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ICRISAT's Objectives 
ICRISAT's mandate is to: 

1.Serve as a world center for the improvement of grain yield and quality 
of sorghum, millet, chickpea, pigeonpea, and groundnut and to act as 
a world repository for the genetic resources of these crops; 

2. Develop improved farming systL ns that will help to increase and 
stabilize agricultural production through more effective use of natu
ral and human resources in the seasonally dry semi-arid tropics; 

3. Identify constraints to agricultural development in the semi-arid 
tropics and evaluate means of alleviating them through technological 
and institutional changes; and 

4. Assist in the development and transfer of technology to the farmer 
through cooperation with national and regional research programs, 
and by sponsoring workshops and conferences, operating training 
programs, and assisting extension activities. 



About This Report 

This ninth Annual Report covers the 1982 calendar year. 
The Report includes work done at ICRISAT Center near Hyde

rabad, India, at research stations on the campuses of agricultural 
universities in different climatic regions of India, and at national and 
international research facilities in the 10 countries of Africa, Latin 
America, and West Asia where ICRISAT scientists are posted. 

To better reflect the interactive nature of our scientists' work we 
continue reporting the crop improvement programs as interdiscipli
nary reports on problem areas. Detailed reporting of the extensive 
activities of ICRISAT's many research support units is beyond the 
scope of this volume, but a comprehensive coverage of ICRISAT's 
core research programs is included. More details on the work 
reported here are given in individual program publications, which arc 
usually available from the particular research program. Individual 
program offprints of this Annual Report also are available from the 
program concerned. 

Throughout this Report, the variability of estimates is shown by 
including standard error (SE); levels of probability are shown by 
asterisks: * for P<0.05, ** for P'<0.01, and *** P---0.001. On 
graphs representing the mean of several observations, the standard 
error is shown by a line (I). 
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Introduction 
For ICRISAT, 1982 was a signal year-the end of a decade of work in India, the beginning of 

research at the ICRISAT Sahelian Center in West Africa. 
At our 10th Anniversary observance at ICRISAT Center on II October, we were able to 

review accomplishments with satisfaction and view the future with confidence. Many of the 

research results -nd much of the germplasm we amassed during our first decade can now be 

transferred with assurance to scientists and farmers in SAT countries. 
In Africa, we began operations at the new ICRISAT Sahelian Center in Niger. The 

500-hectare experiment farm near Niamey will be the focal point for our work on millets and 
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groundnuts, and on farming systems associated with those crops in the southern Sahelian zone 
of West Africa. It will also serve as the headquarters for our West Africa programs. 

Semi-arid Africa offers a majo- challenge in the decade ahead. Its environment is harsh, its 
pests are relentless, its plant oiseases severe, and food production there has been steadily 

declining against increasing populations. 
Our scientists at the Sahelian Center work in a drdught-prone arca where 70%of the annual 

rainfall occurs within 5 weeks, soil temperatures can reach 600 C (1400 F), and the soil is 92% 
sand. 

In 1982 we also began our response to the request of nine |leads of State in the Southern 
African Development Coordination Conference (SAI)CC) for help in increasing their food 
supplies. Our most recent project was establishing a regional groundnut improvement pro
grain for southern and eastern Africa in cooperation with the Government of Malawi. Our 
groundnut breeder arrived at the Chidetie Agricultuial Research Station in Lilongwe in 

September and began plantings in November of ICRISAT materials including 2000 breeding 
lines, breeding populations, germplasm lines, and elite parents. A pathologist will join him in 
1983. 

The team will conduct trials throughout southern and eastern Africa to produce groundnuts 
with multiple disease resistance, high yield, good food quality, earliness, and increased seed 
siie. 'Iheir results should apply to all southern African countries and should be especially 
%alua, le in "an/ania, Mozambique, Zimbabwe, and Zambia, as well as Malawi. 
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In addition to the rcgional cooperitive ground nut program based in Malawi, we hope to 

establish similar regional coopcrat ise programs 	 for sorghum, pearl millet, a rd diyland 
sorghum and pearl millet coordinator forfarmling systems in southern Africa. We posted a 

and southern Africa at Nairobi in 1982 in cooperation with SAFG RAI).castern 
Our efforts in ILatin America resulted in the release in 1982 of thiec ,rhunim 'aricties by 

l Sa lvador, a 50-hectareMexico's national agricultural institute, release of two varietics in 

planting for seed production in Vene/riela, an ICRISAT variety going in'o prod uction in 
e plot. in (hiatem-Nicaragua, several ICRISAT food-type sorghums being increascd in lar 

ala, and eight ICRISAT varieties being increased on farners' fields in IMati. 
Four varieties irom 'mr populationICRISAT sorghiums are also doing well in China. 

breeding program entered the market in China after 2 year,, of local selectio n and evaluation. 

In India, which tests new varieties for up to 6 years before rclCasing them to frmcrs, our 

elite sorghum variety SPV 351 movcd to within one step of release and several other lines 

advanced thromgh earlier testing staiges. 

Our first pearl millet variety to be releascd in India, WC-(75, which rcsisfis downy mildew, 

went into commercial seed production this year. 	We shipped nearly 1000 kg of WC-C75 to 

agricultural departments in various Indian states, and 340 kg went to agle'ic.,s that multiply 

seed. We supplied 750 kg of another variety, ICMS 7703, to the All-India Coordinated Millet 

Improvement Project for its final year of extensive on-farm testing, and another 400 kg to state 

agricultural departments. 



Two ICRISAT millet synthetics bred in Senegal averaged 22% higher yields in 3-year tests 

than Souna Ill, the local standard variety previously releasd for its superiority. The two 

synthetics adv:anced to prerelease, on-farm evaluation. 
Our program at the University of Queensland developed a system of using high-yielding, 

early-maturing pigeonpeas for improvea production in Australia. A similar improved produc

tion system. accepted in Fij, isexpected to make that country self-sufficient in pigeonpea, and 

indicates the potential use of such systems in other developing countries. 

Work al the University of Queensland has provided sources of male sterility, photoperiod

insensitive lines, and fast-ratooning lines for the improved production system. Genetic mate

rial from the program has been distributed to many parts of the world. 

In cooperation with the Queensland (iraingrowels Association, seed of QPI.-96 pigeonpea 

was increased for release under the name 'Iunt' to growers in Austra li a in 1982. i tint is from 

the cross Prabhat x lBaiani in the ICRISAI breeding proga i in Indit. 

Although ICRISAT funding for the cooperative work at the University of Queensland 

ended in November 1982, the programi will continue under alternate funding. 
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We distributed 4187 populations and breeding lines of groundnut to 31 countries during 
1982. 

In India our efforts to transfer technology to deep black soils in areas with assured rainfall 
expanded dramatically. 

Experiences in 1981/82 with 14 farmers in Taddanpally village, about 42 km from ICRI-
SAT Center, were gratifying to us and to those at Indian research institutions and the Central 
Government and Andhra Pradesh Departments of Agriculture with whom we initiated the 
farmers' test of Vertisol management on farms in 1980. 
The nine crop combinations that the 14 farmers chose far exceeded production of other 

farms in the vicinity. Wnile returns from other farms averaged Rs. 1625 per hectare, those for 
the 14 cooperating Taddanpally farmers averaged Rs.3059. The improved systems required an 
extra Rs.588 per hectare, but the extra income was Rs. 1434 per hectare. That is a 244% return 
on the added expense. 

Farmers in Sultanpur, a neighboring village, asked to participate in the project in 1982/83. 
The 17 farmers there will be trying various crop combinations that they choose on a total of 
35.2 hectares. We are also working closely with scientists and extension officers in three other 
states of India in on-farm verification trials that should further speed the transfer of this 
technology to farmers. 

The 1982 results confiiim that many deep Vertisol watersheds, now left fallow in India 
during the raiiy season, should be producing both rainy and postrainy season crops. As the 
ICR ISAT-dcvcloped, improved firming system is adapted to various areas, it call be applied 
to scvcrI million hectares of deep Vcrtisol watersheds in India--to the financial advantage of 
fiarmers and their communities through the increased food produced. 

We made good progress in 1982 in improving the machinery and equipment that can be used 
by sniall farniers. 
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T"o break the crust that reduces seedling emergence, we o :veloped and tested two models of 
a rolling crust breaker. one for hand operation; the other to fit an animal-drawn wheeled tool 
carrier. Emergence was 96j when the crust was broken in our tests with seedling sorghum IS 
8 129: 38('i where it was not. The crust breakei made an even more important difference with 
millet emergence. Only I of' 0 millet genotypes exceeded ,V'emergence under a crust, 
compared with 23 to 55 'iwith the crust broken. 

We al so dcsigrned a furrow opener tl'rt does not clog easily in wet soil, requires relatively low 
draft. and places seed and fcrtili/cr 10 to 12 cm (deep, acceptably scp,,rated. 

()ur long-term traimning program attracted 126 scientists and technical assist,ints from 35 
countries; scientists from 4 countries did postdoctoral work: 91 persons rom 29 countries 
took part inthe 6-month, in-service training program I I countries sent 32 st uderits to do 
Ph.D. and M.Sc thcsis rescarch; and 7 young scientists from 4 coirit rics took specialiied skill 
develh mcnt trainini, as in-scrvice fellows in a recently initiated programn. 

As part of the I('RISAl propram in Mexico, 15 ILatin Anmcrican scientists in sorghum 
iullprovereni completed rainling ill1982, and in Mali wc helped seocral thesis students wv'ho 
thei %crc employed by the Malhii govrn mmt as resea rch scientists. 

l(' RISA's two-way cxchaige of' k iowledgc with fa rmers lets them help us as we help them. 
,oic than 1500 farmcrs visited ICR ISAT Center 3Octolbcrfor Farmers' I)ay during our 10th 
Anniversary. Among them were 67 from the Tata Agricultural and Rural Training Centre for 

xvi 



the Blind. The blind farmers who are trained in 2 years to be self sufficient on 1.5 to 2.5 
hectares in their villages, examined machinery that ICRISAT engineers have designed for 
Indian farms, as well as the growing crops, by touch. 

Ev.n though insects, diseases, and drought likely will always pose problems for farmers in 
the semi-arid tropics, we are in a much better position to deal with them now than 10 years ago. 

During the decade, for example, ICRISAT so ghum scientists developed varieties, hybrids, 
breeding lines, and other material that resist armyworm, anthracnose, charcoal rot, drought, 
downy mildew, head bugs, leaf rusts, shoot flies, sorghum midge, and stem borers. Similar 
progress has been made with all our mandate crops. 

The base is well established for the work that lies ahead. 

L.D. Swindale 
Director General 



ICRISAT's Agroclimatic 
Environment 

Most of the research reported in this volume was carried out at ICR SAT Center, the Institute's main 

research facility in south-central India, with impo, tant cont-ikutions from ICRISAT scientists posted 

at cooperative stations in India, in eight African countries, and in Mexico and Syria. As background to 

our research reports, this section presents a brief description of the environments where most of our 

research in India is conducted and includes data for the ICRISAT Sahelian Center for comparison. 

Pertinent data for weather outside India are listed with experiments in the program reports. 

ICRISAT Center 

The Institutu is located at 180N, 78 E on 1394 hectares near Patancheru village, 25 km northwest of 

Hyderabad on the Bombay Highway. The experimental farm includes two major soil types found in the 
which are light and drought prone, and Vertisols (black soils),semi-arid tropics: Aifisols (red soils) 

which have great water-holding caracity. The availability of both soil types provides an opportunity to 

conduct experimental work on out five mandate crops under conditions representative of many SAT 
areas. 

Seasons. Three distinct seasons characterize much of India. In the l-yderabad area the rainy season, 

also known as monsoon or kharif, usually begins in June and extends into September. More than 80% 

of the 800-mm average annual rainfall occurs during those four months, in which rainfed crops are 

raised. The postrainy winter season (October through January), also known as postmonsoon or rabi, is 

dry and cool and days aie short. During this period crops can be grown on Vertisols on stored soil 

moisture. The hot, dry summer season isfrom February until rains begin again in June. Any crop grown 

then requires irrigation. 

Crops. The five ICRISAT crops have different environmental requirements that deteimille where 

and when they are grown. In the Hyderabad area millet and groundnut are sown on Alfiols during 
June and July, the beginning of the rainy season; at ICRISAT Cente- additional generations are grown 

the rainy sason and continuesunder irrigation. Pigeonpea is generally sown at the beginning ot 
growing through the postrainy season; to provide additional genetic material for our breeding program, 
we plant an irrigated crop o early-maturing types in December. As in not mal farming practice, two 

crops a year of sorghum can be grown at the Center, one during the rainy season; the other on Vertisols 

in the postrainy season. Chickpea, a single-season crop, issown during the postrainy season on residual 

moisture in deep soils (Vertisols at ICRISAT Center). At ICRISAT, as in normal farming practice, the 

crops are often grown in various combinations and sequences, which we arc working to improve. The 
cropping schedule generally followed at ICRISAT Center is shown ill Figure I. 

Cooperative Research Stations in India 

In coolperation with five agricultural universities in India, ICRISAT has established stations on their 

campuses to test the performance of breeding material under various climatic conditions and latitudes. 
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! ICRISAT cropping periods that correspond to fr.rmers' 
-general practice in the &: -

I-.-	 Additional ICRISAT cropping periods to meet 
experimental needs, with irrigation where necessary. 

Figure 1. ICRISAT Center's cropping schedule. 

The universities are at Bhavanisagar(l ION), Anantapur(150 N), Dharwar(150 N), Gwalior(260 N), and 
Hissar (290N). 

Crops. Our oldest cooperative station at Hissar isalso the largest, with 40 ha. Our cooperative work at 
Hissar was started in 1975 to test chickpea and pearl millet in the climatic conditions wiere they are 
mostly grown-a belt that stretches across north India (and West Asia for chickpea, and the Sahelian 
zone of Africa for pearl millet). Hissar also provides a test site for early-maturing pigeonpeas in a region 
where they are increasingly being grown in rotation with wheat. Likewise the need for extending the 
work on sorghum to screen for diseases and pests was met at Dharwar (an especially good site for 
sorghum downy mildew rcreening), and Bhavanisagar, which also provides another tes. environment 
for pearl millet at a latitude (i.e., daylength analog) similarto the West African millet belt. Our research 
station at Gwalior provides us with an effective screening site in the region where most of India's 
late-maturing pigeonpea crop is grown, and it provides an alternative site for selecting chickpea. 
Anantapur, our most recently acquired site (1980), isused during the rainy season to screen pearl millet, 
sorghum, and groundnut for drought. 



The Weather 

ICRISAT Center. Rainfall received during the 1982 rainy season (June to October) was 656 mm, 
against a normal of 690 mm for this period. Monthly rainfall and temperature data from January to 
December 1982 are presented in Table 1. 

Anantapur. Of the 590 mm mean annual rainfall, over 80% is spread over a long rainy season 
extending from May to October (Table 2). Rainfall in the 1982 rainy season was 340 mm, 42% below 
normal. 

Bhavanisagar. Normal rainfall data are not available for this station. Rainfall receiwd during May to 
December 1982 was 362 mm (Table 3). 

Dharwar. Data on rainfall and temperattre recorded at Dharwar are given in Table 4. Rainfall 
received during May to October 1982 was 679 mm, 3%below the normal of 697 mm for this period. 

Gwalior. As shown in Table 5, rainfall received during the 1982 rainy season (June to October) was 
853 mm, just above the normal of 843 mm. Over the year, total rainfall was 7% above normal. 

Hissar. At Hissar, rainfall receded early in August during the 1982 season (Table 6). Against a normal 
rainfall of 96 mm during September and October, no rainfall occurred during these months. Over the 
year, however, rainfall was above normal, due to rains during March to June. 

ICRISAT Sahelian Center. Against a normal rainfall of 588 mm during June to O,'tobt rat Niamey 
(Table 7), rainfall during 1982 was only 372 mm (37% below normal). Annual rainfall, t( o, was 37% 
below normal. Particularly damaging to crop growth and establishment was the poor rainfall in July, 
76% below normal. 

Table 1. Rainfall and temperature at ICRISAT Center, 1982. 

Temperature (°C) 

Rainfall (mm) Normal2 1982 

Normal' 1982 Max Min Max Min 

January 6 0 29 15 29 16 
February I1 0 31 17 32 18 
March 13 0 35 20 35 21 
April 24 34 37 24 37 22 
May 27 38 39 26 37 24 
June 115 193 34 24 34 24 
July 171 155 30 22 31 23 
August 156 69 29 22 30 23 
September !81 180 30 22 30 22 
October 67 59 30 20 30 20 
November 23 12 29 16 29 17 
December 6 0 28 13 28 13 

i Based on 1901-70 rainfall data. 
2.Based on 1931-60 temperature data. 



Table 2. Rainfall and temperature at Anantapur, 1982. 

Temperature (OC) 

Rainfall (mm) Normal2 1982 

Normal' 1982 Max Min Max Min 

January 7 0 30.4 17.3 29.3 17,7 
February 2 0 33.4 18.6 33.5 20.6 
March 5 0 36.8 21.6 36.3 23.1 
April 24 2 38.4 25.7 37.8 26.3 
May 57 106 38.1 25.8 37.7 26.7 
June 49 85 34.7 24.7 34.5 25.5 
July 66 45 32.4 23.7 32.9 24.5 
August 74 2 32.4 23.5 32.8 24.6 
September 138 100 32.5 23.1 32.2 25.2 
October 126 0 31.4 22.5 32.7 22.7 
November 36 0 30.0 19.4 29.5 20.1 
December 6 0 29.1 17.2 28.7 16.9 

i. Based on 1910-69 rainfall data. 
2. Based on 1931-60 temperature data. 

Table 3. Rainfall and temperature at Bhavanisagar, 1982. 

Rainfall Temperature (oC) 

Month (mm) Max Min 

January O& 30.0 20.2 
February 0 32.9 20.5 
March 0 35.0 24.0 
April 26 36.0 26.6 
May 34 3j.8 26.8 
June II 34.0 26.8 
July 8 34.1 26.4 
August 4 33.4 26.5 
September 90 34.0 26.0 
October 38 32.8 24.4 
November 173 30.3 23.4 
December 4 29.6 19.9 



Table 4. Rainfall and temperature at Dharwar, 19112. 

Temperature (oC) 

Rainfall (mm) Normal2 1982 

Normal 1982 Max Min Max Min 

January 2 0 29.3 14.3 29.8 13.6 
February 2 0 12.1 16.3 33.2 16.4 
March 9 0 34.8 18.8 35.6 18.2 
April 48 26 36.3 20.8 36.9 19.6 
May 75 165 34.9 21.1 34.9 20.2 
June 96 105 29.1 20.8 29.3 20.1 
July 175 121 26.5 20.5 27.3 19.7 
August 122 163 26.4 20.1 25.8 19.8 
September 103 30 28.1 19.6 28.3 19.0 
Ociober 126 95 29.7 19.1 30.9 18.7 
November 48 I 28.6 17.0 28.6 16.5 
Decer.ber 12 0 28.4 13.7 28.5 12.2 

t Based on data for the period 1901-50. 
2 Based on data for the period 1977-81. 

Table S. Rainfall and temperature at Gwalior, 1982. 

remperature (oC) 

Rainfall Normal' 1982 

Normal' 1982 Max Min Max Min 

January 18 19 23.2 7.5 22 2 8.9 
February 8 7 26.6 10.0 22.7 10.7 
March 8 19 32.9 16.0 25,.5 13.7 
April 3 3 38.5 22.3 26.4 20.9 
May 9 II 42.6 28.0 38.4 :4.9 
June 83 53 40.8 30.2 40.4 27.8 
July 274 207 34.1 26.6 37.0 27.6 
August 259 544 31.9 25.4 31.7 24.6 
September 192 40 32.4 24.4 33.6 22.7 
October 35 10 33.2 18.0 34.5 19.3 
November 2 37 29.4 10.5 28.1 14.0 
December 8 16 24.8 7.2 24.0 8.2 

i Based on data for the period 1931-60. 



Table 6. Rainfall and temperature at Hlaaar, 1982. 

Temperature (oC) 

Rainfall (mm) Normal' 1982 

Normal' 1982 Max Min Max Min 

January 19 9 21.7 5.5 20.0 5.8 
February 15 1? 25.0 8.1 19.4 7.2 
March 17 42 30.7 13.3 24.2 10.4 
April 6 54 37.0 19.0 33.5 16.9 
May I! 78 41.6 24.6 35.6 21.2 
June 34 48 41.3 27.7 40.0 26.6 
July 122 106 37.3 ,.7.3 37.7 26.7 
August 114 101 35.5 26.1 34.9 25.7 
September 81 0 35.7 23.9 37.0 22.3 
October 15 0 34.6 17.4 33.6 18.1 
Novemjer 8 0 29.6 9.8 28.3 i1.7 
December 5 8.5 24.1 6.0 22.5 6.0 

i. Based on data for the period 1931-60. 

Table 7. Rainfall and temperature at ICRISAI' Sahelian Center, Niamey, Niger, Jan-Dec 1982. 

Temperature (0C) 

Rainfall (mm) Normal' 1982 

Month Normal' 1982 Max Min M.ax Min 

January 0 - 34 14 32.0 14.5 
February 0  37 17 34.3 19.2 
March 1 3 41 21 38.0 23.8 
April 3  42 25 41.5 26.8 
May 46 24 41 27 40.1 27.7 
June 
 79 55 38 25 37.8 26.4 
July 181 43 34 23 35.8 24.8 
August 206 194 32 23 32.6 22.8 
September 101 69 34 23 36.1 24.6 
October 21 II 38 23 37.7 23.3 
November 0 0 38 18 33.6 17.4 
December 0 0 34 15 32.9 17.9 

i Based on 1931-60 data. 
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ICRISAT's germplasm collections, managed by 
-the Genetic Resources Unit, are the present and 
future foundations for improvin- the five man-
date crops. Further progress can now be 
reported on ways to acquire more of the genetic 
resources not collected but available in tradi-
tional farming. Collecting and conserving are 
major goals, and much emphasis is laid on eva-
luating, documenting, and supplying seed to 
help crop improvement progiams worldwide. 

Genetic resources of sorghum, pearl mi!let, 
pigeonpea, chickpea, groundnut, and minor 
millets are threatened by genetic erosion, 
regional droughts, replacement by new cultivars 
and crops, and habitat destruction causing wild 
relatives to disappear. Germplasm from tracts 
under irrigation development schemes also must 
be saved for use in rainfed areas. 

By gu;trding the germplasm of the major food 
and cash crops of mainly small farmers in the 
semi-arid tropics, ICRISAT's Genetic Resour
ces Unit plays an important role in the world-
wide network of genetic resources institutions, 
promoted by FAO, UNI)P, 1JNFP, CGIAR, 
international and national institutes, founda
tions, government agencies and universities. 
Time, accesihility, and budget constraints pose 
problems, but in most cases we have been able to 
carry out plans for collecting in priority areas. 

By the end of 1982, 74 798 germplasm acces-
sions of (,ur mandate crops and the six minor 
inillets had ,en assembled (Table I). Major 
collections "sere carried out (luring 1982 in 
Brazil, Ethiopia, Kenya, Rwanda, Iluiundi, 
Nigeria, South Africa, Zimbabwe, and some 
areas of India (Jammu, the PaIni and Ca rda-
morn Ilills, northern Bengal and Sikkim, and 
nortLcrn Uttar Pradesh). 

Our own collection efforts and material 
received from various donors added 3172 new 
accessions during 1982. Although %ke have 
reduced the number of geographical gaps in our 
collections, many areas are still high on our 
priority list. 

By the crops indicated, the following areas 
urgently need to be explored for collections 
either in part or as awhole, and for cultivated 
genotypes, wild ielative species, or both: 
Sorghum : Angola, southern Sudan, Central 
African Republic, Uganda, Chad, Ivory Coast, 
Sierra Leone, Mozambique, Nepal, Ghana, 
Morocco, North and South Yemen, northern 
Syria, southern Turkey, parts of India, China. 

Pc.rl millet : Chad, Egypt, Ghana, Mauritania,
 
Upper Volta, Nigeria, Ethiopia, Pakistan, parts
 
of India.
 
Pigeonpea : Malawi, Zaire, Burma, Philippines,
 
Uganda, Caribbean Islands, southeastern
 
China, Southeast Asia, Australia.
 

Chickpea : Burma, Pakistan, Turkey, southern
 
and northern Ethiopia, northeastern India,
 
Tanzania.
 

Groundnut lBurma, China, East and Central
 
Africa, Indonesia, Thailand, West Africa, South
 
America.
 

Many other areas are also of interest for future 
collections. The move to the new Genetic 
Resources ILaboratory (in the Phase Ii build
ings) in i)ecember provided the Genetic Resour
ces Unit proper facilities to better serve the 
scientific community.The new, large, short-term 
storage relieve, space in the crop-work area for 
bulk storage. lhe new medium- and long-term 
storage modules will soon be ready for use. The 
medium-term storage facility was made possible 
through a financial grant from the Asian l)evel
opment Bank. 

The new laboratory (equipped with seed ger
minators, growth chambers, microscopes for 
cytological verification of cultivated and wild 
germplasm, and seed handling and cleaning 
equipment) will facilitate work hitherto scat
tered in different parts of the Institute. A spa
cious hcibarium room will store the precious 
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Table I. Germpulasm collection status at ICRISAT as of 31 December 1982. 

Number of accessions 

Location Sorghum Pearl millet Pigconpea Chickpea Groundnut 

AFRICA 

Algeria 0 0 0 18 0 
Angola 29 0 0 0 8 
Benin 4 17 0 0 10 
Botswana 190 45 0 0 1 
Cameroon 1835 171 0 0 2 

Central African Rep. 39 58 0 0 2 
Chad 138 62 0 0 10 
Comoros 0 0 0 0 1 
Congo 0 0 0 0 5 
Egypt 22 0 0 51 10 
Equatorial Guinea 0 0 0 0 10 
Ethiopia 4242 0 0 160 0 
Gambia 57 17 0 0 22 
Ghana 64 256 2 0 34 
Guinea 0 0 0 0 i7 

Ivory Coast I 0 0 0 61 
Kenya 761 47 64 0 34 
Lcsotho 8 0 0 0 0 
liberia 0 0 0 0 12 
Malagasy Republic I 0 I 0 31 

Malawi 437 245 20 3 133 
Mali 11I 873 0 0 22 
Mauritania 0 0 0 0 
Mauritius 0 0 0 0 17 
Morocco 0 0 0 53 16 

Mozambique 42 28 0 0 126 
Namibia I 0 0 0 0 
Niger 408 1032 0 0 5 
Nigeria 1173 610 27 3 238 
Senegal 237 306 10 0 209 

Sierra Lcone 3 0 0 0 16 
Somalia 125 3 0 0 6 
South Africa 726 16 I 0 107 
Sudan 2256 274 0 3 165 
Swaziland 19 0 0 0 6 

Tanzania 432 138 167 2 233 
Togo 00 58 0 0 9 
Tunisia 0 0 0 30 0 
Iganda 612 48 0 0 134 
Upper Volta 248 34 0 0 49 
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Table I. Continued. 

Number of accessions 

Location Sorghum Pearl millet Pigeonpca Chickpea Groundnut 

Zaile .4 0 0 0 83 
Zarnbi& 210 77 20 0 159 
7'mbabwe V6 52 0 0 420 

ASIA 

Afghanistan 6 0 0 674 0 
Bangladesh 9 0 57 32 0 
Burma 8 0 64 12 19 
Cambodia 0 0 0 0 I 
China 68 0 0 0 174 

Cyprus I 0 0 22 5 
India 4138 10762 9025 5489 1996 
Indonesia 32 0 4 0 120 
flat 7 0 0 4093 10 
Iraq 4 0 0 18 0 

Ihrael 22 0 0 48 40 
Japan III 0 0 0 44 
Jordan 0 0 0 24 0 
lxbanon 360 71 0 18 0 
Malaysia 0 0 0 0 59 

Nrpal 8 0 116 70 0 
Pakistan 29 5 15 148 0 
Philippines 5 0 37 0 19 
Saudi Arabia I 0 0 0 0 
South Korea 2 0 0 0 0 
Srit lanka 25 0 70 3 15 

Syl1a 4 0 0 12 I 
l'iaan 13 0 3 0 41 
I.Uliand 5 0 20 0 8 
lulkey S1 0 0 436 5 
Yemen AR 216 0 0 0 I 
Yemen 'I)R I 0 0 0 0 

I UJR(itOI 

lklgium I 0 0 0 3 
llullria 0 0 0 5 2 
(':edhoslavakia 0 0 0 8 0 
FHance 3 0 20 I I 
(erman I)R 4 0 0 1 0 

Continued. 
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Table 1. Continued. 

Number of accessions 

Location Sorghum Pearl millet Pigeonpea Chickpea Groundnut 

Greece 1 0 0 24 4 
Hungary 26 0 0 4 1 
Italy 8 0 5 18 0 
Portugal 6 0 0 4 1 

Spain 3 0 0 77 1 
UK I 0 0 0 0 
USSR 69 12 2 93 63 
Yugoslavia 0 0 0 2 0 

TIlE AMERICAS 

Argentina 16 0 0 0 274 
Barbados 0 0 0 0 4 
Bolivia 0 0 0 0 109 
Brazil 0 0 7 0 395 
Chile 0 0 0 136 12 

Colombia 0 0 5 I 0 
Costa Rica 0 0 0 0 1 
Cuba 3 0 0 0 20 
Dominican Rep. 0 0 6 0 0 
Ecuador 0 0 0 0 2 

El Salvador I 0 0 0 0 
French W. Indies 0 0 4 0 5 
Guatemala 6 0 0 0 0 
Guyana 0 0 7 0 0 
llorduras I 0 0 0 4 

Jamaica 0 0 18 0 1 
Mexico 234 7 2 359 6 
Nicaragua I 0 0 0 0 
Paraguay 0 0 0 0 139 
Peru 0 0 5 2 203 

PIuerto Rico 0 0 45 0 4 
Trinidad 3 0 22 0 3 
Uruguay I 0 0 0 29 
JSA 1879 48 3 108 1548 

Venciucla I 0 15 0 12 

AUSTRALIA AND OCEANIA 

Australia 28 4 47 0 52 
Fiji 0 0 0 0 2 

Continued 
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Table 1.Continued. 

Location 

New Guinea 

UNKNOWN 

Total 

Species 

Eleusine coracana (finger millet) 
Setaria italica (foxtail millet) 
Panicum mniliaceumn (proso millet) 
Panicum sumatrense (little millet) 

Number of accessions 

Sorghum Pearl millet Pigeonpea Chickpea Groundnut 

1 0 0 0 0 

397 II 0 235 2330 

22466 15388 9936 12502 10211 

Minor millets collection at ICRISAT 

Echinochloa crusgalli (b- rnyard millet) 
Paspalumscrohiculatum (kodo millet) 

Total 

reference material of several hundred species, 
gathered during many trips, to serve as a per-
manent reference. Companion species and 
weeds are filed to assist in identification and 
verification. The new building enhances preser-
vation of the samples under controlled 
conditions. 

The major portion of the germplasm is now 
stored at 4 to 50C and 30 to 40% relative humid
ity. The medium-term stores, equipped with 
compactor shelves, already have relieved us 
from frequent rejuvenation of germplasm. Our 
initial germination tests showed that viability of 
fresh seeds placed in the mediun-term cold 

stores for 2 years remains very good (94%" aver-
age for groundnut cultivars). 

Multilocational testing continued in Ethiopia 
for sorghum, and at Ilissar for chickpea, but a 
combined attack of flotr'tis - IA.cochyta wiped 
out all but 20 chickpea accessions at Ilissar. The 
survivors will be evaluated to determine if they 
are really resistant. 

In collaboration with scientists in other disci-
plines, we will continue to screen new germplasm 
for various attributes. Evaluation of our germ-

No. of accessions 

1422 
1196 
735 
243 
393 
306 

4295 

plasm at, or near, their original habitats will be 
increased in the immediate future. Some prelimi
nary, promising discussions have been made 
with Kcnyan and Cameroon scientists to launch 
such evaluations jointly in their countries. 

Table 2 shows the number of samples distrib
uted in 1982 to scientists in and outside India. 

Table 2. Germplasm dltrlhullon In 1982. 

Samiples 
Other 

Other Totl countries 2 

Crop India countries samples (lin) 

Sorghum 1,:30 12785 14215 27 
Pearl millct 569 429 998 12 
Pigeonpea 1326 569 1895 22 
Chickpea 4801 1038 5839 19 
Groundnut 2208 1423 3631 18 
Minor nlillets 2080 901 2981 7 

I. Figures do not inclhde more than 40 000 simples of 
germplasm shared with ICRISAT scientists. 

2. Most of these countvies also provi!c germplasm to 
ICRISAT (see Table I). 
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The numbers shared in the Institute arc even 
larger. The importance of the secd supply service 
is well understood, and the most useful germ
plasm available is sent. Seed supply abroad is 
channeled through the Government of India 
quarantine authorities, who inspect and clear the 
seeds. 

Documentation was furthered this year by 
transcribing existing data on to the new compu
ter, which will make data retrieval (for selection 
and analysis) possible. More concerted efforts 
will now be made to document and compaterize 
germplasm passport and evaluation data for all 
our crors. 

Sorghum Germplasm 

Efforts to assemble sorghum germplasm from 
new areas continued, and 1202 new accessions 
were added to the existing collection of 21 264, 
for a total of 22,466. The new additions were 
assembled from 16 countries-by collection 
expeditions and correspondence. 

Collection expeditions "ere organized in the 
two high altitude central African countries, 
Rwanda and Buiundi, where sorghum had not 
been collected before. A new rnge of variation 
in the collectin was noticed for panicle type and 
grain color. Some types described by Snowden 
as S . nigricans were recovered. Other expedi-
tions were organized duni ig the year in Zim-
babwe and Kenya. 

A total of 427 accessions--from Nigeria (193), 
Zambia (85), Ghana (79), and Sudan(70)--werc 
planted in the Postentry Quarantiime Isolation 
Area (PEQIA) for inspection and release. Pend-
ing clearance by Indian plant quarantine author-
ities are 2270 accessions from ORIS I'OM: West 
Africa (1240), Mali (369), Ethiopia (260), 
Rwanda (170), lurundi (105), Kenya (95), and 
Zimbabwe (31). 

To meet the increasing ret uests for seed, we 
rejuvenated 4609 accessions during the post-
rainy ,eason by using the technique of selfing, 
and I IS male-sterile lines were maintained by 
hand pollination. All accessions are now con-
served in medium-term cold storage. 

Sorghum gerniplasm, colleted.for thefirst litef. 'InI 

Burund' in eastern Africa. has pro vided anew range 
of panh'e thpev and grain c)or to ICRISA 77s gene 
batik. 

Also during the postrainy and rainy seasons, 
4675 newly assembled accessions were charac
terized and evaluated at ICRISAT for morpho
agronomic characters. 

Collaborating with scientists of the Sorghum 
Program, we continued to screen germplasm for 
insect and disease resistance: 15 036 accessions 
during the year for resistance to midge, earhead 
bug, stem borer, shoot fly, anthracnose, downy 
mildew, and grain molds. For the first time, wild 
relatives of sorghum were scr,encd for response 
to downy mildew by tlhe Sorghum Pathology 
Unit and two accessions from S. arundinaceum 
and S. sudattense gave an immune reaction at 
ICRISAT Center. 

A base collectior. consisting of about a thou
sand accessions was selected from the World 
Collection and stratified taxonomically and geo
graphically, based on theirecologicaladaptation 
at Patancheru. The material is already being 
used by sorghum scientists of ICRISAT (to 
screen for resistance to midge and head bug, and 
for grain quality), by Indian institutions, and by 
scientists of Japan, Uganda, Upper Volta, and 
Mali in their improvement programs. 

Internationally acceptable descriptors were 
standardized and published in collaboration 
with IIBPGR. Addingto thedata alreadycompu



9 

i 
Thi. aItolwriodinen..itive zera-zera .orgh n was 
converted aitICRISA T ('enter from the idhot operiod-

Eithiopia. 

The conver.sion gives us new agronomic characteris-

tics to tie in breeding program.%. 

sensitive landrace collected in Gambela, 

teried, evaluation data for important descrip-
tors with passport information from IS 10 051 
onwards have been tabulated to be 
computeried. 

For an effecti~e and easy flow of tropical 
gerniplasm into various sorghum improvement 
programs around the world, we initiated an 
introgression and conversion project in 1979. 
Now we are converting icra-/era landraces from 
Sudan and Ethiopia, which are hirhly pri/ed for 
their superior agronomic characteristics, but 
have restricted utility bccaume they are photope-
riod sensitive and much too tall. The converted 
I:,populations grown at ICRISAT Center in 

1982 produced promising segregants, which 
combine in /era-icra heads such other desirable 
traits as improved grain quality and quantity, 
photoperiodic insensitivity, and shorter plant 

Pearl Millet Germplasm 

height. They were selected by ICRISAT breed
ers, in-service trainees, AICSIP breeders, and 
breeders of private seed companies. The nearly 
3000 selections will be made into bulks forgrow
ing and further selection by interested breeders. 

Pearl Millet Germplasm 

A germplasm collection mission to Zimbabwe, 
jointly launched by ICRISAT and IBPGR in 
collaboration with the Department of Agricul
ture of Zimbabwe, yielded 37 samples of pearl 
millet. Two wild species of Pennisettam were 
collected from Burundi. Millet physiologists col
lected 17 samples from Rajasthan, which include 
very primitive landraces with shattering spike
lets. From the hilly areas of Andhra Pradesh, 18 
more samples were collected. The millet breeder 
from Mali collected 167 samples. The IBPGR 
collection from Nigeria was received after multi
plication by selfing In lPune. Of the 132 samples 
received, seed was obtained from 118, so our 
collection now has IV288 samples. 

Of the 1280 samples from 10 countries sown in 
PEQIA, 931 were released after quarantine 

inspection; tile rest did not germinate. Renit..it 

seeds cl 42 accessions were again sown in qua

rantinc. In addition, 876 samples---from Sudan 
(376), USA (218), Mali (167), Senegal (50), Zim
babwe (36), Kenya (15), Ghana (12), and 
Burundi (2)-were sown for quarantine inspec
tion and seed increase. 

During the postrainy season, 2196 accessions 
were rejuvenated and processed for storage to 
replenish the seed quantity or restore normal 
viability. 

Besides the 931 accessions released from qua
rantine, 148 samples collected from Maharash-
Ira and 118 sample, from Nigeria were evaluated 
during the rainy season for various morphologi
cal and agronomical characters. 

In total 1255 selected germplasm lines were 
classified for male sterility maintaining and res
toring ability on 5141A. The search for new 
characters and new sources was intensified. 
From the germplasm grow-outs, 35 new dwarf 
stocks were identified, as well as 125 from the 
breeders' plots. File true-breeding dwarf stocks 
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were crossed to the known dwarf stock d2. When 
the F, was dwarf, it was assumed to be allelic to 
d2. When the F, from such across was tall, it was 
assumed to be nonallelic to d2. Such a genetic 
analysis indicated at least three dwarf stocks that 
are nonallelic to d2. Observations on these new 
dwarf stocks are continuing. 

Glossy leaves, a trait not previously reorted, 
were identified after screening more than 6000 
accessions. The glossy trait, identifiable in the 
earliest seedling stage, was best expressed 
around 14 days after plants emerged. Prelimi
nary observations show that the glossy leaf char
acter is recessive and controlled by a single gene. 

Careful examination of anthers and seed-set 
after selfing helped us identify several male
sterile lines, most of which are genetic. We later 
identified four morphologically distinct male
sterile lines and their maintainers, some of which 
we arc evaluating jointly with the breeders. 

By mutagenic treatment of tall, photoperiod-
sensitive, long-duration West African types, we 

identified some very interesting early-maturing 
dwarf mutants, 37 of which were selected by 
breeders. Several chlorophyll mutants were iso
latcd and characterized, and their mode of inher
itance was studied. 

In collaboration with scientists in other disci-
plines, we screened 1227 new germplasm lines 
for resistance to downy mildew and rust (784), 

ergot (123), drought (101), insects (212), and 
grain quality (7). 

For meaningful comparis rns of data from dif
ferent locations and recorder-. ICRISAT and 
IBPGR jointly published Descriptors for Pearl 
Millet. 

Evaluation data of more than 4000 accessions 
were tabulated for the computer. 

