv-2), SPV-126, SPV-193 %SB 
Leaf diseases in India rarely cause economic 905), SPV-248, SPV-257. 
losses. Rust usually appears before harvest and The following exhibit moderate degree of 
reduces forage quality. Breeding for resistance resistance to rust: 
to several of the leaf spots is generally attemp- Parents: .. 2219B, 2077B, 296B, CS 3541 
ted. Common leaf spot diseases occurring in Hybrids: .. CSH-5, CSH-6, SPH-61 
India include zonate leaf spot (Gloeocercospora Varieties: .. CSV-4, SPV-96, SPV-104. 
sorghi), grey leaf spot (Cercospora sorghi), Genetic analysis of rust resistance by Rana et 
rough leaf spot (Ascochyta sorghi), blight al. (1976) indicated that susceptibility is domin
(Helminthosporium turcicum), sooty stripe ant and that three major genes govern resis
(Ramulispora sorghi), anthracnose (Colletot- tance. Rust resistance is present in the tan and 
richum graminicola) and rust (Puccinia r-Ir- in the purple plant types. 
purea). There are indications that resistance to zonate 

Among released and advanced generation leaf spot is governed by complementary genes. 
materials, the following exhibit high degree of Detailed studies are in progress. 
resistance to more than one disease. Present indications are that leaf spots may 
Parents: .. 2219Aand B, 2077A and B,296A not pose serious problems, and resistance 

and B, 323A and B, CS 3541 and breeding is quite effective. 
1681148 

Hybrids: .. CSH-5, CSH-6, and SPH-61 
Varieties: .. CSV-4, CSV-5, SPV-96, SPV-104, Multiple Resistance 

SPV-105, SPV-106, SPV-192, 
SPV-220, SPV-224, SPV-232, Genetic stocks and breeding materials exhibit
SPV-257 and several others. ing resistance to more than one disease now 

Table 1. Multiple disease-resistant sorghums.! 

Cultivar DM CR Rust ZLS Cer An SS Helm Asco SD 

SPV-104 (6) x x x x x x 
SPV-126 (6) x x x x x 
SPV-178 (6) x x x x x x 
CSH-5 (6) x x x x x x 
CSV-4 (5) x x x x x 

CSV-5 (5) x x x x 
SPV-193 (5) x x x x x 
CSH-6 (5) x x x x x 
SPH-61 (5) x x x x x 
SPH-80 (5) x x x x x 
SPV-70 (4) x x x x 

a. Number in parentheses indicates number of diseases to which this cultivar shows resistance; DM-Downy mildew; 
CR Charcoal rot;ZLS . Zonate leaf spot; CER -Cercospora; AN -Anthracnose; SS- Sooty stripe; HELM-
Heirinthosporium; ASCO -Ascochyta lRough leaf spot); SD - Sugary disease. x indicates resistant. 

432 



enable us to breed for resistance to several of 
the prevalent diseases. 

Downy mildew, charcoal rot, and compo-
nents of grain deterioration are polygenic ininheritance, while several of the leaf spot dis-

eases are governed by relatively few genes. 
There is evidence that resistance to charcoal rot, 
SDM and leaf spots is independently inher- 
ited. 'This might hold good for other diseases as 
vell - which should make possible an ap-

proach to more than one disease in a 
resistance-breeding program. It is also evident 
that, compared to purple-pigmented types, 
tan-plant types generally exhibit .jreater levels 
of resistance to most leaf diseases, and hence 
the tan plant is an important selection criterion. 
Biochemical characterization of tan and purple 
types would be useful. 

Keeping some of these criteria inview, it has 
been possible to develop commercial cultivars, 
parents, hybrids, and varieties which exhibit 
high levels of resitpnce to several diseases. A 
list of such varieties is presented in Table 1. 

Summary 

High levels of resistance are available for most 
sorghum diseases. The nature of inheritance is 
quantitativsfor downy mildewand charcoal rot, 
and qualitative with respect to other diseases. 
Resistance to various diseases is independently 
inherited. Heritability of resistance is high, ex-
cept in the case of charcoal rot. Tan-plant types 
have generally higher degrees of resistance to 
foliar diseases. It appears feasible to combine 
resistance to several diseases together with 
higher yields in breeding cultivars with higher 
levels of productivity and stability. 
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Current Strategies and Progress in Breeding
 

Disease-Resistant Sorghums in Venezuela
 

Mauriclo Riccelli*
 

In the last decade grain sorghum has had a 
tremendous impact on Venezuelan agriculture 
(Riccelli1973c)anditwillcontinuetoplayavery 
significant role in the future. Even though itwas 
introduced recently (Campos 1969; Taborda 
1972), its acreage has increased faster than that 
of any other crop, moving from approximately 
10 000 ha in 1972 to 300 000 ha in 1978. 

Tropically adapted hybrids have been de-
veloped (Riccelli 1977a) and their seed is being 
produced (Riccelli 1978b). However, the supply 
of local seed is still not sufficient to meet 
national needs, and large amounts of seed of 
several .emperate hybrids are being imported. 
It has been repeatedly shown that their perfor-
mance in the tropics is inferior to that observed 
in the area for which they were created (Riccelli 
1973c, 1974). There if now clear evidence that 
the generalization of broad adaptation of sor-
ghums is often misleading and too simplifying 
(Nelson 1967; Riccelli 1973b). 

The rapid expansion of grain-sorghum ac-
reage and the introduction of susceptible sor-
ghum hybrids have changed the pattern of 
disease occurrence, which now appears to be 
themost important limiting factorwh6n disease 
resistance is not present in the selected 
genotype. Furthermore, the warm and humid 
conditions that occur during the growing sea-
son (Table 1) strongly promote disease de-
velopment. Heavy rains during July and August 
and large populations of wild sorghums and 
other natural grasses, which grow and multiply 
throughout the year and act as amajor reservoir 
for the pathogenic agents (Nass e al. 1977), 
provide conditions suitable for infect-on and 
spread of leaf and stalk diseases and grain 
deterioration. Because of these conditions, the 
plant breeder should pay more attention to 
disease problems in the tropics, than in the 
sorghum belt of the USA. 

Sorghum Breeder, Productora de Semilla (PRO-
SECA) Maracay, Venezuela. 

The development of disease-resistant lines 
and hybrids has been an important aspect of the 
breeding efforts made in the past few years 
toward tropical adaptation and yield improve
msnt.The first step was identifying the diseases 
and determining their distribution in the 
sorghum-producing areas, and evaluating their 
virulence. As in other countries in the past, host 
resistance has been chosen from the great 
genetic diversity present in the sorghum 
species. Continuous international cooperation 
has permitted the assembly of a collection of 
approximately 3000 items which have been 
partly evaluated for those diseases of major 
concern. On the other hand, the international 
nurseries grown in Venezuela have helped pro
vide additional data on disease resistsnce of 
certain selected genotypes, and to identify 
genetic variability in pathogens. 

The screening of large numbers of breeding 
lines and varieties was followed by the initial 
determinationof the inheritance of resistanceto 
certain diseases, especially those caused by 
what are supposed to be local variations of the 
pathogens. The ultimate goal is to combine 
good disease rsistance with good tropical 
adaptation in the nybrids that will be released. 

This paper contains a description and results 
of the initial work that several authors have 
done in Venezuela during the last few years. 

Sorghum Diseases 
in Venezuela 

The common sorghum diseases that have been 
reported or observed in Venezuela are pre
sented in Table 2. Perhaps this list is still 
incomplete, but it certainly contains all the 
diseases of economic significance. National 
losses in grain sorghum due to diseases have 
not been estimated, but they are undoubtedly 
the most important factor causing yield reduc
tions. At present, in my opinion, the diseases 
most damaging to production (in order of im
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Table 1. Climatological data of the major sorghum-growing states In Venezuela. 

Month 

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

Barinas (Barinitas)' 
Max temp (C) 
Min temp C) 
Rainfall (mm) 

30.1 
21.7 
34 

30.4 
21.9 
20 

30.4 
22.1 
53 

30.1 
21.9 
197 

29.6 
21.6 
239 

28.9 
21.2 
327 

28.8 
20.6 
311 

29.1 
21.2 
330 

29.3 
21.4 
256 

29.4 
21.4 
352 

29.5 
21.0 
196 

29.6 
21.4 
61 

Portuguesa (Turen) a 

Max temp (°C) 
Min temp (C) 
Rainfall (mm) 

33.5 
20.7 

5 

34.4 
20.7 
10 

35.3 
21.6 

9 

34.6 
23.1 
55 

32.6 
22.7 
180 

30.7 
22.1 
304 

30.5 
21.6 
243 

31.2 
21.7 
247 

31.8 
21.8 
180 

32.3 
21.9 
110 

32.4 
21.9 
88 

32.7 
21.5 
27 

Guarico (Banos de San Pedro) 
Max temp (C) 
Min temp ('C) 
Rainfall (mm) 

33.4 
20.9 

2 

34.1 
21.5 

3 

34.7 
21.7 

4 

34.5 
22.9 
49 

32.5 
22.6 
211 

30.1 
22.2 
282 

29.7 
21.8 
316 

30.0 
21.7 
204 

30.8 
21.5 
192 

31.5 
21.5 

' 

32.1 
21.3 
59 

32.6 
20.5 
13 

Anzoategul (San Tome) 
Max temp (°C) 
Min temp (°C) 
Rainfall (mam) 

28.9 
18.6 
16 

30.8 
18.6 
13 

32.1 
19.3 
13 

32.9 
20.0 
16 

32.0 
20.3 
83 

29.9 
20.0 
178 

30.0 
19.8 
238 

30.3 
20.3 
232 

31.5 
20.2 
125 

31.6 
20.2 
103 

31.1 
19.9 
75 

30.0 
19.3 
21 

Monagab (Maturin)o 
max temp (C) 
Min temp (IC) 
Rainfall (mm) 

33.2 
14.9 
58 

34.3 
16.1 
41 

35.4 
15.9 
28 

36.3 
18.5 
39 

36.5 
16.8 
94 

35.6 
18.8 
210 

35.7 
18.7 
202 

34.7 
17.7 
160 

35.4 
16.9 
117 

36.0 
20.0 
99 

34.4 
18.0 
112 

33.3 
18.5 
106 

Sourc.w: Department of Meteorology, CENIAP, Maracay, Venezuela. 
a. Average of 10 years (1961-1970) 
b. Average of 20 years (1951-1970) 



Table 2. Reported or observrJ sorghum diswss In Venw.uela to 1978. 

Common Name Causal organism 

Anthracnoso Colletotrichum graminicola (Cesati) Wilson 
Bacterial stripe 
Charcoal rot 

Pseudomonas andropogoni (E. F.Smith) Stapp 
Macrophoinina phaseo!ina (Maubl.) Ashby 

Covered kernel smut 
Downy mildew 
Fusarium 

Sphacelotne.a sorghi (Link) Clint. 
Peronosclerospora sorghi (Weston ant! Uppal) Shaw 
Fusarium moniliforma Sheldon 

Grain molding 
Grey leaf spot 
Leaf blight 

Numerous fungi 
Cercospora sorghi Ellis and Evorhart 
Exserohilurn turcicum (Pos.) Leonard and Suggs 

Rust Puccinie purpuree Cooks 
Viral diseases Aphid-transmitted -ius 
Zonata leaf spot Gloeocercospors sorghi Bain and Edgerton 

portance) are viral diseases, downy mildew, 
anthracnose, charcoal rot, and grain molding. 
Downy mildew, the most devastating disease 2 
years ago, will probably continueto descand to 
a lower position when only hybrids resistant to 
downy mildew are planted. Grain molding can 
become more important than charcoal rot dur-
ing years of heavy rains, and vice versa during 
dry years. 

These diseases can eventually be brought 
under control through the use of genetic resi.-
tance. But their eradication is practically impos-
sible because of the prevalence of wild sor-
ghum species (S. arundinaceum, S. vertirili-
florum, S. halepense, and possibly others) and 
other grasses, which are frequently infected. 
They are so abundant in agricultural fieds, 
grassland, roadsides, ditches, etc., that their 
elimination is impossible. 