Pigeonpea Germplasm 
Collection from priority areas continued, and a 
systematic germplasm collection launched in 
Kenya secured 282 representative landraces of 
pigeonpea. '[his material includes new records 
for seed weight (26.92 g/ 100 seed) and a new 
green seedcoat color. Adding more large-seeded 
perennials to the World Collection, many of 
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Tall and dliar/ Ipes of./ligeonpeagermp/ani, growin 

Side h side at ICRISA 7'Ceer, howivthe diversity of 

plant heights available in germplasin.fr plant hreed
ers around the world. 

which seem to have high yield potential and 
drought tolerance, has substantially broadened 
the genetic base for the vegetable-type pigeon
peas needed in such areas as East Africa and the 
Caribbean Islands. To secure mo:e wild species, 
we organized pointed collections in the Western 
Ghats and the northern IHimalayan foothill 
tracts of India. Among the important collections 
are more accessions of Aiylosia rugosa, A.alhi
cans, Dunharia .i'rruginea,Rhvnwchosia alhi
flora, R.rui',sens, R.suaveole't, R.rothii,and 
R. aurea. Germplasm of Dunhariaco;:,'ersa 
from Jalpaiguri district in West Bengal was col
lected for the first time. We obtained At*rlosia 
act Wvlia, and A. pthr(lora,which are new addi

http:germplasin.fr


tions, and A. reticulata from Australia. Our gene 
bank now has 9936 accessions from 33 countries, 
Wild relatives consist of 164 accessions belong-
ing to 39 species and 6 genera. The 352 recently 
added lines from Kenya, Ta,1 zania, Thailand, 
etc., are at various stages of quarantine 
clearance. 

During 1981/82, 1610 lines were rejuvenated, 
and 1472 lines were sown for rejuvenation in 
1982/83. The recent collection of wild relatives 
from the Kumaon hills and the Western and 
Eastern Ghats of India also was rejuvenated, 

We have completed characterizing most of the 
ICRISAT-developed lines, so their morphoa-
gronomic descriptions are now available. In 
1982/83 a total of 476 lines including new collec
tion, will be grown for characterization. In addi
tion, to iornpare the suspected duplicates, we 
shall record mcrphoagronomic characters for 
1674 lines; 2150 Jines inall were sown for charac
terization in 1982/83. 

Replicated evaluation to ascertain the perfor
mance of high-yielding, medium-maturing 
pigeonpeas continued, from the 60 lines origi-

nating from divere genetic backgrounds evalu
ated in 1981/82 we selected 36 entries for a 
replicated yield potential .rial in 1982/83. To." 
identify more lines; with photoperiodic insensi-
tivity, we screened 1216 lines in 1982. So far 7256 
lines have been screened at ICR ISAT Center, 
and 808 lines w th potential for photoperiodic 
insensitivity were obtained. We sowed 400 of the 
808 lines in late 1982 under an extended day
length to confirm photoperiodic insensitivity. 
The results will enable us to select more precisely 
the right genotypes needed for different geogra
phical areas-and perhaps to extend pigeonpea 
cultivation into nonconventional areas and ena
ble nonconventional planting times. 

From the M2 and M3 generation of irradiated 
cultivar BDN-I, we identified several plants with 
translucent anthers containing sterile pollen. 
Test-crossed with the known heterozygous male 
sterile Ms-3A, two of them were confirmed true 
male steriles. Male sterility is now available in 
three maturity grwips: ICP-10914 (early), BDN-
I (medium), and ICP-7188 (late) apart from 
other known male steriles. 

Pigeonpea Germplasin 11 

In collaboration with ICR ISAT pathologists, 
we now have 339 new germplasm accessions 
under various stages of rigorous screening for 
reactions to wilt, sterility mosaic disease, and 
blight. ICRISAT entomologists, who have 
screened 7785 germplasm lines since 1975 for 
reactions to pests, found some lines less suscepti
ble to such major pests as Heliothis armigera and 
Melanagromnyza obtu.%a. Of 150 lines screened in 
1981/82, 39 more lines had some resistance to 
those pests. In cooperation with ICRISAT's 
entomologists, we established that the host 
range of the podfly, Melanagronm'za obtusa, 
extends to several species of /Itlosia(A. lineata, 
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To widen uur germplasm in the pigeonpea breeding 
program, we crossed this Australian species, Atylosia 
latisepalus, with ,ultivar NP(IVR)-15, developed b, 
the Indian Agricultural Research Institute, New 
Delhi. 
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A. volubilis, etc.), Rhynchosia, and Flemingia. 
This knowledge helps scientists estimate the 
potential role of wild legumes in harboring pests 
from one cro season to the next. As a result of 
screening 45 accessions of wild relatives, such as 
Atylosia scarabaeoides, A. sericea, A. lineata, 
Rhiynchosia bracteata and others, we identified 
12 accessions with low susceptibility and other 
desirable traits. 

The Biochemistry Unit has analyzed 1511 
lines for important sulphur-containing amino 
acids such as methionine, cystine, and trypto-
phan, and 86 accessions of wild relatives for 
protein content and amino acid p'ofi!e. 

We continued our efforts to involve more 
exotic germplasm in the introgression work and 
successfully crossed one more Australian spe-
cies, Alvlosia lati.scp'ilawith the pigeonpea cul-
tivar ','(WR)-15. Attempts to cross A. mollis, 
A. volubilis, and A. platyvcarpa again failed, but 
further attempts will be made. 

Documentation of 1980/81 evaluation data 
has been completed and the data are entered in 
the computer. The 1981/82 data are ready for 
the computer. The Cajanus/Ahlosiataxonomic 
revision, begun in 1975, reached the final manus-
cript stage. 

Chickpea Germplasm 

Chickpea germplasm at ICRISAT now totals 
12502 entries from 39 countries, not including 
about 400 recently acquired samples awaiting 
clearance by the Indianplantquarantineauthor-
ities. During the year, 45 accessions were added 
through fresh collections, 9 through correspon-
dence, and 73 were newly developed or selected 
at ICRISAT. Our first chickpea germplasm col-
lection mission to Ethiopia during January-
February was successful, resulting in 210 
samples, most of which are heterogenous popu-
lations composed of several morphologically 
distinct types. A second trip to the Jammu 
region of north India yielded 41 samples. 

Morphoagronomic evaluation continued at 
both Patancheru and Ilissar. At H issar, a severe 
epidemic offoliardiseasesdevastated thecropso 
only 20 of 1400 entries sown could be harvested, 

Repeated tests of germplasm materials con
firmec that some accessions such as P 324 and P 
326, both originating from Bihar, India, are 
among the top grain yielders, and they are being 
used by breeders. 

ICRISAT scientists have initially screened 
aimost all the available germplasm and have 
confirmed resistance to fusarium wilt in 58 
accessions, to dry root rot in 48 accessaons, and 
to aschochyta hlight in 154 accessions. Entomol
ogists have confirmed good resistance against 
pod borer in 22 accessions. Of 58 wilt resistant 
lines, 18 also resisted black root rot. Eleven 
accessions were confirmed as resistant to chick
pea stunt virus. Seed of all of the resistant stocks 
is available to research workers on request. 

At one time all the eight wild annual Cicer 
species were assembled at ICRISAT, but Cicer 
echinospermum could not be maintained owing 
to its growing requirements. In some other spe
cies not enough seed could be multiplied under 
Patancheru conditions, but some Cicer yamashi
tae seed was salvaged. In future seasons these 
species are to be grown in extended daylight to 
induce early flowering, and produce more seeds. 

Seeds of wild Cicer species are in heavy 
demand, primarily by research workcrs in basic 
and applied genetics. Some of the species have 
highly useful genes, but so far only Cicer reticul
atum has been introgressed successfully with the 
cultivated chickpea. Perennial Citer species are 
difficult to maintain under Patancheru environ
mcntal conditions. 

Evaluation data on about II 500 germplasm 
accessions grown at Flissar and Patancheru have 
been entered in the computer under the IDMRS 
system. It is now possible to sort out accessions 
in any combination required. 

Groundnut Germplasm 

Our collection of groundnut germplasm totals 
10 211 accessions, an increase of 457 over last 
year. New accessions came mainly from Mozam
bique, Zambia, Ghana, Bolivia, Peru, and 
Brazil. In February 1982, a groundnut germ
plasm collection mission was undertaken to 
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14 Genetic Resources Unit 

bique (4), Burunli (3), and Rwinda (I)-which 
await release b, the Indian pitant quarantine 
authorities, 

The collection expedition organized in collab-
oration with Prof. J.M.J. de Wet, University of 
Illinois, USA, in the Eastern Ghats of India 
added 148 samples, including new races of Pani-
cum sumatrense and Setaria italica, from the 
tribat areas of Andhra Pradesh and Oaissa in 
India. 

In 1982, 1421 accessions of Eleusine, 1195 of 
Setaria,735 of Panicum mliaceum, and 243 of 
Panicum sumatrense were characterized and 
classified up to the subrace level in collaboration 
with the University of Illinois, USA. 

Requests for germplasm samples of minor 
millets are increasing; we distributed 2981 seed 
samples to scientists in India and abroad during 
1982, for a total of 19 323 samples since ICRI-
SAT took charge of minor millets germplasm. 

Germplasm Distribvuion 

Every year thousands of germplasm samples of 
our mandate crops and six minor millets are 
distributed free to all who request and wish to 
us" them in their local environments for crop 
improvement. Table 2 shows the numbers of 
germplasm samples distributed in 1982. All 
ICRISAT seeds are thoroughly inspected and 
cleared by the Government of India quarantine 
authorities before they are sent out, so ICRISAT 
distributes only clean, viable, safe seed. 

All those who wish to exchange germplasm 
material with ICRISAT may simply write to the 
Genetic Resources Unit and request the type of 
sample they require, using the descriptor states 
as published by IBPGR/ICRISAT. Anyone 
wishing t'v) send seed samples to ICRISAT 
should senJ the samples and the Phytosanitary 
Certificate by air to: 

The Project Direct,,r 
Central Plant Protection Training Institute 
Mini try of Agriculture, Government of India 
Rajendranagar, Ilyderabad 500 030 
Andhra Pradesh 
INDIA 

Prospective seed senders may contact us in 
advance for the green-and-white labels to be 
attached to each seed container. A copy each of 
the list of samples sent, the phytosanitary certifi
cate, and the accompanying letter, if any, along 
with information about place and date of collec
tion, altitude and latitude (if known), name of 
collector, and other pertinent information may 
be sent directly to our Genetic Resources Unit. 

Looking Ahead 

Further general and pointed collections are 
required from areas where genetic diversity still 
exists. New missions will be launched depending 
on funds, clearance from countries concerned, 
and existing collaboration. The new cold storage 
equipment will be in!;talled in the recently com
plete:d building, for which the Japanese Govern
ment provided funds. 

Multilocation testing of our germplasm at 
appropriate places will prove useful for our 
scientific clientele. Rejuvenation and evaluation 
in the areas of origin may aid in overcoming 
losses due to poor adaptation or quarantine 
restrictions. 

Efforts to make the computer :,[orage and 
retriev.l system fully operational should facili
tate selection and analysis. Major publications 
on taxonomic classification of pigeonpea and its 
wild relatives, and collaborative papers on clas
sification of sorghum and minor millets are 
being processed. 

The exciting results of the sorghur.i introgres
sion project warrant continuation to ensure new 
variability for selection, adaptation, and use. 
Likewise, we shall continue introgression in 
other mandate crops in attempts to incorporate 
useful genes from wild relatives. 

Viability studies of s,.,d in long-term and 

medium-term storage will soon be started. We 
will do more specialized studies on the cytology 
of our crops and thei, wild relatives. 

Already established lin!:s with the II]PGR and 
other national and international organizations 
will be further strengthened. A more collabora
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Table 1. Incidence of shoot fly on indicated sorghum lines under choice and no-choice conditions, ICRISAT 
Center, 1982. 

Choice condition No-choice condition 

Sorghum Egg laying Deadhearts Egg laying Deadhedrts 
lines (%) 

IS 1082 53.1 (47.4) " 
IS 2122 55.4 (48.3) 
IS 2195 63.3 (53.9) 
IS 4663 67.0 (55.9) 
IS 46(4 41.7 (40.2) 

IS 5470 64.4 (53.7) 
IS 5484 48.1 (43.9) 
IS 5566 47.7 (43.8) 
IS 18551 57.2 (49.9) 

PS 21171 70.1 (57.5) 
PS 21217 48.3 (44.0) 
I'S 21318 51.1 (45.7) 
CSIH-I 93.1 (75.0) 

1-iguies in parenthcses are arc sine tran ini ions. 

Entries PS 21171. P'S 21217, and I'S 21318, 
were less susceptible across locations in Upper 
Volta, Thailand, and ICRISAT Center. and 
under a no-choice situation at ICRISAT Center; 
PS 21318 was thc most promising entry in the 
ISSFN at Samaru, Nigeria. 

Breeding for resistance. Using I'S 18817-3. PS 
18822-4. PS 18601-3. PS 19230, and I'S 14413 as 
shoot fly resistant parents, we generate(] 208 F, 
populations, tested them in late September 1982, 
and made 325agronomically elite selections with 
shoot fly resistance comparable to that of the 
original sources. 

Fron 1446 advanced breeding progenies (F5,  
Iand F7) tested under heavy shoot fly pressure 
(90% deadhearts in the moderately resistant 
check), we selected 76 progenies. Six were non-
restoring when crossed to a cytoplasmic male-
sterile line. 

Source diversification. Our studies on source 
disersification indicate that good wenetic diver-
sity for shoot fly rcstancecxistsanra'hat differ-

(%) (%) (%) 

29.2 (30.5) 
40.7 (39.5) 

85.3 (67.2) 
91.3 (73.9) 

72.7 (58.9) 
82.1 (65.2) 

50.5 (45.4) 
49.0 (44.5) 

76.3 (61.8) 
59.3 (50.8) 

73.9 (60.1) 
54.5 (47.6) 

36.4 (37.1) 55.3 (48.1) 36.3 (36.9) 

50.0 (44.8) 
41.8 (40.0) 

71.7 (58.7) 
72.1 (58.7) 

52.2 (46.4) 
58.7 (50.4) 

40.5 (39.2) 
42.7 (40.6) 

62.8 (52.6) 
51.6 (46.0) 

55.3 (48.1) 
44.0 (41.5) 

46.7 (43.1) 58.6 (50.2) 51.3 (45.8) 
32.7 (33.9) 
43.8 (41.3) 

54.9 (47.9) 
60.8 (51.3) 

40.4 (39.5) 
48.3 (44.1) 

92.3 (75.1) 100.0 (85.9) 95.3 (78.5) 

ent sources have different blocks of resistant 
genes. So pooling diverse gene blocks may 
increase resistance. 

Multiple resistance. In 1982 rainy season tests. 
I'S 18601-3 showed good resistance to downy 
mildew, leaf rust, and shoot fly; PS 14413, to 
shoot fly, stein borer (Chilo), and shoot bugs; 
and PS 18817-3, to shoot fly, shoot bug,and leaf 
rust. 

[Entries PS 14103, PS 10597, and PS 10607 
yielded 2500 to 4000 kg/ha with good 
management. 

Stem Borer (Chilo pariclius) 

Resistance screening. l)uring the rainy season 
we tested 374 previously selected germplasm 
lines in a r-plicated trial at Ilissar, India, under 
natural borer infest.,tion. Compared with a 
mean incidence of 72.2% deadhearts in the test 
material, 56 lines showed less than 40% inci
dence. The least susceptible lines originated 
from: India 57.5%, Nigeria 14.8%, USA 13.0, 
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Sudan 7.4%, Uganda 3.7%, and Zimbabwe and 
Ethiopia 1.9% each. Most of the lines (74.5%) 
belong to durra sorghum, whereas 18.2% are 
durra bicolor. Of the 1254 lines selected last year 
at Pantnagar, India, under low insect pressure, 
106 were retested at Hissar this year; these will be 
tested further. 

Of 62 advanced, less-susceptible, shoot fly 
breeding lines (primarily in F6 and F 7 material) 
tested in three replications, 3 lines (PS-14413, 
PF-13827, and PB-8104-1) were exceptionally 
promising for resistance to Chilo. Of these, PF-

14413 also had good resistance to shoot fly. All 
three lines have reasonably good agronomic 
backgrounds. 

Mass rearing on artificial diet and field infesta-
tion. By developing a new egg-laying cage and 
a better moth-collection device, we improved 
rea.ing Chih, partelluson artificial diets. In the 
new cage, females lay eggs through holes in a 
screen that forms a square grid pattern on the 
butter paper. The moth-collection device con
sists of a suction cleaner and exchangeable ctl-
!ection jars that allow female and male moths to 
be collected separately and transferred easily 
into egg-laying cages. The kidney-bean diet pre-
viotsly used was replaced by a chickpea-based 
diet that' increased female output 60%. First 
instar larvae are distributed in the field with the 
ba/ooka, developed at CIMMYT, which drops 
larvae and carries them into plant whorls. 

During the postrainy season, 2 ha of sorghum 
source material and breeding lines were infested 

when the crop was 26 to 30 days old with artifi
cially reared 1st instar larvae (5 to 7/plant). 

Multilocationsl testing. Results received so far 
from the !982 International Sorghum Stem 
Borer Nurb-ry (ISSBN) have been encouraging. 
PB-8294, PB-8258, and PB-8281, identified as 
tolerant to Chilo in India. performed well 
against Busseola at Samaru, Nigeria-the best 
among all ISSBN test entries, rated 2.0, 2.4, and 
2.5 (1 to 9 infestation index) against 6.2 for the 
local susceptible control. 

Breeding for resistance. To initiate our stem 
borer resistance breeding program, we made 50 
hand crosses by using PS-14413, PS 13827, and 
PB 8104-1 as resistant source parents. Now we 
will concentrate on creating stable, high
yielding, borer-resistant material. 

Sorghum Midge (Contarinia 
sorghicola) 

Biology. Sorghum midge deve,,iurent from 
egg to adult was studied on three resistant (AF
28, IS-12666C. and TAM-2566) and two sus
ceptible (CSI- and Swarna) cultivars. At 50% 
anthesis, 60 midge flies per sorghum head were 
confined on each of three heads of each genotype 
to lay eggs. Numbers of flies that emerged from 
infested florets were counted daily. Develop
ment periods an numbers of flies emerging 
from resistant and susceptible cultivars varied 
widely (Table 2). Emergence in susceptible cul-

Table 2. IPost-embryonic development of sorghum midge in indicated genot)pes, I('RISAT Center, rainy season 
1982. 

Sorghum 
genotype 15 16 17 18 

AF-28 
IS-12666C 
TA M-2566 
CSII-I 
Sarna 

-
-
-

21 

-
-
-

38 
-

-
16 
-

49 
59 

-
16 
-

63 
30 

after inoctilation 
19 20 21 22 

Midge emerged/head' 

'Days 

- - 9 9 
12 15 9 7 
- 19 8 8 

41 34 31 20 
43 50 52 47 

Bascd on caged earheads inoculated with 6() midge flies/cage. 

23 24 25 26 
Total 

flies 

4 
5 
4 
9 

22 

2 
3 
5 
6 
9 

-
I 
2 
-
4 

-
3 
4 

24 
86 
50 

314 
316 

I 
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tivars (Swarna, CSH-I) started much earlier 
than in resistant cultivars except IS-12666C, 
which indicates that less susceptible cultivars can 
reduce population buildup, and may over time 
reduce the number of generations by prolonging 
their development period, 

Midge populations were monitored on 
sorghum earheads at half anthesis stage at ICRI- 
SAT Cent:r. Sorghum plantings were made 
fortnightly. and midge flies on sorghum heads at 
half anthesis were counted daily. Midge activity 
peaked in October with a second peak in 
February-March. With the onset of monsoon 
rains, the diapausing midge population emerged 
in July from infested sorghum earheads carried 
over from the previous season. Low midge popu-
lations were active year round. 

Resistance screening. The variation of 
sorghum germplasm/breeding material in time 
to flowering and the fluctuating midge popula-
tion constitute a key problem in screening for 
midge resistance. To increase the midge popula-
tion, we used two methods: mixed maturity 
spreader rows planted 20 days earlier and midge 

Scattered 
infested heads 

and mixed-maturity 

24- infested 

22

'20-

S18- Mixed 

infested heads. The methods were used alone 
and in combination as indicated in Figure 2. 
Midge damage was recorded in 2000 florets 

-picked at random from 25 heads at the center of 
each plot (Fig.2). Midge damage was highest in 
the plot with spreader rows with infested ear
heads scattered on the ground between test 
entry rows. which increases midge population 3 
to 5 times. But prevailing temperature and 
humidity largely determine the population 
buildup. 

To screen cultivars under uniform insect pres
sure, we developed a head cage (25 cm long and 
16 cm in diameter). The results indicated that 40 
midge flies collectt2. in the morning (9-1 i am) 
and introduced into the cage on two consequent 
days at the half anthedis stage (Fig. 3) produced 
maximum damage on susceptible cultivar CSH-

I. Midge in cages covered by blue bags did more 
damage than those in red and yellow bags. A set 
of 21 lines (replicated 3 times with 5 heads inocu
lated pei replication, containing resistant and 
susceptible cultivars) were screened in the head 
cage (Table 3). The results indicated that DJ
6514, TAM-2566, and IS-1 2666C were the most 

M 
Midge damage 

F] Chaffy florets 

O16- maturity
infested 

,.14- --

.12
oinfested 

Scattered
heads 

81
78 Control 

72 

.~ I. 
0 -

Figure 2. Effect of mixed-maturity spreader rows and inoculation with midge-infested heads on sorghum 11hhrid 

(CSII-I (based on observation of 2000 florets from 25 heads), I(RISAT ('enter, postrainy season 1981/82. 
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Figure 3. Midge damage in sorghum heads (CSII-l) at different I.veis of midge pressure and stages of head 

development in head cage conditions, ICRISAT Center, 1981/82. 

resistant lines. Several lines considered resistant 
under natural infestation were quite susceptible 
under the head cage. 

Using the head cage, we screened 300 germ-
plasm and breeding lines, selected 60 promising 
lines, and entered the best 10 of them in the 
International Sorghum Midge Nursery(ISMN), 
which is available to interested scientists in 
India, Africa, and Latin America. 

Of 4500 germplasm lines screened for midge 
resistance at lihavanisagar and Dharwar in 
India under natural infestation, 80 were retained 
for further testing. 

Breeding nurseries. In nursery tests to identify 
midge-resistan, breeding lines, sorghum line 
PM-7348 has been found less susceptible at loca- 
tions in India, Argentina, and El Salvador, as 
also under caged conditions. The line isn)w used 
extensively in ICRISAT's work as an imi ,oved 

midge-resistant source for new crosses. 

Breeding for resistqnce. Of 26 F,populations 
tested under moderate midge pressure at Dhar-

war, we selected 216 less infested derivatives. 
The F,populations were derived from crosses 
involving TAM-2566 and DJ-6514. which are 
resistant to midge. 

At Dharwar, we also tested 1645 advanced 
midge-resistant, breeding progenies (mostly F5, 

F6, and F7 generation) under high midge pres
sure, and selected 145 pro.iiising progenies to be 

advanced. 
Six varieties yielded 60 to 70% as much as 

CSII-5 (hybrid check) at ICRISAT Center 
under no midge infestation and 'hoad good resist
ance to leaf rust. All midge-resistant lines from 
these tests are being crossed with an A-line to see 
if they are nonrestoring. After confirming their 
restoration reaction, we will convert the best 
midge-resistant. nonrestorer lines into 

sterile seed parents to produce midge-resislant 
hybrids. 

Head Bug (Calcorisangustatus) 

In continuing studies on the biology of C.angus

tatus, we observed that females lay an average 
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Resistance screening. Perhaps because of 
Tah3. Midge damageon cagedearheads ofindcated extremely high insect pressure, none of our 1080 

2orghumcultivars, ICRISAT Center, rainy season basic sorghum germplasm collection lines was 

considered less susceptible when screened for 
Florets with Chaffy headbug resistance during the rainy season. The 

Cultivar midge larvae (%) florets (%) head-cale technique helped overcome the high 

DJ-6514 2.33 19.00 insect peessure. Releasing 15 field-collected pairs 
TAM-2566 18.67 27.00 of headbugs at preanthesis gave maximum head
IS-12666C 24.3:^ 35.00 bug counts and grain damage on CSH-I (highly 
IS-12573C 36.33 63.33 susceptible). Of the 180 tires tested with head 
IS-12612C 39.33 60.33 cage, 25 were retained for further testing. 

EC-92792 42.67 59.67 
S-GIRL MR-I 45.33 64.33 
IS-2327 46.00 59.00 Armyworm (Mythimna separata) 
EC-92794 51.67 75.00 
IS-2579C 53.6/ 64.67 Biology. No moths were caught in light traps 

54.33 86.67 during June over the last 3 years even thoughIS-6195 
IS-12664C 55.00 63.00 larvae were present 7 to 10 days after monsoon 

66.00 light-trapEC-92793 56.67 rains 'iegan during June. Maximum 
ENTM-3 58.33 72.67 catches of moths were in September after maxi
IS-12608C 58.33 70.33 mum larval populations in August. Light traps 
IS-2328 58.33 67.67 apparently do not effectively detect the initiation 

71.67 and peak infestations. Maximum moths wereIS-12611 61.00 
79.00 caught during a period of low or no rainfall afterIS-2816C 66.00 

2 to 4 weeks of moderate to high rainfall, moderIS-1151 66.33 79.33 
CSH-I 70.33 84.67 ate temperatures, and high humidity. Apanieles 
IS-1510 71.00 80.33 reficrus was the most important parasite 

recorded on the larvae. 

Resistance screening. A resistance-screening 
technique was standardized in the greenhouse. 
To use it, expose 15-day-old seedlings (10 seed

182 ±21 eggs after a 2- to 4-day preoviposition lings/pot) to first (@ 5 larvae/plant) or third 

period during the rainy season, and 113 ± 12 eggs instar larvae (@ I larva/plant) with larvae con

during the postrainy season after a preoviposi- fined to seedlings with plastic cages (II cm 

tion period of 5 to 8days. Eggs hatched averaged diameter, 25 cm high) with four mesh wire venti

93 ±2% during rainy and 73 ±11% during post- lators (5 cm diameter) on the sides and one at 

rainy season. The females in cages survived 14 to top. 
23 days during the rainy season and 12 to 23 days Of 500 glossy lines screened using third instar 

during the postrainy season. larvae, we selected 50 for further testing. 
We monitored headbug populations at fort- Research in collaboration with the Regional 

nightly intervals at ICRISAT Center, by sam- Research Laboratory, Hyderabad, on neem 

pl;,ig 10 sorghum heads selected at random in extracts showed that fraction 'G'of the alcoholic 
th, postanthesis to milk stage. Maximum bug extract ofdried fruits was the most active against 

activity was observed during September- Mythinina separaialarvae. Further purification 
October and in late February to early March and fractionation led to our identifying three 

(postrainy season), with little or no bug activity fractions with strong antifeedant and antimoult

during May-July. ing properties. 
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Diseases colored-grain sorghums to white-seeded, 
agronomically-elite cultivars. Preliminary 

Grain Molds results indicate that genes for colored grain, tan
nin content, and mold resistance are not well 

Resistance to grain molds in colored-grain correlated, so it may be possible to transfer mold 
sorghums. After identifying high grain mold resistance genes to white-seed sorghums. We 
resistance in colored-grain sorghum germplasm have made appropriate crosses involving a range 
accessions (ICRISAT 1981 Annual Report), we of grain mold resistant, colored-grain sorghums 
began testing for stability of resistance at grain and white-seeded types to understand the rela
mold hot-spot locations. Early results indicated tionship between seed color, tannin content, and 
that 15 genotypes maintained high resistance at mold resistance. Progenies derived in the F 2 and 
five locations: in Farako Ba, Upper Volta. and in F3 generations will be screened during the 1983 
India at Bhavanisagar, Pantnagar, Navsari, and rainy season to see if white-seeded segregates 
Patancheru. with high mold resistance can be identified. 

Seventy-eight sorghum lines have been identi
fied as highly resistant to grain molds. Table 4 Sorghum Downy Mildew (SDM) 
gives the genetic diversity an(! origin of selected 
identified resistant sources. Destructive potential. The destructive poten-

Although we have not completely character- tial of SDM was seen in the 1981 rainy season at 
ized seed anatomy. lines IS-14375, IS-14380, IS- ICRISAT Center when an epidemic of the dis
14384, IS-14390. and IS-21599 appear to hav ease resulted in more than20%ofthe plan, with 
no testa. systemic disease in 19 of 98 ha of sorghum. Some 

fields sown between 23 June and 7 July had more 
Breeding for resistance. This year we investi- than 70% of their plants with systemic disease. In 
gated possible transfer of mold resistance in Tamil Nadu state, southern India. a survey in 

Table 4. Pedigree, race, plant color, and origin of selected colored grain sorghum lines that resist grain molds. 

Sorghum 
lines Pedigree Race Origin 

IS-694 Sugar drip Kafir-13icolor Mexico 
IS-2867 Sugar drip Ificolor South Africa 
IS-3547 Rapbol Caudatum' Sudan 
IS-8545 Morasa 74 Caudatum Ethiopia 
IS-8614 E-67 Kawanda Caudatum Uganda 

IS-8763 E-254 Kafir South Africa 
IS-X848 E-513 Caudatum-Bicolor Kenya 
IS-9353 No. 169 Caudatum-Kafir South Africa 
IS-9487 No. 364 Caudatum-Kafir South Africa 
IS-14384 Boane Guinea Zimbabwe 

IS-15221 2-1-8-3 b Durra-C iudattiin Cameroon 
IS-17141 Bomkum Durra-Caudatt i Nigeria 
IS-20620 IIW-746 Durra-Caudatum USA 
IS-21454 SAD-182 Guinca-Caudatum' Malawi 
IS-22296 PMK-110 Durra Blotswana 

i. = tan; all others, pigmented. 



28 Sorghum 

December 1982 of the major sorghum-growing 
districts (Coimbatore, Madurai, Trichy, Salem, 
and Periyar) which account for 78% of the 720 
000 ha total sorghum area in that state showed 
SDM widespread on both sorghum and maize. 
Ui to 95% of the plants i,, a number of fields 
were diseased. That and its importance in the 
Americas and parts of Africa make downy mil-
dew a priority problem. 

Field resistance screening. We successfully 
used the infector-row technique bascd on wind 
borne conidia of the SDM pathogen (see ICRI-
SAT 1981 trnnual Report) to screen more than 
4000 sorghum lines for SDM resistance during 
the rainy season at Dharwar. The components 
and procedures of the technique follow: 

I. 	Sow in infector rows a highly SDM-
susceptible Eorghum line (DMS-652 or IS-

643) on which the pathogen produces 
abundant conidia. 

2 	 Establish 5DM disease in infector rows by 
incubating germinated (24 hr) seeds between 
SDM systemically infected leaf piecesat 20 0C 

inark hmidto ensurecha that forall inhectov18 to 2r-rowbefore sowing 
plants are infected. 

3. 	Plant the test material after infector row see
dlings have become established and show 
sporulation of SDM at about 20 to 25 days 
after sowing. 

4. 	Plant five rows of test material between two 
rows of infector rows. Plant the middle row of 
the five rows to the same SDM-susceptible 
variety as the infector rows, to indicate SDM 

pressure and as a susceptible check for the 
four test rows. 

was 

used successfully to screen mnore than 4000 lines at Dharmar, Karnataka.India:44 lines were found resistant and 
wvill be retested. 

An infector-row technique, based on windho, ne conidia of lhe patll/geti causing downihilew in .orgliut. 
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5. 	 Evaluate the check and test material for SDM 
at seedling, flowering, and maturity stages, 
considering material with 5% infected plants 
as resistant. 

Downy mildew development and conidial 
production in the infector rows were high; there 
was 100% systemic disease in check rows. indi-
cating adequate disease pressure for evaluating 
test material. 

Of 2804 germplasm and 1126 breeding lines 
screened. 151 and 334 lines, respectively, were 
resistant to SDM; 44 were free from the disease, 
Those 44 will be further evaluated in 1983. 

Reaction of wild and weedy sorghum germplasm 
to SDM. In our search for genetically diverse 
sources of resistance to SDM, we began screen-
ing wild and weedy sorghum germplasm in the 
ICRISAT collection, using conidial inoculum in 
infector rows. The material screened was either 
highly susceptible to SDM (>50% plants with 
systemic disease) or free from it. Resistance was 
found in several accessions of Sorghum versico-
lor (IS-14346, IS-14350) and S. hicolor subspe-
cies arundinaceum (IS-14218, IS-14232, 
IS-14302, IS-10710. R.579 PI / I)and drtmmon-
dii (IS-14387, IS-21401). 

Multilocational testing. The 1981 Interna-
tional Sorghum Downy Mildew Nursery 
(ISDMN) included 12 locations in 7 countries, 
but disease pressure was sufficient at only 5 loca-
tions (Dliarwar. Mysore, and Coimbatore in 
India and Pergamino and Manfredi in Argen-
tina). At those locations, as in previous years. 
QL-3 and it: sister lines 2-7 and 2-26 were free 
from downy mildew. Other lines with 5%downy 
mildew compared with 65 to 100% in susceptible 
cultivar DMS-652 were IS-8185. IS-8283. IS-
3443, IS-8607. IS-7528, and IS-3547. It was the 
first year in the ISDMN for these six entries, 

Breeding for resistance. Use of the large-scale 
field-screening technique at Dharwar made it 
possible tu identify Sl)M resistance in breeding 
material. Of I I F, bulks screened 2 (l)M-96 and 
DM-103) were as free from SDM as their resist-

ant parent, QL-3. And they had tan plants and 
better grain quality than QL-3's red grain. 

We screened 199 F6 progenies from crosses 
involving QL-3 for resistance and made 419 
selections to be advanced and screened. In the 
1982 rainy season, 220 new crosses were made 
with QL-3 and the QL-3 derivatives as the SDM 
resistant donors; the resulting F2 segregating 
populations will be screened for resistance in the 
1983 rainy season. Forty-nine F2 populations 
derived from crosses involving new sources of 
resistance to SDM (IS-3443 and IS-8283) were 
screened for resistance, and 30 selections made 
for further screening in 1983. 

Charcoal Rot 

Effects ofvarious factors on incidence. Usinga 
split-split-plot design, we studied the combined 
effects of different levels of nitrogen, plant popu
lation, plant inoculation, and drought stress on 
charcoal rot incidence (measured as lodging
the first apparent symptom) in the highly sus
ceptible sorghum hybrid CSI-t-6 planted in an 
Alfisol 15 October 1981. We used three nitrogen 
levels (N1. N:, N3 =20, 60. and 120 kg/ha, nain 
plots), three levels of plant population (6, 12, and 
18 plants/im2, subplots), and three inoculations 
(none, with pathogen-colonized toothpick, and 

with sterilized toothpick; sub-subplots). 
The crop was uniformly irrigated to flowering, 

then a gradient of soil moisture was imposed. 
Eighteen rows, in subplots, were sown parallel to 
a line-source sprinkler irrigation system (LS), 
and divided into nine 2-row observation units. 
Water during grain filling from four LS irriga
tions 69, 83, 93, and 103 days after planting was 
14.2 cm in the observationa! unit nearest to LS; it 
then decreased linearly and continuously so the 
last unit received less than Icm(Fig. 4).Thatthe 
,,ater application gae a linear decrease in crop 
transpiration was confirmed by measuring the 
leaf-air temperature differential (Fig. 4). 

As the experiment was conducted during the 
mildei postrainy season, crop growth and grain 
yields were little affected; yields decreased 
slightly after the fourth unit (up to about 6.5 m 
from the LS). The effect of stress on disease 

-4O
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Figure 4. Relationships between distance from line-source sprinkler (IS) irrigation water applied and leaf-air 
temperatures (top) and, lodging percentaZe In each nitrogen treatment (bottom) Regression equations in Table 5A. 
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Leaves in the four observational units closest
Table 5 A. Linear regressions between distance from 

to LS were cooler than the air, indicating highline source sprinkler (X; corresponds to degree of soil 
moisture stress) and other variable (Y)[see Figure 41. transpiration (Fig. 4), and lodging was low in 

these units (Fig. 4). Farther from LS leaves were 
Equation rse r hotter than air and lodging increased linearly 

A. Water applied through LS (cm) with distance from LS, i.e., with increasing 
Y = 15.43-1.07X 1.04 0.98 drought stress. 

Charcoal rot developed equally well in allB. With leaf- air temperature (OC) 
N,: Y = 1.30-0.32X 0.10 0.99 three inoculation treatments, indicating that it is 

N,: Y = 2.34-0.34X 0.18 0.99 not necessary to inoculate plants to cause char-

N.,: Y = 3.25-0.48X 0.41 0.98 coal rot. 
We will use the LS iniormation in designing a 

screening technique for expression of disease
a) Upto 6.3 m from LS 

suitable management practices incorpo-N1: Y 0.140.7 X 0.41 0.97 with 
1.12 0.67 rated to increase sorghum production with min-N2: Y =2.80-0.42X 


N,: Y = 5.80-0.22X 1.20 0.39 imum lodging.
 
b) From 6.3 to 13.9 m 

Ni: Y = -35.75+5.78X 2.99 0.98 Fungi associated with root and stalk rot and 
N,: Y = -17.23+4.44X 2.72 0.98 lodging. The three experimental sets where we 
N,: Y = -23.24+4.88X 2.47 0.99 made fungal isolations from roots and stems of 

lodged plants were: (I) breeders' yield trials atI.S = Line source. 
NI. N,. N, = Nitrogen levels. Dharwar, (2) experiment on charcoal rot inci

dence in susceptible hybrid CSH-6 grown under 
depleting soil moisture, at Dharwar, Nandyal, 
Madhira, and ICRISAT Center, (3) experiment 

incidence (lodging) was apparent in the whole on charcoal rot incidence in CSH-6 under 
range of water supply. Lodging increased under induced drought stress at Dharwar, ICRISAT 
both high nitrogen and high plant population, Center, Nandyal, and Wad Medani in the 
and interactions among all three factors were Sudan. Results showed that Macrophomina 
significant (Table 5B). phaseolina was the predominant fungus and that 

Table 5 B. Lodging percentages in CSI-6 sorghum under three nitrogen levels and three plant populations, 
ICRISAT Center, 1981/82. 

Lodging (%) 

Plant population N, N2 N, 

(no./ha) (20 kg N/ha) (60 kg N/ha) (120 kg N/ha) Mean 

66675 7.6 3.8 6.4 5.9 
133350 13.9 18.4 17.0 
266700 29.4 37.0 36.2 34.1 

Mean 17.0 19.7 20.4 19.0 

SE comparing 2 levels of nitrogen ±1.48 
SE comparing 2 levels of plant population ±1.58 
SE comparing 2 levels of plant populations at the same level of nitrogen ±2.74 
';P comparing 2 levels of nitrogen at the same level of plant population ±4.97 



32 Sorghum 

Fusarium moniiforme was nearly always asso-
ciated with it, particularly in the roots. The mode 
of root infection and interactions of the two 
fungi are being investigated. 

Incidence under increasing drought stress. In 
India sorghum sown near the end of the rainy 
season is predisposed to charcoal rot by develop-
ing and maturing while soil moisture is depleted. 
We studied the incidence of charcoal rot in three 
cultivars (CSII-6, BJ-Ill, and E-36-1) at three 
plant populations (6, 12, and 18 plants/m 2 ) and 
different planting dates at four Indian locations 
(Dharwar, Madhira, Nandyal, and ICRISAT 
Center). Planting dates were: Dharwar 15, 25 
Sept, and 15, 25 Oct; Madhira 4 Sept and 10 Oct; 
Nandyal 12, 24 Oct, and 4 Nov; ICRISAT Cen-
ter 14, 23 Oct, and 7, 16 Nov. Hybrid CSI--6 
lodged badly (50-100%) at all locations, and 
under all plant populations and planting dates. 
Lodging in germplasm line E-36-1 ranged fromO 
to 9%. Visual examination of roots and stems 
and fungal isolations from plants that had not 
lodged in E-36-1 showed them, like lodged 
plants, infected by the charcoal rot pathogen M. 
phaseolina.So E-36-I's low incidence of lodging 
apparently is from charcoal-rot tolerance. 

Table 6. Anthracnose-resistant sorghum breling 
lines with high grain-yield potential (>4,000 kg/ha). 

AICSIP I 

Pedigice designation 

(CSV-4 x G.G. 370)-2-1-1-3 
(SC-108-3 x CS-3541)-14-1 3PV-476 
(IS-12611 x SC-108-3)-4-1-9 " 
[(SC-108-3 x Swarna) x E-35-1]-6-2 
[((15-12622-C x 555) (15-3612-C x 

22198)-5-1)E-35-1]-5-2 SPV-475 
[(148 x E-35-1)-4-1 x CS-3541 

deriv.].5-5-2-1 
[IS-12611 x (:;C-108-3 xCS-3541)-

38-1]-3-1 
(TAM-428 x E-35-1)-4 

AICSIP = All iadia Coordinated Sorghum Improvement 
Project. 

Leaf Diseases 

Anthracnose 

As in previous years research on anthracnose 
(Colletotrichum graminicola [Cesati] Wilson) 
was conducted at Pantnagar. where disease inci
dcnce and severity on susceptible sorghum lines 
are high under natural infection during the rainy 
season. 

Observations in 1982 showed that common 
weeds (Eleusine indica [L.] Gaertu, Echinoclloa 
colonum [L.] Link, Digiiaria sanguinalis [L.] 
Scop, and Dactylocteniuin aegyptium [L.] Ric
ter) growing in and around plots, and sorghum
plant debris in the soil, were the main sources of 
anthracnose inoculum in field screening at Pant
nagar. The pathogen sporulated abundantly on 
those weeds and on sorghum-plant debris but 
the susceptible cultivar M.P. Chari, used as an 
infector row, showed no sporulation although 
infection was heavy. 

In the 1981 rainy season we screened 3171 
germplasm and 609 advanced-generation breed
ing lines for resistance to anthracnose, and 
selected 575 lines foradvanced screening in 1982, 
which confirmed high resistance to anthracnose 
in 96 breeding lines and 41 germplasm lines. The 
best brceding lines with high grain-yield poten
tial from breeders' trials are given in Table 6. 

Rust 

Resistance screening. In preliminary screening 

of 762 advanced generation breeding materials 
and 333 germplasm lines at Dharwar with the 
infector-row technique (ICRISAT Annual 
Report 1981), we selected 262 lines as resistant to 
rust for further screening in 1983 In advanced 
screening of breeding material selected in 1981, 

147 of 245 lines were selected as resistant to rust. 
Some of these breeding lines have high grain
yield potential (Table 7). 

Resistance to anthracnose and rust. Material 
screened for resistance to anthracnose at Pant
nagar is also screened against rust at Dharwar. 

i 
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Multiple Disease Resistance
Table 7. Rust-resistant sorghum breeding lines with 

high grain-yield potential (>4,000 kg/ha). Sorghum is vulnerable to attack by more than 

AICSIP one disease at any location and season, so devel-
Pedilre designation opment of genotypes with resistance to several 

diseases is important. Development of cffectivcE-35-1 x tJS/R-408-X-2 
IS-2550 x Nigerian-8-1 2 and reliable resistance-s.:rccning techniques for 

Indian synthetic-323-1-4-1 grain mold and sorghun downy mildew, and 

(SC-IO-3 x CS-3541)-51-1 S IV-352 using hot-spot locations for rust and anthrac
(IN-l5-2 x CS-3541)-15-2-3 Sl'V-355 nose has enabled u%to identify six sorghun gen
(SC-108-4-8 xCS-3541)-40-1 SiIV-353 otypes that resist three or four of tl 'se disease' 
(SC-10-3 x CS-3541 j-3-1 SPV-350 'fable 8). "1hese genotypes aie valuable sources 

of multiple disease reistance in breeding pro-

This year we identified 25 germplasm and J. grarvs. the sta bilitv ofresistance ariid additional 

bree:ing lines with resistance to both anthrac- diseases they resist will be further tested in our 

nose and rust. Notable among the breeding lines international sorgh urm disease resistance testing 

were SI'V-351 in minkit trials and S1'V-386 in program. 
advanced yield trials in the All india Coordi
nated Sorghum Improvement Project Slrigu 
(AICSIP). 

Resistance screening t :clinilues. Lack of a rel

iable iehli-scr cening technique has slowed pro-
Multilocational Testing 

gress on developing S 'vga-recistant sorghunmi.
for Resistance to laf Disases 

At I(RISA, sse dceloped aI three-stage.
 

Thirty entries in the 1981 International Sorghum Striga-scCeniIgItechnique that ,cit,w in devel-


Leaf )isease Nursery (ISI.DN) were evaluated opinga ilnpooCd ,orghun varieties that fesist
 
trtAintesfor resistance to anthracnose, leaf blight, rust, Stritsa. I lie technique atccounts ItU 


grey leaf spot, sooty' stripe. ionatc leaf spot. tation variabilityIby plos idlll frcquently
 

rough leafspot, oval leaf spot,and tar spot under repeated )ts .Striga-siiscptible
of c ultival 

natural in!ertion at Indote and atlaipur (India), and in|ceasing its ftequency as tcted mallcial is 

Ocotlan (Mexii .)).Samaru (Nigeria), laralbad mued through thIit-e .taleCs: an observation 

(Pakllan). Laiguna (l'hilippincs), Farm Suwan nursery, a prelillinary screlning nlulrery, and an1 

(Thailand), Farako [ta i(Upper Volta). and ('ii- advanced scrccnitg nurser ('Ig. 5). 
langa (Zamblia). Spccific ield layouts and statistical analytical 

As in 5%I. the bc,t procedore, have been desclopcd for three',evious I)N nutserics, tile 

entry was !:-35-1. It resited anthracrioe, leal stages. A checketrhob ,d layout i,dcployed in tle 

blight, rust, /onate leaf spot, sooty Stripe, oval advanced screcninlg; tar to Colifill resistance 

leaf spot, and tar spol. A new entry. IS-8283, of the imlost resitaInt lines Ioin,the piclirilriary 

resiktd antlhracnose, leaf blight, Iust,/ rate leaf scr.eclnin nurciry. 

spot, sooty stripe, rough leaf sp )t,and oval leaf A 'seed-parn' tclinIueii that swe lcehelpedj 

spot. At Manfredi (Argerntina), entries were arti- helps .tscre-n iridtiufiral plant, forSt, resist

ficially inoculated with th bactcrlril Ilaf stripe ance wfcni .oroihtoni ,%cdig' 55 days old 

pati ogen, Ptiedhmdnoa% andro/wgoni (I.F. Wcale reliting the eed-p nrit1-Cnique to Ied iic 

Sinith) Stapp, and withi naite dwarl mosaic tiledays required and to ilake the techique 

virus (MI)NIV). Six eIri:s (IS-.283, [-35-1(1.; nondest roc.ti-e 
18/58), IS-3925, CS-3541, IS-7322, aind ((CS
3541 x IN-15-2) l',-93271-16-1) resisted both Breeding for rrsilane. Fiftccn bru-ding line% 

diseases. and 5 source line%,r rsitsljit to .N'tignain i)reviou% 
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Table S. Disss ratlntid of sorthumn lines multant to %orthumdotbny ildevv. anthracinooe, ru%t. aind/or grain 
mold. 

IS lid. I'Cdigice ()figm 

Soll,1h11r1 do'A ny 
In [fhdC" 2 AnlhdcnlOC It%lit 

urainl 
mold' 

3547 Ilaphol Slidad I 2 1 2 
213 NN 971 N)akina 02,7 21 UISA 1 2 2 3 

17141 loijikurni N ipc Iia 02 I 2 
2151)1) M %.I k NlIj d, 1 2 2 2 

I 2 1I4.I WS Indli1.I 2 2 5 
2u (DD1) UISA 1 2 5 

1, 11 V il. I lh I'AIi t &. I9191 n I 

ti rIcIt ic It.C*I if)n rury %creninglayout, providcd 8 breeding lines%%V~ klick kei boad 
ttc9I"1r1 rs hln resistaiilce forI.i (lj 1111t j Owriq .Ifl "i'i ).ita "lit Food hield advanaced %tape 

t \a\-R I, ,AR -?, SA 1(- il ')!%It t-i iil I ritiiyx''ti'on,.170 new~ bieedl)maint hi: I9? 
11.cild i4'!ict A*%iL All(~r 'Cl Illy 111( aind1IX Soijitt live \%(.r( lcstci ina11wol *ct rig 

Irh irdiiig hic-, *1id I p'1 lp.'.1 (lltmlkc~ui)~$i [tIcililll.ifII iiIcllfp ,.gAIT Mdtd\~ 1ie6d 

hi11Ns field lctltrd 111411trituit tiul ini 11C pIritiuli- al \.111(111 loc~ltiiJui ill Irlifii. .S l111C% that 

stAolI, Ill 
Sitage I Stagr II Ailvwwuid S( reingi 

Otme,,vat~ii ?.ufrry Ilrelimitiary Setccelrag Wiwi~ kv rkmrd I, ut) 

tell. 

I Igui c I lit e -it t it eriIgft* tg itit aitAtlm r rriig lit toa i lIsl nrii t 
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assessed in Striga-sick conditions. )ata from 
locations (Table 9) revealed that CSII-I 

yields in thr,,-sick pints varied from loca
ion to location. At all locations, however, the 

corrIation coefficient (r) between ('S11-I yield
:w111d'Iiga counts %usalwa;ys negative and sig

nitficant. Coefficient of determination (R 2) 

alies indicated hthill\I IO)to 33,' ofCSl-I's 
I variation was explained by variation in 

A'ri,[ a Count. SAR-I, 2, 10, 13, and 15 yielded 

than the suseptible Control,
imore '.11-1. inSirhw~-sick plots. 

lPhysical Environment 
l~Drought 

n
 olvlronlnientalIA c ,stidv on t, fictors that con-

Iitol leaf-a deCclopment was initiated. Investi
g.,atd cle temperatue, drought, and nitrogen 
CllCot on1 leat cicirgencc. expansion, and 

ro\\ th o sorghum (li hbid ('SII-8R) grown 
t~on a Vel tisol duiIng the potiainy season under 

I(l.N I NI (Ibi R I , StII,--r,IvI {hiI Ic I 
\,)1 dl (',hntI U,td) S(m ,lUUI /,/ t/'EIl-I,, i i ti/ 
IIlaloWduu, (I/ Iilque AlI,,,1 1,,. h/,:i; amii ', 
pI,,h i,,a ,w,,,':l/l'h,/Ir,. 

sho ed ood ristiiice to) S. J(iali. a %sereflic:l 

retained 101 ictesllg: 15 bccding lines and 5 
"oilice lilies tslte iiIl ttilils\e Ic"t i 'uoational 
ilthc ie',,,boaldlav lit, A ,iolig .tlicu le", 
N-13 \%as the lest lor S 'tiiai,,esistance (0.9' 
Xi,mi'a plaiits coiiparcd \kith I(0t) peicent in 
(Nill- I tolitil plots). 

Airm the biecliii line,,. S\R-I, SAR-\,, , 
.ad .AR-13 had h0\% .Sitic', coults. I hin indi-
\dunreal WilIIsIt %ere. 1.97, 1.71, arid 2.0,1' of 
(NIl-I. 

f le"is
Ariiorlg ,,ceiil .S'lt ',ia-int lines C\alii-
aicd ;itI('1 ISA I ( raid I)hai\i atcnet it .Sizma-
fcc conditions toias,,,yield polcrlials. SAR-I 
aild SAR-12 yicldcd ime than: tire iiliprosed 
IcleaCseu c'oiriieciil \sItcs ImIrtalia. 'icihs of 
the I5 hiledin, liues ,iiud 5 ollce liiisilsr)wele 

\ . s of nitro a.iend \a tera\its affected 
wol0 c hy nitroen than wkater (hp. 6). W ith 230 
nIn of aail.iblc V,%iter at soe,\ing ,litl] cv ipra.

lion o)k,' 4 iluh (lity, treatlrtentthe (It\ sulfe;:d 

(ollk a ii1il drh ught stlcss Ilcit the cld of tle 
season. On the other hidllnitrolgas severely 
liuiitin,, the pofilc content of No-N wasabout 
13 kI' ha to 12(0 cut dcp. 

Under adequlte ititiogcn and \\iatr (N. W+) 
plants pioduced age of 15 leaves andin ;,\ci 

fll\\cictin 7 days. Nitroetci strss vith orwith
out drought stcss lcdmc,d the IIrmtiher(If Iciaves
 
by one, atid delhyed fio\ m'iug by 12 (W-)and 9
 

l bt dltomiht stiesstrid iitto,i, ,stress 
hstencd uriatti ity by 6 dlays. lIt1ellgcnce and 
CxpansiMo of iMldi dulial leaves also %ere 
delayed. SesCenCCC %s, IhstC(I IInOIC raipidly 
underl ilitrogen lstle, hs ll tIll tll!hlt stless.s el (il 

ICaf extension lales (I.TI) it, all tiaitilmerts 
\aricu with diurnal cliarl'cs in ail temperatlire 
(hig. 7). and incrcased linearly a', temperature 
increased (01g.8); tie highcs ircrCse Wias with 
w\ater lind nitrogen adequate N+ W4 (0.26 



01 Table 9. Striga reactions (SR)' and grain yields (kg/ha) of 15 breeding lines and 5 source lines in multilocation testing (checkerboard layout, rainy season 
1982). 

ICRISAT 
Center Akoja Indorc Parbhani Bijapur Mean Z-

Grain Grain Grain Grain Grain Grain
 
Origin Pedigree SR yield SR yield SR yield SR yield SR yield SR yield 

SAR-1 (555 x 168)-1-1 0.1 3970 4.2 2280 n.2 1540 5.7 2250 1.4 2130 1.9 2430 
SAR-2 (555 x 168)-16 0.5 3370 3.9 2590 1.3 1600 10.2 1960 1.8 2120 3.0 2330 
SAR-5 (14S x 555)-1-2 0.7 3960 3.6 2470 12.4 990 6.2 1960 2.6 1530 4.2 2180 
SAR-6 (148 x 555)-33-1-3 0.2 3680 3.2 2180 1.0 2130 13.3 2450 0.5 1910 3.0 2450 
SAR-9 [SRN-4841 x (WVABC x P-3)-7-3 1.1 4S40 1.5 1070 4.9 2350 4.0 2080 12.8 1420 4.1 2350 
SAR-10 [555x(PDxCS-3541)-29-3]-5-2-l 0.5 4110 1.1 2580 0.6 2620 6.8 2620 0.8 2170 1.7 2500 
SAR-I 1 (555 x A%,ash-1050)-2-2 2.2 1560 5.7 1780 11.1 820 11.5 1670 3.9 1730 6.0 1510 
SAR-12 (SR N-4S4IxSPV-104)-17 4.1 3500 5.3 1040 8.8 2160 9.3 2210 8.3 1130 7.1 2010 
SAR-13 (555 x 1S)-l 0.8 4600 1.7 2270 1.1 i1730 5.6 1960 2.1 1600 2.0 2430 
SAR-14 (Framida x 148)-21-2-2-4 0.3 4370 4.7 !070 13.0 710 3.8 2120 1.7 1300 3.9 1910 
SAR-15 (555 x 168)-23-2-2-3-2 0.8 4210 5.0 2400 4.6 !760 28.6 1710 13 2140 6.9 2440 
SAR-16 (555 x 168)-19-2-7 0.8 4340 5.2 2700 18.2 660 8.7 2450 2.3 1500 6.4 2330 
SAR-1 7 (N-13 x 269)-5-2 3.2 2660 10.3 2210 10.1 860 2.6 2000 6.2 1710 5.7 1890 
SAR-18 (N-13 x 2KX6)- -2-1-2 3.2 4210 20.9 1670 4.2 9890 9.9 2080 11.7 1130 8.7 2020 
T-233B T-233B 128.1 2360 141.3 1660 156.9 710 31.1 1870 23.5 780 85.6 1470 

N-13 N-13 0.1 1290 0.3 2190 1.1 770 2.9 1370 0.8 2850 09 1690 
555 555 4.9 1170 10.3 2530 10.3 1030 4.0 1710 1.2 2150 5.2 1720 
SRN-4841 SRN-4841 11.4 2210 6.8 - 10.3 1280 11.0 460 22.7 1230 10.5 1040 
IS-4202 IS-4202 0.2 1690 3.8 2220 1.4 1970 4.3 1920 2.9 860 2.1 1730 
IS-7471 1:-7471 0.9 - 12.9 - 25.5 - 9.5 - 0.9 1638 8.4 330 

CSH-I2 N ean 230 4040 67 1310 222 1470 36 2130 50! 800
 
(susce Min 82 7 4 13 189 
tible Max 434 380 1047 101 817 
control) r'! -0.43** -0.49** -0.57** -0.39* -0.32* 

i SR of test entries =emerged Strigacounts as percentage of control averaged over two replications. 
SR of CSH-1 = emerged Striea m' averaged over 40 CSH-Il plo:s in the checkerboard. Yield cf CSH-l also averaged over 40 plots. 

3 r corre aton bet\eeri Stri, a count and yield plot. 
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slesll i 1ii lc s tices lail in el l 

mlore'. 31NW 1 1.86 
40 dilhleitt NIli1h ,sil\i o comllpolnt , - W 1.84 

lea I tI a toi enlirlil11li lI tIsi eclililtsies lie 
Itd 1t SL IIl hit tIse il]ieie'tie s riatitll 1I01 
trait,, to l'+,s_tlu\C.hlpil phnt,, hmttu ;tlaptedt
it) 

+ -to so,il Inltlo)Ucli mt idl \\;Ill su~pl.',+( "L .. . . .. . . -' 

10) 201 TI 

B|rte(il g for Resistatce T'lni.perailur, ("() 

I'i-IAur g . It th het %%cn air tile )rraltUre andct,It ,hili, 
"-
A pltlt 11i1 stiiei i itun tlesa, i dini h+Iftt\rnsim ritIs (11.. ll linAi ereght m ( ll I- rt,ion is , 

Ing its ties lo'tieitt . It'. grossl is lititentl hithl) significant (0'0.01). I(HISAlT (ntier. post
di\ ided into thit'e stages: (is';. raiiui) I91I/82.f rotl germinlatiolt siatm( 
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We conducted stress experiments at several crop was on red soil, a gqp in rains produced 
locations in India where rainfall patterns and GS2 stress. At ICRISAT Center, screening dur
soil types varied. Sowing on deep black soils at ing summer season was in*tiited by establishing 
ICRISAT Center suffered mild stress in the the crop with irrigation. 
GS3; a sowing in similar conditions at Dharwar 
suffered two stress periods, GSI and the end of Nurseries. Individual plant selection based on 
GS2 into GS3.At Anantapur, where sowings head size, grain characteristics, and plant type 
were made on shallow red soils during the rainy practiced in the nurseries grown at ICRISAT 

season, the crop experienced prolonged, severe Center produced 260 F3s, 174 F 4s, 46 F5s,and 10 
stress in GSI stage. At Bhavanisagar, where the advanced generation lines. In addition a corn

6- Air tenperature 30 cm above ground 
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Figure 7. Diurnal variation in leaf extension rates (LER) and air temperature 40 days after sowing, ICR ISAT 
Center, postrainy season 1981/82. 
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mon set of 75 entries evaluated at Anantapur 
and ICRISAT Center produced 40 and 60 F4 
selections, respectively. 

Screening. The genotypes were screened peri-
odically to determine wilting rates. The recovery 
score represents how well an entry recovers from 
drought stress. In dry seasons, irrigation water 
to evaluate recovery can be applied after most 
entries have reached nearly complete 
desiccation. 

We sowed a screening nursery of 126 lines in 
four replications at Anantapur and Bhavani
sagar during the rainy season and at ICRISAT 
during summer. Twelve lines were superior for 
resistance to wilting, II for recovery, and 3 
(D71283, D71406, and D38124) were superior 
for both traits. The other entries with good 
scores against wilting were D38129,D38001, ' 

D38200,D38119, D38380, D38131, D38095, 

D38009, and D71395 and for recovery, D38033, 

D38017, D38018, D38016, D38098, D38331, 
D38258, and D71464. 

Correlations between the sets of recovery 
scores taken at Anantapur and Bhavanisagar, 

10000- drymatter 
rate 

0 =5grain XY=4.65 +0.44 X 

(r=0.94, P<0.001;
 
rae =9.48)
 

.0 
to 

,5000- 0 
a 

0 Y -5.10+0.27 X 
(r0.94, P <0.001; rae =5.84) 

0 X 

50 1000- 15 50
Leaf area duration 

Figure 9. Relationships between leaf area duration 
(LA! days) and grain and dry-matter yields, 
ICRISAT Center, postrainy season 1981/82. 

Table 10. Effects of nitrogen and irrigation treatments on leaf-area duration (LAD), seasonal total radiation 
interception, and grain and dry-matter yields', ICRISAT Center, postrainy season 1981/82. 

Radiation interception 
Treatment LA) (m.1/ n12) Grain yield (t/ha) Total dry matter (t/ha) 

Irrigation W+ W- Mean W+ W- Mean W+ W- Mean W+ W- Mean 

With nitrogen 182 138 160 949 902 926 5.0 2.5 3.8 9.1 5.6 7.4 
Without nitrogen 69 55 62 630 487 559 1.5 1.1 1.3 3.8 2.8 3.3 

Mean 126 97 790 695 3.3 1.8 6.5 4.2 

SF ±3.5 ±8.8 ±17.7 ±10.1 ±0.19 ±0.06 ±0.26 ±0.26 

'E for comparing 2 
irrigation treatment 
means with the same 
nitrogen ±5.0 ±25.0 ±0.26 ±0.37 

SE for comparing 2 
nitrogen treatment means 
with the same or different 
level of nitrogen ±9.5 ±20.3 ±0.20 ±0.37 

i I.A1) was computed by integrating the leaf area index ([.AI) measured at 10-day intervals on an area of 0. 15m 2. Ilot siue for 
.
final harvest is27m 2

http:5.10+0.27


Table 11. Performance of selected sorghum varieties at four locations and their drought symptoms at one location, 1982. 

Grain yield (kg/ha) Anantapur 
Bhavani-

ICRISAT 
Origin Pedigree Center Dharwar Anantapur sagar Mean Recovery Wilting 

D38033 
D38028 
D38017 

gEPV 105 xS%2rna)-I- IB 
(E36-1 xDH-547-77R)-34-1B 
(2077BxSPV-86)-2-2B 

6470 
5800 
4610 

6970 
6720 
6850 

500 
340 
320 

480 
600 
480 

3600 
3360 
3070 

2.3 
3.2 
2.5 

1.5 
2.2 
2.2 

D38073 (20-67xS B1067)-4-i B 6080 5210 90 520 2970 3.0 1.8 

D38077 (DH-521-77BxlS2328)-3-1 B 5340 5530 350 590 2960 3.2 2.7 

D38029 (SPVI01x!S3541)-2-IB 5580 4930 460 1110 3020 3.4 2.4 

D38060 (B.Y.C 3S'xE35-1)-7-l B 4920 4670 410 1090 2770 2.6 2.5 

D38127 (DH-519xE36-1)-5-IB 2760 4450 440 910 2140 32 2.1 

D38092 (M35-1xM 1049)-14-1B 740 4760 470 870 1710 3.8 2.7 

D38130 (SBI067x22-40)-l- B 4280 5210 450 870 2700 2.8 1.8 

D38035 (IS2391 xDJ! 195)-2-1B 4460 4710 630 490 2570 2.8 3.1 
Controls CSH5 3860 5440 540 1400 2810 2.7 2.0 

CSV4 4810 4270 220 430 2430 2.5 1.8 
DJ 1195 5380 4790 170 760 2780 2.2 1.8 

CV (%) 8 6 30 31 - 16 21 

SE ±301 ±260 ±88 ±170 - ±0.4 ±0.4 

Site mean 4610 4970 360 680 - 2.9 2.3 
Efficiency (%) of lattice 101 100 115 127 - 111 101 

design vs RCB 

I = least wilted or most recovered. 5 = most wilted or least recovered. 



and those at ICRISAT Center (1982 summer) 
were not high owing to variations in drought 
stress interactions experienced at different 
growth stages. The relationship of scores for 
wilting at Anantapur and ICRISAT Center was 
fair but not related to scores from Bhavanisagar. 
This study suggests the need to initiate and ter-
minate stress uniformly across locations to 
improve the efficiency of tile screening proce-
dure. Recoveries of D71283, D71406, and 
D71464 were consistent across locations and 
seasons. 


Varietal yield trials. We evaluated 72 experi-
mental varieties in preliminary trials at ICRI-
SAT Center and Anantapur during the rainy 
season. Yields ranged from 4075 to 6470 kg/ ha 
at ICRISAT Center (yield potential environ-
ment); from 130 to 890 kg/ha at Anantapur 
(drought environment). Genotypes ranked dif-
ferently in both environments and tile ranks at 
individual locations differed also from overall 
averages, indicating that the wide adaptability 
measure cannot identify genotypes ford rought-
prone locations. At Anantapur. 1)38064, 
D38133, and 1)38236 yielded significantly more 
than the drought resistant checks. 

Performances of 36 advanced varieties evalu
ated in a triple-lattice design at ICRISAT Cen

ter, Dharwai, Bhavanisagar, and Anantapurare 
presented in Table II. The first five entries were 
selected for yield in yield potential environments 
(ICRISAT Center and l)harwar); the remaining 
six, for average deviation of yield weightcd by 
site mcans in drought-prone environments 
(Anantapur and l1havanisagar). The genotype 
ranks obtained by the three proceduies (overall 
means, yield potential locations means, and 

drought-prone locations weighted average devi
ations) differed widely, suggesting that selection 
based on stability or yield potential may not help 
identify suitable genotypes for drought-prone 
locations. 

Correlations for grain yield arong locations, 
drought symptoms, and agronomic traits 

showed drought symptoms wilting and 
recovery-- positively correlated with yield under 
drought stress, indicating that both traits are 
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important in breeding. Height at yield-potential 
environment was related to yield under drought 
stress, suggesting that higher growth rate under 
yield-potential environment may help in select
ing genotypes for drought-prone environments. 

Entries D38060. D38077, D38127, D38084, 
and D38130 are resistant to rust; D38077, 
D38029, D38073, D38060, 13,8035, and 38092 
were selected for emergence at 450C soil 
temperatures. 

Crop Establishment 

Screening technique for resistance to high soil 
temperature. Poor crop stands limit sorghum 
yields in the SAT, and high soil-surface tempera
tures reduce seedling emergence, so we deve
loped a technique to study seedling-emergence 
response to high soil temperatures with no 
drought stress. 

With tile technique, you keep long clay pots 
(30 cm) filled with sieved Alfisol in a water tank 
(Fig. 10), sow seeds 50 mm deep in each pot, heat 
the soil surface with a bank of infrared lamps 
fitted on a frame above the water tank. You can 
maintain a temperature of 35 to 50('C 20nim 
deep by varying the height of the lamps, and 

Figure 10. Infrared heater system used to screen for 

plit emergence at desired soil temperatures 
(reprcsentafive of SAT) that reduce plant emergence 
and yields. 
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,each the temperature that you desire at 20 mm 
depth within 6 hr. Monitor the temperature with 
thermocouples and keep the soil heated until 
plant emergence stops (6-7 days from sowing). 
Sufficient moisture will remain as water is supp-
lied through capillary movement through the 
wall of the pot. Maintain the test temperature 
(450C), developed at 1400 hr, for about 3 hr. 

Maximum soil-surface temperature in the 
field is reached most days between 1400 and 1500 
hr. 

Seeds of varieties we used were produced in 
the 1981 postrainy season, 

Genotypic differences in emergence wei most 
evident at 450C. More than 75% of IS-1037, 
IS-2282. and CSV5 emerged while IS-2146, IS-
4817, IS-83, and IS-2705 failed to emerge; an 
intermediary group with 40 to 60% emergence 
was also identified, 

Using the heated-soil technique, we screened 
another 34 elite lines from the drought p;oject 
produced during the 1982 postrainy season, ina 
replicated trial with two checks, IS-1037 (good 
emergence) and CS11-6 (low emergence) under 
40, 45, and 50C. The effects of temperature, 
genotype, and temperature x genotype interac-
tions were highly significant (P. .0.01). At 45 0 C, 
26V' of the entries did not emerge, 29% showed 
less .nan 50% emergence, and 38%. more than 
60( emergence. 

So the technique, by simulating soil tempera-
tures in the field, can be used to screen genotypes 
for ability to emerge through -,ecified soil 
temperatures under no drought stress or 
crusting. 

Postrainy Season Adaptation 


Postrainy-season sorghums, which grow on 
about 1/3 of India's sorghum acreage, usually 
are sown in October and develop in shorter, 
cooler days when soil moisture is receding. 

)rought stress toward crop maturity is 
common. 

I)evelopingbre:dinglines. As part ofaneffort 
to diversify sorghum's genetic base for breeding, 
we used known postrainy season Indian lines 

and selected lines from Nigeria, Sudan, Niger, 
Benin, Kenya, Ethiopia, Malawi, and USA as 
parents in crossing. Evaluations of the breeding 
materials were carried out at ICRISA1 Center 
(17030'N) and Bijapur (16045'N) by sowing after 
mid-September on black soils. The crop grew 
well initially, but cold temperatures coupledwith 
depleted available moisture when grain was 
developing caused severe loss of green leaf area 
and lodging. 

We selected 697 F~s, 128 F4 s, 56 F5s, and 47 
F,,/7s at ICR1SAT Centerand 330 FIsat Bijapur 
for further evaluation. 

Evaluating varieties. We evaluated 133 breed
ing lines in three preliminary yield trialsat ICRI-
SAT Center and advanced 9 lines for further 
testing based on grain yield, lodging, plant 
height, and days to flowering. 

The advanced yield trial of 36 entrles was 
sown 9 September at Bijapur; 15 Septemberand 
13 November at ICRISAT Center. The 
September-sown trials were rainfed. The late
sown trial got one supplemental irrigation in 
addition to a presowing one. Twelve lines 
(D83325, 1)71240, D82792, D71258, 1)83336, 
1)82072. D71383, 1)84049. )71185, )82081, 
D71680, and D12417) substantially outyielded 
the check variety M35-1. They matured earlier 
or at the same time as the check, were similar or 
shorter in plant height, and generally lodged less 
than the check. 

M35-1 sorghum var;ety is widely grown in the 
postrainy season; to escape terminal drought 
stress, varieties that flower earlier than M35-1 
are needed-- 10 of the 12 selected varieties satisfy 
that objective, and most of them significantly 
outyielded M35-1 (2230 to 3025 kg/ha vs 1905 
kg/ha). Sorghum lines planted late flowered 
from I to 15 days later than those planted early. 

In a trial of 50 advanced entries from 
improved populations at ICRISAT Center, 4 
entries yielded moic than CSV-SR. Only 7ofthe 
50 entries were advanced for testing in 1983 post
rainy season- -A6306, AI010, A5380, A1009, 
A1075. A1033, and AI008. 

In another trial of 25 preliminary varieties at 
ICRISAT Center, 6 entries yielded more than 
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CS l-SR and 10 yielded more than CSV-8R. 'he 
control. All 16 %%ere selected for further t.ming 
next .car. 


F-our %aricties. )71240 (SPV-578). )12417 
(SIlV-579). )71383 (SI'V-580) and )82792 
1S1'V-581) %erc entered in the regional 
postraimy-scason trial of the All India ('oordi-
nated Sorghum Impro ement Project. 

Eialuating hIbrids. O1 85 hybrids evaluated in 
a nursery. 21 wcrc selected for further testing. 

A trial Ifor the postrainy sea .,n was organi/ed 
using 36A (the sced parent for CSII-8R) as the 
sced parent. I lie nost promising eight librids 
are: 36A x )24036. 36A x )24254. !)36A x 

)24261. 30A x )24242. 36A x )24037. 36A x 
)24302. 30A x 1)24241. and 36A x )24245. 

Each of the eight hybrids yielded more than 
N135-1 and tmo of them (36A x )24037 and 36A 
x )24254) vielcd 36"'i more than the hybrid 
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of thecontrol. CSH-8R (3406 kg/ha). Most 
eight lodged less than CSH-8R or M35-1. 

Another trial consisting of 40 hybrids was also 
conducted during the 1981 postrainy season at 
ICRISAT Center. Promising hybrids were 296A 
xSPV-422. 296A x A740, 296A x A6636, 296A x 
A505. 2077A x A909, 2077A x A910. and 2077A 
x A916. One hybrid (296A x SPV-422)was iden
tified for tile AICSIP Trial in 1982. The remain
ing six hybrids will be tested once again at 
ICRISAT ('enter during the 1982 83 postrainy 
Seasoil.
 

Efforts are being made to diversify the seed 
pa rents available for producing hybrids suitable 
for postrain. season. The male-sterile line. 1)IA. 
now%at 6th backcross. has a thin stalk. It is taller 
than 36A and less susceptible to rust. In addi
tion. 313 pairs are at the backcross 2 stage of 
devcopment. 

Nitrogen Fixation 
NI easuring Nitrogen FixationMn, 

Using two systems of plant culture and gas han
dling, we exposed sorghum seedlings to nitrogen 
gas enriched with the stable isotope 'IN and 
demonstrated that nitrogen is fixed in the root 
/one and transferred to the tops of the plants. 
Initially %%e grew CS!!-5 seedlings in a sand
:farmyard manure (97:3 w w) mixture in 25- x 
200-ram test tubes wkith an attached side tube. 

When cxposed to I N,. the lops of the plants 
were sealed from the root system by a Suba Seal 
and silicone rubber sealant, and gas in the root 
medium in tie test tubes was exchanged by water 
displacement. lhe oxygen content of the root 
/one was monitored and maintained at 20i. 

After exposing 20-day-old CSII-5 scedlingsto 
labeled nitrogen gas for 3 days. 'INwas dtected 
in the growkth medium (0.005 15N atom Cr 

excess). S~e~n dal's after the labeled gas was 
removed. the 'IN atom 'iexcess in tie plants 
increased considerably with (.029aton I, excess 
in tie roots and 0.019 atom c%excess in the 
shoots. 
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We tested a device developed at Rothamsted 
Experimental Station, UK for gassing 10 plants 

at once. We grew CSH-5 plants for 24 days in 35 
x 295 mm plastic tubes containing sand:FYM 
(97:3 w/w), then enclosed the root systems in the 

tubes with silicone rubber around the stem 
bases. 

We replaced the gas in the root chamber by 
flushing with CO 2 then absorbing out the CO 2 

over soda lime and allowing a 15N 2:0 2mixture to 
be drawn in. We thus avoided flooding the root 
zone with water to transfer the gas. Table 12 
shows that 1SN was incorporated in the shoot 
system by the end of the 3-day exposure period; 
15N incorporation in the leaves had further 
increased 9 days later. 

Our results show unequivocally that nitrogen 
is fixed by bacteria in the rhizosphere of 
sorghum seedlings and is rapidly taken up by 
plant roots and that some is transferred to the 
shoot system. 

Acetylene (C2H2) Reduction Assay 

Soil core assay. We improved the soil core 
assay developed earlier (ICRISAT Annual 
Report 1975/76, pp. 85), and compared nitroge-
nase activity with nine genotypes of sorghum 
grown in Alfisol soil during the rainy season by 
using our assay of regular (disturbed) cores 
taken at the time of assay and a planted core 
assay where plants were grown with their roots 
enclosed by the core from 25 days after planting. 

Table 13 shows that significantly more activity 
was obtained with the planted core assay (535 
nmol C2H4/ plant per hr) than with the regular 
core assay (35 nmol C 2H4/ plant per hr). Similar 
differences were recorded in another experi
ment. Earlier results indicated that mechanical 
disturbance to the plant cores during handling 
reduced nitrogenase activity considerably 
(ICRISAT Annual Report 1981, p. 64). 

Intact-plant assay for pot-grown plants. Fac
tors affecting the intact-plant assay for estimat
ing nitrogenase activity of pot-grown plants 
(ICRISAT Annual Report 1979/80, p.Al) were 
further studied. 

Sorghum hybrid CSH-8 plants grew signifi
cantly better in pots filled with sand:FYM (97:3 
w/w), or Alfisol soil than plants grown in ver
miculite or sand:soil (60:40 w/w). Plants grown 
in sand:FYM had the most nitrogenase activity 
(Table 14). 

Other studies comparing mixtuics of sand and 

FYM showed that plants grew better with more 
nitrogenase activity as the amount of FYM 

mixed with the sand increased to 3%. 
We studied root temperature effects on 

nitrogenase activity by growing plants in plastic 
containers conditiorzd at a particular tempera
ture (controlled by water baths) for 10 days 
before the assay. More activity was obtained at 
400C and 340C (370 and 358 nmol C2H4/ plant 
per hr) than at 290C (195 nmol C2H4/plant per 
hr). 

Table 12. '-N incorporation by sorghum hybrid CS!!-5 seedlings.
 

Time of harvest after exposure to VIN,
 

0 days 9 days 

Shoot Root Shoot Root 

Dry weight (mg/plant) 
"5N atom %excess 

264 
0.056 

246 
0.059 

400 
0.102 

673 
0.073 

"5N incorporated (pg/plant) 15.9 25.5 

Average of 3 replications: plants grown in 35-' 295-mm plastic tubes filled with sand:EVM (97:3 w/w); 24-day-old seedlings 

exposed to 1N 2 (40 atom %excess) for 3 days. Data from collaborative project with Rothamsted Experimental Station funded by 

the UK Overseas Development Administration. 



Table 13. Nltrogenase activity of sorghum lines 

by regular core and planted core assayestimated 
methods. 

Nitrogenase activity 
(nmoles C2H4/plant per hr)a 

Cultivar Regular core assay Planted core assay 

IS-1057 24 2101 

IS-2207 41 253 

IS-9180 33 295 

IS-2638 33 316 

IS-2391 38 682 

IS-3951 37 448 

IS-3949 30 267 

CSV-5 61 335 

Soil 20 119 


Mean 35 b 535c 

a. Average of 4 replicated cores. Log transformation 
(nmoles C,1l4+ I) used to analyie data. Figures with 
different letters vary significantly (P<0.05) from each 
other. 
Plants grown in an Alfisol field during the rainy season; 
assayed for nitrogcnase activity 63 days after planting. 

Table 14. Growth and nitrogenase activity of 
sorghum hybrid CSH-8 in indicated media. 

Nitmgenase activity Plant dry 
(nmoles C,tl,plant matter 

Media per hr)a plant)(g, 


Soil (Alfisol) 7 t, 40 

Vermiculite 49 d 35
 
Sand:Soil (60:40 w/w) 22 . 24 

Sand:Farmyard 

Manure (97:3 w,/w) 270 43 


SE ±1.5 

CVV 20 


a Average of 15 replications. L.og transformation (nmoles 
C211,+1) used to analye data. Figures with different 
letters vary significantly (P.0.05) from each other. 
Plants were grown in 7 liter capacity plastic pots with 
equivalent of 20 kg N/ha added as ammonium sulphate. 
nilrogenase activity estimated at 50 days after planting 
(DAP) and plants harvested at 66 DAP. 
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We compared the nitrogenase activity of 15
lines of sorghum using two a'say systems, grow

ing plants in pots, then assaying them as intact 
plants (see ICRISAT Annual Report
1979/1980, p. 41) or exposing the soil-root sys
tems in the pots to acetylene after cutting off 

plant tops. Intact plants had significantly more
 

activity than the plants with tops removed
 
(Table 15), particularly 76-day-old plants. The
 
intact plants averagcd 291 nmol C2H4 / plant per
 
hr and decapitated plants, only I I nmol, a 26
fold difference. Activity was greater at the 49
day assay than at the 76-day assay, ar~l three of
 
the four highest yielding sorghum lines were also
 
in the top five ranking cultivars at the 76-day
 
assay.
 

Table 15. Nitrogenase activity of intact and decap
itated sorghum plants. 

Nitrogenase activity 
(nmoles C2 t4/ plant per hr)" 

Intact-plant Decapitated-plant 
Cultivar assay assay 

IS-84 3590 1910
 
CSV-5 3060 1370
 
IS-1256 1650 26
 

IS-5108 480 80
 
Dobbs 370 16
 

IS-2261 290 30
 
2077 B 190 270
 
IS-2190 66 17
 
IS-1324 60 40
 
IS-2267 50 47
 

IS-2980 40 33
 
IS-801 32 35
 
IS-2207 30 15
 
IS-1398 26 18

IS-5218 26 18
 

Soil 13 


Mean 625 i, 247
 
a,,. Average of 5 replications. L.og transformation (nmoles


C2 Il4+ ) used to analyc data. Figures with different 
letters vary significantly (P.-0.01) from each other. 
49-day-old plants grown in 6-liter plastiL containers filled 
with Alfisol soil, assayed for nitrogenase activity; plants 
decapitated just before the assay. 