As expected, the incidence of diseases varies 
throughout the year. The influence of planting 
dates on diseases was recently observed by 
Tovar and Barrientos (1978) who planted eight 
grain-sorghum hybrids of different maturity 
during 5 consecutive months (Jun-Oct) in 
Durigua, Portuguesa. The higher yields were 
obtained in the June planl'ing, in spite of its 
being the experiment that showed the most 
seed deterioration. Chaguaramas 5 and Barinas 
3, two local brown-seeded hybrids, had the 
least weathering and the highest yield. On the 
other hand cultivar E-57, NK-125, and NK-222 
showed a severe deterioration, 

The September and October plantings had 
lower ratings. This could be expected from the 

fact that rainfall starts to decline gradually from 
August onward. Incidence of anthracnose was 
about the same in the plantings of the first 4 
months, but diminished significantly in the 
October planting. In the case of viral diseases 
the highest incidence was observed in the 
August planting. This seems to be a consequ
ence of a larger insect population in the 2 
months following that planting date. Zonate 
leaf spot was about the same during the first 
four periods and did not show up in the last 
experiment (Oct planting). In the case of grey 
leaf spot, the highest incidence was observed 
during the first period and gradually decreased 
in the plantings of the following months. This 
seems to indicate that the highest yield can be 
achieved if the crop isgrown during the months 
of more rainfall, provided resistant hybrids are 
used. 

Screening, International 
Evaluation, and Breeding 

Viral Diseases 

Viral diseases were first reported in 1969 and 
inoculations were made from maize and sugar
cane into the variety Midland, which developed 
clear symptoms of infection (Ordosgoitty and 
Malaguti, 1969). According to Ordosgoitty 
(1976, personal communication) there are at 
least two different types of viral diseases of 
sorghum in Venezuela: MDMV (maize dwarf 
mosaic virus) and races A and H of SCMV 
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(sugarcane mosaic virus) Ordosgoitty and Gon-
zales 1977). 

Starting in 1970, sorghum plants with moti-
ling, chlorosis, red leaf, necrosis, and death of 
the whorl appeared in the central states (Ordos- 
goitty and Viera 1973). Ordosgoitty and Viera 
(Renfrr. and Frederiksen 1975; J. Viera, per-
sonal communication) transrlitted the virus 
mechanically and by means of the aphid 
Rhopalosiphum maydis to several cultivars of 
corn, grain sorghum, S. halopense, S. arun-
dinaceum, and Rottboelliaexaltata, causing the 
death of the inoculated plants in the sorghurn 
varieties: Yellow Combine Kafir IS 2937 and 
Combine Kafir 60. Rotiboelia exaltata L. f., 
raoulgrass or itchgrass (known in Venezuela as 
"paja pelua") is a common widely distributed 

weed, which, as well as the wild sorghums, 
serves as a reservoir for the virus. 

The viral particles under the electron micro-
scope are 755 (±0) nm long and 12 to 13 nm 
widewith acuntral channel; it isbelieved tobe a 
new strain of SCMV (Ordosgoitty, personal 
communication). I am inclined to share this 
opinion, for the following reasons: 

1. The occurrence of necrotic tissue and a 
high proportion of deaths in breeding lines 
that show only a mild reaction elsewhere 
(Riccelli 1978a; Rosenow 1968). Examples 
are- Tx-2536, Tx-430, Tx-622, Tx-623, Tx-624, 
Tx-2723, Tx-2724, Tx-2728, Tx-2735, Tx-2737, 
Tx-2742, Tx-2743, Tx-2744, Tx-2747, Tx-2748, 
R-5388, SC-48-14, SC-283-14, SC-333 and 
SC-120xTx-7000. Sharvelle (1975) pointed 
out that in 1973 severe necrosis and death, 
caused by SCMV, was observed in Tx-2536 in 
Brazil and suggested that the strain involved 
could bedifferent from the strains of the USA. 
Susceptibility of Tx-2536 in Brazil and Ven-
ezuela and of Tx-430 in Venezuela is sig-
nificant because these parentallines, or some 
of their derivatives, are widely used in many 
currently grown hybrids, 
2. The sorghums selected as indicators for 
MDMV reaction (Toler and Bockholt 1968) 
show different symptoms from those re-
ported for MDMV-A, MDMV-B, and BMV 
(brome mosaic virus) when inoculated with 
the Venezuelan strain (Toler and Bockholt 
1968; Toler and Frederiksen 1971, 1977). 
Reaction observed on those indicators at 
Macapo, Aragua, when they were 47 days old 
are presented in Table 3. 

3. Immunity of the sorghum cultivar QL-3 
with the Krish resistance (from a cross of S. 
halopense x S. roxburghii) (Teakle and 
Pritchard 1971) has not held up in Venezuela 
under natural or field inoculation, as shown in 
Table 3. K~ish sorghum is resistant to four 
strains of SCMV in Australia. 
Malaguti (1978) described a virus expression 

in the hybrids Aguassy 1 and Barinas 2, which 
appeared in the state of Guarico in 1977. It 
consisted of necrotic spots on the leaves in the 
form of concentric rings, which would, eventu
ally, cover the whole leaf and pass to the stalk 
and the panicle. These symptoms were repro
duced in the variety Red Swazi (100% of the 
inoculated plants) and in the hybrid Topaz 
(22%). In 1978 he used the same strain to 
inoculate seedlings of several sorghum cul
tivars and obtained mottling, streaks, and 
necrotic reactions in the hybrids Topaz, 
Chaguararnas 5. Barinas 2, asid Aguasay 19 but 
only mottling in the breeding line SL-PR-32650. 

in less than a decade since the first observa
tions, the rise of viral diseases has been drama
tic and had reached epiphytotic proportions by 
1977. They have been reported in every region 
where sorghum is grown, reaching devastating 
levels where highly susceptible hybrids are 
planted. Mena (1978) estimated an incidence of 
30% in commercial fields of the hybrid Master 
911 during the present year in the state of 
Guarico. No sorghun was observed by the 
author to be immuneand all kinds of symptoms 
can be found, from a very mild mosaic to severe 
stunting, leaf necrosis and deaths. Fortunately, 
some lhies are only slightly affected in terms of 
plant growth and yield reduction, and they 
could become the basis for the breeding work. 

Mena (personal communication) registered 
the viral symptoms of the major sorghum hy
brids grown in Venezuela in 1978 in a regional 
test at Villa de Cura, Aragua. Percentages of 
plants showing different symptoms are pre
sented in Table 4. It is significant that hybrid 
cultivar Pioneer 8199 was the only hybrid with
out any viral expression. On the other hand, 
cultivar Wirner Wx-839-DR showed the highest 
percentage (90%) of plants with necrotic reac
tion. 

Screening nurseries have been planted in 
Venezuela since the appearance of the disease. 
Ratings are now registered in each field survey, 
test, crossing block, or breeding nursery 
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Table 3. 	 Reaction ofsorghums selected as Indicators for maize dwar mosaic In the USA to a viral 
dilsase In Macapo, Aragua, Venezuela. 

Entry Reaction to MDM Reactiona to viral 
Designation Variety or kind in Texas diseases in Venezuela 

B-Tx-378 Redlan Severe red discoloration 	 Mild chlorosis 
No stunting. 

SA-7000 Caprock Severe red discoloration 	 Necrotic reaction (10%) 

Tx-414 7078 der. 	 Resistant; mosaic or Severe mosaic and 
mottle, no stunting mottling. Red streaks. 

SA-7078 7078 Resistant; mild mottling 	 Severe mosaic and 
chlorot,c stunting. 

B-Tx-398 Martin 	 Most resistant; Mottling and stunting 
mottling no stunting 

Tx-09 Combine White Fet. 	 Resistant; mottling, Severe mottling and 
no stunting. chlorosis. 

New Mexico-31 	 Weskan x Redbine Hypersensitive Necrotic reaction (5.5%) 
60 chlorotic red, necrotic 

Tx-412 Tx-09 x Tx-403 	 Mottling only and Mottling, stunting, and 
stunting. necrotic reaction (1.3%) 

B-Tx-3197 Combine kafir 60 	 Mottling and red Necrotic reaction (2.3%) 
discoloration. 

SA-394 Combine shallu 	 Mottling and tan Necrotic reaction (6.5%) 
discoloration. 

PI-35038 Sumac 	 Severely stunted Mild chlorosis 
Chlorosis and orange 
discoloration 

Tx-430 IS-12661 der. Moderate resistanceb 	 Necrotic reaction (15.5%) 

QL-3 Combine Kafir der. 	 Mottling + slight red
 
streaks
 

Source: Toler and Bockholt. 1968. 
a. 	Retod in PROSECA planting 30 days following Inoculation. Last count of dead plants made 47 daysfollowing planting. Figures 

in parenthesis represent percentage of dead plants. 
b. 	 As per letter, Dept Soils and Crop Science, Texas A & M Univ., 20 Feb 1976. 

planted in an effort to identify good sources of multiple disease resistance, has been planted 

genetic resistance. Publication of the results in and rated on viral-disease reaction in Venezuela 

tabular form is impractical because of bulki- since 1975. In 1977 the test was exposed to a 
ness, but a listing of the evaluations may be severe natural infection in Macapo, Aragua. 

. each Table 5 contains the ratings of that test and thebtained directly from author. The data 

presented is from cases, where either artificial results of artificial inoculation of 20 plants of 
inoculations were made, or extensive natural each entry of the same nursery at the same 
infection 	 developed, providing an excellent location in 1978. In both cases the selected lines 

opportunity for evaluation of disease reaction, markedly differed in their response. This was 
The International Disease and Insect Nursery the first time that viral symptoms were ob

(IDIN), a collection of entries with high levels of served on cultivar QL-3. On the other hand, lines 
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Table 4. Percentage of planto showing different kinds of viral symptoms In sowhum hybrids grown In Venezuela In 1978. 

Reaction Reaction 

Hybrid 
Red 

streaks 
Necrotic 
reaction Mottling 

Stunted 
chlorosis Hybrid 

Red 
streaks 

Necrotic 
reaction Mottling 

Stunted 
chlorosis 

PROSECA 
Chaguaramas 5 
Chaguaramas S 
Aguasay 2 
Barinas 3 
Araure 4 
Guanipa 1 
Perija 3 

60 
00 
60 
00 
00 
00 
00 

10 
20 
60 
00 
00 
60 
00 

00 
80 
00 
00 
00 
50 
00 

00 
00 
00 
90 
90 
00 
90 

Golden Acres: 
TE-Hondo 
TE-Plus 
TE-Total D 
TE-Dinero 

Werner: 
WX-839-DR 

00 
40 
60 
00 

00 

00 
70 
00 
70 

90 

00 
00 
20 
00 

00 

80 
00 
00 
00 

00 

Pioneer 
P-815-B 
P-8311P-8311 
P-8202 

10 
20
30
30 

00 
10
0000 

40 
00 
0000 

00 
00 
0000 

Wx-832-DR 
Mc Nair: 

Mc Nair 650 Dr 

00 

20 

00 

00 

00 

00 

60 

90 

8199 
P-816-B 
P-W 821-A 

00 
00 
30 

00 
00 
00 

00 
20 
00 

00 
00 
00 

R. C. Young 
Oro Dr. 
Oro Dr 11 

00 
00 

20 
00 

00 
80 

00 
00 

Dekalb 
D.E-59 + 
D.F-64 
D.D-42a 
D.D-59 
D.D-46 
D.D-55 

20 
10 
60 
10 
20 
00 

00 
00 
00 
00 
00 
00 

30 
40 
20 
40 
30 
70 

00 
00 
00 
00 
00 
00 

Northrup King: 
NK-233 
NK-Savanna 3 
NK-266 
NK-Savanna 5 
NK-1580 
NK-2022 

00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 

70 
20 
40 
90 
50 
40 

00 
00 
00 
00 
00 
00 

Asgrow 
Topaz 60 50 00 00 

Colsemillas: 
36. Icanataima 00 00 100 00 

Source: Hector Mena, 1978. Centro Naclonal do Investigaclones Agropecuarla (CENIAP), Maracay (unpublished data). 
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Tabla 5. Reaction of sorghum lines contained In shaTexas International dime. and Insect nursey 
to viral infection in Macapo, Aragua.a 

1977 ratingsb from natural 1978 ratingsd 
infectionc 

i-ollowing 

Entry IS No. Rep. I Rep. II inoculation Check 

SC 56-14 12588 1 1 
SC 103-12 2403 1 2 3 3 
SC 108-14 12608 1 1 
TAM 428 12610 2 1 2 2 

SC 110-14 12610 3.5 1 2 2 
SC 112-14 12612 1 1 2 2 
SC 170-6-17 12561 2 3.5 2 2 
SC 170 -6 -8 12661 3 1 
SC 173 -12 -( 12664 2 1 2 2 

TAM -2566 12666 1 1 
SC 175 -14 12666 2 2 3 3 
SC 237 -14 3071 1 2 3 3 
SC 27 9 -14 7419 2 1 2 2 
SC 326 -6 3758 2 2 3 3 
SC717 -12 -E -P1 2508 2 1 3 3 
S(,. 599 -6 -3 17459 1 2 
SC 599 -6 -10 17459 1 1 2 2 

SC 748 -5 -3 3552 2 2 (5%)5 3 
Tx-430 4 5 (15%)5 (15%)5 
B Tx-624 4 1 3 3 
NSA-440-12 1 1 
(SC 599-6 x SC 134-6) 2 
(B Tx 3197 x SC 170) 
Sel 7505 3.5 1 
SC- 103-C 2403 2 1 
QL-3 Selection 3.5 3 3.5 3.5 

TAM 2567 1 4 
R 1750 12661 der 2 2 

GPR 148 3 3 
B 1778 2 2 

(SC120 x Tx 7000) 2816 der (10%)5 3 
SC 599-11-E 17459 2 2 

SC 170-14 126'31 (20%)5 (40%)5 

77 CS1 3 3 

CS 3541 2 2 
R 5388 12610 der 3 3 

B Tx 378 418 1 1 2 2 

B Tx 398 412 1 3.5 2 2 

rx 7078 415 1 1 3 3 

Tx 2536 10542 1 1 (15%)5 (5%)5 

Tx 2748 (20%)5 (5%)5 

a. Nurseries planted in the field of PROSECA In Macapo, Aragua on 23 June 1977 and 4 Oct 1978, respectively. 
b. 1 - No apparent or vary mild symptoms; 2 - leaves with mottling only; 3 - Mottling and significant chlorosis; 3.5 - Mottl

in2 with slight leaf necrosis; 4 = Mottling with significant leaf nacrosis; 4.5 - As above with stunting; 5 - Theabove 
accompanied by severe stunting and death. 

c. Notes taken 58 days after planting. 
d. Notes taken on 20 inoculated plants in each row and 20 check plants. Last rating and count of dead plants was made43 days 

after planting. Figuree in parenthesis correspond to percentage of dead plants. 
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otherwise with a certain degree of tropical 
acaptation (Tx-430, Tx-624, SC-170-6-17) ap-
peared to be seriously affected. IDIN tests 
planted in previous years partially confirmed 
these observations - with the exception of 
Tx-2536,whichshowedanaveragereactionof4 
in Guarabao, Yaracuy and 3 in Sabaneta, 
Barnas in 1975. In the same tests QL-3 ap-
peared without symptoms. 

Tovar, Mena, and Barrientos (1978) con-
ducted in 1977 the official Sorghum Hybrids 
Performance Tests for evaluating commercial 
genotypes being planted in Venezuela. Ratings 
on the major diseases, as well as other kinds of 
data, are recorded in every test. Virus reactions 
on random groups of varieties and breeding 
lines have also been taken by Viera (personal 
communication) and by myself. Table 6 is an 
extraction of the total data concerning viral 
diseases only at those locations where sig-
nificant infection developed. Only a small frac-
tion of the entries of the two tests planted at La 
Lucia were without symptoms and the majority 
of the hybrids exhibited between 0 and 20% 

affected plants. On the other hand, most of the 
A, B, and R-lines and the varieties rated by Viera 
(personal communication) showed mottling 
with an intensity of 3 to 4 in a scale from 0 to 5. 
Using the scale proposed by Texas workers, I 
found that most varieties and R-lines rated 2 
and 3. 

In my experiment, I recorded plant deaths due 
to viral diseases in a selected group of promis
ing breeding lines under natural infection and 
field inoculations. (Table 7). It is significant that 
this data is highly correlated with results ob
tained in screening a group of experimental 
hybrids in which these lines serve as either one 
or both parental lines. In effect, all four hybrids 
with Tx-430 asa common pollen parentshowed 
a high percentage of dead plants; in the other 
casesthefollowing proportions were observed: 
Tx-622 as seed parent: two of four hybrids; 
Purdue 5976-3 as pollen parent: three of four; 
Tx-623 as seed parent: nine of 13; SL-PR-10001 
as seed parent: six of six. This correlation would 
seem to indicate a certain degree of dominance 
of susceptibility to the necrotic reaction. 

Table 6. 	 Number of genotypes with different percentages or ratings of viral Infection In gb.hn 
sorghum performance tests and In random groups of varieties and breeding lines. 

Test or Nursery 	 Total Number Mean Percentage of Natural Infection 
of Genotypes 0 0-5 5-10 10-15 15-20 >20 

Grain Sorghum Performance Test' 36 8 11 12 4 1 
Grain Sorghum Performance Testa 49 10 11 8 7 11 2 

Ratings from Natural Infectione 

Mottling Red Discoloration 

1 2 3 4 5 1 2 3 4 5 

Random Group of A, B and R-linesc 95 1 15 28 25 11 0 2 6 6 1 
Random Group of Grain Sorghum Varietiesc 97 7 5 28 41 11 0 0 1 3 1 

Ratings from Natural Infection t 

1 2 3 3.5 4 4.5 5 

Random Group of Grain Sorghum Varietiesd 164 3 77 50 13 6 3 12 
Random Group of R-lineSd 28 1 11 10 0 1 0 5 

a. Test plented on 29 Jun 1977 in La Lucia, Portuguesa, CLARCO. 
b. Tes! planted on 2 Jul 1977 in La Lucia, Portuguese CIARCO. 
c. Lines and varieties planted on 21 Feb 1978 In the field of theSchool of Agriculture, Universlded Central de Venezuela, Maracay. 
d. Varieties and lines planted 20 Aug 1978 in the field of PROSECA, Los Guayos, Carabobo. Ratings made 9 Oct 1978. 
e. Ratings according to a scale from 0 = no apparent symptoms to 5 - 100% of plants affected. 
f. 	Ratings according to the following scale: 1 - no apparent symptoms; 2 - leaves with mottling only; 3 = mottling and 

significant chlorosis; 3.5 = mottling with slight leaf necrosis; 4 = mottling with significant leaf necrosis; 4.5 = as above with 

stunting; 5 = the above accompanied ,y severe stunting or death. 
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Table 7. Evaluation of aselected group ofgrain-sorghum-breeding lines in relation toplant deaths 

and other symptoms caused by virus at two locations in Venezuela. 

suayos 

Ratings from 
natural infectiona 

Other 
Line Deathsc symptomsd 

IS-1 2664C 2 
Tx-399 2 
Tx-2728 30% 5 
Combine Sagrain 2 
TAM 428 2 

SL-PR-10001 40% 5 
ICA Natlama 3 
SL-PR-32650 2 
SL-PR-14270 2 
SC 103-12 2 

Tx-623 	 5% 4.5 
SC-103-C 	 2 
Purdue 5976-3 10% 5 
Tx 622 10% 4.5 
SC 414-12 E-P1 	 2 

SL-PR-34651 2 
L-798-A 2 
Tx-430 50% 5 
L-864-R 3 
SC 108-14 2 
SL-PR-35260 2 

Macapo 

Ratings following Checks
 
inoculationb (Natural infection)
 

Other Other 
Deathso Symptomsd Deathsc Symptomsd 

2 2
 
5% 5 2
 

30% 5 20% 5
 
2 2
 
2 2
 

40% 	 5 5% 5
 
3 3
 
2 	 2 
3 	 3 
2 	 2 

3 	 3 
2 	 2 

50% 5 35% 5
 
15% 5 5% 5
 
5% 5 3
 

3 	 3 
2 	 2 

60% 	 5 45% 5
 
3 3
 
3 3
 
3 3
 

a. Nursery planted in the field of PROSECA in Los Guayos, Carabobo, on 18 Aug 1978; rated 3 Oct 1978. 
b. 	Nursery planted in the field of PROSECA in Macapo, Aragua, on 20 Sept 1978. Inoculation performed on 20 plants each on 

11Oct 1978; final rating 14 Nov 1978. 
c. Estimated percentage of dead plants In the plot. 
d. 	Ratings according to the following scale: 1 = no apparent or very mild symptoms; 2 = leaves with mottling only; 

3 = mottling with significant chlorosis; 3.5 - mottling with slight leaf necrosis; 4 = mottling with significant leaf necrosis; 
4.5 = as above with stunting; 5 - the above accompanied by severe stunting or death. 

e. Actual percentage of dead plants. 

More direct evidence for the above statement 
comes from a study on stability of performance 

of temperateand tropical hybrids, their parental 
lines, and their mixtures when growing in 15 
different environments throughout Venezuela. 
Resistance to major diseases was evaluated 
and recorded. A good opportunity for viral-
disease evaluation occurred in 1977 in La Lucia, 
Portuguesa, and Macapo, Aragua, and in 1978 
at El Jabillo, Portuguesa. Table 8 contains the 
percentage of infected plants showing necrotic 
reaction in some susceptible hybrids and their 
parental lines at three locations. The results are 

remarkably consistent over locations and seem 
to indicate that necrotic reaction behaves as a 

dominant, and sometimes overdominant, 
character. 

Viera and Ordosgoitty (personal communi
cation) made all possible crosses and their 
reciprocals between Combine Kafir (apparently 
resistant), KS-24 (red necrotic streaks when 
infected), Combine Sagrain, and Tam-ga 

(chlorotic mottling), and inoculated the parental 
lines and the resulting hybrids. All hybrids, with 
the exception of those between lines which 
showed only chlorotic mottling, manifested 
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Table 8. Percentage of plants with naturally Infected necrotic virus reaction In grain-sorghum 

hybrids and their parental lines at three locations In Venezuela. 

Hybrid or parental line 

IS-10240 
IS-12608 C 
IS-10240 x IS 12608 C 
DD-Feterita SA-6649 
IS-10240 x DD Feterita SA-6649 

IS-2801 C 
15-10240 x IS-2801-C 
15-12664 C 
IS-10240 x IS-12664-C 

La Lucia, 1977" Macapo 1977" El Jabillo, 1978c 

Infected Infected 
Plants Infected Plants plantsd Plants plantsd 
(No) plantsd(%) (No) (%) (No) (%) 

750 15.07 532 3.19 477 0.17
 
960 0.00 439 0.00 543 0.00
 
674 41.99 440 6.36 476 11.13
 
674 15.73 467 2.14 436 3.96
 
784 26.53 425 3.52 575 7.82
 

1013 0.20 412 0.97 509 0.02 
682 28.29 364 3.57 602 6.81 
975 0.00 396 0.03 456 0.00 
750 36.40 511 3.52 395 5.82 

Scvurce: Data extracted from astudy on stability of performance conducted by PROSECA. 
a. Planted 29 Jun 1977 
b. Planted 2 Jun 1977 
c. Planted 10 May 1978 
d. Average of three replications in each location. 

intensa necrosis. These workers then obtained 
all possible backcrosses to both parents, and 
these were inoculated, confirming those results 
reported by Teakle et al. (1970), who de-
monstrated that the necrotic reaction is control-
led by ageneN which is dominant overn which 
is responsible for the mosaic reaction. How-
ever, they suggested that there might be mod-
ifying genes involved. This might also explain 
my results, presented in Table 8. 

Finally, in my work I inoculated one row each 
of the hybrids "A. Combine Sagrain x Tx-430" 
and "A, IS 10346 x Tx-4?0" and the parental 
lines planted in single-row plots. The results 
(Table 9) tend to confirm the hypothesis of 
dominance of susceptibility, 

Resistance to the necrotic reaction and the 
occurrence of mild mosaic only in certain tropi-
cally adapted lines is encouraging. Further 
progress will be made by prohibiting the sale of 
seed of susceptible hybrids and by developing 
tropically adopted hybrids in which both paren-
tal lines are resistant. 

Downy Midew 
Although this disease could have been present 
in Venezuela before it was noticed for the first 

time in 1973 (Fernandez et al. 1975; Malaguti et 
al. 1977; Ricceili 1975) in thestate of Yaracuy, by 
1974 it was found at damaging levels and had 
spread to the states of Barinas, Portuguesa, and 
Aragua (Malaguti et al. 1977). Both forms of 
infection -systemic, and foliar or local
were observed. The latter has been particularly 
severe on certain genotypes near boot stage 
and in sudangrass. Due to the fact that most 
grain-sorghum hybrids grown at that time were 
susceptible,Ievels of infection increased rapidly 
and the Government reacted strongly. Inter
national experts were invited to evaluate the 
problem in 1975 (Renfro and Frederiksen 1975), 
and an International Downy Mildew Workshop 
was held in Maracay in 1977. At the same time, 
intensive pathological and breeding works 
were initiated by public and private institutions. 