27 
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Response to Inoculation 

Afield trial was conducted during the 1982 rainy 
season on an Alfisol with the three sorghum 
hybrids CSH-I, CSH-5, and CSH-9 inoculated 
with different nitrogen-fixing bacteria at sowing 
and again just after seedlings emerged. A 
randomized-block design was used. Inoculating 
with Azospirillum Iipoferum and a root extract 
from Napier bajra increased dry-matter produc-
tion (P<0.10) of the three hybrids taken 
together (Table 16). The trend toward increased 
grain yield from inoculation was not statistically 
significant. 

Nitrogen-fixing Blue Green Algae 

We surveyed several fields throughout the year 
for nitrogen-fixing blue green algae (cyanobac-
teria). The predominant heterocystous algae, 
seen forming mats on several fields, were two 
Anabaena species and Nostoc muscorumn. Other 
Nostoc species were observed as well as algae 
belonging to the following genera: Calotirix, 
Aphanothece, 4ficroct'stis, Lyngbva, and 
Oscillatoria. 

The nitrogen-fixing activity (Cl-12 reduction) 
of the algae-formed mats depended on soil mois-

ture, light, ar.d temperature. Maximum activity 
was in early afternoon. Activity as high as 1.6 

2 per hr) wasnmol C2H4/core per hr (4.3 mg N/ m
observed in one Alfisol field cropped to sorghum 
in the rainy season. To estimate the blue-green 
algal contribution to nitrogen balance, we took 
many cores throughout the field several times 
during the season. Average activities for a given 
afternoon ranged from I mg N/m 2 per hr to 
nearly zero when the soil surface became very 
dry. 

Root ExudPtes and Growth 
of Nitrogen-fixing Bacteria 

We found significant diffr,ences in amounts and 
patterns of organic carbon exuded into culture 
media by seedling roots of six sorghum cultivars 
grown in axenic liquid culture. Sorghum geno
types that exuded the most organic carbon sup
ported the most nitrogenase activity by an 
A zospirilhn iloferiun inoculum. 

Monitoring growth and nitrognase activity 
of five bacterial strains in semisolid synthetic 
media, containing root exudates from three 
sorghum genotypes as the sole organic carbon 
source, showed significant (P < 0.05)differences 
in growth and activity between bacteria and 

Table 16. Effect of Inoculating three sorghum hybrids with nitrogen fixing bacteria on dry-matter production, 

ICRISAT Center, rainy season 1982. 

Inoculum Cultivar 

Azospirillum lipoferum (I) 
Azospirillum lipoferun (2) 
Napier bajra root extract 
Azotobacter chroococcum 
Uninoculated 

SE 


Mean 


SE 


CV % 


Total dry matter (kg/ ha) 

CSII-I CSI1-5 CSII-9 Mean 

7380 11210 10030 95 , J 
7860 9820 11150 9610 
6930 11360 10220 9500 
7420 7600 9740 8260 
7000 8110 8670 7920 

±820 ±379 

7320 9620 9960 

±198 

21 

Average of 4 replications, net plot size 13.5 in2 . Urea fertilizer at 20 kg N/ha banded as top di-ssing. 
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Table 17. Vesicular Arbuscular Mycorrhizal (VAM) inoculation, plant dry-matter production, and Phosphorus In 
xylem exudate of sorghum hybrid CS1I 5. 

Pi in xylem exudate hShoot dry 
Percent matter" Conc. Total 

Cultures colonization (g/pla'it) (pg/ml) (pg/plant) 

Glmiu.sfasciculatum 66(8.1)' 1.93 83 25 
Glonus mo seae 52(7.2) 2.20 59 18 
Gigas ora inargarita 48(6.9) 2.07 50 23 
Gloou i .s(c'ulatum F3 40(6.3) 1.43 77 17 
,i,asporacalowora 366.0) 1.14 28 7 

A aulo.pora laevi.% 3215.6) 1.33 40 13 
Control 25(5.0) 0.98 20 5 

SE 1(0.32) t0.15 ±5 -1 

CV t) II 21 21 45 

54-day (,t'J plant%. All .alue%nican% of 5 replicate po1%ca,.hithI plant grom. in 1.1v %.%and Alliolt i ' ltutce. %trarn 

stcrilimcd '.lore infec ed root .ec!rmcnts of I'on, w i. imn-m tnn:1nningmj%,ing. Mcorrhi/al inoculation at sAlng Ailt 
approx. 60) cxtra-matrical yore, per pot. 

,. Ili = inorganic (or a ailahle) V determined by a '.:adiurn nol.hditc method 
Figure in parcnthecs, ate data It. per cent coloniiation anal.,/cd alter tranlrniation a% x()5 

between exudate media. Ti bacteria x genotype 
interaction was significant, indicating qualita-
tive differences in root cxidates, which may be 
important in selecting bacteria fot inoculation 
trials, 

ycorrhiiza 

A field survey at ICRISA'T" Center showed that 
sorghum for ns vesicular arbuscular mycor-
rhital (VAM) symbiotic associations with the 
four major genera of VAM fungi. 

In a pot trial with a root mredium of stcriliied 
sand and Alfisol soil (1:1 v/v). inoculating 
sorghum cv CSlI-5 with six species of VAM 
fungi increased Prowth 115 to 220%. VAM cul
tures varied widely in ability to stimulate 
sorghum growth (Table 17). '[lie was a signtfi
cant correlation between the proportion of the 
root coloni;cd by VANI (log transformed data) 
and plant dry-matter production, based on the 
means for each strain (r =0.89; df = 6,P 70.05). 
ilowever Acaulsporaand Glonumw ino.taedid 
not follow this relationship. 

Since, VAM fungi benefit the hoit plant by 
enhancing P uptake, %%eexamined the P coitcnt 
of the xylem exudate. The percentage of VANI 
colonization and available P in the xylem exu
date, measured by a vanadium molybdate 
method correlated significantly (r -0.64; df: 34: 
!).1)0.01). 1hat -orrelation suggests that 1P in the 
xylem exudate cculd be used to screen rqtms 
and VAM isolatcs for the cffcctivenes\ of the 
symbiosis they form 'his technique needs more 
work to standarli.he cxtidale collection. ;an( to 
account for the diurnal pattern of exudation and 
fluctuations inP concentrations in the cxuttat 
during plant growth. 

Food Quality 

Grain Sprouting 

Grain weathering and head sprouting arc con
mon insorghum heads exposed to rainfall in late 
gi owth stages. Sprout dali.tge has been reported 
to induce alpha-amylase activity which m)odifiel, 

http:standarli.he
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grains. Such damage, if rolling quality of flour from sprouted samplescarbohydrates in the 
extensive, midl lower the quality of food prm- were significantly lower than from control. Par

pared froi the han agcd grain (Fables IM& 19). tide sie of he lour from sprouted grain ws 

We monitorcd thre alpha-mirnylas" actiily in redaced 20 to 30",,. Rolling quality of flour from 

my season. the spr outed g,ains of two cultivars did not differsorghum grains grown du Ing h7 
from t hatI of controls, pcihapsAlpha-amylae i!ctivi ty cxprc!,.cd as sp dcic sfnilicantl 

activity (chai.ge in absorlhaimc pCr ing procin) beusI'e" rinatio,| of these lWe \,as only 50%. 

ranged from 0. IP)to 0 4X in iin-affe "d grains Sprcading quadly i gel Hmde h on sp otcd 

s.ilpleCS dillcred significantl!y ron that of conhut was les, than 0.)19 in dry-son na~csts 


'Io study the cited of spotting on flour and tlros; yel flotnr sprouLttd saiples was,hin, les
 

roli qualitis, %%c soAiked pl.i'l ,ampIlcs of 15 111im, and ,,stally poor. late and kteping qual

lhcn Ity of ,W11rwiC h)ow Sp|cuMted ,amphswas iggcnot)pes in ditillcd s ai, for .1hr 
hlco. tlmse( factors of roti fronrcioscd the s,llipres and kept them in aiyili- rmfitly 


natr 10 hr atIt \(W thenI hjctdCd the 1o1- kotiol saIplcs.
 

tiol .iid laltors%foutrd FI.illn %amplfes,to
 
.illph..ini : l , a, i,,ssand flour (ti.ility Crin ('httct'erktic
 

I he lpf,,-.|r b at,iit, of 'protitlrd pgiamsN I ndhNr.,i tC\Ilte or lhadnes% of' the grain is 

ssas high (me.an 0 75) %,,rg pay.tIItc sice anid .issocI,tcd N, i0,quliy as food. We compaid 

fol ,onle r,,in- l ihurs m-sa ihum Cil|+,,+'.labh.IN, Pr i, rli 	 arid nour qualil) illof IS 
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Table 19. Properties for some food-quality attributes of 15 sorghum cultivars. 

Flour Roti I 

Gel Spread (mm) Taste Keeping quality 

Genotype C S C S C S 

M35-1 57 57 2.0 2.5 2.0 2.5 
4.0IS 10504 73 94 3.0 4.0 3.0 

SPV 351 58 62 2.5 3.0 2.5 2.7 
SPV 475 55 57 2.7 3.0 2.5 2.7 

. 57 2.7 3.0 2.5 2.5CSH-I 57 

3.2CSH-6 58 62 2.5 3.5 2.7 
2.7 3.72077B 58 58 2.7 4.0 

3.2CS 3541 56 57 2.7 3.5 2.7 
Mothi 59 64 2.5 3.7 2.7 3.7 

4.0Safra 61 70 3.0 3.7 3.0 

SPV 352 59 63 3.0 3.5 3.0 3.0 
64 2.5 3.0 2.7 3.0CSH-9 61 

2.5CSH-5 60 64 2.2 3.0 2.2 
55 2.8 3.5 2.5 2.0CSH-8 56 

2.7E6954 56 58 3.0 4.0 2.5 

Mean 59 63 2.6 3.4 2.6 3.1 
SE± 1.1 2.5 

i.Roi taste and keeping quality rated on I to 5 scale; I = good and 5 unacceptable.
 
C = Normal control grains.
 
S = Grains sprouted for 30 hours.
 

several methods to describe grain hardness of Statistical analysis of the data showed highly 

bulk samples from 15 white-seeded cultivars that significant differences among genotypes (Table 

lacked testa but had diverse endosperm 20). Most of the quality factors correlated nega

properties. tively and highly significantly (P < 0.01) except 

Our replicated observations covered these percentage floaters vs flour through the 75-y 

grain attributes: (a) corneousness percentage, sieve. That correlation was positive (r = 0.87). 

measured with a light microscope as the translu- Soft endosperm grains produced the finest flour. 

cent area of the endosperm in a longitudinal Among the various methods used, breaking 

section of the grain; (b) grain-breaking strength strength was affected by grain shape. Analysis of 

in kg measured with a Kiya Hardness Tester; (c) particle sizes showed that different milling and 

grain density; (d) the grain's water absorption sieving techniques determine flour particle size. 

estimated by soaking in water 5 hr at room Mechanical sieve shakers cannot be used to 

temperature; (e)percentage of floaters in a sam- determine particle size of tine flour because it 

pie of 100 grains pl;,cd in sodium nitrate solu- agglomerates. Several workers have used grain's 

tion of 1.3 specifi g;avity (adopted from resistance to pearling as a measure of hardness. 

Carlsberg Research Center, Copenhagen); (0 But gr n size, shape, and pericarp structure 
percentage of uniformly ground flour retained affect that measurement. Pericarp structure also 

on 75- to 250-p sieves, affects water absorption. 
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Table 20. Mean properties for Indirated grain and Pour quality attributes of 15 sorghum cultivars.1 

Corneous Breaking Crain Water Flour Flour through 
er.dosperm strength density Floaters absorption over 125 pi 75-u sieve 

Genotype (%) (kg) (g/cc) (%) (%) (%) (%) 

M35-1 32.5 5.7 1.25 55 16.5 9.1 74.4 
2077B 49.2 4.1 1.21 72 23.6 8.9 72.4 
IS 1401 4.0 4.3 1.22 93 21.0 7.5 80.9 
IS 5604 48.1 5.0 1.26 19 18.3 24.7 49.2 
CSH 6 50.1 6.1 1.30 10 22.5 20.6 48.0 

E35-1 68.4 11.0 1.32 14 20.6 19.5 48.8 
SPV 351 61.6 8.1 1.20 22 23.3 22.2 46.2 
SPV 422 57.8 7.9 1.26 56 25.2 11.0 67.2 
CSH 8 49.3 5.8 1.25 47 22.9 11.5 65.0 
296B 48.1 6.3 1.22 50 21.2 12.9 65.9 

2219B 80.2 6.5 1.28 4 18.9 23.2 45.6 
P-721 5.8 5.2 1.06 99 36.6 10.4 78.4 
S-29 75.1 7.2 1.22 83 23.9 17.5 55.8 
IS-9985 45.1 6.1 1.15 93 24.9 6.3 81.5 
SPV 393 57.2 6.8 1.21 59 26.4 14.5 61.7 

Mean 48.8 6.4 1.23 52 23.1 14.6 62.7 
Maximum 80.2 11.0 1.32 99 36.6 24.7 81.5 
Minimum 4.0 4.1 1.06 4.0 16.5 6.3 45.6 

SE :t 1.17 0.13 0.004 1.02 0.43 0.32 0.47 

CV (%) 27.8 " 7.9 1.4 7.6 2.6 8.6 2.8 

i. Averages of three independent observations each replicated over three weeks; all genotypes have white pericarps. 

We found percentage floaters in a 1.3 specific- In a preliminary study on the inheritance of 
gravity solution is a rapid, effective method to popping quality, we used crosses between eight 
evaluate and classify many samples for grain parents with varied levels of popping quality 
hardness and endosperm texture into a small (volume) and found popping volume highly her
number of classes. itable and controlled by polygenes. 

Pop Sorghum 

Studying popping quality of 30 sorghum culti- Population Improvement 
vars, we associated various graia quality charac
ters with popped sorghum. The volume of a 5-g Recurrent Selection 
popped sample varied from 9 to 54 cc, and float
ers varied from 12 to 99%. Starch granules in the We continued recurrent selection in five 
endosperm of the 30 cultivars varied in size from sorghum populations: US/R, US/1, Rs/R, 
17 to 2 6 p. Floater percentage and pop volume R%/ 11,and West African Early (WAE). Indian 
correlated negatively (0.67 = . 0.01). Starch Synthetic, the newly composited population, is 
granule size correlated negatively with pop ready for its first cycle of recurrent selection in 
volume (0,58 : P < 0.01). 1983. 
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During the 1981 rainy season, 196 S2 progen- tion development. We grew 2105 derived lines in 
ies from Rs/ R and Rs/ B populations, and four a nonreplicated nursery, and we advanced 762 
checks were evaluated at ICRISAT Center, Bha- lines. The most promising and uniform of them 
vanisagar, and Dharwar. Using their perfor- will be included in yield trials and other nurseries 
mance on several traits, we selected 38 S2 to evaluate resistances to various yield-limiting 
prognies from each of Rs/ R (mean grain yield, factors. 
4292 kg/ha) and Rs/B (mean, 4830 kg/ha) and 
recombined them in the 1981/ 82 postrainy sea- Varietal Trials 
son, which completed the fourth cycle of recur
rent selection. During recombination phase, Two Preliminary Variety Trials, PVT-l and 
sources of shoot F- and midge resistance were PVT-2 (39 early- and 39 medium-maturity lines, 
injected into the restorer populations; 12 addi- population derived) were evaluated at ICRISAT 
tional nonrestorer lines were incorporated into Center, Dharwar, and Bhavanisagar. Eight 
the Rs/B population. selected lines in PVT-I and 6 in PVT-2 yielded 

From Rs/ R and Rs/ 3random-mating popu- well at all locations. But most of them are taller 
lations in cycle 4, we selected 4576 Rs/R and 990 and matured later than the hybrid check. Pedi
Rs/1 half-sib progenies and evaluated them in grees of lines that yielded well and were selected 
unreplicated nurseries during the 1982 rainy sea- for further evaluation and selection are: PVT
son, we used overall performance, including res- I-ICSV-101, A13152, A13153, A13121, ICSV
istance to insects and diseases, of those 139, A13172, ICSV-134, and ICSV-136; 
progenies, and selected 397 S, of Rs/R and 990 PVT-2-ICSV-138, A13194, A13201, ICSV-
S, of Rs/ B progenies. They were advanced to S2 105, A13239. and ICSV-104. 
progenies during tie 1982/83 postrainy season. 

The US/ R and US/B populations are in their Evaluation of Advanced 
5th selection cycle. Ilalf-sib progenies from both Elite Varieties 
popuiations (798 of US/R and 892 of US/ B) 
were evaluated in the 1981 rainy season and 397 The evaluations of 60 varieties derived from the 
US/R and 413 US/! selected S,progenies were grain quality project at ICRISAT Center, Dhar
cwdaluted and advanced to S,progenies in unre- war, and Bhavanisagar in 1981 and 1982 con
plicated nurseries at ICRISAT Center in the firmed the superior yield and stability of 
1981/82 postrainy season and at Bhavanisagar M60252, M60256, and M60297. And we selected 
in 1982 summer. The 196 selected S, progenies two new varieties (M60370, and M60396) for 
from each population were evaluated in repli- high grain yield, improving quality, and agro
cated trials at ICRISAT Center, )harwar, and nomic eliteness. 
I3havanisagar in tie 1982 rainy season. Also in 1982 we evaluated 33 improved varie-

Using overall performances, we selected 41 S2 ties selected in 1981 for adaptation and yield 
progenies in lJS/ R and 46 S,progenies in US/i stability at ICRISAT Center, Dharwar, and 
to ecombine to complete the 5th1 llhavanisagar. Atselection cycle. ICRISAT Center, they were 
During recombination, 19 restorer and 14 non- evaluated in Vertisol and Alfisol under low and 
restorer lines with desirable characteristics will high fertility and sprayed and unsprayed envir
be incorporated, respectively, into US/R and onments (Table 21). Coefficient of variation was 
US/II populations. high in the low-fertility environments, from 23 to 

47%. 

Populiation-derived Lines The genotype x environment interaction was 
significant. But three varieties (ICSV-130, 120, 

We continued extracting lines from improved and 138) had stable, high yields at most environ
populations by advancing the generations of ments ICSV-147, a Strigatiatica-resistantvar
plants selected from different stages of popula icty, was highest yielding under low fertility, but 
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Table 21. Mean grain yields (kg/ha) of indicated elite, advanced sorghum varieties evaluated at threesites InIndia, 
rainy season 1982 (kCB, three replications, plot size variable: 4 ml minimum, 12 m2 maximum). 

Varieties Pedigree 

ICSV-130 (22-40xSPV-l05)-6-12-l-l-B 
ICSV-120 [(148xE35-l)-4-1 xCS-354I deriv.]-5-3-2 
ICSV-138 CSV-4xG.G.x370-2--l-I--4 
ICSV-126 [SC-108-3xSwarna)xE35-1]-6-2 
ICSV-139 UchV2xFLR-101-2-1 

ICSV-1 14 [(SRN-484!xWABCxP-3)-3]-7-3 
ICSV-145 (555xGPR-168)-l-I 
ICSV-147 (555xGPR-168)-23-2-2-3-2 
ICSV-115 (555xGPR-168)-19-2-7 
ICSV-107 (SC-108-3xCS-3541)-19-I(SPV 351) 
CSH-5 (Htybrid control) 

SE 

CV (%) 

i. kIF = High Fertility (128:82:0). 

Bhavani- ICRISAT Center 

Dharwar sagar HF' (2)2 LF3 (3)4 

5630 3170 7160 2350 
6350 3080 5960 2160 
7230 4920 6580 2060 
7940 4080 6050 1870 
7870 1920 5860 1570 

5240 2210 5380 2310 
4370 960 4680 2200 
2420 2420 4530 2460 
1940 2830 4470 2120 
6540 2750 5230 2190 
6000 3290 6490 3060 

±390 ±441 

i 31 

2. ICRISAT Center two locations: Vertisol SE ± 390, C/(%) 13; Alfisol SE ± 300. CV(%) II. 
3. LF = Low Fertility (40:20:0).
 
4 ICR ISAT Center three locations: Alfisol SE ±385, CV(%j 2S, (pesticide free) SE ±372, CV( , )47; Vertisol (pesticide free) SE ±
 

225, CV(%) 23. 

did not compete under high fertility at ICRISAT 
Center. All varieties were about 25%shorterand 
matured a week later under low fertility. Severe 
headbug damage, especially in later-maturing 
varieties, further reduced yields in low-fertility 
plots, 

Developinig Hybrids 

Male steriles. Developing phenotypically and 
genotypically diverse, improved male steriles 
remains a high-priority objective. The process 
involves identifying good nonrestorer lines and 
converting thtem to male steriles. First back-
crosses were made for I I and second back-
crosses for 74 nonrestorers while converting 
them to male steriles. 

Some nonrestorers are now converted to male 
sterility and several were testcrossed on five 

selected restorer lines, A535, A701, CS-3541. 
D71396. and MR841. Resulting hybrids will be 
evaluated in the 1983 rainy season. B-lines of the 
most promising new male steriles (MB-2, M B-5, 
MB-6, MB-9, MB-10, and MB-12) v ere evalu
ated at ICRISAT Center, Dharwar, and Bhava
nisagar. The trial included B-lines of commonly 
used Indian male steriles (2077B, 221913, and 
BTx623 from Texas) for comn,,trisons. The 
results indicated no significant differences from 
B-line controls for height or maturity but 
improved grain-mold re';istance. 

In the breeding program for the postrainy 
season, we hope to diversify seed parents for 
hybrids with better grain characters and resist
ance to leaf diseases. 1)84271A (from 2219A x 
CSV-5) is ready for testcross evaluation. And 14 
I.4 lines from crosses to 2077A and 296A were 
test-crossed forming 453 hybrids, with 313 
remaining male sterile. The pollen parents are 
now being backcrossed to develop A-lines. 
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Evaluating hybrids. Several hundred hybrids Yields of most hybrids were reduced more 

produced on 2219A, 2077A, and 296A were eval- than 50% by low-fertility, unsprayed conditions. 

uated during the rainy season in nurseries or Low fertility also delayed flowering of most 

trials at ICRISAT Center, Dharwar, and Bhava- hybrids about I week and reduced plant height 

nisagar. Approximately 20 new hybrids, super- about 25%. Head bug damage, being most severe 

ior in agronomic traits including yield potential, on late-maturing hybrids, further reduced yields 

were selected for further testing in advanced under low fertility. 
hybrid adaptation trials in India or in Interna- We also evaluated 44 hybrids for yield during 

tional Hybrid Adaptation Trials in 1983. the rainy season at ICRISAT Center, and 
xTwenty-two hybrids initially selected for selected 3 on the existing A-line 2077 (2077A 

further testing in 1981 were evaluated for adap- D39599, 2077A x D39602, and 2077A x 

tation and yield stability at ICRISAT Center, D39607); aad 3 for advanced testing on new 

Dharwar, and Bhavanisagar (Table 22). ICSH- ICRISAT-developed A-lines (DIA x CS-3541, 

110 was the most stable and productive with D2A x D71278-4, and D2A x D40957). 
highest yields at all locations except Bhavani- Results from other hybrids made on 2077A, 

sagar. The evaluations were in Vertisol and 296A, D2A, and D3A led us to select II whose 

Alfisol at ICRISAT Center under low-and high- yields and lodging scores were better or much 

fertility and sprayed and unsprayed better than those of hybrid controls: (2077A x 
2077A x D37223,environments. D37221, 2077A xD37215, 

Table 22. Mean grain yields (kg/ha) of some elite, advanced sorghum hybrids evaluated at three sites in India, 

rainy season 1982 (RCB, plot size variable: 4 m2 minimum, 12 ml maximum). 

ICRISAT Center
Bhavani-

Hybrids Pedigree Dharwar sagar HF' (2)2 LF3 (4)4 

ICSH-I 10 
ICSII-138 

296Ax(SCI08-3xCS354I)-5 I-I 
296AxFLR-266xCSV-4-2-2-2-3-2 

6570 
6410 

3850 
2630 

7720 
7720 

3910 
3050 

ICSH-136 296AxDiallel-475-746-4-5-2-I 5600 1710 6910 3560 

ICSH-123 
ICSt-1l37 

296Ax[(IS10927xUchV2)-l6-I xCS-3541]-5 
296AxEarly Pop-5-1-1 

6410 
6230 

4460 
3920 

6770 
6850 

3290 
3180 

ICSIt-126 296Ax[(CS-354l xET2039)-l I-I x 

ICSII-134 
SC-108-3x148]-29-3-I 

2219AxUchV2xG.G.x370-4-2-3 
6270 
5650 

2100 
2940 

7440 
6260 

3010 
3650 

ICSII-122 
ICSII-133 

296Ax SCl08-3xSwarna)xlS-9327 
2219AxFLR-266xCSV-4-2-2-2-1-l 

-6-1-2 6500 
5330 

2870 
2290 

6810 
6600 

2930 
3460 

ICSI!-121 
ICSV-107 

22l9Ax(SC-19803xCS-354)--3-
(SC-108-3xCS-3541)-19-1 (SPV 351) 

6120 
5920 

2420 
2790 

6240 
6280 

3290 
2210 

ICSV-108 (SC-108-4-8xCS-3541)-88 (SPV 386) 6540 3680 6280 1940 

CSII-9 (lybrid control) 6120 3870 5270 2420 

SE ±322 ±432 

Cv (%) 10 25 

i. IIF = tligh Fertility (128:82:0). 

2. ICRISAT Center, two locations: Vertisol SE 1 389. CV(%) 10; Alfisol SE ± 509, CV(%) 14. 

.i. LF = Low Fertility (40:20.0). 
4. ICRISAT Center, three locations: Alfisol SE 1669. CV(%) 26; Alfisol (pesticide free) SE ± 407, CV(%) 35; Vertisol (pesticide 

free) SE ± 414, CV(%) 36. 
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International Sorghum Variety 
Adaptation Trial (ISVAT) 

This trial merged previous international trials 
ISPYT-l, ISPYT-2, and SEPON. Thus ISVAT 
is composed of the best varieties, plus other var-
ieties identified and selected for superior perfor-
mance, adaptation, and agronomic cliteness in 
our other breeding projects. 

ISVAT consisted of 23 varieties and a local 
control contributed by our cooperators. The 
trial went to 47 locations in 36 countries. Data 
are now arriving but most of the data will be 
received (luring 1983. 

International Sorghum llybrid 
Adaptation Trial (ISIIAT) 

T his trial consisted of 23 hybrids and a local 
control hybrid contributed by our cooperators. 
It went to 30 locations in 24 countries. We expect 
to receive data from most Iocations by mid-1983. 

International Sorgltin Preliminary 
Yield Trial-I (ISPYT-I) 

I lie 1981 ISI'YI-I consisted of 24 early- to 
mediuim-n' ituritv varieties derived from 
imnprovcd populations including CSII-6. a 
hybrid check (Ltrol). and a local contr[ol cOn-
tibuted by cooperators. I he trial %kert to 37 
locations in 18 countries, data rccisca frort 10 
locations in 7 countries %how several varieties 
performing "ell at various locations (I able 23). 

International Sorglhm Preliminary 
Yield Trial-2 (ISP'YT-2) 

I lie 1981 I.PYI-2 consitcd of 24 rci(litum-
tnatu ingt, atielic,, 2 hybrid contiols,and a local 
varrety cit ibuted by cooperalos. I lie trial 
went to 37 location. in 18 .ountr"ic,; data have 
been rcceived I om 16 locations In 7 count ic 
( fable 24). 

Cooperative MufijocaiionalTesting 55 

Sorghum Elite Progeny 
Observation Nursery (SEPON) 

SEPON-1981 consisted of 48entries, includinga 
hybrid control (CSII-6) and a local control con
tributed by cooperators. The test material was 
mostly in advanced generations (Fand more) of 
medium maturity and height. A few entries that 
performed well 'n 1980 SEPON were included. 
The nursery went to about 50 cooperators in the 
semi-arid tropics. SEPON-1981 performance 
data were received from 20 locations outside 
India. Average grain yields of the entries ranged 
from 1785 to 3. 88 kg/ ha. Average performances 
of 15 selected entries from SI.PON 1981 are 
presented in Table 25, (1-35-1 x TAM-428)-4-3 
and SPV-387 were least affected by molds. 

Contribution to National 
Prograns 

1:35-I has moved increasingly in Uipper Volta to 
more productive fields close to frmers' dwel
lings. Another variety, M00256 (SPV-386). was 
provisionally relcased in Zambia with 1600 kgof 
seed for 1982. 

Four varietic, from the ICRISA I population 
bleeding proglam went on the market in China 
aftcr 2 years of local selection and csaluation. 
'Ihey are nanied Yuan 1-54 (A6072). Yuan 1-98 
(A3681). Y'uan 1-28 (A3872), and Yuan 1-505 
(A3895). 

1wo ICIIA I varietic%(('iN I A SS-41 and 
San Miguel No.I). WelcctcI ftom SEIi')N, "er 
riic.dC( WaI1 S'al%.idor. 

In Int:i, M16)52 (Sl1V-3S1) was included in 
niwilkit lesting. I.Iarid c epect M60250 (51V
38') w1ll enter uiiikit in 1983. Seed of three 
varieties. M35544, S[ PON-77 (PR-79-99-I00), 
and M60251I, %crc incrcaed in, 19S2 to I tonne 
ol each ucd fr wilh-,caf tirt, in VCnC/tlela. 

Varictic rcistaw: to midc being ued in 
India and Argeinu includ I'M 1052. PM 106,0, 
I'M 1059, I'M 1003-2. I'M 1(4, I'M 1065, 
I'M I1009, PM 1070, P M 1070, P1M 1079, 
PIM 39656, I'M 39058, I'M 39704, 1M 39792, and 
I'M39833. Seed o. two Striu-resistant varieties, 



Table 23. Grain yields (kg/ha) of Indicated entries In the International Sorghum Preliminary Yield Trial-l, 191. 

Zimbabwe,
Indian sub- Nigr Nvanda Malawi. Taiwan, OverallOrigin Pedigree continent Ole. Kolo Province Ngabu Thailand b Chiayi Mean 

A6252 (E35-1 xUs,/B-487)-2.i-4..1-2 U80 e 1730 2160 4750 3010 6550 3500 
A7001 (E35-1 xUs B-287)-2-1-2 3530 2710 4260 3580 2670 6250 3590 
A6149 (E35-1 xR' B-342)-2-2-3-1 3640 2780 2500 3090 2670 6250 3520 
A629 (E35-1 xRs B-394)--1-2 3700 2710 3530 3390 3690 6250 3770 
A6-99 [(CSV-4x(G.Gx.370)-4-4-2 3770 2360 4950 4010 3370 7300 3940 
A6306 [(CSV-4x(G.G.x370)}-2-1-4-4 3430 2370 5070 3390 3230 9320 3810 
A6201 Indian S,,-thetic-323-1-3 3680 3610 3640 3700 2350 3220 3480 
A6092 Indian Synthetic (TaUt-387-3-3 3960 2500 3420 3390 1960 5300 3630 
A6103 Indian Synthetic-600-3-3 3620 3190 4460 3700 1850 6150 3590 

CSH-6 4090(l) 2850 4430 -900 2660 5850 3890 
LocaV 2260 370 3150 2740 3520 -

SE ±315 ±189 ±278 ±370 

CV ' 27 23 Is 13 

SIncludes 9 locatiorts in India and I in Pakistan (Saliail). 
a Mean of 2 locations from Thailand (Khon KAen and Tak-Fa). 
t Loca contos v-ariable.
 
d SE of cn gran )yeld (kg ha) of the Indian subcontinent locations ranged from ±101 to ±547, and of Thailand locations was ±182 and ±87.
 
c CV (%) of the Indian subcontinent locations ranged from 8 to 48. and of Thailand locations was 9 and 11.
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cc Table 24. Grain yields (kg/ha) of selected entries in the International Sorghum Preliminary Yield Trial-2, 1981. 

Origin Pedigree 
Indian sub-
continent 

Nig.r 
Ole. Kolo 

Zimbabwe, 
Nyanda 
Province 

Malawi 
Ngabu Thailand b 

Taiwan 
Chiayi 

Overall 
Mean 

C, 
:-

A6106 
A3666 
A6t42 
A's178 
A6298 
A3263 
A6351 
A6149 

(E35-1xUs R-408)-8-2 
(E35-l xRs B-253)-2-l-1-1 
(E35-1 xFLB-182)-2-1-3-1 
(UchV~xFLR-101)-3-3 
[CS V-4x(GGx370)]-2-2-2 
[CSV-4 x(RsxVGC)]-l- Il-
(Rs'RxCSV-4-1525)-l-1-4 
(E35-1xRs/ B-342)-2-2-3-1 
CSH-o 
CSH-5 
Local ' 

3470 
3350 
3180 
2840 
3500 
2690 
2940 
3740 
3970 
3920 
3330 

1730 
4280 
3460 
1890 
2850 
2410 
3140 
2800 
3120 
3200 
2200 

1020 
1460 
820 

2070 
1950 
1310 
1970 
1040 
3780 
2780 
1640 

3330 
2590 
3460 
3390 
2840 
4440 
3580 
2840 
3270 
4640 
3700 

2540 
2760 
2930 
2920 
2730 
3600 
3260 
2580 
2820 
3120 
3480 

7050 
5620 
5350 
6870 
7350 
4750 
5350 
6200 
4650 
6750 
3120 

3310 
3310 
3180 
3030 
3470 
2940 
3120 
3470 
3760 
3920 

SE J ±543 ±124 ±334 ±357 
CV (- e 44 37 19 13 

Mean yielV includes 8 locat;ons in India and 2 in Pakistan (Dadu & Safiwal). 
.Mean v ld of 2 locations from Thaiand (Khon Kaen and Bangk' - n). 

Local contro. %ariable. 
d SE of Indian subcontinent locations ranged from ±44 to ±653, and of Thailand locations was ±100 and ±357. 
SCV ,) of Indian subcontinent locations ranged from 6 to 38, and of Thailand locations was 14 and 17. 
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Table 25. Performance of indicated varieties from Sorghum Elite Progeny Observation Nursery (SEPON), 1981. 

Grain yield (kg/ha) 

America Africa Asia India 
Origin Pedigree (2)" (10) (2) (4) Mean 

M36136 (IS 12611xSC 108-3)-l-2-1 (SPV 391) 2320 2850 4420 4270 3230 
M36170 (E35-IxTAM-428)-4-3 2310 2410 3820 2770 2640 
M36056 [(SC 423xCS 3541)xE35-1] 

-2-1 (SPV 387) 3450 2630 3550 4650 3310 
M36229 [(SC 108-3xSwarna)xE35-1]-6-2 3890 2780 3440 4770 3420 
M39335 [(IS 12622Cx555) (3612Cx2219B) 

-5-I)xE35-1]-5-2 (SPV 475) 2430 2500 2240 4410 2890 
M36007 (SC 108-3xCS 3541)-19-1 (SPV 351) 2290 2250 3080 4830 2920 
M36095 (IS 12611xSC 108-3)-1-1-2-1 

(SPY471) 1630 3220 3320 4250 3230
 

M36178 [(148xE35-1)-4-1xCS 3541 
deriv.]-5-3-6 (SPV549) 2540 2800 3140 3820 3030 

M36200 [(148xE35-1 )-4-1 xCS 3541 deriv.] 
-5-4-2-1 1810 2970 2990 4500 3180 

M36197 [(148xE35-1)-4-1xCS 3541 deriv.] 
-2-3-I 1650 3260 3930 4680 3490 

M36528 [(SC 423xCS 3541)xE35-1]-9-1 2370 3050 3600 4200 3310 
M36435 [(SC 108-3xS~%arna)xCS 3541) 

-7x(;roup Ill]-I 3000 2860 4020 3630 3170 
M39281 (SC 108-4-8\CS 3541)-88 (SPV 386) 3230 2850 4070 4920 3490 
M36168 (SC 108-4-8xCS 3541)-4-2-1 3580 2720 3800 5000 34S0 
M36121 [(SPV 35xE35-1)xCS 3541] 

-8-1 (SPV472) 1540 2850 2990 4000 2980
 
Coordinated Sorghum Ilybrid-6 

(CSII.4) 3190 2300 1990 3850 2670 
Local 1230 2310 6370" 2980 2600
 

Numbers inparenthec, ar:: nunie',r of locations involved. Local ,arictic%varied and could bea local variety or improved variety. 
h, Grain ield data lrorm only one location. 

improved crop establishment and drought resist- Selection, alternating between optimal and 
ance. We will -ystematically scrcen the germ- stress situations, will continue. 
plasm and breeders' lines for morphological and 
physiological traits associated with drought res
istance and crop establishment, two major prob- Nitrogen fixation. The possibility of using the 
lems. As we describe material, we will make it N isotope-dilution technique in pot culture to 
available to breeders and physiologists for their screen sorghum lines for ability to stimulate N
national breeding programs or for basic physio- fixation will be explored. 
logical studies in universitics and rc',earch insti- We will screen sorghum lincs for stimulation 
lutes oulside ICRISAi. of nitrogenase activity in tube culture and in 

The lattice design iseflicient in dtought situa- pots, using both the acetylene reduction assay 
tions, but we hope to modify field designs to and the effect of inorganic combined nitiogen on 
improve evaluation efficiency, activity. 



60 Sorghum 

By field trials, we will continue to examine the 
response by sorghum to inoculation with differ-
ent nitrogen-fixing bacteria, and to examine 
long-term nitrogen balance. 

We will use the synthetic exudate medium and 
the aseptic plan -ulture system to screen our 
large collectior 4-fixing bacterial isolates for 
potential inoculants. Wealso will study competi-
tion and synergistic effects on plant growth and 
N-fixation of mixed bacterial cultures used as 
inoculants. 

We hope to develop a system of seedling-plant 
culture that enriciies the bacteria type(s) prefer
entially residing in the rhizosphere ofa cultivar. 
We will isolate and screen vesicular arbuscular 
mycorrhizal (VAM) fungi from India's tradi-
tional sorghum-growing areas, and survey geno
typic variation in root colonization of sorghum 
by VAM in the field. Pot trials will be conducted 
to determine effects of type and level of P fertil
izer and response to inoculation with VAM. 

Food quality. Basic information available on 
sorghum food quality, particularly endosperm 
texture, will be used to identify routine methods 
to evaluate grain samples without cooking. 
Efforts to improve food quality of the rainy 
season crop will be intensified by screening for 
reduced sprout damage, alpa-amylase activity, 
pigmentation, and weathering. A second set of 
International Sorghum Food Quality Experi-
ments will be initiated. 

Population improvement. Recurrent selection 
will be continued on the six populations we arc 
improving. Improved populations in advanced 
cycles will be evaluated in West, East, and south-
ern Africa to determine and select appropriate 
populations best suited to lhose geographical 
areas. We hope to initiate a population for t'e 
postrainy season. 

Developing Iybrids. Emphasis will continue 
on developing improved new male sterilcs for 
both rainy and postrainy seasons, and these will 
be evaluated in hybrid combinations from 
selected pollinators. 

Postrainy season adaptation. Effects of con
tinued selection at and between locations will be 
evaluated, and how sowing date affects crop 
performance will be further evaluated, as will 
photoperiod-sensitivity in relation to late 
sowing. 