From the beginning, all efforts have been 
directed toward the development of resistant 
lines and hybrids. It is fortunate that the strain of 
Peronoslerospora sorghi that prevails in Ven
ezuela, unlike the case of viral diseases, seems 
to be the same as that present in the USA and 
other American countries where DM-resistant 
sorghum genotypes have already been de
veloped. The screening of several sources of 
resistance from the world collection and from 
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Table 9. Necrotic reaction In young plants of two sorghum hybrids and their parental lines after 

inoculation sod natural infection in Macapo, Aragua, Venezuela. 

Plants 	 Plantsa 

Inoculated Checks Inoculated Checks 
Hybrid or parental line (no.) (no.) (%) (%) 

A, Combine Sagrain 81 78 0.0 0.0 
A, Comb. Sagr. x Tx-430 87 95 3.2 1.9 
Tx-430 86 75 4.8 3.6 
A, IS-10346 64 51 0.0 0.0 
A, IS-10346 x Tx-430 73 67 4.1 2.9 
Tx-430 77 72 5.2 3.0 

a. 	 Last count of dead plants w~s made 35 days after planting or 25 days after Inoculation. All entries were planted inthe 
PROSECA field In Macapo on 16 Oct 1978. 

theTexas-PuertoRicoConversionProgramand 
the testing of different experimental hybrids of 
grain and forage sorghums were highly facili-
tated in 1975 by the construction of a conidial-
inoculation chamber. This device, located at 
PROSECA, Valencia, is a simplified version of 
the chamber used at College Station, Texas 
!Craig 1975). Other techniques have been used 
at CENIAP (Malaguti, personal communication) 
and in the School of Agriculture in Maracay 
(Borges, personal communication), 

Commercial hybrids have been rated forSDM 

reaction on a large scale since 1977 (Mena, 
Barrientos, and Tovar, personal communica-
tions, Riccelli, unpublished results). This infor-
mation is most valuable if used to suggest 
which downy mildew-resistant hybrids can be 
imported. By doing so, the disease has been 
brought under control in the last 2 years. High 
inoculum potential was observed in a regional 
test planted at Villa de Cura, Aragua in 1977. 
Mena (personal communication) rated the 34 
hybrids and two varieties contained in that test, 
results are presented in Table 10. Only eight 
entries showed 10% or less of SDM infection; 
this means thatthe great majority of the hybrids 
marketed in Venezuela in 1977 were still suscep-
tible. The data contained in this table closely 
agrees with that published by the Texas Exten-
sion Service (Horne 1976), although the percent-
ages of systemically diseased plants here were 
proportionally higher, probably due to more 
favorable conditions for infection, 

Incidence of SDM in the IDIN was recorded at 

Sabaneta, Barinas, ard Guarabao, Yaracuy 
(1975), and at Macapo, Aragua (1977). The IDIN 
entries that exhibited systemic infection are 
listed in Table 11. Except for NSA 440-12, 
SC-599-6 x SC-134-6, SC-599-6-10, and 
B-3197 x SC-170-6 (at Sabaneta only), all en
triesthatshowed significantSDM weresuscep
tible checks. The remaining 16 entries were 
completely resistant at all three locations. Of 
these, the following were those with some level 
of tropical adaptation: SC-414-12, SC-112-14, 
SC-103-12, SC-103-6, TAM-2566, SC-599-6-3, 
SC-326-6, SC-170-6-17, SC-237-14, SC-423-14, 
and SC-170-6-8. 

Effects of SDM (withnatural and with artificial 
inoculations) on selected sorghum varieties 
and lines have been studied since 1975. Table 12 
lists a group of genotypes noted for their sus
ceptibility or resistance and that seem at the 
sametimeto havepresentor potential breeding 
value. A large number of resistant genotypes 
are also listed as such in Texas (Anonymous 
1977) and that none of those susceptible in 
Venezuela are catalogued as resistant in the 
Texas publication. Fortunately, resistance to 
downy mildew is not uncommon in tropically 
adapted sorghums, and SDM-resistant hybrids 
can be readily obtained. 

Data extracted from a study on stability of 
performance (Table 13) tend to confirm that 
SDM resistance is somewhat dominant in its 
inheritance. This finding agrees with previous 
reports (Frederiksen et al. 1973). Therefore, only 
one resistant parental line is needed to obtain a 
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resistant hybrid. In effect, some of the local 
Table 10. 	 Average incidence of systemic hybrid combinations are crosses between one 

downy mildew Infoction In a group parent that confers tropical adaptation and 
of commercial rorghum hybrids another that contributes SDM resistance. 
and varieties In Villa do Cura, The first local SDM-resistant grain-sorghum 
Aragua, during rainy season 1977. hybrid (Aguasay I) was made available in 1975. 

Grain yield 	of Aguasay I at seven locations,Systemic SDM 
Hybrid M) compared with average yields of several im

ported hybrids used as checks, is presented in 
PROSECA Table 14. As expected, the superiority of 

Chaguaramas 3 30 Aguasay I was most evident at Macapo, the 
Chaguaramas 5 60 location with the highest level of SDM. 
Barinas 2 50 In 1976 a second downy mildew resistant 
Barinas 3 30 hybrid was released: Aguasay II. Both show 
Aguasay 1 20 high levels of resistance and possess good 
Barinas 4 40 agronomic characteristics. However, both were 
Aguasay 2 20 dropped because of their susceptibility to viral 
Guarico 1 60 diseases. Last year a third hybrid in this series 

Pioneer (Aguasay Ill) appeared on the market; it is 
P-8417 80 resistant to both downy mildew and viruses. 
P-8454 70 Anokher hybrid, Chaguaramas Ill, has a low 
P-815-B 10 incidence of both diseases in the field and will 

Do Kalb be kept because of its high yield potential. 
D-C-42-C 50 
D-D-42 10 Foliage Diseases 
D-E-57 60 
D-E-59 + 30 Foliage diseases have accompanied grain and 
D-F-64 30 forage sorghums since their introduction in 

Asgrow Venezuela. They are very common and often 
Bravis 30 more than one may be present on the same 
Topaz 10 plant. Some do not seem to interfere with 
Dorado A 80 photosynthesis until late in the life of the plant, 
Capitan 40 although under more humid conditions, they 

Golden Acres may appear earlier and reduce yields. 
T E Honda 10 
T E 77-A 20 
T E Y-101-R 40 Anthracnose 
T E Bird-A-Boo 11 70 Anthracnose affects production significantly 
T ETotal 50 
T E Plus 20 only in the warm and humid southwestern 
T E88 A 20 states (Portuguesa and Barinas), where occa-

Northrup King sionally it may become the most damaging of 
NK-300 40 the sorghum diseases there. 
NK-222-A 60 Tovar and Barrientos (personal communica
NK-265 50 tion) rated 34 commercial hybrids and two 
NK-222-G 50 varieties for foliage anthracnose in two grain
NK-266 10 sorghum-performance tests in the state of Por
NK-Savanna-3 10 tuguesa in 1977. They found only two tropical 
NK-280 10 varieties - Guarico-1 from Venezuela and ICA 

Colsemillas Nataima from Colombia - to be free from an-
ICA Nataima 10 thracnose at both locations (Table 15). 

The International Sorghum Anthracnose 
Source: Hector Mena, Centro Nacional de Investigaciones Virulnersery SVghas bntplane

Agropecuarias (CENIAP) Maracay. Virulence Nursery (ISAVN) has been planted at 
Los Guayos, Valencia, since 1975. In 1977 an 
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Table 11. Percentage of naturally occurring systemic SDM In IDIN entries showing incience of 
the disease (from tests conducted by PROSECA at three locations). 

Sabanetaa 
1975 


Entry Rep I Rep II 

Tx-398 5.6 7.9 
Tx-2566 0.0 0.0 
NSA-440-12 4.3 4.0 
Tx-2567 5.7 High 
Tx-7078 6.0 1.2 

SC-599-6-3 0.0 0.0 
SC-110-14 0.0 0.0 
Tx-2536 14.3 
(599-6 x 134-6) 3.2 3.1 
SC-599-6-10 4.0 3.5 

SC-326-6 0.0 0.0 
Tx-378 0.0 0.0 
SC-175-14 1.2 0.9 
(3197 x 170-6) 28.6 High 

a. Planted on 13 Jul 1975 
b. Planted on 11 Jun 1975 
c. Planted on 23 Jun 1977 

additional nursery, the Converted Line An-
thracnose Nursery was also planted there. 
Natural infection developed only in 1975 and 
1976. In 1977 anthracnose was not observed on 
any entry (even on susceptible checks), in spite 
of abundant infection present on nearby wild 
sorghum (S. verticilliflorum). Ratings on the 
ISAVN of 1975 and 1976 are summarized in 
Table 16. According to King and Frederiksen 
(1976) these results give evidence for possible 
physiologic specialization of C. graminicola 
within the western hemisphere; in effect, the 
variety Wiley was moderately susceptible in 
1975. There is also evidence of physiological 
specialization in the African continent (Nigeria). 
Pathogen variability will require the in situ 
screening of anthracnose resistance and its 
eventual incorporation into highly adapted 
high-yielding breeding lines, 

Bacterial Stripe, Grey Leaf Spot, Leaf 


Blight, Rust, and Zonate Leaf Spot 


Heavy outbreaks of any of these diseases have 
notbeenreportedsofar, andit may be assumed 

Guarabaob Macapoc 
1975 1977
 

Obsor-
Rep I Rep II Rep I Rp II vations 

0.C 4.0 3.3 4.0 Check 
0.0 0.0 1.3 0.0 
4.3 5.4 8.0 7.5 
6.0 High 14.9 6.7 Check 
5.6 5.0 8.3 6.2 Check 

0.0 0.0 3.8 4.4 
0.0 0.0 1.2 0.0 

Poor Stand 5.8 0.0 Check 
6.7 6.0 17.3 6.9 
1.2 0.0 3.7 4.6 

0.0 0.0 0.0 1.5 
0.0 0.0 0.0 2.2 Check 
1.5 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 

that they are not limiting factors of sorghum 
production in Venezuela. However, zonate leaf 
spot and grey leaf spot, under conditions favor
ing their development, may occur at very early 
growth stages of the plant. An estimate of 
foliage-disease losses is urgently needed. 

Zonate leaf spot (ZLS) was reported for the 
first time in Venezuela in 1949 by Ciccarone 
(1949) who observed the disease in experimen
tal sorghum plots near Maracay. Not one of the 
37 sorghum cultivars evaluated by Malaguti 
and Tovar proved to be resistant to ZLS; 25 
were considered highly and 12 moderately 
susceptible. 

Foliage-disease ratings are routinely regis
tered in every performance test and nursery. 
Table 17 summarizes only those results ob
tained through the evaluation of different 
genotypes grown at locations where infections 
were promoted by prevailing climatic condi

tions. Although in no case was any one of the 

diseases listed capable of destroying any plant, 
they should not be neglected. Breeding for 
resistance should be initiated in order to pre
vent serious outbreaks in the future. 
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Table 12. Reaction of sorghum lines and varieties ,alected for breeding value In the tropics to 
sorghum downy mildew at different locations in Venezuela. 

RESISTANT GENOTYPES SUSCEPTIBLE GENOTYPES 

Line or Introduced Line or Introduced Line or Introduced Line or Introduced 
variety from variety from variety from variety from 

EC-2147, SB62-2 Colombia IS-2403 Texas AK-3003 Arkansas Tx-2714 Texas 
IS-8670 Maracaibo IS-2508 Texas KS-9 Kansas Tx-2717 Texas 
PI-257348 Maryland SC-6 Texas KS-18 Kansas Tx-2727 Texas 
PI-267504 Maryland SC-60 Texas KS-24 Kansas SC-322 Texas 
TSP-72 Bangkok SC103-12 Texas Redbine 58 Iowa Tx-7078 Texas 

TSP-342 Bangkok SC-124 Texas Wheat land Kansas SC599-6-3 Texas 
2873 Nigeria SC-166 Texas Texioca 63 Kansas 62-142-2 Purdue 
IS-8171 India SC-167 Texas IS-10348 India "90" Purdue 
IS-229 Maracaibo SC-181 Texas IS-10372 India 68-1-17 Purdue 
IS-9623 India SC-237 Texas IS-10398 India 18-22-93 Purdue 

PI-257595 C Purdue SC-326-6 Texas IS-10475 India 5976-3 Purdue 
3927-4 Purdue SC-328-C Texas IS-10588 India IS-2833 Colorado 
4587-3 Purdue SC-372 Texas IS-10660 India IS-1116-C Texas 
954257 Purdue SC-405 Texas IS-10254 India IS-6705-C Texas 
Tx.-430 Texas SC-414 Texas IS-10688 India IS-12684-C Texas 

IS-8236 Purdue SC-490 Texas SA-6649-2 Georgia IS-3922 Purdue 
3912-6 Purdue Tx-2716 Texas White Sourless Texas IS-8168 Purdue 
3925-2 Purdue Tx-2724 Texas KS-50 Kansas IS-451 Purdue 
IS-2573 C Texas Tx-2726 Texas TAM-618 Texas IS-949 Purdue 
IS-2801 C Texas Tx-2728 Texas Wheat Sel Purdue 5813 Purdue 

IS-2579C Texas Tx-2730 Texas IS-2031 Maracaibo IS-6383 Purdue 
IS-7064 C Texas 954063, R Argentina IS-8622 Maracaibo IS-8088C Purdue 
IS-12608 C Texas 68-22-97 Purdue IS-7382C Texas 3917-3 Purdue 
IS-12610 C Texas IS-10352 India IS-82 Colorado 5799-1 Purdue 
IS-12666 C Texas IS-10372 India IS-3691 India IS-314 Purdue 

IS-7193 Purdue TAM-428 Texas Ica Nataima Colombia 4037-1 Purdue 
IS-12610 C Texas T,-623 Texas Comb. Sagrain Texas 4593-1 Purdue 

Source: Evaluations conducted at several PROSECA nurseries with either natural or artificial Inoculations. 

Bacterial stripe has been only a curiosity and common in thecentral and eastern states where 
thereisnoevidencesofarofeconomicdamage. rains are more erratic and long periods of 

moisture stress can occur, while Fusarium stalk 
rot and red rot are more abundant in the warm 

At least three pathogens known to be present in and humid southwest. 
Venezuela cause this type of disease: Mac- Lodging is mostly caused by the stalk rots 
rophomina phaseolina, Fusarium moniliforme, mentioned above. Little has been done in rela
and Colletotrichum graminicola. Unlike the tion with these diseases besides recording 
foliage diseases in Venezuela, they cause sig- lodging and nonsenescence ratings in every 
nificant yield reductions. Charcoal rot is quite performance test. Rosenow (1977) found a sig
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Table 13. Systemic sorghum downy mildew reaction following natural Infection In five R-Ines; 
and some hybrid combinations In three trials (extracted from a study on stability of 
performance conducted by PROSECA). 

Macapo 1976 a Macapo 1977 b Chaguaramas 1977c 

Plants Infected plants Plants Infected plants Plants Infected plants 
(No.) (% (No.) (%) (No.) (%) 

A-lines 
MI 681 6.9 532 0.9 657 0.0
 

M2 684 76.7 501 20.5 698 5.9
 
M3 691 7.1 498 1.6 690 0.3
 
Mt 683 35.3 448 4.5 707 1.0
 
Ms 683 25.6 393 6.1 693 0.7
 

Fl-lines 
Ps 665 67.0 467 19.5 705 6.5
 
P2 669 45.2 401 11.7 676 0.1
 
P3 681 4.5 396 0.3 668 0.0
 
P4 687 21.9 412 11.9 669 1.0
 
Ps 677 0.9 439 0.0 721 0.0
 

Hybrids 
Chaguaramas II(Mt x P2) 659 7.3 482 4.1 690 0.3 
Chaguaramas III (Ms x P2) 675 2.5 452 1.8 738 0.1 
Chaguaramas IV (M4 x P2) 669 163 414 3.4 701 0.8 
Perija I (Mi x P) 665 3.5 511 0.8 693 0.7 
Araure I (Mi x P) 655 34.7 425 14.6 710 4.1 
Barinas II(Mi x Pt) 661 8.3 364 6.0 680 0.0 
Barinas Ill (M2 x P4) 690 22.6 492 5.9 705 3.5 
Aguasay I (Mi x Ps) 667 0.3 440 0.5 737 0.0 

a. Planted on 1 Jul 1976 
b. 	Planted on 2 Jun 1977 
c. Planted on 8Jul 1977 

nificant positive correlation between non-
Table 14. Grain yield of 8D1-ressftant hybid 

senescence and lodging resistance. This corre
Aguasay-1 ad aveage yield of It-
ported hybrids atseven locations In 	 lation is of special significance in the Tropics 

where there is no possibility of plants beingVenezuela in 1076. 
killed by low temperatures. 

Average yield Lodging occurred in nearly every plot in a 
Yield of of Imported performance test of a group of experimental 

Aguasay 1 hybrids (checks)" hybrids conducted in Chaguaramas, Guarico, in 
Location (kglha) (kglha) 1977 (Table 18). Lodging and senescence ap

pear to be highly correlated, and the latter 
Barinas (A) 209 058 (7) seems to be an excellent character to select 
Araure 494 605 (7) against when lodging resistance is the goal. 
Macapo 426 688 (7) Nonsenescence is very common among tropi-
Saman Mocho 653 328 (7) cally adapted sorghums and it should be easy to 
Chaguaramas (A) 210 583 (7) incorporate this character in future breeding 
Barinas (B) 379 082 (5) iroratu 
Chaguaramas (B) 901 338 (3) program 

Panicle and Grain Diseases a. 	 The figure In parenthesis Indicates the number of checks 

present in that particular test. Head blights incited by Fusarium, Co/leto
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Table 15. 	 Foliar reaction of commercial sor-
ghum hybrids to naturAl Infection of 
Colietotdchum gremlnlcola at two 
locations in Venezuela. 

Reaction" 
Hybrid or 
Variety La Luciab Duriguac 

PROSECA 
Chaguaramas I 1 -
Chaguaramas III 1 3 
Barinas II 3 6 
Barinas III 5 6 
Barinas IV 3 4 
Aguasay I 1 7 
Aguasay II 2 -
Guarico I 1 1 

PIONEER 
P-8417 2 3 
P-8311 4 4 
P-8454 3 4 
P-815-B 4 3 

DEKALB 
E-57 4 3 
E-59 + 4 2 
F-64 - 2 
C-42-A 4 3 
D-42 3 6 

ICA-COLOMBIA 
Ica Nataima 1 1 

NORTHRUP KING 
NK-300 5 3 
NK-222-A 5 4 
NK-265 6 -
NK-222G 
NK-266 5 1 
Savanna 3 2 3 
NK-280 - 4 

ASGROW 
Bravis R - 3 
Topaz 3 1 
Dorado A 5 5 
Capitan

TAYLOR EVANSTE-Hondo 
TE-77 
TE-77A 

3 

2 
24 4 

3 

4 

5 
TE-Y-101-R 2 7 
TE-Bird-A-Boo 4 3 
TE-Total 4 4 
TE-Plus 1 2 
TE-88-A 3 6 

Source: D. Toler and V. Barrientos, CIARCO. 
a. On a scale of 1 (no visible spot) to 10 (100% leaf area 

affected).
b. 	 Planted 29 Jun 1977 
c. Planted 1 Jun 1977 

Table 16. 	 Reaction of entries In the Inter
national Sorghum Anthracnose 
Virulence Nursery to anthracnose 
at Los Guayos, Valencia, Venezuela 
in 1975 and 1976. 

Foliar symptomsa 
Varity or 
Designation 1975 1976 

Honey 2.0 1.7 
Brandes 1.0 1.0 
Wiley 3.3 1.0 
MN-960 1.0 1.0 
Tx-398 4.0 2.0 

C-42-Y 3.0 

NK-233 4.0 

E-1 - 2.0 
E-2 - 2.0 
E-3 	 - 1.7 
PB-846 4.0 2.0 
Tx-2536 3.0 2.0 
Tx-399 x Tx-2536 3.0 1.7 
SC-599-6 1.3 1.7 
TAM-428 	 2.0 2.0 

Tx-399 - 1.7 
Tx-399 x TAM-428 - 1.3 
R-1029 A - 1.0 
Combine Sagrain 4.0 

a. 	 According to a scale from 1 = no Infection to 5 = very 
severe symptoms.

b. 	Planted In the field of PFOSECA on 17 July 1975, rated oA
13 Oct 1975. 

a Planted in the field of PROSECA on 28June 1976; rated on 
27 Sep 1976. 

trichum, and more recently by viruses, can be 
observed in sorghum fields and experimental 
plots throughout the country where they are 

sometimes severe. There has been no estimate 
of damage or evaluation of resistance to these 
diseases in Venezuela. However, since they are 
only different phases of the same foliar and 
stalk diseases, resistant genotypes already 
found in tropical germplasm could be utilized to 
control head blights. 

Covered kernel smut, described many yearsago in Venezuela by Ciccarone and Malaguti 

(1950) has become insignificant since fungicide 
treatment of sorghum seed has become a 
common practice. 
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Table 17. Foliage disease Infection ratings of grain sorghum genotypes testod In Venezuela. 

Infection rating, 

Test of Nursery 

PROSECAt Hybrid 
Performance Test 75-Ic 

Genotypes 

(No.) 

81 

1 

2 

Zonate leaf spot 

2 3 4 

31 39 9 

5 

0 

1 

-

2 

-

Rust 

3 4 

- -

5 

-

1 

0 

Grey leaf spot 

2 3 4 

77 4 0 

5 

0 

1 

5 

Leaf blight 

2 3 4 

56 14 6 

5 

0 

PROSECA Hybrid 
Performance Test 75-41 
PROSECA HybridPerformance Test 76-VIO 

21 

64 

0 

0 

10 

36 

11 

25 

0 

3 

0 

0 

-

0 

-

33 

-

25 

-

6 

-

0 

0 

0 

20 

62 

1 

2 

0 

0 

0 

0 

0 

-

18 

-

3 0 0 

PROSECA 1976-77 
General Adapt. Test' 

PROSECA Hybrid 
Performance Test 77-VI 
CIARCOh - Hy b rid . 
Performance Test' 

20 

43 

34 

1 

0 

12 

8 

0 

16 

11 

13 

5 

0 

30 

1 

0 

0 

0 

13 

0 

5 

7 

6 

22 

0 

21 

6 

0 

16 

0 

0 

0 

0 

0 

0 

0 

17 

0 

2 

3 

34 

22 

0 

9 

10 

0 

0 

0 

1 

0 

-

18 

20 

-

1 

23 

0 

0 

0 

0 

CLARCO Hybrid 
Performance Test' 33 3 20 10 0 0 3 12 16 2 0 0 8 25 0 0 - -

CENIAP (lI)kHybrid 
Performance Test' 36 0 23 13 0 0 0 35 1 0 0 0 0 34 2 0 0 23 13 0 0 

a. Based on scale of 1 (no Infection) to 5 (severe symptoms, death of leaves). 
b. Productora do Sernillas, C.A., Valencla. a Planted 9 Jul 1975 In Barlnas. 
d. Planted 11 Jul 1975 In Barinas. a. Planted 17 Aug 1976 In Barlnas. f. Planted 9Jun 1977 In Macapo. 
g. Planted 1 Jul 1977 In Macapo. h. Centro do Investlgaclones Agropecuarlas Region Centro Occidental. Araure. 
i. Planted I Jun 1977 In Durlgua.j. Planted 29 Jun 1977 In La Lucia. 
k. Centro Naclonal do Investlgaclones Agropecuarlas, Maracay. I. Planted In rainy season 1977 InVilla do cure. 



sorghum can be a temporary solution to the 
Table 18. Relation between nonsenescence weathering problem. 

and lodging In a grain sorghum per
formance testa of experimental 
hybrids In Chaguaramas, Guarico. Discussion and Conclusion 

Nonsenescence Genotypes Lodging ratings 
ratingb (no.) (average)c Disease resistance is essential for successful 

sorghum production in Venezuela and, prob
3 	 4 1.50 ably, in most tropical regions. Right now, no 
4 3 2.33 other method of disease control can be visu
5 12 2.75 alized. Escape through delayed planting dates 
6 21 3.19 does not seem a solution, since it has been 
7 16 4.31 shown that the yield potential of a hybrid is 
8 13 3.92 better realized if it is grown during the months 
9 	 11 5.18 

of higher rainfall. Eradication of such pathogens 

a. Planted 8 July 1977 in atriple-lattice design. Ratings taken as P. sorghi, C. graminicola, and viruses - by 
at harvest (96 days after planting). any present method, is not only impractical but 

b. 	According to a scale from 1 = totally green plant to is probably impossible because of the presence 
9= totally dried plant. of infected alternate hosts. 