To develop further broad-besed material for 
screening, we shall use germplasm lines from 
drier parts of Africa in the postrainy-season pro
gram. And we will continue to evaluate hybrids 
for the postrainy season. 
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PEARL MILLET
 

Physical Stresses Table I.Average percentage of variation in measured 
grain yields of pearl millet attributable to variation in 

Drought Resistance yield potential, time of flowering, and drought res
ponse index for variety and source material tests 

A procedure for analying the relative effects of (1977-1979) and for advanced breeding products tests 
(I) yield potential, (2) drought escape (time of (1981/1982), ICRISAT Center. 
flowering), and (3) drought resistance/suSccpti- Percentage of Nariation 
bility on cultivar ) clds in drought resistance cxplained 
tests was rcported previously (ICiRISAT Anntal 1977-1979 1981/1982 
Report 1978 '79). 'fhe procedure indicated that 
40 to 60' of the variation in grain yields under NIid-scason stress 
stress could be explained by va ilation in yield Yield potential 44 1 
potcntialland dlouht CNCapC, tnd that those lime of flossering 8 44 

effects must be remo%ed bet Ire ain accurate csti- I)roul'ht index 41 43 

mate of varictal droughlt re' istance or %tuccpti- I crrninal stre%
 
bilitecart be mae. Y etd Potential 20 1
 

She procedlure for Calculating droughlt I line of flokerang 32 53 
ispon e f a cultii Ihas bcen ,lightly ruodilicd )rolghit index 41 38 
since tihe 1978,79 report. (ultlisrs ith actual 
pratif yields tilt arC ,,ithin one standard dcvia
tion of tle vichl predicted from icld potential 
and iitc-l--flocriu.,, data are considcrcd to 
hl cdrloro ht indicesof ,croas suchadiffelence and drought resistance/susceptibility are the 
I, suithtn expected or noional variatiol.Entries major factors influcniingt, grain yields in a 
\klhosc itcasrlcd yields difft r illhthe predicted droulght situation. Now we can focus otl those 
yiclds inotc tnie ar des iatiora Mrre lactors in 
a\.Il.nle all index that reflects til (e re(Cliiet W. lnd Cstablih l howy ch fllctor allct,, corolpo
multiple%of the s'.ttdard rror. I)roughl index IeCIts of ralin yield t) help II', ai wer, is 
saluc, by fili sterin typicarlly raniC from -2 to driougpht cape oar icnistatac, exprcsed through 
02, %ith /cl for tot lnc inn ag laertest that as, ilea head, pet platit, it it p.laiIIS per htcad, car 
their (it) rot dIffer froill their expecttld otlactslse? 

aclchl, for their p.rt1'tl.1r yielh p')ItCntial and saillc the dlUhlt Inde Ie . sIareclatisC per
tiIa ll oo H!' ,' flijr rlollnal (actlua;l to cxpected), tilc relative 

I)r .ilt ; ce llnll e eitslll (of the %,Itiol. yie'ld t llipolieit% 

than ,tard two analyiing ctultisrr prfcinro ancc 

"t taXl %c, ig lllxp eXpiesIora 
bct\cci 1977 and 1979 Iricludt-d cl lhicd iul. (Itress to It,,tiol) ,,.s (o) Irel.Itrd to tVe calcta
tIs.1tI% bICtLi e, I %1111L iteri 1%hIIhtthat roiled's antlyi t)ntue flossetarig.Ih rId; oidtre i 1tAk to il 

diffe'red c11tasldrably an Nield ploniail As , Ior the t rriail lt bi,,th ohthhflosaltgol 
Icr ult, a ' 1 ntf1caltl portion (I the %,allllollIn thal rItlan hot) siev', t e;ittI(eIi , thIll (-Xplte imn 

yilds untiufr ltiudfaort or Ierni;al %ltrcs, strply oI both roif'llth-,., ape ( I abtal 2) aid bliotght 
ef lrotdl 11,ii( ,,1ol ar yichl Ioitti I (I ilble I) Iesl i,l (I Ib %%.1%I) 1,oassta both, Ic l. 

%%(- on 
crcclillg ollly .r sa nitcld brhir-dig line thiAt ,iti%.s h tlItt1h h ltel ll . 1.a IIIiaarlib pet 

diller little ila yield pitcillal. .o droug.ht r',tlec haead and IndliIdI.Al r.lain \rlht. In all cassc%. 

Since 11)8 I., liossese, htasr cow itratrtl l roIgt cs.iiue tpItl.iteaf %11,11iift.11itlv wNithref

http:IndliIdI.Al
http:droug.ht
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Table 2. Correlations between drought escape (days 

to flowering) and relative yield components (stress as 

a proportion of control) in pearl millet In advanced 
screening under terminal drought stress, 72 entries 
each year in 1981 and 1982, ICilSAT Center. 

1981 1982 
Grain yield -.700* -.49'* 
Plants!: .15 -.25" 
Ileads/ plant -.09 -.03 
Grains/ head -.,6* -.40'* 
Weight/grain -.42** -.38'* 

correlations were negative as expected; that is, 
earlier flowering lines had higher relative yields, 

grain numbers per hacad, etc., than later ilo%%er-
ing lines. Relati' c numbers ol beads per plant 

%keenot related to dought escapc in cither ycal; 

prodiictisc plant n1rrlrb':'11, \sele Iclated olie Nea 

but not the other. 
I )r(uught iidex k;as sinrila lly relatcd to rel

tlc glailr 1iniubel per head and indiIitdal g ralin 

si/c bllth eas. I he relationships VCer poitic, 

indicating that liles rated drought Isistant 

could maintainl glain niriiber per helad andlrainl 

si/C illder Ntle" I)Cttcr thrin lines latcd (dlouiht 

utccptibtlc. Nalillaillill) , head niurImbers pci 

plait (aind productise pl1nt numbels) kka, riot 

related to drouglht resistance. 

Rel;ItioIlips sith yrain w'inbel pcn head aind 

graill scplit sere cCCxpccld inllnr[ drought stres% 

eltialr .. (41111pillntli t%%lalndughtlind ofand l 
olil'e )iehl mlililomioil lslrrls a~iplop.rtio of 'I-n 

pral illet InI dll cliced%inertir underliUSA) II 

72 enlrie ra(hll ut i 19Ml 

and 19112, IUHIAl ( tnt r. 
Irinthial droituhl orm. 

l~I' If91X~l 

(ilullI i5n ' f15 

14 141ard%, plr.1t 

(,,r lirr! 11d 1400 410* 


____hl_ _ _in_ _ _ _ _ jII0_ _ 
_ _ _ __I_ _l__ _ 

because those two yield components are mostaffected by a stress during grain filling.That the 

drought index correlated positively with those 

two components of yield after effects of drought 
escape were removed is encouraging evidence 
that variability in response to .;tress does not 
depend only on drought escape. 

Correlations of both drought escape and 
drought index with relative yield components in 
midseason stress were not consistent the 2 years. 
In 1981 only heads per plant correlated with the 
drought index, but in 1982 productive plant 

numbers and grain per head cor related with the 
drought index. Whether the variation reflects 
difercnccs in stlesses or in the material is not 
known. 

Such analyscs, er time, should help us 

understand how yield is(leternined under stress 
and how rcsistance to sticss is cxprcssed by spe

cilic ConpoIuts)O OfR g i 'lilly . 

Crop ],ahient 

S"tudcs in Aurcpalle %illige (IcRISA' Annual
 

Report 1981 sugtd that plant popul;tions in
 

Iaflits' ficlds scrc ycncrally Ioser than tire All
 

India (Coordirratcd Rcscarch Prlojcct for I)ry

land Agiicilluic nccourcnds,;i and that varria

tion of [i(,cc betc oneri ofteni Ilrc %kith
pIrits %k,% 
,Iapin th ciop and placc, %,lclcplinit, scle too 

cosely 'CnIrrlwcd' toeticl. ()bsCrtmIs inl
 

faiisc,' field in olicl lnillct-gio i allrCs ill
 

India suF'g"t that s,idc beitsCCi-plriul ,aliltiol
 

is Corrrlollri (I Ir I . 

llo k iriiich irrielri plant siialds i ll! iller
 

IrAble ihls isrit k ri\o i. hloiil a tilhle i t
cop
 

like rillet as coli .rdenhle ,ithlii to coliileriii 

r t the ihilitstoI llii l-Irt u 

iegree of \anlha
%mt fot 

tollllp sll.ih %%Ill ilcpcid ulnthe 

Ilii the itarr, plirnt popiilti.llr,ain a rlgc 
ofl ecll%ll1o illil'll i t. ( lnd illlt 11l, 

W e Iitited a re",i h I)lO Ckt II 1911 to
 

(11iifis sodrie of lie"'c" idia Io beler
eltceIo,, 
ail(qrilt ditdellie ;ri d1 liarid flo p ill rirrllel. 

WC drsiid a ,erie. of ii plant
 

ailf llitr llIrt s. rir1%e III the ,astelige" i ng
t Ipa 

r be teen1I.nl n Ilii '. )t ppo siri' lte it8 -( 
inlp bcl%%eeli al )1111% 1t4li',I apploxlilllialc'IN Ml WOi 
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cm2 (Fig. I). Each row was bordered on both 
sides by a row of evenly ';paccd plants to minim
ize between-row effects. 

Variance treatments were used in a replicated 
experiment in 1981 with two plant populations 
(50 000 and 100 000 plants ha) and in 1982 with 
the same plant populations and two fertility lev
els (0 and 100 kg N ha). Grain yields from each 
of'the 10-m ro%% lengths %%ereplotted against the 

4 
S . spacing variance for that row. and the relation

ship of yield and variance in plant spacing was 
determined for years. populations, and fertility 

Yields in 1981 were high for both the highand 
, 4, low population plantings ssith regular plant 

. flt .- spacing row (lov %ariance). Indcr thosect inthe 
1.Conditions i|ncrca se in Spacing variance reduced 

'f7 viclds markedly. particulrl\ omer th- lower end 
' of the range ol %ariance (I-ig.2). Increasing var

iance from ro to 1000 rcduced \'lh 407 in 

hiph populations and 311 inthe lov plant popu
ltions. [he appalently groater decline in yield in 

tile high mmmv resulted frompopulation havme 

I igure I. Variation in pla|it-to-plant spacing ini a farnmer% millet field is seen aFove. To find out how these spacings 

a;ffed )ielh,, R{IISAr scientists deied a m|ethod Aith betiscen-row spacing and plait populations conslant and 

%ariance of Iiait-lo-plnt spacing from 0 to 10000 cm. A %ampleplant arrangement scherne is shown helow with 

dot%, 

Variance of 
Plnt nrrangtnient (10-m row) spacing (cm 2 ) 

i 1 m .e,r 

*0000* •* e e .• •*.• •.. . 0 

Se 0•0 0 fee fee 0 60o so 0 0 00 00 795 

00 * * a . . . feeoo . . . ooee 1076 

60000.06 f 00 e a g0 * 0 g * •* 2900 

Oe* *oo**o*o* oooooo* 3658 

fe of 0 O *o***@.* Of 5900 
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Y 
4000- 0 - 50000 plants/ha 

* 	 . 100000 plants/ha High population 

Log Y - 3.80-0.148 Log X 

rae-0.0776, r-0.68, P<.O01 

Low population 
3500-
 Log Y - 3.58-0.096 Log X 

rse,=0.0511, r-0.74, P<.0O01 

* *i 

3000 0*~*

2 * 
2 ** * 

2500 0 * 	 , 

1
 
( 9 0?*) 

*000-
0* 

0*0 000
00* 0 

00

Is 0 d* 

*0* 

0 Varnnt ten
 

0 

2D00 4000 6000 8000 10000 
Varinnctc (cm 3) 

Figure 2. Grain yield as a function of varisoce of plant-to-plant spacing for plant populations of 50 000 p'int 'ha 
and 100000 plants/ha under high fertility, CIRISAF Center, 1981. 
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more clumping of plants in the higher popula- fields (Fig.3). Yields under low fertility 
tion than in the lower population for a given decreased an average 33% when variance 
variance, changed h'orn zero to 1000; under higher fertility 

Yields were poorer and varied more in 1982, the decline was 10%. 
but spacingvarianceeffectsweresimilartothose Variances in plant spacing in 75% ol the 
in 1981, particularly for the low-population, farmers' fields in Aurepalle village rancd from 
low-fertility crop, an approximation of farmers' 1000 to 2500 cm2, which corresponds closely to 

Y 
1700 0 0 - High fertility 

* - Low fertility 
0 

0 
0 

1500. 0 

* * 0 
0 

1 0 
0 

~1300 0 * 
, * 4, 

0 Os 0 0 

1100-05o00 * co 0 0 0 

*0 0 0 

-,(X) * *0 

0 
0 ** ot * * * 

0 0 

70- * *0 
0 0 

0 0 

500 * 

*X 

300- x
001I I I 

0 30) 40(X) 6000 N)00 10000 
Vn;Irtn. (ct', 

1 

ilgur 1. (rilt, Ild a fun(tliol r of % of hlgh.tfrlillit fertilitas o oarlan plantluo-plant nlicng and Io" 
IrtalltrtIs, .0000 plant/ha ppulatilon. I(14I1SA ( eitrer. 1912. 
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the range for most of the yield decline both years 
and at both yield levels. Other managcmt nt fac-
tors probably were better in our experiments 
than in farmers fields, so spacing variance may 
have reduced yields more for us than for fa rme rs. 
Still the+data ,uggest that farmersare losing yield 
by uneven betseen-plant spacing. The 1981 data 
suggest that spacing may influence yields more 
thaii plant populations do. 

Biotic Stresses 

Biology and Epidermiology 

l)osiy Nfildevv (SclerolForagraminicola) 

)etecting palhogrlnicit) differrnce%. In the 
tinieit'tN oif Reidiii ()I)A I(RISAI Irojett 

-on 5.11i.thilt ltds n ldecs (I ).M ) P.4thi1 

eI-., d IsI. I[ Il Ic eCi e t" III p l)I iit It 

hIiCtCnI\Vct Afitaeldn t1.,n lp 1nultllns, l 
.%( ,.,i' ,'ti ,l,Neic ecP4I 14 dctcAtvld irl 
illlct hs il[d'. I llI 110 and I(II l t' lc 

hIi)hiI 
) 
I N li[it I 114 1Iiiji tii iilill)Iiih t i1n1'ictIihllk ItS1 il t I oil llll L (l '_IIll c%to I I 


W I'Il:, thle ;1ittliulc .Illhl t ee ttsted osel 

111, 1 .II1( I ( 
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.kV t'l' e iI thIC 4 c o III IfI\'j'fI I, I I I . I 

h
hII i IIit 11'14 -. 414 I414 4 
11 It pc I V ldihl.,ind N iyclI %\ II,,: II I , til N q.rcf1.1, u . i 

lt , III IIlclo',ilit{,'.ll 

,ll t l cl V lI.4lld t214 r 
irtr t+ng lh4, li4 o d ci 

I'alil lc A.4,t hI 
I'.:l'J .ll~ y.'
nltIfift-k 

1h11w. lc',ulll, t(nII ll|n~-t ll' 1")11114.1(lk, Ii ll 

,.C'i'l~lla.l, ,lid 'M ) I1-1,1p'fil'llid .'v 

th.st %.1l1.1114,11 1%11 11 .1 ki lwvl ll fllhcl 111.111 

( 4,1)( t11,,11cd Ii , tIn\ 11,1111 ilnlatldIIcflcn c"+ 

hcwv, 1 '1111 \%I II,.h I i illilliclI'- "11ol1 

111cnt 111.1,i Ifllir-i~t. <,pit',.',Ii llf ,, wroI ' l, 
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Intm', Illall ilt % i~ ld, n i
illpl tIt ittI\ ih l Ihir 

population orS.graininicla in India, we corn
pared the pathogenicity of oospores collected 
during 1981 rainy !icason at Durgapura 
Research Station (Jaipur. India) with ICRISAI 
Center oospores, and planted surface sterili/ed 
seeds of Nil 113 and 7042 in sterilied oospore
inoculated soil in pots. Both culti'va is Ncrc tested 
with each isolate. In o Iests. [o I) %I.las
 
detected on NIl1 3 with I)turgapora oospoies. 
while 7042 deseloped 541 I)Al. and both the 
culti+at s se lc expected, tohig.'hly suCeptible, ;I% 
WRISA I ('enter' Iteslts,ospols. If,,n 
sporangiaI-irfcctilon t,,ts %%cre similar to oos

pore illict loll C .cc)t that 141( ol NIlII 3dcs e
lopcd I)N I oii sporanlpa ft tile I )nI,.iputra 

isolate. l'osIh the iitleinte (itthe patliopen 
ha", "llifted at I)ill.rp puli illthe .ih Cl.'t" oft this 

|Imlticnlalloht 'Cn1ol Mh% w chulh.lltoii14 pt\C 
abandoed e .scial ,lo 

Stuint fraction. In lahol.tllol\. yl hollC.' aIind 

hiehl ,ttudilc, . Ill I, and it-,,1 ( I1sA I (eCici ' 
IciialCt altcil. 5I41 A.dc(o 1dh,1.t1t lei istlc 

stulitld .i[}t+tl at tl inol tjl.tlof Nth .%,) .l li(,c %l 
e'woluuii i4a I tiritced ph1411k )'eiici.ai\ reinilit/S.I(-+ t all 1)i ,lll1.1l' , C llt 'd~ l andl~ll 

n IIcinp llidk, litk. (i tit) hp.acij lltl c' aId 

Illon l ltlill ", Iolls Isil st14 tJ ,s.* I iiill k I i ll) 

i')ill i .lalt .Ic Ira 'I I ) ll ll II .4+lll ".Ii'' Il 

l iitill l5544; I ,lll1-ll(llS ll " I111 1 I toii 
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second inoculated plot. Stunted plants produced 
no oospores. No DM was detected in plots with-
out an inoculum source. 

Since stunted plants support little or no asex-
ual sporulation, BJ 104 islikely to be resistant in 
situations where developing an epidemic 
depends mainly cn the supply of inoculum from 
%%ithin the -rop (esodemic). inder exodemic 
conditions, however, [)M can be very high in lJ 
104. 

Ergot (('la-iceps fmiformii) 

Alternti, e host, In siew of recent reports that 
('emhrm ci/iaris from I)urgapura. Rajasthan 
(; Si ugh, personll communication), and I',mi-
, m, anmidumak from II iss ar, Ilaryaia,('i hakuir. 
D.1'. ard Z.S. Kalmar, 1978. Indian .1.Agric. 
Sci. 18:540-5-12.) ale alternative hmsts of the 
pearl millet elgot pathogen, (lavitlm fasi/or

rim. %%C elgt grass specie,inoculatted s,ith the 
ItR ISA I ('1itcr ergot iolate dii Ing the 1982 
raim scason. A imnirni unol 10 inllorescrrces 

'lb rit il nivt|o ridh ii 

I,
 
ichsi 

"," "7 I' rmyc el ium 

P'ointed brinncht-m 

unl Sporm a l c 
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were inoculated in each of Cenchrus ciliaris, 
Panicum antiotale, Panicun maximum, Pas
palum notatum, Penniselmi massaicum. Pen
niselum squamulatum. Penniseium ruppeii, 
and Setaria mdpacelata.and Pennisetum anteric
anum as the check. None other than Cenchrus 
ciliaris and Iennisetumnt amerianumn showed 
any ergot symptoms. In a later screenhouse 
experiment, Cenchrus ciliarh's susceptibility to 
the pearl millet ergot and vice versa were con
firmed by cross-inoculation tests. 

It seems that in Rajasthan. India's major pearl 
millht growing state. ('Cnhr'.i (iliari%. a wide

spread grass species, is a major source of ergot 
inoculm. "lis grass may, however, allect the 
ecosystem favorably for milict plants (see the 
rnycorr hila section of this report). 

Smut (Tol)'p)os tiurienicillariae) 

Iliology. Sporcbmi ls of T. Inillariatw varied 
ioma cictular to near polyhedral and measured 
42 to 325 x 50 to 175 . lhe number of telios-

I' 

~~ J~j4- Sporidial cluster 

I'romycelum_jrmyc Ilr 

.Ipriti in rrnnthedut chnins 

uin 

I1gurt 4. Iltmn cif lullotpot girminstlon Int 7olypp,jxqwum JwiEflidIaif. 
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Table 4. Smut sevrity and seed set Infive pearl millet lines following various inoculation and pollination treat
ments in field and screenhouse experiments, ICRISAT Center, 1982. 

Treatment' 

inoc., no poll. Inoc,oll. No. inoc., poll. No inoc., no poll. 

Experivient Smut Seed Smut Seed Smut Seed Smut Seed 

and line .cvcrity (%) set (%) severity (%) set ('I) ,cverity (%) set (%) severity (%) set (%) 

Field exp,-riments 
ICII 22(2 25 5.3 .1 10.1 82±3.K 0 85 t2.6 0 0 
1054 A3 43 f2.5 .- I 4 0.7 7611.9 0 83±1.0 0 I 

Screenhouse 
4

expcriients 
11J 104 88t1.3 .A 8±2.1 74 t4.2 0 9111.4 0 15t6.8 

ilK 560 77t5.6 < 2!14 2 71 t4.3 0 86t24 0 22t8.7 

5141 A 74 5.3 0 32 34 45M1 I F6i2,2 10.9 I 

5054 A' 4314.1 5t.' 7 2±05 X4 2 0). 0t1.4 0 0 

t t 1eI In cat i zriatn |niro 'uLsUni,,ns A Ilt -A :1 Ie | stWt a ) p .LIi l )ris at till ftna c rriyeteir ,tta , SAdA %alter Ir.4culation. 

2 ttavte on obhvIaiiti %of 20 inC ,re0.ccrs 'reatment 

I la sed ojn )n tr iatont )f 00I rif ot iifner /ire At tIIri 

4 la, l on obsrsatlwn, A, I0) ifCh t CtI(CS Itealf.:iLt 

A sCeJ)aWC CXjWFiVi'! IL 'h( I4. AIICWIIt hiyj IWHi.. 

pore'. :gicdte,.tcd ti halls .tai'(d roin 2W4) to ntatcd clhcck (l able 4) uSiut dxclol mnnt sas 

ill) I Cho p)o.x "'clcrli(ll iy r arnd 7 to not significantly cdutenl iIt a fit,. llt- attcr polli%( citt ul 

12 p ina diallcte . I, iluiarll |?l tell)c- Vatiol of ,oICtJlttcd ilthoIIC\|cic.€ %&llt pollen 

%I)Inre,, o C r 10 ;at . '(' btl d ffl-iclt patter 11 of low ialtty (I Able 5) 

It gerrsin:tii i ' tc. ol,'. rs d ( , ) ('ullu'al 

i hneIipa.ht I'lov.'' diffeentrhiacalte1% d tl rwI t 

,Ilay, ol Inlt;lkt (.5lllI)l .1)'Ir .t V .1(lld it% 

i-t(I+5tlh rneitned inti(' *,isnnlhal scran alter 

ill r ntly lt "ell. oilICpCill-t ',11L:t 11 m " ,'i hlli(l 

pl*;;.N Iale'tc L lt.1w a nI 8 to 25J longtlk l hlr 

Spolldlat tito naltlll v+.,., rllh'tI, " I s- ale 
%fil11 t lt'lr llol .y 

l.ffre h of iollirationoil smit dri e"rloprnl. In
lrhd andI ',( Irtilhomlt t" prilinltl,. polliallo~ll [p td , '" 

n.'c l(if all r mat't f threeC pr.I11 IIItltl I~ I al1iiid% 
and tso itt .Iln.rir lr (Inn',) It., v.1th Iit~h l ) c 

,w n aIN% ( U'.iti Itjl it Ii'l,,.; II , to i .11 n itl a 
\ 

, 

-I t ltlip it m 

(atifly tompatird will lhrhon u.,itrdt, nlo tlli. ,,enlII/,Ir 
pm~i hlia / iii) rest in nI o~nll I s+I-\[+II ).| itq+'oml|-PI + , A grirusi.alAeIeud si i lr p 



Biotik Stresses 73 

The results ind:cate that to obtain high smut Downy Mildew 
infection, inoculated Anflorescences must be nro
tected, by covering with bags, from pollination. Deseloping a precise Inoculation techni

que. We conducted several experiments to 
develop a laboratory/ glasshouse technique to 
reliably screen pearl millet for i)M resistance. In 

Table 5. ffect, of Inoculation nd pollinatio With these experimients, e classified potted seedlings 
Io,,v-,labiliI, pollen (I.IV) and iable pollen (VI) on Into SiX growth stages: Stage I. seedlings - 5 mm 
umut de, eloliment lind steed set in apearl mille miale- above soil surface and covered with plumule 
%terileline (SO.,4-A), I(RIISAT (entlr, 1982. le,:ve Stage 2, seedlings .5 mm but -:I cm 

Slowl Stcctj ahose soil surface, lirst leaf still folded; Stage 3. 

I 	 . tm clit' ,.rtty ( ct (;P)cedling , I cm above ,.oil surface, first leaf still 
folded; Staye 4, first leaf bci irining to ut1lhd 

htIoL III poll ,I t 0 forilnlng cup-like slrtctule; St-yge 5, second leaf 
lIt poll %,,thVI' 2'0.1 4 git4bri l ,ig,to ftold lotirutig cop-like structure; 

lli.. poll Aith I VI' ,h !S X 4t2 4 a lld( stage 6, third 1C.if b,+yilinrr[g trunfod form
,Nu lrI,, p ll li V V 0 X 1 1 2 I3t?, L:ip -h k C . tf tkltll . 

N ,, p11l \+,it I VI' 0 10t, nt o-lk t,~ueNIiy sta)f,'cfrrry' the 	plantinig. "Ie nlroculatd all 
'..111C the111' . tid d ul %ee lings 

4r4,~~t~iC'~*4~* I IL Ii ~ 'I kCI( Iiifcoul.iICl %%fill .i'ihlc IIporfirigil sums
, At p 1r - 1 hr k WOW[ ',%I I f 11, ,, r %ather ll a,I, A Ifr, pcndc-t il ,,I crdlirl, ssI r A lar 

,Iu all(t I mec.i*) r n ( ig% Inin+l 

________________-pl~ti d aktthe" t11 ol the '.cillinig,,tolleddmrtotI 
tile b.N,,+ *io-liwc eniti," ollii oufalie. 

Ihi: s+cclhiiig ' ,tii pttiii~tv rm, ms.;C1'x~itll age',,d 
with 0', pCtIhumt+', Cii I i Xirsli y,11elin'accgse
V111l" , , lh , € Cpll it dckr C.tIld 'lll ge-, 

1ACIC les%I Ilu.1ti I Lit) ilhose y'4)imil (Stajes 1-3.
Identifying anld tUsing 	 ltl , 

I) ,cate l'sislance 

hWriitki jiqondu -uiri ir-,,i,.ta to l)D I, rip,( I. Islor 6. )ot ll) ndrilt tn(Idriie lon] peal millet 

- IIIIt.. it ,,mtnIII(-d4 , .t .1ttiI.it A% NIlI I %trdlirtijl i4u(ulirud "ila litolantla it -itJ ru-i 	 i++lmtf 

Ill juSHO, 'ra l -v 'c toh| Itchig br £'<+.lh I, [II'At (ner,, 19M2. 

I )\I, r-rl r. .	 .ini-rimunI %s., . m lmi rd at I( IRl I';+,, l),, m ldc+ 

mrtrm itml . It I'l,'+ I m-imt % tmmti l I 	 C. I+.1 

II I mmrI 	 .j+ 2 1 t.W 0 

h 2i1 4') j 
4 .Itl,Wi 5,mt It ' \ I -iru 11rm),I 0 lh 

t++
f -tr 4 
llld-;I ' ,. Itr,f,dl~rd .7(1, 6,4 1 l)
 

I 1 ll lt l ,l.1 ( .. . ll f; 'll d - I !,A if l,64, ? I 1I 4 t:
 

, 

11  1 1
lrimF i,'.m+I:+.+ 1t l'r, r l ' ir t r I . ,tmlr~t 7t, (i,n I1 ma 

I, ir-mim+i. :, I1)1 rip.M rit..mit lhfi drti-. r.,, Itrl (It nfil) 441 0 
. r++i~~~~~~+' ~~~~~ r+t++,,It~I+, I I~I I ,,+, I+j~ ItiI+ 

I,(Ibf i' Il I- 4 4 1 it, ate lIvrdtIn . 1 'i r 	 ,l . I ? t tr f.tc' n , k 'Itit , I,, 4? (4 .1 ,1 i, l uI, 

l .sI r rmI I I tr r ItI1m4l , I "\r r II I .1itr 	 m',r1+|l+I ,)1 4air II li air,fIt 4wt I ti l ly 

jil' . I I:iitll Ist I tI . r i , tI lt.'s 11 4 14111 I1 1 lAi,101J ItMAI: tl~il+t *,t++] r I'+t.It it'ill r ( () 1 , k. h 

tum 	 I+ tiot(I Ii. I I Il.fir 1 d - r -m . Ila 	 lr 

http:ir-,,i,.ta
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Table 7. Mean ziowny mildew severities (%)of 34 pearl millet entries and three standard checks evaluated in the 
IPMDMN 2 to 7 years from 1976 to 1982 at indicated locations In India and West Africa. 

Entry Location 1976 1977 1978 FD79 1980 1981 1982 

SI)N-503 
1-7 

Nigeria 
Mlali 

0.6 
5.5 

1.3 
1.7 

2.7 
3.4 

2.5 
3.0 

8.0 
9.0 

9.0 
6.0 

8.0 
5.6 

700251 Nigeria 3.1 1.8 2.2 1.3 90 (.0 6.0 
700516 Nigeria 2.1 3.0 2.3 0.8 7.0 5,0 3.0 
700651 Nigeria 1.3 3.0 4.1 0.9 10.0 6.0 4.0 

I1-1930 ICRISAT Center - 2.0 8.0 2.0 -

F11-83-2 ICRISAT Center - 1.5 6.0 5.0 
IP-2058 Nigeria 0.7 9ff 8.0 

MIl 7147-2-1 New Delhi - 1.4 7.0 5.0 6.4 

J-146 x 700787-2-10 ICRISAI Center 0.9 7.0 5.0 -

"S('-7218 
N('-7158 

ICRISAT Center 
ICRISAI Center 

0.1 
1.5 

7.0 
7.0 

4.0 
2.0 -

li-31 ICRISAT Centcr 1.8 1.0 7.0 2.0 

SI)N-347-1 Nigeria 4.7 3.0 4.1 ,6 

SI)N-305 Nigeria 3.2 '.0 -

1'1111-14 Ludhiana 4.5 7.7 
BK-,60 New Delhi 8.1 9.1 
.1-1INK Jamnagar 5.3 4.8 - 2.3 

I(1II-A)1(ilA x 1299-2) ICRISAI Center 2.7 5.6 
V-lO Mall 3.1 3.9 1.4 -

114 IR Senegal 4.0 6.3 6.1 
1.12K-1 , 7(X)4(941-5-5 ICRISAI ('enter 0.4 8.0 -

7(000 ' Nigeria 3.0 120 

I 11-792-2 %I 11.59-3-1 ICRISA I Center 2.2 9.0 
1l.2017 Nigeria 1,3 10.0 

I( I.I,'liIA x S(14 (M)) ICRISAI ('enter 1.5 8.0 

7(70 
I 21-8 

Nigeria 
ICRISA I ('enter ,50 

9.0 30 
10 37 

7005'i46 Nigeria . 7.0 60 7.1 
7( )S I. :Nigeria . 6 (0 1 ) 

SI)N 49e, 
'1)N-714 

Nigeria 
Nliyria 

- 2.9 21 
h60 60 4 " 

I( 11 2t, 
N(7174 
J.I 'I 

° 

1I41A 11621 i 70049.24)-2) R It ISAI ('enter 
I(lRISAI (enter 
Jantna.r 

. 

. 

27,9 13. 5 
09 

I 

0 
() 

17 

60 
0 

I (P 

111.04" New I)rlhI 13,6I - 12 .210 100 114 

7042' (m k tril) Cih; d 61(0 64 0 44 4 

. %1a10tji i bt 



This technique is superior to other known 

inoculation techniques (seedling-dip, spraying, 

putting germinating seeds on leaves with profuse 

asexual sporulation) hccaw,' it rvemble natu-

ral inoculation yet permits uniform inoculum. 

We use the technique to screen all key-breeding 

material and to confirm field-identified resist-

ance to downy mildew. 

lesistance screening at I01ISAT ('enter. Us-

ing the infector-row screening technique, wAc 

screened approximately 7(XX) bleeding lines in 

the field fl I)M lesistance during the 19X081 

postraynv sca son arnd the 1982 railny Weason. 

Alimt all of our breeding material now carries 

.ikccpltable I)M resistance, after screening ts,0 

AiS0rl, each ,car. 
WC s.icened 449 inure gerruplaNri aicessiori% 

orI.rinmtg Iroin SuIdn. lhtsana. Zinibale. 

/arnr*ri. Suth AliLa. I oyo. Nigci. aud tipper 

\',olti 192 \kclc I)NI Iicc and 18) slosscd less 
th1an I01) I . 

We . , clir,:vncied 193 crrtr re s f or the All-

%111, I1%c hidbd l, MIIIIIIMII MIIII I.14, 
I IS, %Iil I o, ard N11 151 ) aid one populi-

troll I ), ( I) kcrc )I lice. Many hih)llrl ddans 

piol)Illiril cintries luid les, th1in I; I)M 

ililotaltirrnrl trting. Niullht.tionial test-

Imnip mit irirrd to b- iris I. ble iii ilcrnitlf iri' 
Ns.ahc rtiillv II nmc'ardloatng spIy ific 

Ir(-s\Ilc 
I tIe I cnit , I'ie-lincn it I'a ll Millet 

ID)omr, Nrildc Ntwsir', (1'ie-IrII)MN) si,, 

trsid iriI, at l( tUlAI ( cli lndcr se\Csr 
I)M pn-ssrir.c..48 iiCres Ir Ie fite. rdle17 

dct 'l 1 p d 1,'..thin If I)MI IL M)N1-lc 

r'ftn-re %ill1 e i ,tcd ill th- I'8 I lI'. ,I) N 
I he .4'r-r,tI I)N N s.i, (-lit tl(sr opcia-

toIt , t 14 I,( itioni or Irrli. ,ind \'%el Alfii.i 

l).ti s crle ri \ id lin I? lortrimi , N iriti'lt 

,a.s I)%N Itre t all hom mllihrlod,¢ iscirtrre" 
(1' 91, I' 1010. i If 111 . i' 4", I' 191 . Ini 

7(Y)Sle.o I r lip d hk,', Ihin t': ).I , 11Al 
Im.1iowf 


i) v i nlrrrrIrle[I r 11111%o ,7fll if',t c'.tctI ill
 

II'NII ),iN fo " i , Nstir (19(16 82) at irrr 


.Irairismi lli.1.1rd West Alro.t .le liix.el 
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in Table 7. Clearly, we now have many sources of 

stable DM resistance. 

Development of DM resitance. The study 

initiated in 1979 todevelop r.sistance in IP 7042, 

a highly snsccptible landrace cultivar from 

Chad. was concluded. In 1982 wc raised 148 S3 

progenies in the [)M nursery; 18 showed no )M 

and 45 showed high )M resistance (. . I,', )M). 

Also 18 progenies 'erc either )M free or had 

less than I0'.', I)M in S1, S4, and S, generations 

( lable 8). I he I-ist six in the table showed all 

characters typical of 7042. ()ne progcny 7042-3

1-2-2-2 sho"ed less than I(Yv I)NI at all loca

tion,, in India in the 1982 multilocational test. 

Variabilities for LUist ic,sI,,tance and for %ccral 

other charactcrs, including plant height 
(,-xtirinl,' dNall to tall), Ical silc and shape, 
Carlhad length. and pollen color also wcrc 
obcred. 

I he IrCS ulrdrellitlate that \,cin a ir,,tul 
cultl il sh( s inCrcaingo I)NI susceptil)ililt. it 

robilblly Lari be "r'I olo,,td'" by ic,,clcctli i of 

iciiduail icsistance. I lie infornatiori is now 

being, usecd it ,eclopIcistance inpalent, of 1.I 

1.0, the iniot popular hybrid in India, 5,hich is 

bc(olnrrg I)M srsceptiblc. 

lrgol 

Httituntre screening. I)Ltrirng the sumtnner and 
' iiivrainair" ns of 1982 Ac ,'creeed inure than 

25(m) "-iitrie%for eirot rcsistaric under IiffeCnt 

scening phis, at I(WRISA I Center. 

lrntif~ing iriianice. Ioloitain cryot rcsit
.iri Ilne\ b.iJ-1 41'rtirs, \kc ft1lhcr screelid 
129 s, yviipli hirs,. Imnni Itorn in/iriia, 127 S, 

fou I)'u, arid 18 NN. lioin I l-o-Irrinr, All the 
I a.i/.irr.1ii lin sc %,(.trhyli, su',Cptillc it) egot 

t -t) i, rrre'il 'srt' tlrt troit .11; of biogubu 
roi Il(' iil -illt liniessl(sscr 101; 'ccl

" Wi',(I .thr 9) \Vc x.i, Itd 81 sirge 1)li nts'mh () 
rig adlv(lrt - IfIf ',ted -,,t anilergot Irslstr.C 

( S'' ) f trfr.I i1t c. ll~itiiri 

Itlltilo rI'ialon, Ito'hlg. Ilh- 2!9-cnty, 1982 
Irit.lrtullrral P,, il NIMlIt I igt'ot Nurseiy 
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Table 8.Downy mildew incidence (SI-S,) and rut incidence (S,) in 18 best pteforming I1 7042 pearl millet 
progenl grown in the l)M-nurery, I(RISAT ('enter, pottrainy ,,eaon 1981/82. 

I)o, ny mildew incidence (t) Rust inci(lence (r,) 

Pcdigrcc S, S, S, S, S, S, 

7042-1-1-2-2-2 46 10 6 I 0 10 
7042-11-1-2-11-1 33 38 9 8 4 25 

7012-11-1-124-1 33 38 8 0 0 5 
704-2-111-124-2 33 38 s 0 0 25 
7042-11I-1-24-11 3 38 8 0 0 25 

70-42-11-1-124-5 33 38 8 0 5 25 
7042-1.12.2-1 46 10 6 I 0 10 
7012 1-1-2-4)-f 46 10 6 0 4 0 
7042- 1-2 6 -2 46 10 6 0 0 5 
7()-z2-1-I-2 . 46 10 6 0 I 0 

7()2-3I-3-2-2-1 
7042.11~-32--

33 
33 

37 
38 

9 
9 

9 
9 

5 
9 

40 
25 

712-1I-I3-2-33-? 33 38 9 8 I 40 

70.2.1 1.1-21 33 38 9 8 I 5 
701211-1-2- 114 33 38 9 8 0 25 

14i2.11.1-2.1 33 318 9 8 7 40 

10) I-II-12.114, 
704" 1:-I12 44 

33 
33 

38 
38 

9 
8 

8 
0 

5 
0 

10 
25 

huttflcp hktied. (NIIII-3)' 62 37 53 84 72 40 

(II'NI I:N) Wi'.,tc%' (d at 'c Crl o.allo ill I ndia ter hsy pcdigrice -xlcclior follow ing cto-,^C 

ind (IIe III Nicria Althfoiyh liii entry ".,ic,, ity! l%Cee eo' l,-",,,C 1 1lhi(' 1ieC,) GSr, !',CffCc-

IF(Ccal all . I I 0,hnvcd h11ll IC%1%t-1l)C ill ,]l, lm l%,, I11%C that c'olinlllI 

k tlfllCl(,%%-1ii..1ltl)I 111C.11) .r% tCl1C\ ofi ot m ole 

tli.1i V; and Il.itnurn *,t+firxlltlnot 1olec thin.1 l)reiloping ,e".ianc. liltlCroe'v i d:ocl

5"; atanv !otatiol ntif 9 rtic IIyiv oing q'ipo-rci'tnit hrf, miitiaitci ' 77, %va% 

lokalion rncan rl cii~b~W(i 2 .i11d ' Lofil- onrtiiiii t 1111y . l1d froi';SCCLrtn proyvliie 

pdirdi Ailli thu Nivtriiill)C dlirtkV% 6 ( . it ~lx-rc of (io'Nx% hrctocnr lct,. %iti'llbeiii 
AtI Si,iiiam, ~icir ino~t o h- 9i"l'f li'Nlf N pf1.irit% 11(1111i diflrii'it yCiiiipfiIii1 *otlicc% 

ertre~\%rriro~ru ~ l-i d i.pthr 2S (f (joitilriiiif 

29i lI'M i cijti' Ihd 10' lriiiiri CClIstv in I lit 11it 'i-I of1 iio'.''- \i% if,I~ if o)I 

rritiir illiotfi hado ;.'Cnriatiiiii iilo%t 'o11M-2, ; (.11C tet e% I I tii 46, \S1ICr low%' ;ipjitclj ft ',tai 

.\tn1It ill !')XI hilt - U' In )~ itii 1 'iii, hill/rilforCilput 1('.k tiii andi pliciiotvIpic 1inufol

1X2 (Sl" 411 1 %- D1)oiisip tlit 11M., 'tcu',iin, "C 

epti)Ilr) firkk)h1 i ll~ 9141 ((f6 l il .. n4pil ',iiltu 2 if hiblk-. i111 1ruinl iu1;il nI 
e i r..'oiit %.i' hfil ill ur 1iiitv jiliv 

ujfiu-k)( I .ituc 10t) \Wiufurittn ini Afro~i %illbr R( I I ( -iutn aindu uii1Ak'..ul Ii~.1,iuA 

FIiincd tou ufrtrri1iiir if t, pir-trl 'uuir% of 151 1) 1~ f11 hulk%, ill i(ifiiibt ini,Iitni 11i.ifl thm 

rnipot ie',uitaiii Olildr', :oprtl -it 1( R fViA I ( 'n- %.iiur~ ,~lotiion',. 771 " .)I 11C li'.e'fii,) i 
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< 10% mean ergot severity (Table 9). We evalu- incorporate ergot resistance in 3 lines and their 

ated more than 1600 lines in F3, F4, 15, and F, counterpart ms A lines. Fortunately we have 
gener-l;ons during the summer and rainy sea- seven ergot resistant lines that arc maintainers 
sons, and 1270 (77%) showed high ergot resist- on 5054-A, 5141-A, and ms 81-A, which are 
ance; we selected 1604 ergot-resistant individual being used in a backcross program to develop 
plants with selfed seeds for further evaluation, ergot resistance in A lines. Twenty-two 12 popu-

To test the stability of their resistance, we wili lations, III F, 51 F4, and 48 F, lines from 
include the best of ergot-resistant lines seledted crosses between 11 lines x ergot-resistant lines 
from these trials in the 1983 IPMEN. were evaluated. All 22 F, populations were 

highly susceptible. but ergot-resistant segregants 
Using resistance. 1he 1982 tests again con- were identified in F', I.4 and F5 lines (Table 9). 
firimed the recessive nature of resistance to ergot; The results indicate that ergot resistance may be 
-o resistance must be introduced into both transferred in mis lines by backcrossing F, ,r F4 

hybrid parents. We thus continued efforts to lines. 

lable 9. Numher of pearl millet lines in %arious categories of mean ergot seserity and ergot resistant plant 

selections in the ergot resistance screening nurseries during summer (S) and rain) (11)seasons, I(CRISAT (enter, 
1982. 