to a scale from 1=no lodging observed to ogres inadeveogsic. According 	 Progress in developing resistance to theplants lodged.=all 
major disease has been made. Resistance 

seems to be more easy to find in tropical exotic 
sorghums than in the highly improved and 
sophisticated USA lines. The Texas-Puerto Rico 

Grain mold (weathering) is the most impor- Conversion Program is achieving enormous 

tant cause, by far, of kernel damage and losses, success in this respect because it makes avail-
Climatic conditions in sorghum production able a large number of new and effective 

areas of Venezuela are particularly favorable for sources of resistance from the world collection. 

mold development. The rainy season may con- In the tropics, disease resistance is useful 

tinue for even 2 or 3 months after the grain is only if accompanied by tropical adaptation. The 
ready to harvest. If a few dry day, occur during agricultural areas of the world located between 
this time and the grain cannot be harvested, 15'N and 15'S latitude have a unique environ
there can be heavy losses in the form of reduc- ment with specific climatic, disease, and insect 
tion of quantity and quality. Seed germination problems, and therefore tropical adaptation 
in the head, shattering, discoloration, molding, must be identified in situ. The three recently 
loss of weight, shrivelling, and kernel breakage released females from the Texas Agricultural 
during harvest are common consequences of a Experiment Station (Tx-622, Tx-623, and Tx
de!ayed harvest. 624) were selected in Texas for tropical adapta-

Routine evaluation of grain mold is made on tion. They perform much better in the tropics 
all hybrid-performance tests. The results ob- than do average female lines from the USA, but 
tained by Tovar and Barrientos (personal com- are susceptible to a strain of SCMV. Their 
munication) on commercial hybrids and by hybrids are heavily damaged by grain molds 
m-;elf on commercial and experimental hy- under rains, unless the male parent can provide 
brids indicate that brown-seeded genotypes weathering resistance. On the other hand cul
are, byfar, the most resistant materials. Among tivar Chaguaramas 3, a local brown-seeded 
commercial cultivars, the following are brown- hybrid whose male parent is a line selected in 
seeded and all were rated as mold resistant: Venezuela, performed poorly even in a south-
Guarico 1, ICA Nataima, NK 300, all hybrids in ernmost location of the USA (Weslaco, Texas, 
the Chaguaramas series, Barinas 3, Aguasay 3, approximate 26010'N lat), while in Venezuela 
and T. E. Bird-A-Boo. Since brown sorghum is (between 8 and 10'N lat) it has outyielded every 
notgraded as an inferior type in Venezuela, and temperate hybrid in public and private perfor
because the best sources of tropical adaptation mance tests. It also had the highest average 
found so far aru brown-seeded, this type of yield in the PCCMCA tests (Vega-Lara 1978) 
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conducted at 12 locations in seven Central 

American countries (between 8 and 15'N lat). 
Breeding objectives in the tropics should, by 

necessity, depart from traditional schemes es-
tablished by plant breeders working in other 
parts of the world. In general, the highest yields 
have been obtained from hybrids that are taller 
than those grown in the temperate zones. 
Hybrids 2 m in height can compete much better 
with weeds and still be combine harvested. 
They should be resistant, however, to stalk 
diseases causing lodging. Nonsenescence is 
also very important, because most of the 
grain-sorghum producers usesorghum stubble 
as cattle feed during the dry season. Brown 
seed seems to be correlated with a number of 
desirab;e characteristics, particularly mold and 
bird resistance. Less attention should be paid to 
photosensitivity, since most sorghums flower 
in a reasonable time at these latitudes. 

Finally, it is hoped that, by making the ap-
propriate crosses, multiple-disease resistance 
can be combined with tropical adaptation. A 
program of straight pedigree selection withfield-performance testing will be initiated in 
PROSECA in 1979. Later, the population-

breeding approach will be tried. It seems valu-
able to achieve longer-term objectives since, 
through genetic recombination, they might 
provide a better chance to select genotypes 
with horizontal resistance. At the same time, 
artificial-inoculation techniques must be im-

proved to the point where effective screeningcan be done any time it is needed.MAAUIG.FENDZ,.,adASH19.

References 

ANONYMOUS. 1977. Resistance to downy mildew. De-
velopment of improved high-yielding sorghum cul-
tivars with disease and insect resistance. Pages 
76-80 in Third Annual Progress Report, Feb. 15, 
1976-Feb. 28, 1977. Texas Agricultural Experiment 
Station, College Station, Texas, USA. 

CAMPOS, G. H. 1969. El sorgo granero, cultivo prom-
isor para las zonas semi-aridas del Guarico Oriental. 
Rev. Portinal. 15(4). 

CICCARONE, A. 1949. Zonate leaf spot in Venezuela. 
Phytopathology 49: 760-761. 

CICCARONE, A.,andMALAGUT!,G. 1950. Prime prove di 

campo e di laboratorio per la Iotta contro 
Sphacelotheca sorghi (LK). Clint, e per la conos
cenza della sua biologia in Venezuela. Rivista di 
Agricultura Subtropicale e Tropicale 44: 145-177. 

CRAIG, J. 1975. Inoculation techniques for testing 
resistance to sorghum downy mildew. Pages 243
254 in Proceedings, International Sorghum Work
shop, 7-11 Jan 1978, University of Puerto Rico, 
Mayaguez, Pjerto Rico. 

FERNANDEZ, A. B., MALAGUI, G., and NASs, H. 1975. 
Sclerospora sorghi Weston & Uppal, grave 
pat6geno del sorgo en Venezuela. Agronmie 
Tropicale 25: 367-380. 

FREDERIKSEN, R. A., et al. 1973. Sorghum Downy 
mildew- adisease of maizeand sorghum. TexasA 
& M University research monograph, College Sta
tion, Texas, USA. 

HORNE, C. W. 1976 Disease ratings of certain grain 
sorghum and forage hybrids. Texas Agricultural 
Extension Service D-984. 18pp. 

KING, S. B., FREDERIKSEN, R. A., 1976. International 
sorghum anthracnose virulence nurser/. Develop
ment of Improved High Yielding Sorghum Cultivars 
with Disease and Insect Resistance. Pages 48-50in 
Secorhd Annual Report, Feb. 15, 1975-Feb. 17, 1976. 
Texas Agr. Exp. Sta. 

MP.LAGUTi, G., and TovAR, D. 1972. La mancha zonada 
en sorgo y maiz. CIARCO 2: 91-95. 

MALAGuT, G., FERNANDEZ, A., and NAss, H. 1977. 
Mildid lanoso o punta loca del maiz en Venezuela. 
Agronomie Tropicale 27: 103-129. 

MALAGUTI, G. 1978. Sintomatologii del mosaico 
enano del maiz (MDMV) en siembras de sorgo. 
Memorias V Congreso Venezolano de Botanica, 
14-19 May 1978, pp 73-74. Barquisimeto, Edo. Lara. 

MENA, H. 1978. Informe especial sobre presencia de 
enfermedades de sorgo en la region de los Ilanos 
centrales. CENIAP, Maracay, Venezuela. 8 pp. 
(mimeo). 

NASs, H., LUGO, R. and PINEDA, J. 1977. El falso 
Johnson Sorghum , undinaceum como hospedero 
del hongo Peronosclerospora sorghi (sin Scleros
pora sorghi). International Wo0kshop on Sorghum 
Downy Mildew, 21-27 Aug 1977. Maracay, Ven
ezuela. 

NELSON, C. 1967. Ensayo sobre el cultivo del sorgo 

452 



granifero en Barinas. Caracas, Consejo do Bienestar 
Rural. 65 pp. (Mimeographed.) 

ORDOSGOITT, A., arid MALAGUTi, G. 1969. El mosaico 
d la carla di azucar en siembras comerciales de 
nmaiz y sorgo. Agronomie Tropicale 19: 189-196. 

ORDOSGOITTY, A., and VIERA, J. 1973. Una nueva 
enfermedad viral en maiz y sorgo en la zona central 
de Venezuela. Dinamica Empresarial 2: 12-13. 

ORDOSGOITTY, A. 1976. Enfermedades virales del maiz 
y sorgo en Venezuela. Ler Simposio Interinstitu-
cional sobre maiz y sorgo, 4-5 Nov 1976, p 152. 
Maracay, Vlenezuela. 

ORDOSGOITTY, A., and GONZALEZ, V. 1977. Identifica-
tion de las razas "A" y "H" del mosaico de la carla de 
azui;ar en Venezuela. 9as Journadas Agronomicas, 
Maracay, Oct 1977: 224-225. 

RENFRO, B. L., and FRDERIKSEN, R. A. 1975. Report on 
scrgh im downy mildew of maize and sorghum in 
Venezuela. 9 pp. 

RICCELLI, M. 1973a. Aspectos fisiogeneticos y opor-
tut;idades para el mejoramiento de los sorgos en los 
tropicos. Agron. Trop. 23: 29-46. 

RICCELLI, M. 1973b. Mejoramiento gendtico de los 
sorgos en Venezuela. Rev. Protinal 19: 156-162. 

RICCELLI, M. 1973c. Sorgo granifero. Rev. Portinal 20: 
19-21. 

RICCELI 1, M. 1974. Capacidad combinatoria, heterosis 
y correlacioness encruzamientos de cultivares 
tropicales con lineas androesteriles de sorgo granif-
ero (Sorghum bicolor (L) Moench). Rev. Fac. Agrun. 
8- 5-97. 

RICCELLI, M. 1975. Sorghum and milled breeding 
programs. Sorghum Newsletter 18: 97-98. 

RICCELLI, M. 1977. Creaciori do los primeros hibridos 

Venezolanos de sorgo granifero. Agron. Trop. 27: 
49-69. 

RICCELLI, M. 1978a. Sorghum breeding progress. Sor
ghum Newsletter 21. 

RICCELLI, M. 1978b. La producciori de semilla de sorgo 
hibrido en Venezuela. Agron. Trop. 

ROSENow, D. T. 1968. Reaction of sorghum lines and 
hybrids to maize dwarf mosaic in West Texas in 
1967. Sorghum Newsletter 11: 98-100. 

ROSENow, D. T. 1977. Breeding for lodging resistance 

in sorghum. Pages 171-185 in Proceedings, 32nd 
Annual Corn and Sorghum Research Conference. 

SHARVELLE, E. L. 1975. Sorghum diseases in Brazil. 
Pages 212-222 in Proceedings, International Sor
ghum Workshop, 1-10 Jan 1975, University of 
Puerto Rico, Mayaguez, Puerto Rico. 

TABORDA, F. 1972. Progresos en el mejoramiento del 
cultivo del sorgo granero. Universidad del Zulia 
Monograph. 28 pp. 

TEAKLE, D.S., MOORE, R.F., GEORGE, D.L.and BYTH, D. 
E. 1970. Inheritance of the nrrotic and mosaic 
reactions in sorghum infectet vith a "Johnson 
grass" strain of sugarcane mosaic virus. Australian 
Journal of Agricultural Research 21: 1549-1556. 

TEAKLE, D. S., and PRITCHAPD, A. J., 1971. Resistance of 
Krishn sorghum to four strains of sugarcane mosaic 
virus in Queensland. Plant Disease Reporter 55: 
596-598. 

TOLER, R. W., and BOCKROLT, A. J. 1968. Maize dwarf 
mosaic and other currently important diseases of 
sorghum. Pages 154-164 in Proceedings, 23rd An
nual Corn and Sorghum Conference, 1968. Chicago, 
Illinois, USA. 

TOLER, R. W., and FREDERIKSEN, R.A., 1971. Sorghum 
diseases.In Grain sorghum rosearch in Texas, 1970. 
TexasAgricultural Experiment Station Consolidated 
PR-2839-2949: 15-20. 

TOLER, R. W. 1977. A decade of research on viruses in 
sorghum. Pages 81-86 in Third Progress Report on 
Development of Improved High Yielding Sorghum 
Cultivars with Disease and Insect Resistance, Feb. 
15, 1976-Feb. 28, 1977. Texas Agr. Exp. Sta. 

VEGA-LARA, R. A. 1978. Informe anual 1977 de los 
ensayos de sorgo P.C.C.M.C.A., CENTA, Ministerio 
de Agricultura y Ganaderia, San Salvador, El Sal
vador. 26 pp. 