No of 

No. of 
No. of cutcs ith enin c[got secriy single

plants 
Matcrial Season entries (C; I -21,'; 21-30(' .30"i selected 

(erniplisin li'iesI 
Ianania S 129 (S,) 0 0 0 129 26 
Iogo R 127 (S,) 5 I II I1() 41 
F ,-iornu R 18 (S:) 2 I 1 14 16 

I ),s clo irent of r sistance2 

I, liines S 167 72 55 17 23 199 

I. lines R 685 534 96 41 14 763 
I , lines 
I, lines 

S 
R 

310 
483 

229 
435 

38 
24 

34 
10 

9 
14 

483 
159 

IK line bulk R 159 122 21 6 10 .5 
F, bulk trial I 32 26 2 I 3 -

I ofReicSistaniCC' 

ll.hrid I (UR .\ ER) 
II hrid II (ITS x IT) 

R 
R 

4 
-15 

44 
25 

4 
16 

I 
7 

0 
7 

I pop. (ix 'I].S-I)4 S 22 0 0 0 22 III 
I-, lilies (it x ITS-I) It III (4 18 15 14 67 
I. lines (11x IlIS-Il) S 51 5 6 5 35 48 
1. llies (It x I1S-11) I, 48 12 8 7 21 35 
I'. t maintainer," It 64 62 0 I I 

I It,1, l i 10-20 ilrlctltcd intlolNccentces crit . 

SIti0cd on 20-40 ill tICd tinll0t11C IICc eniry in 2 rcnlicalionls, 
SItsed 'ii itt it0 l iculteditlolhtc¢ criccs enll V in 2 replications. 

4 Ilascil on linc iha| 21) )inoculated iniloresccntces populaitons. 

d--Idkilt 
, 

C Mttllls ii1 lildlC. 

I( I r' ot icsistani (tIable line). 
I1S I rp l hoA st,wicpilble. 
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Table 1O. Performance of the eight IPMEN entries in1981 and 1982 at one West African and three Indian locations. 

Ergot severity2 (%) at 

Samaru Aurangabad Ja niagar ICRISAT Center 

Entry' 1981 1982 1981 1982 1981 1982 1981 1982 

8 I 1 <1 <1 <I 

I(CM l E 134-0-I1 43 .-1 8 5 <1 I <1 

ICMI'IE 134-041 35 <1 9 5 < <1 <I 

ICMEI 134-6-9 46 <1 


ICMIIE 1344,-34 35 .1 8 2 1 <I <I 

ICMPI 13441-25 44 I 10 I <1 0 <I - I 

ICMi'I- 13- -27 18 6 20 I 7 I 5 

ICM PIT 13-6-30 33 I 28 I 4 I 3 2 

ICMI 1.34-1-1I 13 2 13 4 4 7 4 13 

Su,,ceptible check 68 83 60 97 41 58 99 98 

i 	ICMIiP I(RISAI millet pathology ergot-resistant line%. 
Ilawe$ on 20-40 inoculated infloic,,cnccs cntry in 2 replication%. 

k-

-

.Simit-re.i.tant Iearlmillet h/wad.s t:i t totra t wt t 
thou,'fh),It aInormnal, .itu.seelll jim'e ing,I.RIS "iiseflot l noreening ti epri- fineori8nir mClt) 1"S
i n oc u lo t ed scr e en in g nu r s r i.In, t ir2 8 . cntr 'mu l ti/o 

rational te.hting for .nut across five locations. w 

identifhed 15 entries with- V vcrity(<2%atI% mean 
an' location) and 13 others wit/h .7%1, compared with 
49(, in tMe (ltl. 

Smut 

Resistance screening. After an effective field 

screening technique was developed in 1981, the 
major smut resistance screening was shifted 
from Ilissar to ICRISAT Center in 1982. 
Sprinkler irigation let us screen about 3000 
entries in a 2-ha smut nursery during the 1982 
rainy season. 

Identifying resistance. During the 1982 rainy 
season, 463 smut-resistant (SR) single plant 
selections from the 1981 rainy season screening 
and 34 entries in the pearl millet smut nursery 
(PMSN) were evaluated in a replicated trial at 
the ICRISAT Center smut nursery. More than 
90% of the single plant selections and all the 
PIdSN entries showed high smut resistance 
(.-10% mean severity), compared with 72% in 

the susceptible check, and 462 smut-resistant 
selicd plants were selected for furtherevaluation 
(Table 11I).

T abeI 

Multilocational testing. The 28-entry 1981
l ) S a v l a e t t i e I d a n w 
IPMSN was evaluated at three Indian and two 
West African locations. Filteen entries showed 
mean smut severity of <1% across locations 
with maximum of 2%.11,at any one location; the 
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Table !1. Number of pearl millet lines in various categories o mean smut severity and smut resistant plant 

selections made in the smut resistance screening nursery, ICRISAT Center, rainy season 1982. 

No. of lines with mean 
smut severity (%) No. of 

single 
No. of <10 11-20 21-30 >30 plants 

Material entries selected 

Identification of resistance I 

Smut resistant selections 1981 463 433 17 8 5 324 
IMSN 34 34 0 0 0 138 

I )eelopment of resistance' 
F, (Sit x SR) lines 133 133 0 0 0 157 
F, (SR x SR) lines 112 106 4 I I 142 
SR,Tall sel. FI 487 467 21 3 2 552 
SRt Med. tall F, 486 477 4 3 2 695 
SR )warf I 17 16 I 0 0 35 
SRt Ag. elite F, 29 29 0 0 0 150 

Use ol reistance: 
FI, test hybrids 17 0 0 3 14 -
Sit C(omp. C,cycle 712 615 78 17 2 640 

2 2 0 0 0 -3SR Synthetics 
.I 88 43 8 24 
1 (X1 Il x SR) 13 


F, (23 1), I x SR) 95 50 13 15 17
 
SR Pollinators 14 10 3 I 0
 

i 1*, ,n 10-40 inoulated inllorescencus.rcd 
I1,t1,1 on 5-40 inoculated inllorceccnces. 
Scl l , nh t11 ,e. 

I'1SN - Pearl Milet Smut Nursery 
Sit Smut r itan,.. 

remaining 13 entries had mean smut severities (97%) showed high smut resistance(< 10% mean 
between I and 7% compared with 49% in the severity). They were categorized into different 

check. Two entries (SSC-FS 252-S4 and ICI height groups-tall, medium tal!. and dwarf, 

7517-S-I) hase shown stable resistance across and 40 smut resistant lines with good agronomic 

locations over 5 years of testing; both are being traits were identified. More than 1700 smut

used in the ICR ISAT Center breeding program resistant plants were selected (Table I I ) for eva

to develop smut-resistant varieties and hybrids. luation at F4 and F5 generations in 1983. 

Developing resistance. To obtain increased Using resistance. We evaluated 17 F, test 

resistance to smut, we intermated several smut- hybrids (ms lines x SR lines), 712 half-sib pro

resistant lint:sand after pedigree selectingat each genies of smut-resistant comlposite (SRC) C2 

generation of screening, we selected progenies cycle, 2 synthetics, 88 Fis (8113 x SR), 95 F5 lines 

with high smut resistance and good agronomic (23I)1 x SR), and 14 SR pollinators for smut 

traits. During the 1982 rainy season, we evalu- resistance. 

ated 1264 smut resistant individual plant selec- All 17 test hybrids were susceptible (>20% 

tions as F1, F4, and F3 progenies; 1228 lines smut severity), but 615 (86%) of the composite 
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progeries, the 2 synthetics, 10 pollinators, 43 of 
the 88 Fis (81 B x SR) and 50 of the 95 F3(23D 2B 
x SR) showed < 10% smut severity (Table II). 
From the SRC half-sib progenies about 300 Sis 
have been developed and will be tested for per-
formance and smut resistance, to identify the 
best for recombination. 

With a reliable screening technique available, 
it appears possible to transfer smut resistance 
into maintainer (B) lines and thus produce resist-
ant ms (A) lines. It also appears feasible to 
increase resistance in varietiesand syntheticsina 
relatively few cycles. 

[lust 

Initial screening. Germplasm accessions (542) 
originating from Mali, Uganda, Nigeria, Niger, 
Senegal, Lebanon, and USA were initially 
screened at Bhavanisagar, a rust hot spot. 
Twenty-one of the 542 accessions were rust free, 
and 311 had less than 10 rust. I he remainder 
developed 25 to 65% rust. 

Multilocational testing The 45-entry, 1982 
1PMRN was sent to cooperators at seven India 
locations. Results, received from only four, 
showed rust pressure most severe at Pudukkotai 
and moderate at Kovilpatti, Bhavanisagar, and 
Ilissar. No entry was rust free at all Iccations, 
but several, including 700481-21-8, 700481-22-8, 

IF-537, IP-2084-1, 700481-7-5, IP-2084-1, D 212 

I'l. and collection-9 , showed stable rust 

resistance. 

Screening for Multiple 

Disease Resistance 


Screening pearl millet germplasm lines and 
breedin- materials simultaneously for resistance 
to downy mildew (DM), ergot, smut, and rust 
was initiated during the summer 1982. The 
methodology involved spate planting (20 cm 
between plants on 75-cm rows) test lines in the 

I)M nursery, where DM already was well estab-
lished on infector rows. DM scores were taken 

30 days after emergence (DAE); final scores, 45 
plants, two tillersDAE. In selcted DM-frec 

were inoculated-the first with ergot, the second 
with smut. Observations for ergot and smut sev
erity were recorded 20 days after inoculation and 
selfed seed were selected from plants resistant to 
all four diseases listed. 

During the 1982 summer, 303 entries consist
ing of germplasm lines from Togo (178 Sis), Ex 
Bornu (45 Sis), and entries from IPMDMN, 
IPMEN, IPMSN and IPMRN were screcned. 
Hot, dry weather during March-April kept smut 
inoculations from being successful, but observa
tions were recorded for [)M, ergot, and natural 
:ust incidence. Among the germplasm lines, only 
17% of Togo lines and 22% of Ex-lornu lines 
showed < 10% ergct st .erity but most entries 
(94-100%) resisted DM and rust. 

Again among the disease nurseries, few entries 
resisted ergot but 100% of the IPNIEN entries 
resisted ergot, 85%, I)M; and 100%, rust. Other 
nurseries had few entries with ergot resistance. 
The results indicate that although most of the 
lines resist I)M and rust, only a few have resist
ance to ergot and their resistance, except in 
IPMEN entries, may or may not be stable over 
years (Table 12). 

During the 1982 rainy season, 832 entries 
including AICMIP trial entries, Ghana germ-

Table 12. Summary of the results of screening pearl 

millet lines for multiple disease resistance at ICRISAT 

Center, summer season (January-Aprilp 1982. 

,';entries with  10%. 

No. of incidence/ severity 

Material entries )MI Frgot 2 Rust' 

IPMDMN 30 I00 0 97 
IPMRN 10 70 20 100 
IPMEN 20 85 10W 100 
IPMSN 20 85 30 95 
Ex-Bornu (Se) 45 100 22 100 
Togo (S1) 178 94 17 99 

, Incidence based on total and ii:fected plants observed in 

2 replications, 2 ros/entry per replication. 

2 Severity based on mean of 40 inoculated heads in2 repli

cations, 

1 Severity based on mean of 2replications, 2rows/cnry per 
replication. 
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plasm lines, ICRISAT breeding lines, and dis- Alternate Control Methods 
ease nurseries (IPMDMN, IPMEN, and 
IPMSN) were evaluated. DM and smut resistan- We conducted several glasshouse and field 
ces were widespread but ergot resistance was experiments to determine the efficacy of meta
rare except in I'M EN entries (Table 13). Ergot, laxyl, a systemic fungicide, in curing DM
smut, DM,and rust reactions of some of the infected plants, we sprayed systemically infected 
ergot-resistant entries in 1981 and 1982 are pres- plants of several ages with several concentra
ented in Table 14. tions of the fungicide. Plants as old as 40 days 

Res,.lts of two seasons of multiple-disease recovered and prod uced healthy leaves within 7 

screening indicate that because ergot resistance days of spraying. But spraying should be before 
is difficult to find and stabilize. the strongest panicles initiate or infected plants produce cha
selection pressure should operate for ergot res- racteristically deformed "green car" heads. 
istance first and then for other diseases. In glasshouse tests 125 ppm (product) was the 

Table 13. Summary of reisults or streening pearl millet lines for multiple disease resistance at I( HIISAT Center, 
rain) season 1982. 

(7 erutries %%ith 10"i incidcnce'scserity 

Matellill No. of entries I)M Ergot2 Stnut' 

AI('MII 

IIPMIIl-1 21 62 0 14 
APIII I-1I 19 74 0 21 
I)M I-IV is 33 0 60 
A I'M II-V 17 64 0 35 
Male Sterile lines 106 53 I 35 
Others 18 50 0 44 

Germplasni lines 

(ihana 123 96 2 94 

ICRISA breeding trials 

IPMS I 25 88 0 84 
I'MIi1 25 P 0 32 

PM IfF (I') 25 60 0 4 

I)S( Bulks 16 94 0 87 
AI'V I 24 87 0 71 

I 1)1 247 80 4 85 
F, Progenies (B x ERL) 49 92 25 83 

Pathology trials 

1 NI1 1N 29 93 79 100 
1I1MSN 28 86 3 100 
IPNIM)M N 45 91 0 48 

i Incidence b.iscd on total and number of infected plants for each entry.
 
2 Scseritv inean of 10-20 bagged-inoctula tedhead%.
 
I Seity mean of 5-20 inoculated-bagged heads of same plants inoculated earlier with ergot. Since inocu,.ations %cremade in
 

later pali of the dry season, smut desrhopinent was not adcquate oil test entries. 
4 - indlictes not in(culated. 
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Table 14. Ergot, smut, downy mildew (DM),and rust reactions of some of the ergot resistant pearl millet entries, 

ICRISAT Center, 1981 rainy (R)and 1982 sumnmer (S)and rainy seasons. 

i)M inc. (%) Rust scv.(%)lrgot sev. (%) Smut sev. (D) 

19:1Ib 1982' 198l4 19821 1981' 1982' 19821 

R S R R R It S It SFlntrya, 

ICMPE 134-6-25 I 0 .1l 0 0 0 0 0 0 

WMPI: 1344--41 'l .1 1il 0 0 0 I 0 0 

ICMIil 134-0)-9 I I .0 0 -f 0 I 0 0 

ICMPE 134-6-11 I 0 -A 0 0 0 0 5 0 

ICM 1 1140-3 I I 3 0 0 0 0 0 0 

NI 1: 134 27 5 0 0 0 0 0 0 0 0 

111-104 (('heck) 83 67 94 54 48 32 5 51 40 

WV'-('75 (C(heck) 74 - 66 3 2 2 - 5 

I CI'NIN ICR ISA IIltct p i thIilg cro t,dc.iscd horni rroscJ2238 x J2210-2 and J(06-2 x J2238. 
,,


t,llacd on M0inidulated h.d trom t, ieplicatlons, both ergot and smut inoculations made on lillers of the %itneplant. 

Itawed on )M ivatlioris diuong lt ic 19S0'I poorain, sason in I'RISA I Center )MInursery 

SScreening done in multiple di],,a'e lltrl
 
indicates data riot recordd ntrN riot icludcd
 

lowest fungicide coniccntration that permitted Ir.ect I'est.i 
l(0)',+recovery. ill, %Ailhin the fiel sporangial 

in the pearl millet inect-observation plots atin)ci1urn present in abun cnicc,at least 250 ppm 
obse rved(product) is required for acceptable contiol, ICR ISA' Center the past 3 ycars, we 

%khichwas significantly supcrior to sccd treat- 83 insect species feeding on millct. 23 for the first 

ment at 2g a.i./kg ,ccd,recommended rate for time. Fortnightly obscrvations on insect 

field application (I able 15). damnage-populat ion reveatled that of the 13 insect 

Table 15. Recovery (%) of systemically downy mildew-infected. 29-day-old pearl millet plants if Ill 7042 and 

NIIB-3 after spraying with metalaxyl (WP-25) in DNI-nursery conditlons. 

l)oswny mildew (, 

II' 7042 Nl111-3 

Incidence Secrity1reatmcnts Incidence Seserity 

1.2 0.61000 ppm 10.7 4.9 
2.0 1.0500 ppmll 12.2 6.2 

250 ppm 8.4 4.4 10.0 6.2 

125 ppm 24.0 15.0 28.6 18.9 
16.7 10.6Seed treatment' 48.0 35.5 

Unsprayed 85.8 79.9 87.0 79.9 

St 1 2.3 2.0 4,5 3.4 

! Seed was treated at 2 Sai./kg seed. 
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100Sorhum arl millet 
Unsprayed 
Alfisols - Pearl millet1mrtisola - Sorghum 1980 

DO Sprayed Alfisola 1981 naprayed Allisols 1981 

80
13 O 

z 70 

0

0

31) 

tz 
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V P. L . L C, L. LL. 16 !. 

llu~e 6. ILafoal %ursiiwl arid parasititnthon of, lythit ia tiiralao orlrhUn and pe¢arl millet inl%)i three environ
merit, IC'IAT Ceter.
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Table 16. Effect of Indicated levels of farmyard manure (FYNI) on total dry mlatter and nltrogenase :,ctivity 
associated with millet cv Ex-Bornu. ICRISAT Center, 1982. 

Nitrogenase activity 
(nmoles (',114/plaot per hr)' Total 

dry weight 
Trcattre nt 44 I)AI 71 IDAP (g/ plant)l 

Sand:lYM (97:3 ,.w) 593 ± 102 483 1 194 32.6 t 1.28 
Sand:lYM (98:2 \ w) 542 t 154 745 t 235 27.7 i 1.43 
Sand:l'YM (99:1 w, %) 86 1 25 137 ± 39 110.4 ± 0.6 
Sad:VYM (99.5:0.5 w w) 106 ± 24 276 t 73 5.5 1 0.46 

i 	 A ¢iav¢ ul I10rophcation%, inIoiur, in pot%adjutcd to NOl-7(yj %4ater-holdingcIpacIhty I day bcfot assay a%intact plant,. 
I'Ltio har.%tcd 71 da% Altcr planting ()AP). acr ge otI1 Iepl ationv 

Weedy check 

30 - No. of lurvne Exaf damage rating: 	 -5 

i 	 1. < 10% 
t eaf deamge 2. 10-25% 

260- 3. 25-40%
 
S4. 40-60%
 

5. > 60% 	 -4 

2)- 1 Iland weeding "
 
Atrazine I Hand weeding
 

Weed free 

140 

;" -2 

- 6O 	 1-

G-J_

0 	 .. ....

211 	 1 

~ 	 ( Cl-~ 'o -	 - - ) 

Figure 7. Efferct of extent of werduing In four votirfli of prarl millet on larval population and leaf damage by 
oriental armnyworm, Af) irrna separala. 1(14 SAT (enter, 1981 
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with 10 replicate plants the standard error for Table 17. Effect of Incubation temperature on nitro
nitrogenase activity was large. Part of the varia- genase activity associated with millet cv Ex-Bornu 
tion in activity could be attributed to genetic plants it'lISAT (enter, 1982. 
variability in tile Ex-Bornu population. Nitrogenase activity 

T!o test the effect of incubation temperature. lcmperatute VC) nioles CAI, plant per hr' 

we used 56-day-old plants in temperature
195 t 50controlled water baths for 10 days before the 29 t 2 
694 1 235 

assay; 141C and 401)C support-d nitrogenase 34 1 I 

634 ± 200


activity the same btit at root temperature of 40 ±0.5 

290C. nitrogenase activity was significantly i A~ctage of 5 replications, p anl,, ron in sand;lYNI 

smaller (Table 17). (97:3 %%%).I lie potat.34 and 401 incuibated in tempcra
tare-controlled ,attr haths and Londitioned at hath 

)uring 1982 we tCiitpcratire tor I0 da.s before the asay Ior lie 291, 
Tube-culture asay technique. 

assay to estimate treatment, pots"ect in grienhousek t i tentpcatute 
developed a tube-cilture 

o, 	millt seedlings in the 
nitrogenase activity 

*-	 .egulnr core assay (class interval - I) 

"'lnnted" core assay (class intervat - 50) 

30 

Menn nitrogenase activity (nmol Cl14/core per hr) 

1. 	 IRwgular core assay 17.6 
2. 	 "'lanted" core assay 167 

U 

a 

i 	 i0 	 - I1001 - L 

H 
10 Z) 30 40 50 60 100 liX)25O 300 350 400 450 500 55 600 650 700 750 

nmol C2114/core ppr hr 

Figure R. Frequency diitrihution of nltrogenase activity of raillet hybrid NIIB-3, expressed as nmol/plant per hr, 

for "planted" cores and for regular cores. 



Biological Nitrogen Fixation 87 

Soil 
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U 
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Figure 9. Pattern of acetylene gas difTusion through plastic pots filled with Indicated growth media adjusted to 

60-70% of water-holing capacity. Acetylene gas was Injected at the bottom of the pot and gas samples were 

collected from tops of the pol. 
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gicenhome, 'lhc plants were grown in 20 cm x2.5 

cm dia, 80-ml glass test tubcs with a small Itube 
attached to the side ne¢ar tile bottom ( Fig. 10). 

I he tubes,, %.ierfilled with 20 to 25 ixll ol fir tl 

mldiumn. soil. ,aid, saind IYNI, .eiuiicutlitc. or 
nitto 'pcntliceapar, then tile ttlebe, soel. co 'CIed 

and paiinted to keep fight llom the root i.lUm. 

lllnts %rc grwin Inside t e I...' , ilch %\olas 

hip+d %%J.+ill until the alNA', th.nlIottol %ootl 


mitl lbi I ttII¢i: i ,%
ebeIStibSla S al; the. ,l ,li , ',o 

cIosed o. it h a ski h Sea . Acet c l gas. (lquiall-

cult to I5, 1 of the iret soltunlu in thc lube, ssals 

iIltcte'd through the bllottll Sub.i Seal. [le'\ii 

lilies ot Inillct %,re,o%%Ii .ll( onl control tube 

without seed inoculated with a rhiospherc 

extract of tield-grown millet to promidl, ;I mixed 
ilocLtilli. 

l)illelences bcet_%n culti\ Irs In stimulating 

liitlot n .se acti\tv "eie appallnt b 20 days 

after planti.rit and al~nkinlly \see ,imilar iII dil

ieretni yrom,.ih m.dii. Ilit tecihriitu- %s~a lurt'lit 

itlpI osed by alloml:. tlhe flools to ' , outside 

the test tubc. At u,,,, un it Sl l., S .d 'ind 

ulbulbl %%¢ie ltil to ',al the 1,.1% l1h:ase¢ 

aIr,ound the loot Jlthl the shoot Ic+ln.iin-Iilcdiiiik% 

ing, lirve In the ;ait. I Ihis t-hod a ',ll permitted 
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hlaltlltinl 
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help provide plants with part of their P physiological-morphological traits and good 

requirement. disease resistance. 
We also examined the host plant genotype's 

role in developing the mycorrhizal association, Source Material 
by growing 50 pearl millet geiotypes in the rainy 
season in an Alfisol field that received no P. In In this project we have been concerned with both 

root samples taken 54 days after sowing, new variability and identifiable traits (morpho

betvee. 10 and 54% of the root was colonized by togical, physiological, biochemical, physico

naturally occurring VAM fungi. The variation in chemical, disease resistance, insect resistance) 
infection between genotypes followed normal that could contribute to yield potential, yield 

distribution with most, including the two widely stability, or grain quality. To incorporate new 

grown cultivars BJ 104 and MilIi 110, with 30 to variability, we iave made many crosses with 

40(i root colonization. Certain genotypes b,:ing material from the gcrmplasm resources unit

more susceptible than others to colonization by approximately 4500 for breeders in Africa and 

VAM indicates scope for increasing mycorrhizal 1000 for breeders in India. 
symbiosis by selecting and breeding. A pot- The fewer crosses than in previous years 

culture screen in nonsterile Alfisol with natural reflect reduced labor resources and our concen-
VAM flora showed that sone hybrids had more trating on inbreeding and evaluating materials 

rnvcorrhiial coloniiation than either of their from previous years' cro:sses. The identifie bet

parents, indicating that the extent of coloniza- ter inbred lines are placed in the Source Material 

tion can be influenced by the host genotype. Inbred Nursery (SMIN), which now contains 
406 itries. 

A 	study of bioniass production in a range of 
Plant Improvement 	 cultivated and wild types identified many wild 

types and 1-3 lines from wild x cultivated crosses 

The plant improvement project has four that accumulate dry' matter faster than normal 
objectives: cultivated types. Before these can be used in the 

main breeding programs, further research will be 

I.to identify, and incorporate into agronromi- necessary to determine whether the trait can be 

cally useful backgrounds. sources ofnew vari- introgressed into the cultivated types without 
ability and or traits of agronomic value; neg;'1ive a ssociations. 

We continued to evaluate materials for the 
2. 	to breed souperior hybrids and varieties; phyiological-mlorphological nursery but fewer 
3. 	to develop improved procedures for breeding than previously. For earliness, 23 D111- linesand 

superior genetic materia; .nid material from the pearl millet program at Kan
4. 	 todistrib in , asas State Univcsity have been incorporated. 

i riin mp geiciiti%(. ra m orto ei~ct % l l'rotein content evaluations also have been con
mamion to pearl mrilht scientists worlwide. tine nsvrrIhg i o ins oeo

tinned oil !,evcral hilgh and low lines, somne of 

Endca\ oring to mcet thwse obectives, we have kkhich have been incorporated. Further evalua
been evaluating parental material for biomoass tion of these materials will be necessary in the 
ploduction and protcin content; stren1gthcning 1983 rainy scason. 
our hybilid projcct in roale-slerilr biccdiil,; exa
mining gelotype x cnvirofilent interactions to Breeding 
detcrrilinc the optinllill number. localtiol. aill( 

type of tests needed in oil poglali; hcllfying ()utput mom our breeding work encompasses 

physiological nuccharims that under licgood pollinators (R-lines), male-sterile (A-)and main
adaptation; and assembling nurserics with IiatC- taincr (If-)lines, experimental varieties, and 
rial showing good cxpcssion of varilus synthetics together with promising progeny 
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derived from the various projects. Work the past 
year is reported in each category. 

Pollinator (R-line) develop~ment. The crossing 
program, given highest priority. has been vigor-
ously continued. Several backcrossing projects 
to eliminate defects from existing elite lines have 
been initiated or continued with emphasis on 
large seed size, increased seed number per head, 
downy mildew resistance, smut resistance, ergot 
resistance, and rust resistance. Approximately 
50 simple crosses among elite ii:,s were made for 
pedigree selection, and 23 elite lines combined to 
constitute an R-Composite. More than 500 
crosses were made among lines of good pheno- 
type but with no hybrid performance record, 
with germplasm resource unit materials and with 
lines otherwise used as females (B-lines). 

Selection of materials for testcrossing is car-
ried out visually at the various stages of genera-
tion advance. More than 2000 test crosses were 
made this year, with existing male steriles used in 
approximatelN the following proportions: 
5141A.45e*:5054A.25Y'i; II IA, 10%81A,20%. 
Limited use of I I I A and 81 A reflects their late 
maturities compared with 5141A (ICRISAT 
Annual Report 1981, p.83, Table 17). 

Yields of our best hybrids (prefix ICMH) in 
the 1982 Elite VarietiesTest (ELVT), which eval
uates leading products, were 5 to 15% higher 
than those of the widely grown hybrid BJ 104 
and the recently released variety, WC-C75. 
Table 20 presents pedigree details of our most 
advanced hybrids, 

Male-sterile (A-line) and maintainer (B-line) 
development. Three male-sterile cytoplasms 
(A l, A2. and A3) have been recognized in pearl 
millet, but only Al has been widely used in 
hybrid production, and thei, in only a few 
nuclear-cytoplasm associations. To help widen 
the genetic base. our crossing program with and 
among identified maintainers will be continued 
and strengthened in 1983. 

Several projects have been initiated to select 
within an established or promising B-line or to 
introduce a desirable trait through backcrossing. 
Traits involved are sterility, ease of restoration, 
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Table 20. Pedigree details for the most advanced 
ICRISAT pearl millet hybrids. 

Hybrid Parents 
(ICMH) Breeding 
No. stream Male Ferrule 
423 Conposit "EC-211 5141 A 
418 Composite BC-377 5141 A 
415 Composite WC-7209 5141 A 
433 Pedigree ICP20644 5141 A 
426 Pedigree ICP220-10 5054 A 

435 Pedigree ICP226-50 5141 A 

-arliness, and resistances to downy mildew, 
imut, ergot, and rust. Conventional crossing 
projects have involved making all possible 
crosses among 10 established or promising 
maintainers, and deriving 349 A/B pairs from 
previously recognized B-lines. 

We also have made and evaluated 2000 test 
crosses (largely with source material), and iden
tified an additional 134 notirestorers (92 on 81A, 
31 oa 5141 A, and II on new male-sterile lines 
derived from J 1623 x 3/4 ExB-96-1-10). They 
will be sib multiplied, evaluated for phenotypic 
acceptability as B lines. and then tested for com
bining ability before being converted into male
sterile lines. 

Variety development. Approximately 30 
experimental varieties (prefix ICMV)areconsti
tuted annually from various composites (Fig. 
13). Before 1930 various selection procedures 
were applied to the different composites; since 
then six composites have been handled in a S2 
testing scheme (2 years percycle), one composite 
in a SI scheme (2years per cycle), and 4 compo
sites in a modified half-sib system (I -year cycle). 
Approximately 50 progenies are used in recon
stituting each composite. The various compo
sites and their characteristics are shown in Table 
21. 

In addition to the main project, dwarf versions 
of four of the above composites (WC, I VC, MC, 
SSC) and three additional composites (Early, 
Nigerian, Ex-Bornu) are being produced by 
introducing a dwarfing gene (d2) by backcross
ing. The conversion process has been virtually 
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sealproducts I Breeding Stream posites on the basis of elite varieties and inbreds. 
(Marrowvariability) (Broad variability) To help in the reevaluation, and to permit rapid 

appraisal of progress made in various compo-

C.Builk sites, we have initiated a Bulk Composite Test, 
I (Baae Compo0at1) which will be grown every 2nd year after recon

stituting the composites in which S2 selection is 

practiced. Results in 1982 inidicate that gains in 

yield have averaged between 2 and 4% per cycle 

in most composites (Table 21).
rt cycle producttei 

Synthetic development. Approximately 50 
Experimental 

varieties 	 synthetics (prefix ICMS) are made each year 

from progeny generated by crossing existing
Ce-,Bulk 

Progeny) lines, varieties, promising source material iines, 
and disease-resistant sources. Which progeny 

(generally F5) to use in constituting a synthetic is 

usually determined on the basis of multilocation 
Progeny testing performance testing of the products of diallel 

'25-50 

mating (partial) of 10 to 20 parents in each olf5 
Second cycle products 

diallels. Some source material progenies, how

ever, are used after S, testing. Initial testing of 
Experimental synthetics is currently delayed until syn-2 seed is

varieties 

(i-8 pregeny)
 

C2 Bulk available (2 years after diallel testing). 
(Best 25-60 Progeny) Synthetics are tested in three stages-two 

Initial Synthetics Trials, an Advanced Synthet

ics Trial, then an Elite Varieties Test (ELVT), 

etc. 

Figure 13. Generalized scheine for development of
 
experimental varieties in pearl millet.
 

completed, and dwarf composite Bulks, derived
 

by combining d2 dwarf F4 / F5 progenies from the
 

third backcross, have been compared with their
 

tall (original) versions. Preliminary results from 

yield tests at ICRISAT Center and Bhavani- }
 

sagar indicate that the d,dwarf versions yielded
 

as much as their tall counterparts, and that Nig

efian composite d 2 bulk yielded significantly
 
more than its tall equivalent.
 

The performance of the most recent standard

height varieties from several composites seems
 

to be improved little over varieties constituted at
 

early selection cycles, so we are reevaluating ICRISA Ts pearl ,nillet .Ynthetic ICMS 7703 has 

both our procedures for constituting experimen- reached thefinal stage ofprereleasete ting in India. In 

tal varieties and the composition of the various 5years 4rtesting, it has given yields equal to the best 
h1i'brid'. shown low susceptibility to downy mildew,

composites. We may combine some of our cur-
and given 20% more fodder.rent composites and reestablish a few new corn-
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Table 21. Characteristics of various pearl millet composites undergoing recurrent selection, ICRISAT Center, 1982. 

Date of Gain Varieties in 
initiation of No. cf Selection per cycle advanced 

Name testing cycles objectives (%) testing 

Composites subjected to S, selection (from 1980) 
World composite (WC) 1974 5 Yield 2.6 C75.f P8004 
Inter Varietal Composite (IVC) 1974 4 Yield 3.3 P77, P78, 

5454. P8001 

Medium Composite (MC) 1974 5 Yield 3.9
 
S.rere Composite-I (SC-I) 1975 5 Yield 2.0 P8001
 
New Elite Composite 1978 3 Yield 2.9 P79
 

C,.mposites subjected to S, selections 
Smut resistant Composite (SRC) 1980 I Smut resistance; 

yield 

Sunmposites subjected to [IS selection (from 1980) 
Super Serere Composite (SSC) 1975 5 Bristles- yield 2.4 80164
 
New Early Composite (NEC) 1977 4 Yield 4.6
 
l)l Composite (),C ' ) 1978 I Yield 2.8 P7904
 
I), Composite (1),C) 1980 2 Yield. height 7.4
 

W.\C-C75 %kasrelrtsd conmrnercially in 1982. 

which also includes hybrids and experimental yield variation. From a genetically variable 
varieties, dwarf population of 1250 spaced plants (20 

Synthetics in AICMIP tests in 1982 were: 4th 000/ha). 50 to 60(from which selfedSi seed was 

year Advanced, ICMS 7703; 2nd year harvested) were selected for increased grain 
Advanced. ICMS-7704. Ist year Advanced, number by measuring the surface area of the 
ICMS-78 18. 7835: and Initial, ICMS 7857. main panicle, and another 50 to 60 by the 

number of productive tillers per plant. 

For comparison we then selected a similarProcedures 
number purely en visual judgment of yield 

An analysis of grain yields from stations cooper- potential. Then we evaluated the three groups of 
ating in the AICM IP program has been under- S, progenies at normal plant populations (133 
taken to determine whether testing at ICRISAT 000/ha) the next year. The best 10 in each group 
Center under both high-and low-fertility condi- (by yield and the originalcriteria) were identified 
tions is warranted. Studies of the physiological (Table 22). 
mechanisms that underlie good adaptation and Reserve seed of each of the 10weregrosknand 
that could enable us to pinpoint reasons for used, after controlled pollination with mixed 
genotype x environment interaction have been pollen, to produce three synthetics representing 
continued- concentrating on photoperiodic each selection criterion. The synthetics were 
responses. They have shown that responses of compared in a 1982 yield test that included the 
varieties adapted to Indian conditions differ original unselected population (Table 23). 
widely. Visual selection produced little change. 

A selection study was initiated in 1980 to test Although selection for head numbers increased 
two ways of selecting for increased grain heads about 25%, the gain was completely offset 
numbers, previously shown (ICRISAT Annual by decreased head size and seed size. Selecting 
Report 1978/79) to account for 50 to 75% of for head surface area, however, increased grain 
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Table 22. Grain numbers and grain yields for SI lines of pearl millet selected for head numbers, head surface area, 
and visual appearance, 

Selection criteria 

[lead numbers 
Selected S~s 
Population 

Head surface area 
Selected Sis 
Population 

Visual appearance 
Selected S~s 
Population 

ICRISAT Center, 1982. 

Grain 
no./m 2 

N ('000) 

10 39.5 
60 33.4 ±3.88 

10 39.5 
54 33.7±3.43 

10 40.8 
5"' 34.5 ±4.31 

number per head 25%, with no change in seed 
size. Head numbers declined slightly but the net 
result was a 15% yield increase, considerable 
gain for one cycle of selection. The synthetics 
will he compared again after further random 
mating, and head surface area as a selection 
criterion will be further tested on other 
populations. 

Distribution 

Thirty pearl millet scientists from all over India 
took part in field days at Hissar. ICR ISAT Cen-

ter. and Bhavanisagar. Most of them requested 
materials from our nurseries, and we provided 
more than 3000 samples. In addition to such 
specific requests, we assembled several nurseries 

Grain 
yield 

(g/m2 ) 
Head 

(no./m 2) 

241 36 
19i ±22.2 29±t2.9 

274 -

209 ±19.9 -

256 
210 ±22.5 -

of special material for distribution 
Those nurseries include: 
Parental materials 

Uniform Progeny Nursery 
Advanced materials 

Head 
surface 
(CM2) 

222 
192±11.8 

-

on request. 

International Pt:arl Millet Adaptation
 
Nursery
 

International Vcar! Millet Observation
 
Nursery 

Materials were also contribited to the various 
AICMIP trials as follows: 

Entries 
Initial hlybrid Trial I 
Advanced Hybrid Trial 2 

Initial Population Trial 3 
Advanced Population Trial 7 
Inbred Nursery 7 

Resource Nursery 30 

Table 23. Grain yield an( yield components of experimental pearl millet varieties based on head surface area, head 

number, and visual appearance, I(RISAT Center, 1982. 

Selection criteria 

Head surface area 
Head number 
Visual selection 
Original synthetic 

SE 

(rain yield Grain Head Grain no.n 2 10W0 seed wt. 