453 



Current Work on Sorghum Breeding and Diseases
 
in Thailand
 

Jinda Jan-orn* 

In Thailand except for downy mildew, the leaf 
diseases of maize and sorghum (leaf blight and 
leaf spot) are common to both crops. Leaf rust 
(Pucciniapurpurea) and anthracnose (Collec-
totrichum sp) were found in a relatively smaller 
percentage (Silayoi et al. 1970). The following 
diseases were observed during the 1969 crop-
season survey conducted by the Department of 
Agriculture (Silayoi et al. 1970): head molds 
(Curvularia lunata, Fusarium spp, Penicillium 
sp, Aspergillus sp); leaf blight (Exserohilum 
turcicum); leaf spots Helminthosporium ros-
tratum, Phyllosticta sp, Cercospora sorghi, 
Stagonospora sp, Cercospora Iongipes, Sep-
toria sp, Ascochyta sp); anthracriose (Collectot-
richum sp); leaf rust (Puccinia purpurea); 
brown spot (Physoderma sp), zonate leaf spot 
(Gloeocercospora sorghi); red stripe, charcoal 
rot (Macrophomina phaseolina); kernel rot 
(Phoma insidiosa); and loose smut (Spha-
celotheca cruenta). In general, most sorghum 
leaves have been severely affected by leaf 
blight and zonate leaf spot. Tar spot has been 
observed at certain locations, 

Proliferated plant growth caused by sorghum 
downy mildew (SDM) rarely appea;s in sorghum 
fields, especially in the Hegari types. Probably 
thefirst plant with SDM symptomswas found in 
the late Hegari test plot at Takfa Maize and 
Sorghum Test Farm, Taklee Field Crops Ex-
perimental Station, in 1974, and later at the 
Maize and Sorghum Center, Pakchong. In the 
U.S. hybrid materials, infected plants have been 
found frequently at both Takfa and Pakchong 
since 1976, with a small percentage in some 
genotypes. In 1975, Aran Patanothai indicated 
the prevalence of grey leaf spot (Cercospora 
sorghi) and bacterial stripe in his sorghum 
nursery at Khon Kaen University. 

Leaf blight and zonate leaf spot are the two 
diseases found frequently in Hegari sorghum. 

Plant Breeder, Department of Agriculture. Bangkok, 
Thailand. 

Stalk rot (causd byMacrophominaphaseolina, 
Fusarium sp, Colletotrichum graminicola, etc.) 
has been severe on Hegari plants at the Maize 
and Sorghum Center, Pakchong. Recently, rust 
has attacked Hegari sorghum as well as other 
susceptible lines and varieties, such as the 
high-lysine cultivar P-721. Boonsue and Har
wood (1970) claimed that disease outbreaks 
were mainly responsible for the failure of 
Hegari sorghum to ratoon well. As the diseases 
attacked the Hegari sorghum plant, the leaves 
turned purple and looked unthrifty while in 
certain genotypes-such as a yellow
endosperm genotype - the leaves turned yel
low and dry, similar to maize leaves. 

At present, many yellow-endosperm lines 
derived from crossing the yellow-endosperm 
introductions (Indian sorghum), such as KU-257 
and other TSS (Thai Sorghum Selection) lines, 
are quite resistant to leaf diseases. Their leaves 
are relatively clean and healthy in comparison 
with those of Hegari. However, the yellow
endosperm lines are susceptible to grain 
weathering, and they are not grown success
fully by Thai farmers because of unfavorable 
growing conditions and wet periods at grain 
maturity. Most Thai farmers broadcast sor
,hum after maize (or even after sorghum in the 
late rainy season), as it is an easy process and 
cost- less than other methods. After plowing, 
farmers broadcast the seeds, and then leave 
the field until harvest time in November or 
December (orghum as asecond crop is planted 
in late August or September). 

Hegri sorghum, introduced in 1940, has 
worked wall in Thai growing conditions. Other 
introduced sorghum lines (such as IS-8719, 
E-173) adapt well to Thai growing conditions, 
and yield well under rather poor growing condi
tions. They have been used as parents for 
developing new lines or varieties. The derived 
lines are not as good as older lines since they are 
photoperiod sensitive. Selection is in progress for 
more adapted lines. 
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Recurrent se: ction in an introduced 
random-mating sorghum population has been 
practiced since 1973. Due to an inconvenience 
confronting random mating in isolation, this 
population is too tall, probably because of 
pollen contamination. Besides, the population 
is poor in resistance to leaf diseases, causing it 
to look dirty and ugly. Various schemes of 
recurrent se!ection, such as mass selection and 
Si family selection, are being practiced for 
dveloping a population with more desirable 
characteristics. A random-mating population of 
Hegari has been developed, using the NP 3R 
population as the source of the male-sterile 
gene (ms3). Plant height is taller and maturity is 
iater in the constituted population than in the 
omiginal Hegari material, and the leaves are 
infected by rust as well as by other diseases, but 
,) a lesser degree than with the original mate
rials. 
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Utilization of Disease Resistance
 
Discussion Session
 

Brhane: Sundaram: 
Would Dr. N. G. P. Rao elaborate on his 
statement that the elite multiple-disease-
resistant lines were developed without a 
directed effort at obtaining multiple-
disease resistance? What were the 
methods used to develop the resistance? 

N. G. P. Rao: 
The cultivars that have been developed 
with multiple-disease resistance have not 
been specifically bred for multiple resis-
tance; they have just turned out that way. 
We now have a directed program for the 
identification of multiple-disease resis-
tance, using the good facilities available at 
our different centers for screening for vari-
ous diseases. 

Williams: 
We are concerned about diseases because 
they reduce yield. Thus selection for high 
yield across several centers with different 
disease pressures would contribute to the 
unconscious development of multiple-
disease resistance. 

Sundaram: 
Inthe population-improvement program at 
ICRISAT, the effort has been on incorpora-
tion of resistance to grain molds, charcoal 
rot and SDM. While there is no question 
that these are important, I suggest that 
anthracnose, grey leaf spot, and Striga 
resistance are also urgently needed, par-
ticularly for material to be grown in West 
Africa. 

House: 
Populations developed at ICRISAT Center 
generally do not perform well in West 
Africa. West African cultivarswill haveto be 
developed there. Problems will have to be 
worked on at the locations where they are 
most acute. As Striga hermonthica does 
not occur in India, we cannot work on it 
here. 

I agree with Dr. Riccelli's observation that 
for the control of SDM in hybrid sorghum 
only one parent need be resistant. How
ever, in pearl millet the situation is diffe
rent, and if one parent is susceptible the 
hybrid will be susceptible. 

Williams: 
For pearl millet downy mildew it is desira
ble for both parents to be resistant, but it is 
not essential. 

Riccelli: 
While we have been successful in the con
trol of SDM by crossing a resistant parent 
with a tropically adapted (susceptible) pa
rent, we have encountered complications 
in virus control, because this requires both 
parents to be resistant 

N. G. P. Rao: 
I would like to comment on the use of 
population improvement for incorporation 
of disease resistance. Population im
provement is a long and complicated pro
cess, particularly if crosses between the tall 
late-flowering tropical sorghums and elite 
temperate sorghums are involved. Prog
ress cannot be made quickly, and such 
work cannot be done at each station where 
sorghum-improvement work is conducted. 
For use of disease resistance in sorghum 
where resistance factors are not compli
cated, and where good levels of resistance 
are available the simple approaches are 
going to give much faster results. This does 
not mean that population improvement at a 
central location is wrong, but it should bi 
kept in perspective. 

House: 
Population improvement is just one ap 
proach used in the ICRISAT's sorghum 
breeding program. The parents that go intc 
a population have to be carefully selected 
and should not be a large number- 15 tc 
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20 is about right. I agree that population 
breeding is a long-term process, and that it 
should not be carried out by every breeder. 
We feel that we should do the initial work of 
assembly and improvement of popula-
tions. Only when they have reached an 
advanced stage should they be given to 
other breeders. 

Brhane: 
The elite products from theAICSIP program 
are almost all tan. Tan plants are not neces-
sarily resistant to diseases. Is there a 
danger of narrowing the genetic base by 
breeding almost exclusively for the tan-
plant characteristic? 

Murthy: 
The tan-plant character is simply inherited, 
and thus its use should not narrow the 
genetic base. There is agreat deal of diver-
sity among plants with tan color. 

Gibson: 
Is inheritance of tan plant color really that 
simple? In my crosses between tans and 
reds, I am not getting a 3:1 F2 ratio. 

N. G. P. Rao: 
Intermediates do occur. But the inheritance 
is quite simple. 

Rosenow: 
In our experience, the tan color is a single-
gene character. The intermediates are due 
to confounding characters such as glume 
colors and even pericarp color. If we make 
two categories, tan and everything that is 
not tan, we get 3:1 ratios. 

Reddy: 
What are the appropriate breeding 
methods for the utilization of disease resis-
tance? Pedigree? Backcross? 

House: 
We need to use the method that works. It 
will depend on heritabilities. If, as appears 
to be the case for shoot fly resistance, we 
are dealing with a polygenic recessive trait, 
then a major effort is needed to improve the 
trait directly. Insuch asituation the popula-
tion approach may be the only one that will 

work. 

N. G. P. Rao: 
The backcross theory is fine if the resis
tance is simply inherited. But when it 
comes to practical breeding, disease resis
tance is one of manytraits being handled. It 
has to be developed along with a good 
economic background. Do you spend time 
on five or six generations of backcrossing, 
trying to manipulate one specific gene, or 
do you put your efforts on a more practical 
level, tryingtodevelopnewhigheryielding 
varieties with disease resistar'ice. I favor the 
latter. 

House: 
I think that while this is generally so, we 
need to keep our options open, and 
backcrossing may beneeded in somesitua
tions. Where a very good line needs im
provement for one simply inherited charac
ter, backcrossing can be used. If we can 
select better material than the original, then 
this is what should be done. If further 
backcrossing seems desirable, then we 
should do it. 

Frederiksen: 
A good example of the valuable use of the 
backcross method is the incorporation of 
greenbug resistance into commercial sor
ghum cultivars in the USA. This was done 
essentially through backcrossing, and has 
revolutionized sorghum production in the 
areas where greenbug was a problem. 

Teakle: 
Inbreeding forvirus resistance in Australia, 
we have identified two very good sources 
of resistance: (a) the Krish resistance, 
whichisasingledominantgenethatcanbe 
used easily in a backcrossing program; and 
(b) the Q-7539 type of resistance, which is 
recessive and polygenic, and which needs a 
different strategy of utilization. 

Davies: 
How do international nurseries contribute 
to resistance utilization? 

House: 
I can comment using the example of stem 
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borer resistance. Different species of stem 
borers are important in different parts of 
the world. When we get resistance to one, 
4vYshould see how it behaves when con
fronted by another. As we have ICRISAT 
cooperative programs located in several 
countries, we have the opportunity to do 
this. When we recombine the different re
sistances, these can be tested at the diffe
rent locations. The international trials, of 
course, contribute to our knowledge of 
races of pathogens and stability of resis
tance. We request national program re
searchers to contribute entries to the inter
national disease nurseries. 

In order not to overload national prog
rams with nurseries and trials from many 
sources, we believe we should use the 
ICRISAT regional stations for preliminary 
evaluation of materials from any source. 
The materials that are well adapted could 
then be given to the national programs in 
the region. This would be for yield as well 
as for insect and disease reactions. 
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Recommendations
 



Recommendations of the Workshop
 
on Sorghum Diseases
 

Grain Mold 

1. Identification and incorporation of resis-
tancetograin moldand other causes ofgrain 
deterioration are of prime importance to all 
sorghum-breeding programs and should re-
ceive continued attention. 

2. 	In view of the complex nature of grain 
deterioration, the techniques for resistance 
screening need further improvement and 
refinement. We particularly recommend 
further examination of laboratory screening 
procedures, with the objective of developing 
a simple test or tests, which could be used on 
large numbers of breeding lines to reduce 
numbers prior to laboratory and field testing 
with fungal inoculation. 

3. 	 There is a need to study further the impor-
tance of the mold-causing fungi at various 
stages of grain development and maturity, 
The role of facultative parasites in grain 
deterioration during the postmaturity stage 
needs investigation, 

4. 	The effects of interactions of micro-
organisms on and in sorghum grain are not 
well understood and need further investiga-
tion. 

5. There is a need to determine the factors 
responsible for resistance to grain infection 
at different stages of development. A greater 
underst3nding of such factors could lead to 
improved screening techniques and a more 
rapid development of resistance to grain 
mold and deterioration, 

6. 	While we recognize that several national and 
international programs have identified 
sources of resistance to grain moldandgrain 
deterioration, and have successfully used 
these in breeding programs, we recommend 
that the search for additional resistance 
sources be intensified, with particular em-
phasis in areas where deterioration prob-
lems are common. 