(g/Im2) (no./ head) (no. in 2 ) ('(XX)) (g) 

267 2150 20.7 44.2 	 6.1 
5 5239 1560 27.7 43.3 

225 1610 24.2 38.8 5.7 

230 1730 22.4 38.4 6.0 

±3.30 0.30±22.1 1,5.9 ±1.49 

http:33.7�3.43
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Looking Ahead 	 We will explore '5N isotope-dilution tech

nique's potential for screening iines of millet for 

ability to stimulate N2-fhxation. I5N-enriched gas 
will be used to measure the N2-fixation rate asso
ciated with millet seedlings and distribution ofPiysical stresses. We will begin 2 years of test-

ing of se!ections made under high- and low- fixed nitrogen in the plant. 
We will use field experiments to measure stafertility conditions. Initial tests of synthetics 

and sites of responses bymade from early-generation selections from 	 bility over seasons 
millet to incculation by N,-fixing bacteria.each environment indicated no difference in per-

formance in higher-yielding environments (2-3 We also ,ill collect VAM isolates from the 

t, ha). 'ests will now be on advanced lines in traditional millet-growing areas of Rajasthan 

both low- and high-yielding environments, and Gujarat, and test the isolates' efficiency in 

We are ready to begin large-scale field screen- promoting P uptake and plant growth under low 

in, for ability to emerge under crusted soils "rrd fertility. 

declining soil rnoisture. Initial work will be on a TFhe interaction between P fertiliier type and 

selected set of germplasri lines todetermin"fhow amount added, and the response to VAM inocu

much a;iability cxists in millet for thesecharac- latron wsill be examined in nonsterile soil. 

terist ics. Ileginiig g9X4. from all Multilocational trials will examine the influ-I entries 

adsanced breeding trials will Ile subjected to this cnce of soil type and location on variation of 

screening as "sell. iot coloni/ation by VA M anong cultivars, and 

lesting of selections for yield components we will coric tc colonizition and P uptake in 

other than grain nuribcr '.%ill continue lrin more detail. Advanced materiaIs from breeders 

rniitc n nms\aIsin ,arious stages of development. will be exatmi ned for the extent of VAM
 

lhe rise of head surface a rca as a :,clc'tion cr it!r- coloriization.
 

ion %%ill h rctested in other breeding materials.
 
Plant improit e,'t. We will continue to 

Biotic streses. L.arge-scale field scF,:cning for cmphasiie deselopnent of elite inbreds. varie

(o1\n\ lild.2s ' .
. ergot. and smut at ICRIS~l ties, and synthetics. l:or the variety program. 

Ccter ard for rut, at iIhasdnig; will con- new composites using elite materials will be 

Alta- formed, and some of the existing tompositestiniue. Multilocati,;ail ti-sting for rcisianie 

bilit. %sill continue ssith enrphasison c':!.lating showing little piogress will be dropped. For 

factor-. that affect resistance stability and hybrid bleeding, the A-line project will be 

durability. strengthened. and effris will be increased to 

Efforts will be made todevse lop th.' ny nil dew develop ness disease resistant lines that can effec

resistance in conmercially popular genot\pCs. tivcly compete with the widely used seed parent 

ba,.cd on information gathered with 704?. 5141A ior e:flincs and general combining abil

ity. We will endeavor to modify our appro.'ches)evelopnent of ergot and smut resistant liines in 

more discrse backgrounds will continre, as will to ensure that data collection facilitatc b'tth the 

use of ergot and smut resistance in hybrids ard continued e ,aluation of the effectiveness of var

synt t etics in cooperation , itlh breeders. ious breeding procedures adopted, and provides 

Screening for multiple disease resistance, a basis for adopting new superior procedures. 

initiated in 1982. to combine resistance to all the 

c will Continue. 

Nilroren fixation. We will attempt to stabili/e
 

lines that stimulate high or low N2-fixation in the
 

Lx-ilornu population. and uc them in crosses to
 

analyze the heritability of this trait.
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CHICKPEA
 

The principal objective of the Chickpea season advancement. We acknowledge contri-
Improvement Program remains the develop- butions of many cooperators in India, through 
ment of improved cultivars and genetic stocks of the All-India Coordinated Pulses Improvement 
desi- and kabuli-type chickpeas capable of Project (AiZ!PlP) and elsewhere, who grew 
higher and more stable yields in traditional and trials and materials distributed from the main 
nontraditional cropping situations. centers. 

During the 1981/82 cropping season our [he season was unfavorable for chickpeas. In 
activities continued at three main locations: (I) south and central India, rains continued into 
ICRISAT Center at Patancheru (180N, 780E), November; at Patancheru the total annual 
concentrating on short-duration desi types; (2) amount was nearly 1200 mm, 501' higher than 
hlissar (2911N, 7511E), in cooperation with normal. The rains hampered scedbed prepara-
Hlaryana Agrkultural University. for long- tion at ICRISAT Center and led to poor plant 
duration desi and kabuli cii:tivars; and (3) emergence. One week of continuous rain follow-
ICARDA. our sister institute at Aleppo, Syria ing the early (mid-September) sowing caused 
(360N. 37T)f for kabuli types for winter or serl rotting so emergence was near zero. Poor 
spring sowing in the Mediterranean region and stands were further reduced by collar rot and 
South and (ntral America. fusarium wilt. making interpretation of data 

We continted to use subsidiary centers at difficult. 
(i,, lior (26" N, 78" E) in central India for testing, In the northern areas of the Indian subconti
at lapperwaripora (34" N, 75"F) in Kashmir, ncnt, rain in Oct, 'o'r-November encouraged 
and at Terbol (34" N. 361 E) in L.ebanon, for off- sowing larger than iorial areas but excessive 

hoth de.i- (smaller scerli at left) and kabuli-t. pe (larger. whitse .teh at right) hirApeas ,ontinued to he theficu 
of res,'ar, h in ICRISA T's chickpea improvement program, with etlphasis on improved culivars and genetic 

stocks that can give higher and tuore talh t'ieldf in varying €ropping situations. 
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rains during the growing season favored asco-

chyta blight and botrytis gray mold, which 

caused losses of up to 50% in Punjab, India, and 

in Pakistan. At Ilissar and most other centers in 

northern India few genotypes survived, so ana-

lyiable da:ta were few. 
lh'liothis damage was normal except for 

severe infestations ill cential India. 

In tile Mediterranean region winter tempera-
,urcs were tunusually low with March and April 
dry, followed by unseasonally wet Miay and 

.hie.Iri Syria the c1ick pcrt area wasn,,uch larger 

thai nornal but growth of tlie winter-sown crop 


was severely deprcsstd by tre cool, dry condi-


tioris and many genotypes previously considered 


iclatively cold tolerant were badly damaged. [he 


continuing wet conditions favored deselopinerit 

of ascochyta bhlight In both wvintcr- ard spring-


sow'n chickpea and many farmers ploimed their 


damaged crop under arid replaced it with ocl-


oris,. At Tcl Iladya., pod daniage was more seic 


than Iorrnal and pleviously resistant lines 


sho%%cd secte symptoms. Leal thiner damiage 


was %%idcspicad but Ihleiothi populations were 


Io%%cr than normal. 

Diseases 


Surveys 


We conducted surveys in Chile, Mexico, USA, 

lPak istan, and parts of India. In Chile, wilt ( Iu%-

arium o t'%portni f,sp. icrei), dry root rot (11/ti

*Ot"rill ltii ola), and black ,o ot 

(I tsarills'i solatli) ',ere ilpolrtlllt diIaes. li 

Mexico, wilt "as s idesprcad arid ,cliouls. aii 

black loot rot, collar lot (Slcrotitmi ioluu), 

rust ( IUromitles (it -aot tni),alld ioin chillo-cir 

In lISA. mill aid iron chloro-sik %%.ciecorlllollu. 


sis wCe conlrll(Il illchickp;r tlials at Ylliia. 

-Ari/on;a. Ii Pakistan, ascoclit. blight (,,I%, 

ihvia rabiet) ,;s the irst swidcsprcad and 
,


seriou1s diseas'e, tu ig ex|lcl r anrid sesere 
chickpea damagei,'c. Hoot iot ( f/ttt:o,, loiat ) 

waIs% another iraportdrnt dliscasc Illlakstarll 

farnlers flields, anld iron cihloroi.1, sttlll (peat 

lea:f-rol virus), arid wilt wC.re common rnexPert" 

ment station crops. Excessive rains thioughout 

the latter half of the season in northern India led 
to serious, extensive damage from a,,cochyta 

blight and botrytis gray mold (lotri iis ci,wrco). 

Other diseases colnonly observed were alter

naria blight (A lternaria alternata), w,1. stunt, 

and steni rot (Sclerotiiun schrotioruin 

Fu'sariun Wilt (Iuariitw ox;y.po,-uti 

EI. citeri) 

Screening for resitance. ()f inoro than1 200 

new ,eCrrtnplasl a ccs, ions sclree cd in s,ilt-sick 

plot., 73 had less than 201,l of the plints killed. 

We now liae scrcc.e.ed all chikpcd ia pltsrr 

accelions availdble in our (jcrietic Resotrces 

Ulnit for icihtance to o,,atiiml kkilt. I he 72 
less than 201 iiorialgeriopldsri selectionss lith 


ity due to mitlost
l,,teson ( 19X()1 ),"c[CcnId 

again il 1981 /82, icCalCd 25 risItant (I's t11han1 

101, inoritality). ()Only thrce ( l('-931, -197,and 

-3072) of the I;lines ,lected from ycr," ,lawmi iO 

1979,/80 iciniiined rcsistant under repeated
 

1,cecnrig'.
 
72 linesssilt 1c,s thin 10'; stunt nfce-
Of ti,r 

tion. only I(U''-() Iitcd I\ti llof 5 1ciuplasni
 
li't s"ca'oll.
selections that rc.istcd nod holcr 


only 1('(-1403 rcsistcd suIt tOw, Nci..Mortal
1) li49) lci pod borerity %%;Isless th,1 20'; ill 


resistant erniipls.a, sCccllons 'C sCCrId In
 

the s'ilt-sick plot. Nonei of the 22 acotllta
 

blight reista IIIIrIts clccllcd "Ce fci'Lanllt
to 

"ilt 

BIredirg for resistance. We roadc 79 Cr0o.C% 

inol irg, %silt-and toot rot Irsislaill p.Ifcnts, 31
 
"
 

iisolhtd 'hol dur1tton iot Nples al ,ourtcs
 

resiIant 1)R; I of I/itlit 10 X|1PONOPI for
c o 

peliiustilr Ind,, I? m olcd lon. dkiraiion l,
 

,eiotlpc dnd wIr(ct if ,ist u itR(.Ics I
 

dtd? fo rttn l itlt .il Iroti.. I-I irol',ed
 
ght
k ahnild d slt . t toih tq, Nc Ili 


ba cr .,ses
oft lt Ic'.'it.rit0 [,1crlit'. ",ere 

.rttcriiptd hi ,liq11 .. drsihi-ltilly i of 
1l k,,anmdtk,j-cs
 

'.(-,nIl.ir iteh
I I irrwirtiwi'o' % filhi ifl 

fl.11i ,lorl",erc iikatmdiIll lii0:1- 1 ,trd ,io .,-r 

nu,1riCer ie d 15 anlI d I , ulk'.. Ilid 170 1.. 

http:scrcc.e.ed


anid more advan~ced prokis and hulks werte 

TILreened ht the silt-ick plot at ic RI SA F ('en-
ter. We %elected 1409 sinigle plants and 2H2 hulks 

lot furither ':%aluation in 191120X3, In addition, 

m~e c4nlt'd (to lRISAl' (eit 470)desi and 

33 kahiuli liric priously %elctedfor uihItNess-

.incc I he t)c%t (lesi t~pc' "III be tested In zepli-

cautcd 111.1ls next Season, SCscr.II smlt-lesi'talnt 

[Ines III icplmcated test paSC icisIVIS todid 

AriuperrS. tile hest colf! Ii clipht of then) awr 

bcIII III uiicfuddt i Inter national niu s~ki es 11 

198X2 8'3 A\dditinal kahidi tspvs "altl aLCCePta* 

hie seed ~pe and Iyuipe seed Mt u~ricdcselopcf 

A\l 1INN'llu. Ne "I.11:01101, III a ssil-si, 9~'' 

I I pipuann~ 8I I, and Itilil .uMamied pr4 

plt-Ni anud hulks, .ifny %itil 6t14 4fc\4 aind I7 
V.1thull 11IiiIC5 tt p1 I544151 ItX III OI\I tilt liis-

4 14't14 h IS ak 1i)i 11C.111IC V N4.111 wilef .i'ii fi (d iti 

1(Vill" . fc4 llj'IP plat% III[ fultific! lct 1411' 

ItdsIlnk Il' hhtl.'lulituuiminlr 

Ibai tha h 1~t lklet
1 '44\li14 1514bs 4tuet1 ul 

U II rid Ifehe1INI( !aNi~ brsiult Iihi bc 

I.l it ctsIsf'' koi'tkr 

.1 I IJ~~f14NI,'than\1i1545.II..14IIIilIlI")4444 4 

till(kI ,-l I 'd4.f 1441 " ifklliII I I I l (filbI x 

i! Iiit 14',I lIll ' m', plnt 11 scft f)I.m Iih 

111It u p I'. l wI5.1 Ox I N i nhtf.ia f) 

ItI~ l, i IItIif' ' IIr l i ' ll, I t liu1 

Itl r alicrlrst r 1 st ' 1.1-1 Cfflal 

(I'11t', hit\%ct dc'Ill. Or- lm~s!ip')ise I')tt~ 

'I4,5eA k t .tIlIM101111' i, 1U 11 fIjI'4 LM11 11MUM'. 

Illflurnor id' ttill) riofa11141 sud4 illtrr 1ioIla. Ili 

Iuirr 191s, I" 4,iIKlft.4144t %.Ohf 4444 .1fi44t4 
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mists, we initiated if 4-year experinieto to %tudy 

the influence of clop rotation ad) intrcl oppi iig 

ont wilt in a stsick plot I hec second g ais 

IcsuIts %nrr suiniul to tluo' Id the fIiV '4CM no 

ImMatineniflenced "Ilut icine in thw %us

ceptie cultisar. It)2. M uichi sh cd neairl 

100 uncuICIIuC I tic expel nunut 1\ continllup 

Irltct~u i ~ruiisfoisc.I.s eu 

;cporte that! sCcd' dies'exI %killi lilat- I 

(10f'; bcIunltI *0 ( fhia at . jI 
%%C 

10, ll~ ? S p CIf 

ieiluikiid like (1fitle Itulpti %NlIcii (INii I Neal 

Lioci Illis ycaut5S%cct~IaheiI tha itedihossliq 

%%stil the s'ittie f I( i f;iutaIIln lit~ c tii.'i clal.i 

IS ImluNu fsimi d"\ 'eci up 1"422 ltitiiitfi Atli 

MXcd ftatlinillt, No) intl iational e'ahI~j.'cp of1 

'(cdi tha~t IS flict 114)1111 41% %)1444ff4) I %p 4 i l is 

M uilliple SouilhomrJe 

tDieate Screenting~ 

IniiteiIr atIssunpIII cidr plotfekC I '1 

1'lolmm -;)~m 10i t'!i. tf sil 

I(I~I~11,10l 1I"le And .1 %bcse~rtli it 

lit iIIItills III if 1I 

I I-~ P) I t iSpir .4It h. tIn ( -11 '~i 

a nI, 11 1 .' t I wi ' l hw % oll ut~I lse. 

4 -lit,Iud 1 I f lt .ini t(' I \% i ritt WIt 

illll 'e *tll leu? ' 4, I i . ( 

Ch**5 tfi.,g i f n*1tl 

i ifr.ittj f' 

' m id(' i mir 1 t; 

ivs-x.-sitk piol1h ti isilts I kahir If th444"rtf
 

thial / 'II 11"4fldst I iti t.rl dw
44illi4.t(d 

http:1i1545.II
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Table 1. Periodic isolations (%) from wilted/dritcd plunls of chickpta collected from multiple disease sick plo!, 
iIRISAT C'enter, 1981/82. 

IDak I. ol vILrilR S F. .
 

collcccd' Uf sp. cit ri hatathola roIfi solanri ~Tf-ipli Others
 

13 Nov 23 20) 12 11 2 

?kkc 42 26 1l 3 3 
21'. cc 40 2H 6 10 2 

30 3 12 7 2(,vhite rootl1XJIn 43 
11 2 rot fungus)5 Fecb 4: 40 

.6 Feb 45 46 

I Dtei towed 16 Ott 19H 1. 

throuphmnit thor -xa~ori I h'i od by R? /aitt: '.ea~on to ~iic(chyt.I and/ or bolitr tilli north 

S It is/'I, NAI i 	 Ihi%.%I (, poit) It fIor Ih ot I m~hI!of~~t I)IC'.iuild L10\'C'd onto1( I1(-209, Panurt 

ouhit\. ouit) lity In lor akcochmtl lo:%ilir '.triif nil. .i'l AtclIaftr 114 -55(0 %Ce'Cccricd 


Iarill.%ir I I . t' I I.i11i (.1 wt. IiitlCA' IttI I)M. iNNA ~ It P4 .kitai i, a -(
"'/,iitI(Ii 
t1,0II tii lidiinhl e'iii1it /? k(4,11 %S1 t11C Ie.1t it IWAt, (uia~piir. .ini l'"Ifalipiu Ill Iliir .th 

ti~ltlii lniiyu%n the riinilli'cpe' pl) anid Iii.ti l ihradc'.i, Indii. Not plants nilijir

1,1iiictl lei: Manrc millte ~'eCcpidclllic at 

IDrN Rootl Hl l(AR I A midu fi I'aki ,tau, but fc~atpIhlit\ 

%%VIkII tti at (Gru if ip itn 1 Pala tuipn r allot(uh:ocloriJ Ialufiudai) 
theit plopeiilc\ V Ill lic tr'iiid fuiitl ill1K 3 

4i'tit to1 Ai1 ~.iw-ii .ini1 theirt I %."srrid'.nccid Stint (P'ea IA';t-rholl Vinlt%) 

44ff-vlm 	 toi'i'%1(i1inll the] KaSftr 'ri'ti 

p'ii1 .u 	 phifilil itiiinl t11C tir'riv Mt5( -litcht)Ci'traii) 
1i.1 1 "' ptiillwl11 I'T~ vith ( tilt k1w.1 j)Iititti 4 

()l hii l' C I' that 0( rI Hi,t p I trir, % i(ttiii ii mcil tirrw''iiy, nI' n not1i' . 

tin i'.ii It dl-411 jsi 'ii u~1 I;IC%c1.I, in' ilij. the '1iii9'i\ d(Iia C illVSW it i" I\%r, , %%h i, .11c.%thiat 

the -r't 1t', i 0I ( 11i I "(H)it I or 20 (I.4'.N ,IrI ' .1rkt t1(%) iN bult(CI t 11.1to .1 iiiylV LI0I) of 

Tr' ' t 	 Ii, Ni4'%i 'iiiliIIlr if1INit I I~ itn I i I iIi t Ih, Ili~i"*. If Ii !!.ION 

h 	 thr iI( AP I)A .idinifire ) 11 ( -12.' :12. anid Q,1"). 21 i11 li'lil (-, 111-11 0o1rir 11miuoil xth 

Joit I l tr I'- lIii drC. lia iihi Iil~i iitv's-4 .111d .1i( kC%%11111 I( V -2S.10if t tInd 	 (Oi 1111%v it 
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accessions this year, but only one, ICC-3127, nagar, India, we screened 9E, new germplasm 
showed any resistance to stunt. accessions for ristance to this disease, and con

firmed resistance in ICC-1069 and -6250 and 

Breeding for resistance. Fifteen crosses wer tolerance in ICC-7574. And we found 9 new 

made Involving Pant (-I 14. II(-209, and I.-550 accessions resistant, which we shall retest next 

with 5 lines: ICC-2385. -3718. -6433. -6934. and year. A procedure to screen chickpea material 

-10495. which have show\n consistenlIN lowst int for resistance in an isolation-plant propagator 
infection. w\as stalardi.ed. We identilied 16 accessions 

When we screened our I. populations of 8 with moderate ,csistance (5 rating ol I to 9 

crosses we inld bet\ceil stunt-rcsistant ('ollcC- sea C). 
tion 327 arid adapted desi and kabuli lines, infec- None of the eight sced-drcssing fungicides 

tion rates rallged from 28.1 to 52.11j. and wse tested, alone or in comlbination, ciladicatcl tile 

selected 155 plants for rctestig nevt year. Addi- seedborne fungus, nor dIl solar licat trcatmient. 
tioially. %%c tetcd,: 3 1-, and 9 [:, hulks and 
selected 90 plants from tile F, anld 158 fromin tile Breedihig for resistance. We made 60 crosses 

I., bilnk s Of 14 screclned F, progenies, from t bt ss\cu tile best soIIICCs of hotNrytis resstanlce 

closs. P-4353 x WR-315, onilv I showcd lesstlhan and northern Indian dcsi and kahuli Ltiltivars. 

10"i inlection, and adsaiiced FI, and I., populations of earlier 
croNsss for sciecirlij il 19 '883 at Pantiagar.

Mosaics 
A Iternaria Ilight 

We continuedl studies to identify and character- (A I1triwria alternala) 
i,, cuculiiher molsaic virus (('IV) and bealn vel

los moaic rirus (llYM WC studicd the svrplltons in dclail, and identi-NIV). ,liis i ratcivoraand 

,
.MIucu, pv,i transmit both viruses, bul i(t lied tile calsal Itlngins as /A.altlaW. 

petsist ilk. Pulificatir proccdurls .cerestan
da rdiid for both sirCus. ('NIV p;articlcs w.ie 
somett:ic andu ssere 28 to 1) nin diamete M\file Insect Pests 
those of IIYMV \'cle flestnus, iod-slhapcf, and 
750 rim long ain, 15 IIn wide, Bhth siruses silon Stirveys 
identilied by spCcific ali',la in agal double
dillusion rests. (MV sas ileritlificd also by Outr smveys o' pest damage on chickpea in 
cn/rky.-linkcd iunt1nuuoolbent as, al (1.1IISA). lilliiers' fiels this year covered four states of 
Al anti.crun for ('NI VIo 1:1021 titer \%a, I[o- Ildia Oi,,sa, .Jttar [Pradesh, lihar. and \Vest 
duced, llh ',icochcmical propcrties of ('NI V also lh.ngal. I ie average pelcetalgC A pod damage 
sCre detcrrined. ,1ts 5.1. slilnhlly lower than tine 7.Y% average 

We screened, tllo.,"h sap inoculation. 143 rCcordcd rom 647 farncrs' ficl since 1977. 
gerunplisrn acce,,sions ot icsishtance to 'NMV; lIlioi/i dalag~e skr,;alo palliculally secee ill 
tSo (IC('-1781 and -X203) ren'ciicd lice hon Madlhya Iramlcsh and rnily fallls duse(id 
infclion. I'o IlYMV, se scrcened 106 germ- their chickpCaswith Ill ( , attenpting to control 
i~il.slll acccssiolls and 9 renailled lice Irorii that pCsl. 
inlection. Aimot all dainal e chicklpeapod i oI was 

cam,,cd by Iic'iliu anlmi',t, hint ill soiiie areas 

lBotrylis Cray Mold other pond bnels, incltid i' , . l)t(/,ral/ta itigri
soiicwhat(luirlyfi ('inerea) i A 1111 %itl it( ihh ca, .%Ci 

iiiponrlant. Inadltion to pod dannalpC, I cliolIA 
With the help of scientists of G.B,. Pant Univer- can caiuse conslelalle vCgtClative ;1rid floral 
,ity of Airictulture arid lechnology at Pant- dalmage, which we could iotl quallily I)Ccase 

http:stalardi.ed
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11,ic T l ct.' itktl.t 

1ilts1, (1 lkh p. Ai 
cc 

lLill(i' , I ,, c 
l.i11.i'cdIk 'l\II ic t 1 

SuIP I lilt~IIme% S,'Ipch/ Cw (t thlailly lit, i /a uuSfig arc used If) (hA ,) -i11t'Civ/ 

.....hi/r. ,tr. ( ) , t t,. I I ?.a 


tnit ot 0I stt'e',11 t sC Ifnpod,";I InllaIinfg. 

(lll ,Wit ,itsti danllac d this crop at the 

NCCt1Hti ,1,11III SOite MCiictcrititcs alsl ,killCd 
,0111C pllnt, II ,ct'ral. Chi tckpla is attacked 


t1 l Ites' h\ ulscci HsMIsan hut
t is p LcOnpciI. 

II 0,tt",ttcC , illdiI s iIe 'ets, I iit0I can 


h 1.ilp) ti 1 ) t pc
, hlt.'ic pods, 

1\ I(IR \ I ( ciIt.. the Ih 11/,,//popuhla-
ltOW\ Ctt, i ' IdpI(dddlitg 
, L'iit111,11 II,t\Cii. M ole 

ilct,. lltlt\i ' ds ' ,otltpo1 IC 

d I-, 14 r o t'd..a.,ri i .,'r,1.i ../t , .i . 

Monitoring Ileliothis Populations 

V. (dcscrihcd in the pigeonpwa sectlion of this
 

leport. \\C ,Uppletteltit (trlt ,otint, of eggs and
 

hll\,ec of tl olht oit th, c--Cops \ ilh counts ot
 

m1otlhs inliLht and pihlto lione traps at ICRI-


I and 1S,.\ I ('eliI illt \ lillother locatlo n iII 

Indil. illCoop lti tnmilhetitoint logists i the 
ll l.,%itt ('Ind ditalcd ltilet Im pro1simeia tnt Plo

tect . I Wilte I sh s data ale,,illil Ill l Ihol/li 

i ca , ilpl iiollk .tllil u'l tra p. in 

',u e'd ( )tlhil itCsliCRICi. LltChi kpCKI thls tlI R I(A I ( en l iidC' is, 
I-I I)L I ',\tc'c 0I 1lttle (t itoIIl IrO lItt Ci hlit 

I-,di uicil soNl e licll, 
\11 (1111i i l .It I.I , . t,Is \%C sCic tlloi 

h'.u tntIu t, I l/ ,/t, illlatC-Illtlillill it[and 
V i,1111 tIhiCtills. SVeIc dC,ltO\l d h, tltclt\ta 

tbll I h lots , IteiC i,d', st hClto theteC pI 
hliplit killed llt-pt s. toi c tItan 501( of tihe 
pod,,\%Cie dcstiti,Se 1 h% I 'l/ihm/. 

tl toltCtltlel \\Ilh " ,oiits(it lll\ic oilthllat clop. 
W l l it l0% ;ei il phlnts il( )ctOhtl soontt a 
altl sos,\ing. Catches the p iclro onlllal .e ill e
 

trlps ill la Ni ' et, her.and it peIak illtstallion of 
l I'ac it )ecelnh r.W e plan to insestivate the 
relatiorlipi hetl\kilihi nt phierl nlolletraps 

%kith Counts o1fthe pest oil its host Crops ilimore 

detail next ar. 
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- Trap catches 2.2 Mechanisms of resistance. Biochemists of the 

500 - Larval populations -2.0 Max-Planck Institute in Munich collaborated 

1.8 a with us in an attempt to determine the mecha
1.6- nisms of resistance by studying biochemical dif

400- -1.6:I_- ferences between our selec' ons that are resistant 
0 and those that are susceptible to Heliothis 

-1.2 attacks. Our collaborative study has shown what 
-1.0 appears to be a fairly strong correlation between 

®200 ! 0.8- ~o> the malic acid content of the plants' exudates 
I * 6 and resistance. Exudates of our most resistant

100 	 -0.4 cultivars have the highest malic acid contents. In 
0.4 our collection of exudates from a range ofmore

-0.2 and less-susceptible cultivars grown at ICRI-
SAT Center and at Ilissar, we found very little 

Oct Nov D Jn Feb exudate on plants at Hissar, and the small 
amount collected from there had little malic 

Figure 1. Average catches of male H. argmigera acid. The lack of malic acid there may be asso
moths in pheromone traps and counts of larvae in ciated with the ascochyta blight epidemic, or the 
surrounding chickpea fields in the pesticide-free area environment at Hissar may not be conducive to 
of ICRISAT Center, 1981/82. exudation. If so, materials selected for resistance 

at ICRISAT Center, which may owe their resist
ance to a concentrated acid exudate, might not 
have resistance at Hissar or at locations with a 

Resistance to Heliothis 	 similar environment. That could explain why 
some ICRISAT selections have proved disap-

Screening for resistance. In previous reports 
we recorded progress in screening germplasm of 
more than 12000 accessions for resistance to 
lheliothisand our success in selecting some geno
types that have reduced susceptibility to this Table 2. Pod damage caused by Heliothis arnzigera 
pest. One of the least susceptible accessions, acid yields front mid-maturity chickpeas (selected ear
ICC-506, an early-maturing desi type, entered in lier for resistance to this pest) in a pesticide-free, bal
a number of trials this year, again had a rela- anced lattice square design trial, ICRISAT Center, 
tively low percentage of pods damaged by Ilelio- 1981/82. 

this. ICC-506 also recorded high yields when it Chickpea Mean pod Yield 
grew on wilt-free soils, line damage(%) (kg/ha) 

Although we have had most success in our ICCL-79037 11.2 1350 
search for resistance to lteIiothis in the early- ICC-1 1088 16.0 1220 
maturing germplasm, we have also found ICC-9966 12.2 1140 
appreciable differences in susceptibility in the ICC-10224 15.9 950 
mid-maturity group. Data from one of our trials ICCL-80130 14.1 1310 
of mid-maturity selections are summarized in ICC1.-78001 11.7 1580 
Table 2. All the selections were considerably less ICC-2812 11.7 1330 
susceptible to Ieliothis damage than ICC-3137. K-850 (check) 13.8 1420 
the susceptib!e check. But no selection gave a ICC-3137 (susceptible check) 30.5 690 
substantial improvement, either in resistance or SE ±1.36 ±43 
yield, over K-850, the commonly used mid
maturity check. CV (%) 17.9 7.1 
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pointing when grown by collaborators in north-
ern India. 

Breeding for resistance. Increased attention 
was given to breeding for resistance to HelLois_. 
including incorporating resistance into adapted 
backgrounds, recombining different resistance 
sources, and transferring fusarium-wilt resist-
ance to Heliothis-resistant lines, most of which 
appear to be highly susceptible to fusarium wilt. 

To investigate their inheritance and to recom-
bine different sources of resistance, we crossed 
six short- and six medium- and long-duration, 
resistant., and susceptible genotypes in diallel 
combinations. We also made 27 desi and 12 
kabuli crosses of resistant and adapted lines and 
8 crosses to transfer wilt resistance into 
Ihiothis-resistant materials. 

F, diallel trials of desi (6 x 6)and kabuli(4 x4) 
resistant lines were conducted at ICRISATCen-
ter under pesticide-free L inditions. The results 
of the desi trial indicated that variation in pod 
borer damage is predominantly additive (Table 
3). ICC-5800-EB's pods were damaged more 
than pods of other parents, which was reflected 

in highly significant positive general-combining
ability (gca) effects. The data indicate that the 
conventional brecdiag methods we are using will 
be effective in handling resistance to Heliothis. 
lnth !lj trial ho_,:er.d t .. w htjan.t 3s-h ..

expected on the parental lines, variation was 
less, and gca and specific-combining-ability (sea) 
effects were not significant. 

Forty F2 bulks, and 811 F, and 121 F4 proge
nies were grown under unsprayed conditions at 
ICRISAT Center, and single plants were 
selected to be evaluated in progeny rows next 
year. 

The comparisons of breeders' materials 
(selected under insecticide protection) with lines 
resistant to ileliothis were repeated at ICRISAT 
Center (short and medium duration) and Hissar 
(long duration) under protected and nonpro
tected conditiojis. 

At ICRISAT Center, yields from the 
insecticide-protected trials were significantly 
higher than those from the trials that received no 
protection (Table 4). In the short-duration 
group, fusarium wilt killed the resistant liues 
ICC-506-EB, IC-738-8-01-1 P-BP-EB, and 7394-

Table 3. Estimates of general (gca) and specific combining ability (sea) variances, and gca effects in an Fi diallelof 

ileliohis resistant chickpea types, ICRISAI ('enter, 1981/82. 

Source 

gca 

sca 
Error 

Parent:, 

ICC-3474-F B 
ICC-5800-EB 
ICC-10619-EB 
IC-738-8-1 -IP-BP-EB 
IC-7320-1 I-2-1H-13-EB 
IC-73213-9-1-3 If-B-EB 

SE (g )' 

d.f. Days to flower 

5 28.62** 
15 6.68* 
40 9.18 

Days to flower 

280** 
-3.45** 
5.22** 

-5.71 ** 
5.99** 
5.C. " 

t0.98 

Standard error of difference between two gca effects. 

Variances 

Borer damage Plant yield 

6.01* 
0 

9.20 

0.72** 
0 

2.67 

gca effects 

Borer damage Plant yield 

-1.76 
5.25** 

-0.74 
0.26 

-1.66 
-1.34 

1.15* 
-0.99 
-0.22 
0.01 

-1.13* 
-1.18* 

10.98 ±0.52 

i 
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Table 4. Seed yields (kg/ha) of Heliothis-resistant and breeders' chickpea lipes in Insecticide-free and protected 
trials, ICRISAT Center, 1981/82. 

Short-duration cultivars Medium-duration cultivars 

Unprotected 

I/liothis-resistant lines 
Breeders' lines 
Annigeri 

810 
750 
610 

SE ±78 

Mean 740 

SE ±43 

18-2-1 P-BP-EB and they were omitted from the 
analysis. There were no significant yield differ-
ences among short-duration cultivars but there 
were significant differences in the medium-
duration group, pimarily from differences 
within breeders' materials and the Ieliothis
resistant lines. Both groups showed significant 
interactions between entries and insecticide pro
tection, but that resulted mainly from the com-
parison of Annigeri with tile remaining entries, 
Unlike last year, there was no indication that 
breeders' materials were lower yielding than res-
istant lines without protection, nor that breed-
ers' materials responded more to insecticide, 

At Hissar the trials were damaged by ascochyta 
blight, and yield data were not recorded, 

Plant Density and Pesticide 

We previously found that increased plant popu-
lations lead to increased populations of Hello-
this larvae per unit area. This year, we compared 
ICC-506, one of our most resistant selections, 
with Annigeri, a well known, highly productive 
but susceptible cultivar, at three spacings, in a 
pesticide-free field. The susceptible cultivar had 
large increases in eggs and lrvae and pod-
damage percentage at the closer spacings (Table 
5). Spacing had comparatively little effect on the 
same factors in ICC-506. Although yields were 
not g catly affected by spacing, the lowest plant 
popt, ations produced the lowest yields. ICC-
506 had less lhliothis infestation, less pod dam-

Protected Unprotected Protected 

1190 6'0 990 
1060 'j20 1060 
1310 630 1170 

±55
 

1120 640 1040 

±35 

age, and higher yields than Annigeri, which 
indicate that ICC-506 at 167 000 plants per hec
tare (56 kg/ha seed) performed satisfactorily in 
the pesticide-free area when Heliothis popula
tions were higher than average. 

Natural Control 

Iteliothis has relatively few natural enemies on 
chickpea, probablybecause the acid exudate dis
courages most fauna. The commonest parasite 
this year was Campoletis chlorideae, a small 
wasp that attacked tile young Heliothis larvae, 
particularly during the vegetative stage of the 
crop (October to December). The only other 
parasite recorded in substantial numbers on 
chickpea this year was the tachinid fly Carcelia 

illota, which emerged from larger lteliothis 
larvae. 

Samples of larvae collected from the spacing 
trial indicated less parasitism on ICC-506, the 
resistant selection, than on Annigeri, and less on 
the closer spaced plants of both cultivars. But 
overall parasitism (<4%) was very low in the 
lleliothis larvae collected from this trial. We 

need further study of the effects on parasitism of 
spacing and cultivars. 

Insecticide Use 

Fusarium wilt masked results of our trial to 
compare effects of insecticide (2sprays of endo
sulfan at 0.7 kg a.i./ha) on ICC-506 and 
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Table 5. Effects of plant density on Hellothisarmigera populations, pod damage, and yields of chickpea cultivars,
 
resistant and susceptible to the pest, ICRISAT Center, 1981/82. 

Cultivar 
Spacing 

(plants/rm) 

ICC-506 
(resistant) 

8.3 
14.7 
33.3 

Mean 

Annigeri 
(susceptible) 

8.3 
14.7 
33.3 

Mean * 

SE (m)cultivars 

Overall 8.3 
14.7 
33.3 

SE (m)spacings 

SE of means of 
cultivars within spacings 

SiE of means of 
spacings within cultivars 

Annigeri. Although Ileliothis caused consider,-
bly less pod damage on unsprayed plots of ICC-
506 (7.1%) than cn Annigeri (14.9%), ICC-506 
yielded less, presumably because it is more sus-
ceptible zo wilt. Mean yield from protected plots 
(1442 kg/ha) was only 12% more than from 
unprotected plots. Annigeri's response to pesti-
cide was a yield increase of 14%; ICC-506's was 
10%. 

Physiology 

Irrigation 

Nonirrigated chickpeas are progressively 
stressed as soil moisture recedes and the evapo-
rative demand of the atmosphere increasei. 
Under those conditions irrigation gives latge 
yield increases (ICRISAT Annual Report 19d1, 
pp. 102-103). 

Eggs Larvae 

Pod 
damage 

(%) 

Seed 
yield 

(kg/ ha) 

40 
40 
54 

21 
35 
31 

II 
II 
13 

1060 
1400 
1320 

45 29 12 12o0 

36 
60 

104 

49 
69 

101 

38 
46 
58 

840 
850 
870 

67 73 47 850 

11.9 t0.8 ±1.2 ±33 

38 
50 
79 

35 
52 
60 

25 
28 
36 

950 
1130 
1090 

±3.8 ±2.5 ±2.5 ±32 

±4.8 ±3.0 ±3.2 ±49 

±5.4 ±3.5 ±3.6 ±45 

Using cv Annigeri. a cultivar well adapted to 
peninsular Indian conditions, we studied 
responses to irrigation at different stages of 
growth at ICRISAT Center. Irrigation increased 
both dry matter and seed yield (Table 6), except 
for a single irrigation (luring the pod filling stage, 
which was probably too late to be effective. Two 
irrigations applied during the vegetative and pod 
filling stages nearly doubled yields. Two irriga
tions, one during the vegetative stage and the 
cther at flowering gave no yield advantage over a 
sivgle irrigation applied during the vegetative 
stage. 

Drought Tolerance 

We developed a screening technique of growing 
chickpea cul, vars under both drought stress and 
well-irrigated conditions on an Alfisol of low 
water-holding capaicity. A major factor influen
cing yield under dro.,ght conditions is growth 
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Table 6. Responst to irrigation In chickpea (cv Annlgeri) on a deep Vertisol, ICRISAT Center, 1981/82. 

Total dry matter 
Stage irrigation applied (kg; ha) 

No irrigation 2170 
Vegetat ie (31 days) 3240 
Flsering (52 days) 2940 
Podtill (73 days) 2270 
Vegetatike + floering 3580 
Vegetatike +podfill 3970 
Vegetatike + flowering + podfill 4070 

SI: ±124 

CV (('i) 11.7 

duration: the earlier the cultivar, the more it 
tends to escape the drought. But under drought 
stress, differences exist among, iltivars of sim-
lat growth duration. The difierences under 
drought reflect differences in both intrinsic 
yielding ability (measured by yields under well-
irrigated conditions) .nd drought tolerance. To 
obtain a quantitative measure of drought toler-
ance, we use a multiple regression analysis that 
accounts for both the effects of growth duration 
and yield potential (ICRISAT Annual Report 
1979 80. p 3), Annigeri was one of ihe most 
drought tolerant cultivars thus identified over 3 
years of testing. 

l.ast year we screened more than480chickpea 
lines, this year, 430 more. Seven of the lines that 
appeared most drought tolerant last year were 
tested again this year in a replicated trial that 
included Anniger i. None was as drought tolerant 
as Annigeri. and none yielded as well under 
moisture stress. In future work, Annigeri will be 
the drought-tolerant standard other. are judged 
by. 

Plant Density 

At ICR ISAT Center. optimum growth duration 
of unirrigated chickpeas is usually between 85 
and 90 days. Earlier- or later-maturing cultivars 
yield less. 

We investigated in a field tri il sshether yields 
of very early cultivars could be increased by 

Seed yield Harvest index 
(kg ha) (;) 

1250 57 
1770 55 
1660 56 
1300 57 
1720 48 
2280 57 
1740 43 

±106 t2.3 

19.1 13.1 

growing them in high population densities. 
Maturities of the eight cultivars we compared 
ranged from 70 to 100 days. We used the normal 
33 plants/m 2 and populations twice and three 
times as high. Yields at the higher populations 
did not differ statistically and there were no 
significant interactions between cultivars and 
plant density. Apparently crowding cultivars 
produces no yield adsantage. Again, we con
firn;'d that cultivars ofatound 85 days' duration 
produce the highest yields. 