7. 	Information on the genetics of grain-mold 
resistance will be useful in breeding pro-
grams, and we recommend studies to obtain 
this information, 

8. 	There are conflicting reports on the occurr
ence and importance of mycotoxins in 
moldy sorghum grain. There is a need for 
further studies to fully determine the 
mycotoxin potentials of moldy sorghum, 
and we particularly recommend studies on 
the interaction of fungal species as a possi
ble factor in the nonproducti.n of myco
toxins. 

9. 	The effects of mycologically prodused or 
induced plant growth regulators on kernel 
structure and composition and on grain 
sprouting should be examined. 

Sorghum Downy Mildew 

1. The confusion regarding the identity of the 
causal agent of the so-called sorghum 
downy mildew on various hosts in dfferent 
regions needs clarification. In order to fully 
characterize the pathogens at the different 
locations, we recommend studies on: 

a. 	HOST RANGE. Studies shuld be made 
with a standard set of test species from a 
common seed source. Inoculation proce
dures should be standardized as far as 
possible, and observations should be 
made on type of symptoms and degree of 
production of conidia and oospores on 
each host. 

b. MORPHOLOGY AND CYTOLOGY. There is a 
need for morpholoqical and cytological 
examination between and within the 
host-differentiated groups. In order to 
eliminate differences produced by diffe
rent techniques, the methodology for 
those studies will need standardization. 
We recommend that the sexual and asex
ual stages be killed and fixed in the same 
way and sent to a single location for 
comparison under standardized condi
tions. 

c. 	PROTEIN ANALYSIS. The possibility oi' 
splitting and grouping based on protein 
analysis by gel electrophoresis should be 
examined. 
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2. 	 The question of stability of resistance and 
genetic vulnerability is of major importance. 
We recommend that known resistance 
sources be examined, to determine whether 
there are several resistance types and 
whether there is a narrow or wide genetic 
basis of resistance. Methodology should in-
clude comparison of reactions to different 
sources and concentrations of inocul um and 
different methods of inoculation. Multiloca-
tional testing is useful in examining stability 
of resistance across pathogen populations 
and environments, and should be continu, 4 . 
Investigation of the biological basis of the 
apparent differences in cultivar reactions 
between Texas, USA, and certain other loca-
tions is urgently needed. 

3. 	While we recognize that there is some infor
mation 3vailable on the relationships be
tween reaction of host cultivars to oospores 
and conidia, and on the relationship between 
susceptibility to systemic infection and sus- 
ceptibility to local-lesion infection, we 
recommend, in order to clarify the relation-
ships, further studies on these relationships 
at several locations, utilizing a large group of 
cultivars with varying reactions. 

4. 	 In the evaluation of cultivar susceptibility to 
SDM there is a need to distinguish between 
systemic infection on the main stalk and 
systemic infection only in tillers. There is 
probably little to be gained by recording 
different severities on themain stalk (i.e., the 
stage of development at which systemic 
symptoms first appear) and, therefore, we 
recommend that at final scoring, which 
should be made at about the soft-dough 
stage of grain development, the plants are 
scored in three categories: 

a. 	 No systemic symptoms; 
b. 	 Systemic symptoms only on tillers, not 

in the main shoot; 
c. 	Systemic infection in the main shoot. 

In addition, the presence or absence of ocal 
lesions should be indicated on systemically-
infected and nonsystemically-infected 
plants in the ,-ow. 

5. 	 There appears to be great potential for SDM 
control with the systemic fungicides in the 
acylalanine group. We recommend that this 
potential be fully explored, with evaluation 
of effectiveness of different application 
rates of different formulations by different 

application methods against many SDM 
pathogen populations in a wide range of 
environments. Work is also needed on the 
effects of storage of treated seed under 
various conditions, on possible phytotoxic
ity,and on effectiveness offhefungicide. 1 )e 
strategy of the utilization of the fungicide 
needs to be discussed by appropriate na
tional bodies in countries where SDM con
trol is needed. 

6. 	 We recommend continuation of the de
velopment of an international communicat
ing and cooperating group of workers on the 
graminaceous downy mildews, and recom
mend early initiation of a Downy Mildew 
Newsletter to help keep downy mildew 
workers in communication. 

Leaf Diseases 

1. 	Leaf diseases can cause considerable dam
age to the sorghum crop, and can induce a 
higher susceptibility to other diseases, such 
as stalk rots. It is important to -further 
evaluate sorghums that have exhibited resis
tance to one or more diseascs in one or more 
locations and seasons. In order to identify 
genotypes that have multiple broad
spectrum resistance, we recommend that 
the multilocational evaluation of resistant 
cultivars be continued and expanded. 

2. 	 The information obtained on apparent 
pathogenic variability within one pathogen 
among locations should be followed up with 
specialized nurseries to test further for the 
existenceofdistinctpathotypes.Thepresent 
International Sorghum Anthracnose Viru
lence Nursery should, in cooperation with 
other agencies, be expanded, and similar 
nurseries established for the study of vari
ability in other pathogens. 

3. 	 Test locations should be Jiverse in distance, 
elevation, and climate, and should include 
several locations for reliable reactions to 
each major leaf disease. 

4. 	 In view of the many commitments on re
sources at most locations, the number of 
entries in the multilocational leaf disease 
trial should normally not exceed 30, and 
efforts should be concentrated on those 
entries for which there is already evidence of 
multiple resistance. At all locations a locally 
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susceptible cultivar should be included as a 
check on disease pressure. 

5. 	 We recommend that in field-screening nur-
series a locally susceptible cultivar for each 
disease be planted strategically throughout 
the screening area, up to 2 weeks prior to the 
planting of the test entries, in order to pro-
vide a source of inoculum to the particular 
d -,case(s).Where necessary, suitable ccndi-
tions should be promoted for adaquate dis-
6se pressure; for example, the use of mist 
irrigation to provide necessary humidity. 

6, 	For some diseaspe, such as leaf blight, an-
thracnose, sooty stripe, and grey leaf spot, 
the natural inoculum provision can be 
supplemented by direct inoculation. The de- 
cision on the necessity for this and for the 
method of inoculation should be left to the 
individual cooperator. 

7. 	 The timing and method of rating cultivars for 
suscer-tibility to leaf diseases is of great 
im,-:). -nce. The ratings must be done at a 
roeaningful physiological stage of plant de-
v. nent. We recommend that two ratings 

-le at the appropriate time during the 
otic of the particular disease. We do 

I .amerit in an earlyscoring,and feel that 
one scoring at flowering followed by one at 
the soft-dough stage of grain development 
will generally provide the necessary data. In 
mixed-maturity trials, the dates of flowering 
of all entries are important for the interpreta-
tion of cultivar reactions. We recommend the 
rtandardization ofa 1to 5 rating scale, based 
on an estimated percentage of diseased leaf 
area, for each disease. 

He2ad Blight and Stalk Rots 

1. 	As sorghum stalk rots are greatly affected 
by environmental stressr's, yield potential, 
and maturity, and since replacement of 
long-duration lower yielding sorghum cul-
tivars with shorter duration higher yielding 
cultivars has increased the incidence of 
stalk rots in several semi-arid tropical coun-
tries, we recommend that in the develop-
ment of improved cultivars and hybrids a 
critical evaluation be made for stalk rot 
susceptibility. 

2. 	Breeding for resistance to sialk rots must be 
closely coordinated with other yield charac-
teristics. 

3. 	 The implications of the knowledge on in
teractions between stalk rot development 
and postflowering stress, grain-sink size, 
maturity, etc., should be fully considered in 
the development of screening techniques 
and evaluation of varieties for stalk rot 
susceptibility. 

4. 	 In a stalk rot resistance-screening program, 
as many replications, planting dates, and 
locations as possible should be used. At 
any one location,we recommend two plant
ing dates with at least two replications per 
planting date. If only one planting date is 
possible, a minimum of three replications is 
recommended. 

5. 	 Flowering-date records are important in 
stalk rot susceptibility evaluations. Coin
parisons of stalk rot reactions should be 
made within test materials of similar 
maturities. 

6. 	 As size of the carbohydrate sink is impor
tant in the predisposition of plants to stalk 
rots, the stalk rot susceptibility evaluation 
records should include visual yield ratings, 
perhaps on a 1 to 5 scale, to enable the 
identification of entries that combine high 
yield with stalk rot resistance. 

7. 	 Direct stalk inoculation with Macro
phomina phaseolina can be useful, but 
must be done to at least 20 plants in each 
replication of each test entry. Border rows 
and end plants in a row should not be used 
in these inoculations. Length of internal 
stem discoloration and number of inter
nodes infected are valid criteria for evalua
tion, if considered along with stresses, 
yields, and maturities. 

8. 	 As senescence ratings can be used as indi
cators of stalk rot susceptibility, and as they 

take less time than splitting the stalks and 
measuring internal infection, we recom
mend that senescence ratings be made in 
all stalk rot susceptibility evaluations. 

9. 	We recommend expansion of the ICRISAT 
coordinated multilocational cooperative 
program for the identification of charcoal 
rot resistance. The experimental design 
and evaluation should be consistent with 
the principles outlined in these recommen
dations. Planting shouid be timed so that 
the postflowering period coincides with 
stress conditions. Local stress interactions 
must be considered in reaction evaluation. 
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Universal stalk rot resistance is not ex-
pected. Evaluation of adaptability to a loca-
tion is the strongest value of the interna-
tional stalk rot resistance screening pro-
gram. Such adaptability is most accurately 
predicted following testing in several envi-
ronments. 

10. 	 Future research on stalk rots should em
phasize evaluation of the stresses that pre-
dispose plants to infection in each geo
graphical region, and the development of 
efficient techniques to identify sorghums 
capable of overcoming those stresses. 

11. 	 There is a need for basic research on the 
interactions among the different organisms 
involved in stalk rots, particularly M. 
phaseolina, Fusarium spp, and Colletot-
richum graminicola. 

Smuts 
Head smut can cause major losses when sus-
ceptible cultivars are grown intensively. The 
use of host resistance as the sole strategy for 
control has led to the erosion of host resistance 
in some regions. Increased emphasis should be 
placed on: 

1. Developing effective alternative control 
methods for reducing smut losses, particu
larly through cultural, biological, and 
chemical means. 

2. 	Evaluating methods of deploying host re-
sistance in such a way so as to conserve 
good host genes. 

3. 	 Monitoring for variation in pathogenicity 
through the use of uniform head smut 
nurseries. 

The kernel smuts, both covered (grain) and 
loose, have been reduced to minor problems 
following the use c! fungicide seed dressings.
Thare are research opportunities, however, to: 

1. Encourage the use of these fungicides for 
control of the sorghum kernel smuts in 
regions where they are not used. 

2. 	Develop new or alternative means of con-
trolling these diseases. 

Long smut may cause modest levels of loss in 
the more arid sorghum-growing regions of the 
Sahel and in North Africa. However, there is 
very limited information on this disease We 
strongly recommend: 

1. Confirmation studies on the infection pro-
cess and disease cycle, so as to provide 

further information on means and 
methods of testing for resistance. 

2. Furtherevaluationoftheimportanceofthe 
disease in yield reduction. 

J. 	Determination of the susceptibility of new 
genotypes to this disease. 

4. 	Screening for sources of resistance. 

Ergot 

1. The factors affecting sclerotial production 
in ergot infected sorghum inflorescences 
need to be determined. 

2. 	 Effective resistance screening and scoring 
techniques need to be developed and 
standardized. 

3. 	The potential hazards of sorghum ergot 
sclerotia need investif, ion. 

Bacterial Diseases 

The importance of bacterial leaf diseases 
needs further -valuation. Bacterial leaf dis
ease resistance screening should be con
ducted at those locations with sufficient pres
sure, following the principles outlined in 
these recommendations. 

Viral Diseases 

1. Priority should be given to research on 
sugarcane mosaic virus in sorghum. 

2. 	 Host ranges, serological relations, and 
other properties of the strains of sugar
cane mosaic virus should be studied. 

3. 	A set of sorghum inbred lines selected to 
differentiate the strains of sugarcane 
mosaic virus is needed. 

4. 	 Thesugarcanemosaicdifferentialsshould 
be maintained and distributed by a single 
institution. 

5. 	 Procedures for testing the differential set 
should be standardized. 

6. 	The importance to sorghum of viruses 
other than sugarcane mosaic virus should 
be investigated. 

7. 	 The possibility of choosing a set of diffe
rential hosts and procedures to identify all 
viruses naturally occurring in sorghum 
should be investigated. 

8. 	Breeding of sorghums with multiple 
sources of virus resistance combined with 
resistance to other pathogens should be 
encouraged. 
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