Flower and Pod Development 

In chickpea, pods may fail to develop from 
reproductive buds for two reasons: the buds may 
give rise to small shriveled pseudoflowers 
instead of developing into flowers (Fig.2), or 
normal flowers may develop but fail to set pods. 
This year we investigated the effects of several 
environmental factors on both pseudofilower 
production and flower abortion. 

Shading. At ICR ISA] Center, we erected ver

tical screens running east-sscst in the field, with 
rows of chickpeas at right angles to the screens. 
The plants nearest the screens on the northern 
side were shaded most of the day, those farthest 
away were not shaded at ,fll. Observations made 
on fi c cultivars in the shaded area, in the 
unshaded area, and in the partially shaded area 
revealed that shading significantly increased 
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Pseudofl ower 


lower 


I-igure 2. I(RISAT cientit, found that irrigation, 
shade. and cool lemlpeatures are causes of pseudoiand 
aborted flowers in chickpeas. 

psclidofloss c rs per plant. Mean %aloes%crc 22.9, 

12 7. anrid from ftnlls to unshaded.8.8 shaded 
Shadilng also inclased floser abortion: 4.6. 2.3. 

,lid I .Iper plant. I hleeflects "cre similar in all 

llc culisl,. 

'I mptraiure. At Iiissar dturirg the cool "inter 

setlthcf. s%liltrainirnurn temperatures often 

belo)%%C. ll:5. lig can continue seseral ssceks5 
hcore pold setting begins. I hat period of inelfcc-

rise Ilosscring gencrall. ,:nds as temperatures 

Ie in lI-chrums-arch (ICRISAI Annual 

Ieport 1978 79. pp. 125-126). ho t --st the 

h potlhcis that loss night tenpcratures increase 

Ih,\ser ,ahortion. %%c inccased temperatures 

(with transparent plastic enclosures and heating 
cables) in the field, from )eccmber on during the 
day. during the night. or during both day a,'d 
night. We raised maxi mumi day temporature'
about 3"C and miniriium night temperature' 

about 911C. In (-543. %karmid,ys alonet had lit tk 

efect, but arm nights cither alone or in combi
nation \\ith %%arm days caused earlier podding 

and increascd numbers of pods (lable 7). Sim
ilarln, warm led to carlieiinAnnigeri. nights 
podding. but armi (days also had a marked 
efet. .o, indeed. flower abortion is influenced 

by temperature. but hurther iniestigations %%ill 

be nccc.sary Itdetermine the relative influences 

of day and iiight te pera ;.,iresaid hiow much the 

increased huriidity in the plastic enclosures 
influenccd pod setting. 

Irrigation. At ICR ISAT Center. irrigation 

markedly affccted both pseudollower produc

tion and floser abortion. Isetidt(llowers :iser

aged tsice as ma:in anrd aborted flowers 10 times 

as many on irrigated as on nonirrigated plants, 
but \;ith striking differtnces ai iong cultivars 

(I lic 8). Somrte, including 1C-5810. had few 
pseudollowers or aborted liowers even wvhen 

irrigated (3.0 and 2.4 per plhnt, respecliicl): 

others, including Anrrigeri. had many (32.9 and 

22.3 per plant. rr i)ctiscly>). Since the irifructu

outis lo,,ersssec prodtrced heore pod setting 

began. podding was delayed in cultis ars such is 

Annigcri but in cultisars such as ICC-5810 poll

ding started soon alter lie pitls begain t(o llotc 

(H[ig.3). Ihe diffcerincc riav have adaptive Sig

nificance. as the elfcctise segetati,, phase of 

I jh, 7. I f,.. d;'.and/or night teiiperatures on pod-st in chickpi. culli ars \ririgtrian( ( -543Iof r;,inrg lile 
.IlIli,,,,;r.I'98l182. 	 __ ___________ 
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Table 8. Numbers of pseudoflowers and aborted flowers per planf in eight chickpea cultivars under irrigated and 
nonirrigated conditions on an Alfisol, ICRISAT ('enter, 19lti2. 

Irrigated Nonirrigated 

('ultikar Pseudo flowers Aboited flowers P'setdo flowers Aborted flowers 

K.-850 10.8 ±4.9 0.7 
ICC-58 10 3.0 10.4 2.4 
('.,ina 15.9 ±3.3 5.1 
I((-8404 28.0 ±3.9 7.5 
I( C-14 13.1 ±2.3 10.3 
IC('-7684 10.5 ±2.4 14.4 
I('(-10445 23.9 ±3.8 16.2 
Annigeri 32.9 ±6.9 22.3 

Annigeri-type cultivars is extended under favor
able moisturc conditions but ICC-58 10-type cul
tivars are affected relaiively little. 

Effects of Photoperiod 

We ,tudied the effects of extended photoperiod 
on growth and development by illuminating 
plants growing in the field with electric lights all 
nli!ht every night from seedling emergence until 
the reproductive phase began (Fig 4). Chick-

peas. quantitatixe long-day plants, flower 

sooncr under extended photoperiods(ICRISAT 

Annual Report 1979. 80. pp. 79-8! ). Early cul
tiars are affectcd ielativcly little: this year 
Annigeri flowered 3 days earlier at ICRISAT 
('enter and 8 days earlier at Ilissar under an 
extended photoperiod. But late cultivars such ah 
(i-iO flowered 30 and 4( days earlier. resnec
ti',.el. at ICRISAT Center and Htissar. 

Photoperiod affctS iiot only the phenology of 
the plants but also their morphology. Even 
bcfoie they flowered, the "1ants showed strik
ingly different vegetative growth patterns. At 

ICRISAT Center, the medium L-550 and the 
late G-130 had larger leaves and were more 
upright atid less branched when illuminated at 
night than under normal conditions. Indeed, the 
plants resembled the early Annigeri in both phe-
nology and general appearance (Fig.5). 

±0.3 2.9 ±0.4 0.4 ±0.2 
±0.8 3.9 ±0.5 0.3 0.2 
±1.2 5.4 10.7 2.8 I.1 

±1.4 1i.0 ±2.0 1.2 ±0.4 
12.7 10.5 ±1.5 1.7 ±0.9 
±2.8 7.0 ±1.1 1.1 ±0.4 
±3.5 8.1 ±1.3 0.6 ±0.2 
±3.5 12.9 ±2.1 2.7 ±0.7 

I Nn 
j 

Figure 3. Irrigating chickpeas increasingboth pseudo 
and aborted flowers but at widely different rutes in 
different varieties. Annigeri, for example, produced 
33 pseudo and 22 aborted flowers per plant, while 
ICC-5810 produced only 3 and 2, respectively. Shad-
Ing also Increases pseudo and aborted flowers. 
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Table 9. Effects of 24-hr photoperlod on flowering, maturity, and yIJhd of three chickpea cullivar%, ICIISAT 

Center. 1981/82. 

Dlays to 50; filo,crig ),,ito uaturitv Yield (kg hI) 

Cultisr Control 24-hi day (oitiol 24-hi day (olillol 24-hi di.t 

33 
1-550 52 

(-130 66 

S1 within Cu it.ars f0,3r 

SF1!witiII trealtnICt MA.4 

In an cxpcrimcnt conducted atspart of AIC-
I'll. K-850 produced greatcr nodule navs and 
Need yields that Annigeri BI)N-9-3 ahlkor (lI 

10). I he three inoculats t'ed (11-45. F-75, and 

WC-76) each iliIcraed nioditle ns, and seed 

\tod. 11-45 I)rodu cd the gret ct ltrcrcae II 

I atle 10. Nodulatlion (A tda.s) arid %-ed ti Id oif fit 
I (It ISA I ( flltrr. 1981/82. 

H 40 

77 


1-75 48 

1145 


siII 

Wall 5 

sI 

%onmoculatcd 2 
'rca( 5i kg N ha) 0 

1(-7, 1240 
1145 1310 
I -75 1030 

29 
31 

36 

H7 
'9S 

102 

75 
72 
75 

(. 

(0)9of's 

nodul mu IC-70, 
k l
intclctio(llN c not 

tiot charctcrilic" 


nodule tmrus 
At 20 (ta', ,lter t 

1hO 14 
lO) IWO 

II 0 10I(10 

the Icat. Sti , xtict ival 

igifL-ap llt,(.tl ltodul.a
ispoid)l Nirnilaily to 

hlo\ii, Iod(al.Itol 

Wll, OOf , e thClll. I 11C tol, %Cl tih i. 

diukpra %Aricsirill ult lrdit hIlhGt1.1Ir ili:,M1iu10 tIldllns. 

,nIihlt -,l,
No:dul,/e ,., 11 l 

28 69 46 

92 127 9K
 

77 1O6 77
 

±15.5 8 

66 101 

±8.9 

6 0 
0 2 

Seed icld (fg ha) 

900 11,0 110) 
1010 IC0 1250 
970 1120 1110 

('orrt rol 7Wh) 6i40 SIt 770 

|rca I30 1420 1690 I() 

SI. 1120 69 

Mean 1130 990 12(1 

S: 054 
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Table 12. ff(ects of woill knpirfature llni julltiort N 41 ,.illon. and piai giro-Ai if chilckpirm 

c I ic 1.11111c N'lgr liall% wI':II) Nodule11 Noduile di> ut 1 1ofdI> 
('C( (p NIo (:114 1li por i) (nio poll Ig pot) (1! pa') 

25 22.7 1481) 1.95 21 9) 
30 11 1 '5HO1.s)1 1) 
It2 4 7 144s) 1.331 10.4 

252ISM 08H3 68H 

SI1179 152 WAOe~ iO.74 

ENII)35 23 23 11 

Mniy impnpocid nodulanton atnd > cli I(ICRISAl Gyrain and F~ood Quality
 
Aninual Ht poll 19i') 9 10, pt 8) We plain to)oltalI
 

o'-Icleinjy 14or 111ir.11ti fi iltyclt ait hIpli Cootking Quality 
1() c)(Iernpx raiur. 1(0 to'l 

Wccitii ill, MoiriplrW. of 14 dcsi aind 4 

"tlo~a, Ntht'itt~kfoll 1r)ij1'111c, ;10~ttti
S7crceinijg forT NitJdIhimi 

~ I-oIn till x,(-'I ti jo(tit I; I Iipilyrnyll, and~Io% noditto~ ilcciw 

(oivotftt.li iiom ~ W -"I itt,hi trn. lt. .in! Nt~ "cmjtr nmhu im1 rr 
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Table 13. Organoleptic qualilles' of dhal from desi and kabull chickpea cultivars. 

General 
Cultivar Color Taste Flavor Texture acceptability 

1)csi 
. 4Q(i2 1.8 2.2 2.3 2.8 2.3 
Annigeri 2.5 2.8 2.6 2.3 2.7 
Pant (-I 14 2.8 2.3 2.8 2.8 2.8 

Kahuli 
1-550 2.7 2.8 2.6 2.4 2.8 
ICCC-24 2.6 2.7 2.6 2.3 2.7 
I('C 25 2.8 2.8 2.5 2.3 2.8 

SI± 0.15 0.14 0.14 0.16 0.13 

I R. ig %calc:3 good; 2 fair; I poor. Nican .ot t .o rcplicate .c alUaled by Ie panel membcrs 

T-1-A • Stem 0 Seed 

Annigeri A le1f A oot 

4-

31- A 

06%. 

.. .. . . . .. . 

50 7 80 9(! 10011) 110 

FIlure 7. Nitrogen content variou,41 1%uri of 1'--A onrt Annfeul c(lipmaa lndcaled state of growth. 
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Dry-matter accumulation and nitrogen uptake = 0.01) were much lower, which confirms the 
per plant in T-I-A were considerably higher than importance of environmental effects on seed 
in Annigeri. Starch accumulation was markedly protein and indicates that we need to review our 
higher in seeds of Annigcri but soluble sugais methods of evaluating for meaningful, compara
were higher in T-I-A seeds at all stages of seed b!e estimates of this and other characteristics. 
development. Annigeri yielded three times as Progenies of crosses involving T-I-A pro
much as T-l-A. Increased accumulation of duced significant negative correlations between 
starch in tile seeds of Annigeri appears to be seed size and protein content. We selected those 
responsible for its decreasing seed protein per- combining moderate seed size with high protein 
centage during devi-lopment, but we found no content in F2 to F4 generations involving T-I-A 
evidence that the higher seed protein in T-I-A for further testing. None of the progenies of 
sttms from mobilizing and translocating more of crosses involving parents other than T-I-A exhi
its leaf nitrogen. Annigeri's protein yield per unit bited high protein content, so all were discarded. 
area is higher than T-I-A's. 

We continued to monitor seed protein con- Antinutritional Factors 
tents of advanced leeding lines, to ensure that 
they do nol fall below those ofexistingcultivars. To study the effects of cooking on protease 
The protein contents of 1603 samples ranged inhibitors, we used dhal samples of 16 cultivars, 
from 12.3 to 31.3%. uncooked and cooked under pressure for 15 

The seed protein percentages reported for the minutes, then assayed for trypsin inhibitor and 
gcrmplasm collection are based on seed har- chymotrypsin inhibitor activity (Table 14). Heat 
vc ,tcd from unreplicated sets in different sea- under pressure destroyed more trypsin inhibitor 
son,, so hoth seasonal and field variations may than chymotrypsin inhibitoractivity, but neither 
distort the data. To assess such distortions, we was completely destroyed during cooking. In 
grcs a replicated trial of gcrmplasm accessions vitro protein digestibility in uncooked samples 
(considt:red hiph or low in seed protein percen- ranged from 52.1 to 65. K,-, and in cooked sam
tage bascel on single tests in four seasons) and pies, from (4.1 to 75.8%. 
determined protein contents of the duplicate 

ccd samples ha r%estcd from each plot. C)rrela
tions were high (r :0.90, i'-0.01), confirming Pod Borer Susceptible 
the accuracy and repcatability of the estimation, and Resistant Cultivars 
Although Iignificantly greater than cro. corre
litions between replicates (r =0.51,. P-0.01)and Polyphenolic compounds were estimated in 
pic,,cnt and prcvious determination.; (r = 0.31. ' immature and mature seed samples of chickpea 

'I aI)Ie14. Effect% of preswure cooking for 15 initnreson I r)psin and ch1mi ofirpin inhilitoracti Itiv's and in %itro 

prolhin dige'fibilil) Ilidhal sample,%of 16 chickpea cullil ar%. 

I lico*kc(l ( 'o kcd 

( ,lli,l [if ifl Catany alaw C II 

II.p\vIIii lhitolr acfti ,ity 9.6-2 1.1 15.3 0 ,!83 .1- 0.) (.,1 i0.04 

tnk I(' PNIpI ilitmitor ,ttali.I 3.1- 35 ,13(.,i 0.2- (11 0.4 #0(02 

I Iti proltill (lii-C.iI iIy ( 52.1-05.1 S8 5 t'0.91 ,t.1-7 70.6 !0.65 

+I 'rfill
, 
filhlIOlltrdptCI Iny I lf 
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cultivars ICC-506 and Annigeri, considered Off-season Nurseries 
respectively resistant and susceptible, to pod 
borer (Heliothis annigera). Mature seeds of At ICRISAT Center, we advanced 155 Fs and 
ICC-506 contained more polyphenolic corn- 58 F3 / F4 bulks from different projects. At Tap
pounds than Annigeri, but there were no differ- perwaripora, we sowed 849 Fis, which included: 
ences in immature seeds. High-performance I)diallel and line x tester series of crosses ofdesi 
liquid chromatography and other procedures and kabuli and plant type projects, 2) materials 
revealed no qualitative differences between the for early- and late-planting projects and inherit
two cultivars. ance studies, and 3) crosses to incorporate wilt, 

stunt, ascochyta, and fhliothis resistance into 
improved backgrounds. We also multiplied 288 
F3 progenies and 197 F2 to Fs bulks. 

Plant Improvement Breeding Desi Types 

Using line x tester sets between established and 
Breeding Methodology new cultivars and diallel sets of new cultivars, we 

made 316 crosses involving established and new 
' ests at ICR ISAT Center of F, families selected short- and long-duration desi cultivars. 
from six crosses (Caina x Ponaflar, JG-221 x More than 8000 populations and progenies 
F-04, P-324 x ICCC-5, 13-106 x NEC-989, P- were evaluated at ICRISAT Center and Hissar 
790 x P-1798, F.496 x F-404) advanced by pedi- (Table 15). F, and F, tests of line x tester sets at 
grce. bulk. or single-pod descent matured too ICRISAT Center confirmed previous indica
late for peninsular India and suffered severe tions that genetic variation in chickpea is pre
plant mortality due to wilts and root rots, so we dominantly additive except for such 
discontinued the study. charact"'istics as number of primary branches, 

Data were recorded on random plants of F, pods, s~eds, and seed yield per plant, for which 
bulks of single- and three- and four-way crosses additive and nonadditive effects are important. 
among Annigeri, ICCC-l, ICCC-2, and K-850 Sixty-one F,s and 129 Fs in the short- and 
to study the variability generated by multiple medium-duration categories were evaluated in 
crosses. Significant differences among entries replicated trials at ICRISAT Center and Gwal
%%ere recorded for all characters; the differences ior, and 61 F,s and 166 F3s of the long-duration 
arose from among. rather than between,groups. group at G%alior and Hissar. Three F'2 and five 
There were also differences within groups in var- F, populations gave numerically higher seed 
iances, but multiple crosses gave no clearadvan- yields than the control. Other populations' seed 
tage over single crosses except for yield per yields were either similar to or lower than the 
plant, where three-way crosses exhibited the controls. Ascochyta blight at Hissar, and soil 
highest \ariances. Highest variances for seed size variation at Gwalior prevented meaningful ana
were in crosses involving K-850. which is much lyses. The best entries were advanced for further 
larger-seeded than the other parents. testing and selection in 1982/83. 
I:,bulks and progenies ofcrossesamong three Progenies with sufficient seed were evaluated 

desi (0PS-I, [,ant G-I14,and BG-203)and three in two plantings. At ICRISAT Center, one 
kabuli (C-104, K-4, and P-9800) genotypes were planting was under insecticide-free conditions; 
grown in replicated tests at ICRISAT Center at ltissar, to vary the environments, the two 
and llissar. Wilt and root rots attacked the plantings were on different dates. More than 
ICRISAT Center plots and ascochyta damaged 6300 single plants at ICRISAT Center and 1691 
those at lHisar, so they will be repeated as F4 at ltissar were selected from the F4 and more 
bulk trials in 1982-83. advanced generations for evaluation in progeny 
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Table 15. Numbers of desi populations and progenies grown at ICRISAT Center and Hissar, 1981/82. 

ICRISAT Center Hissar Total 

Generation Ist planting 2nd planting Ist planting 2nd planting Ist planting 2nd planting 

F1 158 -

F2 61 -

F1 127 -

F4 70 -

F5 3315 2364 
F 1760 1556 
F 7 215 195 
F, 53 53 
F - -

Total 5759 4168 

m.cludes 144 progenies and 92 ropulations. 

rows; 277 progenies were bulked for interna-
tional nurseries and trials next season. 

Two preliminary trials of short-duration 
materials (including introductions from other 
centers, germplasm selections, and advanced 
breeding material) were conducted at ICRISAT 
Center, and two of long duration entries at His
sar. Ascochyta blight destroyed the trials at His-
sar. At ICRISAT Center, stands were variable 
due to wilt and salinity. Germplasm and lines 
from other centers yielded more than the con-
trol. Among 10 derivatives of interspecific 
crosses, 3 lines were as early flowering as 
Annigeri, and gave similar yields. They will be 
tested further next season. 

Breeding Kabuli Types 

Kabuli materialc, evaluated at Hissar and Gwal-
iof were so badly damaged by ascochyta blight 
at Hissar that yield data were not analyzable. 

We made 25 crosses involving at least one 
kabuli parent, evaluated in replicated tests F2 

and F3 line x tester sets of ciosses made the two 
previous seasons, and advanced 92 for further 
tests in 1982/83. Of more than 1200 F3and more 
advanced bulks and progenies grown, we 
selected nearly 600 plantsand bulked 28 rows for 
replicated tests next season. We also evaluated 

44 - 202 -

156 - 217 -

166 - 293 -

236' - 306 -

991 573 4306 2937 
493 271 2253 1827 
142 125 357, 320 
68 68 121 121 
59 59 59 59 

2355 1096 8114 5264 

134 lines in replicated trials and selected the best 
for further tests. 

Extending Adaptation 
of Chickpea 

Early sowing. Screening ofgenotypes for early 
sowing in peninsular India continued at ICRI-
SAT Center. 

A diallel set of crosses was made among seven 
lines that had performed consistently well under 
early-sown conditions in previous seasons; they 
and five other lines werc crossed onto three sour
ces of wilt and root-rot resistance. 

We also advanced 19 F, and 27 F2poiulations 

of earlier crosses, sowed 248 new germplasm 
lines early in replicated trials, and repeated our 
comparison of the previously identified lines 
unde: normal and early-sown conditions. 

The sowing, in mid-September, was followed 
by 7 days of heavy lain that caused seed rotting 
and depressed emergence so much that the 
experiments were discontinued; the trials will be 
repeated in 1982/83. 

High-input and late-sown conditions in north
ern india. The search for lines adapted to high
input situations and late sowing in northern 
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India continued at Hissar but severe damage ducted; the data indicated that variation was 

from ascochyta blight prevented meaningful predominantly additive except for plant height. 

conclusions. The tests will be repeated. 	 In the line x tetler, K-56567 was a good general 
combiner for plant height; ICCC-13, for pod 

number and seed yield.The Hissar trial providedPlant Type 
no data because of ascochyta blight. 

Tall, erect habit. Selecting for improved yield Sixty-five F2 populations and 1116 F3 to F8 

potential continued in populations involving tall progenies from previous crosses suffered poor 
types, which offer advantages for mechanical emergence due to poor seedbed preparation so 

cultivation, selections, which will be grown as progeny rows 
We made 69 crosses between 8 tall and 9 new (1082) in 1982/83, wereconfined to single plants. 

desi and kabuli cultivars. At ICRISAT Center, At Hissar, we grew replicated tests of line x 

replicated tests of the F, 9 x 5 line x tester and 6 x tester and diallel set Fis; 69 F2 populations; 1132 
6 diallel sets made the previous season were con- F, to F8 progenies; and a replicated trial of 25 

raditioall'. Abhort chickplea s (foreground are km.,n'n to be hig/i e/ding. IClR ISAl Tscienmis. .studyfall chickpeas 
(backgroul), knowni to be u.wful.for mechanical harvesting am! closer planting, to exploit their physiological
traits aitl to i.prove ..ie.s. 
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. + , :...... '-: with the most seeds per pod will be further tested 
.! in 1982/83. 

' , ,>" zAt Hissar, we selected single plants in 53 F, 
.. " and 22 F, bulks of an earlier line x tester set, and 

grew 1063 F, and F4 progenies and harvested 
pod samples from each to count seeds per pod. 

seeds per pod will be
Those with the most 
advanced for further testing and selection. 

Inh ritance Studies 

Parents. F~s. and F, populations of five crosses 
to study tile inheritance of susceptibility to iron 
chlorosis were grown at ICRISAT Center. The 

Our work on .wh'ction to omline doubhl'-I dh'dand normal pa rents (Annigeri, K-850. G- 130, 11-208. 
nmutieclh'dcharacters'a in chickpea continued, at hoth dSBI7N-9-3ternanthilissarwSeedslperopodlarn'and 131)N-9-3) and the Fs were all normal and!( 
ICRISAT i Center and fi.shar. Seeds r pod are the chlorotic parent (NP4)2) showed chlorosis.
 

al and chlorotic
Althouth the numbers of norr 
ncut seeds per pod ad'ancedfurther. 

plants in three of the F,s and .,veiall were con

si, Lnt with the segregation of a single gene with 
susceptibility recessive, the cross with 11-208 
gave a large excess of chlorot i plants and that 

tall. advanced lines. Analyzable data were not with B[N-9-3. an excess of nornmls (Table 16). 

obtained owing to ascochyta blight, but the best Fs and F, progenics will be examined further in 

lines and single plants were advanced for further 1982 83. 
Segregation of normal and pedicel mutanttests in 1982 83. 


individuals in F, populations indicated that the
 

Double-podded and multisceded types. Selec- character's inheritance is controlled by a single
 

tion to combinc he double-podded and multi- recessive gene.
 
seeded characters continued. W( made 38
 
thrce-%%ay crosses of multiseeded and double
podded t:,s and 13 multisceded I-,s onto short
and long-duration desi cultivars to introduce the
 

characters into adapted backgrounds. "lk 16. Nuber,,of normal and Jhlorolic plants,
 

The replicated t ials of I, and F, generatins chi-.square %alues.cand probabilities of goodness of fit
 
of a 6 x 6 diallel cross anmong muIltiseeded lines to a 3:1 ratio in F. s of chickpwa crosrs (NP-62 \
 

atd the F, generation of a multiseeded (6) x normal parents).
 

double-podded (5) line x tester set were grown at I'lants ,,( )
 

ICRI SAT Center and Ilissar. Iligh plant mor
('o.", \oIilial ('l1olotic N '
 tality. caucd by wilt at ICRISAf Center and 

ascOchyla blight at Ilissar, resulted in variable, NlP-,2vAnnic-6 173 41 3.61 11.1.41.15 

poor stands, and nonvalid data in both trials. NP-62\K-85 133 37 0.71) 0.341.5 
[he replicated trial of' F, generation of 6 x 6 NTl-02\(6-13() 47 23 2.X7 0.1-.05 

diallel %kill be repeated at both locations in 	 N142 \ 11-208 155 89 17.13 0.1)1 
NIP-62 \Ill )N-9-3 15c) 35 5.35 0.051982 83. 

At ICRISAT Ceter, 47 F, populations were I ltal (67 225 11.1)5 1.7-41.9 

gro\kn and 1083 individual plants selected. We 

also evaluated 1955 F, and F4 progenies; those Ilcterogcieit 23.410 001(0 

http:11.1.41.15
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Cooperative Activities 	 trials in short- and medium-duration categories. 
Correlations between performances of the F, 

Materials distributed to cooperators and con- and F2 populations of the same crosses in 
tacts with other programs continued to increase. 1981 / 82 again were poor, confirming the need to 
In developing our policy to tailor materials to test in more than one season. All were carried 
specific situations, we distributed populations forward for single-plant selection at ICRISAT 
segregating for ascochyta blight resistance to Center next season. 
Pakistan and to Punjab, India. and separated In ICSN-DS, yields of entries at each site were 
tile early generation bulk tests into short- and similar to or better than the controls. Overall 
long-duration materials. ICCL-81243 from a cross of C-235 and JG-221 

was highest yielding. The best nine entries in the 
International Trials and Nurseries short- and medium-duration groups will be 

repeated in ICSNs next season. Four of tle best 
We di.tributed 138 sets of trials and nurseries to performers during tile last 2 years, including 
46 cooperators in 16 countries (Tablk 17). ICCL-80074, have been submitted for coordi-

Irials of the long duration group were in areas nated trials. 'File results of ICCT-DS received to 
where ascochyta blight was more or less epi- date indicate the highest yield for ICCL-78055 
demic. lExcept for identifying a few entries with followed by BIDN-9-3 and ICCC-8. 
some resi,,tance. we got analyiable data from A series of adaptation trials was grown for the 
only three locations, first season, in cooperation with ICAR[)A. 

In tile short duration group. among *he F, They included a 'ange of desi and kabuli geno
populations several yielded similar to or better types of wide geograplical origin, which, in con
than local ,ontrolsat each site. Eleven of the best junction with environmental analysis, will help 
and the poorest were selected for 1982 83 i1 us interpret variation in yield and refine our 

lable 17. International chickpc-- trials, and nurcie,%distributed hI RI(ISAT in 1981/82. 

1I 1W Niir.cr% 
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selection and testing strategy. Eight sets were miner damage was common and severe enough 
grown in India and complete data obtained from to reduce yields in some areas. ieliothis spp. 
four of them. Even this limited set emphasizes were rare on chickpea during our visit but the 
environmental effects on performance and national scientists said that those pests are 
diverse reactions of the few genotypes tested. All extremely damaging in some areas and years. 
the data will be included in our international Around 5000 desi germplasm accessions and 
nurseries report. 25 F2s of crosses between ascochyta blight resist

ant desi types and north Indian desi and kabuli 
International Disease Nursery cultivars were screened in an ascochyta blight 

nursery at Tel iladya. Under the extreme disease 
The 60 entries in International Chickpea Root conditions that occurred, pod damage was high 
Rots/Wilt Nursery (ICRRWN) for 1980/81- so only a few germplasm accessions, and no F2 

originating in four countries anO ICRISAT populations, were rated resistant. 
Center--were sent to 34 locations in 18 coun- We provided 101 advanced kabuli lines to 
tries. Data were returned from 21 locations in 9 assess the potential of northern Indian materials 
countries. Detailed results of this nursery are for winter sowing. Growth was affected by unus
available separately (Pulse Pathology Progress ually low temperatures and dry conditions in 
Report No. 19). Tv,a entries (ICC-267 and - March and April, and most of the genotypes 
If1551 ) 1,rformed well across 13 locations- three showed symptoms of iron chlorosis but a few 
entries (ICC-858, -9023. and -9032) across 12 yielded more than the local controls, inuicating 
locations; and six (ICC-2858, -2862, -6494. - some potential of northern Indian material for 
10?,o3, -11088, and -11550) across II locations, winter sowing in the Mediterranean region. 
All other entries did well across several See the "International Cooperation" section 
locations, of this annual report for a fuller review of coop

erative work with ICARDA. 

Distribution of Breeders' Material Cooperation with AICPIP 
w C 

the trial and nursery sets,
In addition to 

supplied 2889 parental lines and segregatirg We screened germplasm lines and breeding 
materialc tocenters in Indiaand othercount-ues. materials from scientists of All India Coordi

nated Pulses Improvement Project (AICPIP) 

for resistance to fusarium wilt and other soil-
Cooperation with ICARDA 

borne diseases, and communicated the results to 
An ICR ISAI staff position, created for a chick- the ,:ientists. 
pea pathologist at ICARi)A, was filled in Five new entries weic contributed to the Gram 
September. Initial Lvaluation Trial (ICCC-27, -28, -29, -30. 

Surveys indicated that the leaf miner, Iirio- and -31). ICCC-22 and ICCC-23 were promoted 
t :a ircerina, was, as usual, widespread in most to Gram Coordinated Varietal Trials in different 

farmers' fields in Syria. We continued attempts tones, and ICCCA and ICCC-13 were retained 
to quantify yield losses it causes. Ihliothi. spp. in peninsular and central India for the 4th year. 
were again of minor importance in northern ICC('-A also was included in demonstration 
Syria hut in soutlicrin Syria they seriously dan- )lots in Rajasthan, Madhya Pradesh, and Guja
aied crops, and ,cveral farmers uscd pesticides rat. And it has been proposed for mini-kit trials 
on the crop. Ieliothis armigera and ih'lictlhi.s in tho,e atc:is in 1982/83. One set each of the 
iirildila were found oi chickpea in roughly gram coordinated trials was grownat ICR ISAT 
equal numbers. I lie latter entered pupal dia- Center. 
pause in April and May and enrgcd the next Two new kabuli lines, ICCC-32 and ICCC-33, 
spring. In Tunisia, Algeria, and Morocco leaf were contributcd to the Kahuli Coordinated 

i,, 




(ariety Trials and ICCC-25 and ICCC-26 were 
ontinued for the 2nd year. 

We have submitted four new desi lines and one 
iew kabuli line to the coordinated trials 
982/83. 

Looking Ahead 

;ourc.:. of resistance to important fungal dis
ases and pests have been identified and are now 
Ieing bred into improved genetic backgrounds. 
-mphasis will be accorded to resistance to asco-
,hyta blight and botrytis gray mold, the most 
lamaging diseases of chickpea the past two sea-
,ons in the main growing areas. 

We are recombining lhliothis-resistant sour-
!es to increase existing resistance to this pest. It 
)ccomes increasingly clear that viruses cause 
icavy crop losses and merit increased attention. 

Physiological studies of the effects of pho-

operiod and temperature on flowering and pod 

,et and genotypic responses to late sowing are in 
-)rogress. We hope to develop husbandry practi-
:es and genotypes capable of higher and more 
,table yields, which are vital if chickpea is to 

with wheat in irrigated situations in:ompete 
'iorthern India. The search also continues for 
gcnotypes that germinate with limited seedbed 
moisture and are tolerant to drought stress and 
alinity. Effcctive Rhi:ohium strains are being 

:valuated for competitive ability, and inocula-

ion methods are being studied. 
Increasing knowledge of constraints to pro-

luction isassisting in assemblingthe disease and 
pest resistance and physiological and microbio-
logical characteristics necessary for higher and 
more stable yields in specific environmental 
situations. 
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ing lines were screened, and 56 showed wilt 	 had some resistance to wilt. Screening the 52 
progenies from v ilt-resistant plants selectedresistance. 

We also screened for resistance to wilh, our from sterility mosaic resistant lines during the 

two plevious years g;., 33 iesistant to wilt. Onlyaccessions that resist sterility mosaic, phytoph-

thora blight, or heliothi.s pod borer. Of the 49 2 of 21 blight-ttnsistai accessions tcsted, resisted 

sten1ity mosaic resistant accessions screened, 12 	 wilt, 17 of 45 acces-Ion,; with promising resist-

I i IItr s- i 
7//7 ,'.,,/.//7'.., 	 -p 
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t r; I Ii 
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on U( IISAI turveys, 1975-80,Figure 2. Average incidence i'A)Irof gronpea "lit dissrsat in India, tbasiri 
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ance to ihliothis pod borer also were promising 
against wilt. 

A large amount of breeding material, includ-
ing F, to F,progenies, F, bulks, early-, medium-
and late-maturity advanced materials that had 
earlier shown some resistance to wilt and elite 
breeding lines and vegetable types, were 
screenled in the wilt-sick plo'. Pilomising mate
rials were advanced for further testing. 

Influence of crop rotation and intercrol)ping. In 
coperation with ICRISA'I's cropping-systems 
,caentist,, we began a 4-year study of crop rota-
tion and intcrcroppitiqg with pigeonpea in the 

1978/79 season. In 1981, the 3rd year, pigeonpea 
intercropped with sorghum had 20.6% wilt in 
contrast to 63.7% in the continuous sole pigeon
pea crop (IC41-997). But intercropping pigeon
pea and maize (lid not reduce wilk. Sorghum, in a 
2-year break between pigeonpea crops, reduced 
wilt to 10.9% in pigeonpea the 3rd year. 

Sterility Mosaic 

Causal agent. Our efforts to establish the cau
sal agent of sterility mosaic disease continued. 
We tried several extraction media and purifica
ion procedures to isolate the causal agent. 

I able I. Nlaj(:r pigeonpea di,,cae problems in Ea-t African countries in order of sescrity and frequency.' 

Ap proximriate 
I ita lice igconp a 

tracled ILocatiti. area in the 

C o' t i-r 
by road

(k i) 
12xanlincd

(no.) 
Coulitry
(h )D 

Ken\,s 15N) 25 100000 

Malaski 1000 20 50000 

Tantania 600 13 35000 

Zambia 500 6 Not known 

iseases 

Wilt 2 

Cercospora leaf spot2 

l'owdery mnildew 
Grey mildew 
A mosaic 
A root tumor (gall) 

Wilt2 I 
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lI'ioia stemn cankcrl 
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Macrophomina stern canker' 

I'omdcry riildew' 
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11howal~ N.71t'_
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Twice we obtained thin flexuous rod-shaped and 	 D3-3-B0-90-Band 20(105)from Berhampore 
showed <10% infection. We purified two earlyrhabdo-type virus-like particles; however, we 

not observe such particles in thin sections maturing lines for resistance by selecting anddid 
from sterility mosaic affected leaves. Our efforts rescreening resistant plants from segregating 

to locate a local lesion host, and to establish the lines. None of the 13 lines screened having resist-
Ileliothis was resistant to sterility mocause, will continue. 	 ance to 

saic, although two 1980/81 selections, 

Biology of the vector. Aceria cajani(Channa- ICP-3615-EI-3EB and ICP-8130-EI-2EB, 

basavanna) (:Erioplhtyes cajani), an eriophyid showed <10% infection. Of 34 entries in the four 

mite, is a vector of the causal agent of sterility All India Coordinated Varietal Trials (EACT, 

mosaic of pigconpea. After having our research ACT-I, ACT-2, and ACT-3) only one entry, 

technician trained in the U.S. Department of MA-97, showed <10% infection. 
The large amount of breeding materialAgrictilture's Boyden Entomology Laboratory 

at tile University of California, Riverside, in screened this year included early-maturity mate

handling and rearing eriophyi' mites, we rial from Itissar, 113 progenies selected from 

initiated work to develop a causal-agent-free different crosses, 57 resistant and 230 tolerant F. 

mite colony, to help us better understand the progenies selected from 1980/81 F 2 bulks, 4!
 

mechanism of sterility mosaic disease resistant and 9 tolerant F, bulks, 20 progenies of
 

the cross C II x ICP-6997 included in the yield
transinissio;a. 

We continued studies on the spread of tile nursery, and 33 advar :ed lines included in the
 

disease und'-t field conditions. The mites, carried 	 two yield tests. Of 185 early-maturity Hissar 

by wind, .;pread the disease at least 1000 m with 	 lines,only one,74205-1-104-110-Il -1111-1-HB, 

the wind, 200 m against the wind, up to 400 m 	 was resistant. Six of the 57 F, progenies screened 

noith, and up to 300 in south. We shall deter-	 were resistant; they, along with 22 other proge

mine if the nmites can spread the disease up to 	 nies selected for resistance, will be yield tested 

wind. next year. Of 	 the 230 tolerant progenies2000 in with tile 
screened, 67 were unif-ivmiy tolerant. Among 

Screening ror resistance. This year we used the 	 113 promising progenies slected from different 

infector-hedge technijue developed last year, 	 crosses, 12 progenies--in addition to being res

starting with four rows of the su ceptible cul-	 istant or tolerant--yielded more than 2000 

tivar. NP(WR)-15, planted 15 December 1980, 	 kg/ha. 
acros,, the wind direction. Plan!'sin the four rows The 387 germplasm accessiotos, identified at 

were staple-inoculated and mites allowed to 	 ICRISA1 Center as resistant or tolerant to ste

multiply. iy mid-.lune, the nornmal planting 	 rility mosaic, were tested for reactions to sterility 

time, the four rows had developed into a hedge 	 mosaic at langalore in collaboration with a 

with 34' sterility mosaic infection and a plenti-	 scientist of the University of Agricultural Scien

ful mite population. The disease spread (in a 	 ces. All the accessions tested except eight were 

2-ha screcining nursery, monitored with lIl)N I 	 susceptible, v; 'Ih indicates that a different 

susceptible indicators) was excellent. Infection 	 strain of the causal agent or vector existed at 

on lil)N I rows averaged 99.8,% , ranging from 	 Bangalorc. We are investigating the reason for 

99.5 to 100 ,'j. 	 this diff rence in reaction. 

We scr:ei.ed 224 progenies selected from 81 
se;regal;ig gerniplhsm accessions since 	 Influence of intercropping. The influence of a 

1976/77, and identified 34 resistant accessions. 	 sorghum intercrop on sterility mosaic incidence 

In addition, we screened 201 progenies selected 	 was studied in at. experiment in the sterility mo
wasfrom segregating gerniptasm accessions during 	 saic nursery. Disease incidence slightly 

1980/81, and found 24 progenies resistant. Of 	 higher in intercropped than in sole crop pigeon

six dwarf lines scrcencd, our selection, 73081-16 	 pea up to 75 days after planting ()AP). At 90 

http:scr:ei.ed
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Table 2. Sterility mosaic incidence and weather factors In sole pigeonpea and pigeonpea Intercropped with 
sorghum at ICRISAT Center, rainy season 1981. 

Disease incidence (%)at indi-

Cropping cated days after planting' 
pattern 30 55 75 90 125 

Sole pigeonpea 2.3 32.5 48.7 96.7 98.0 

Intercropped 
3 

pigeonpea 3.5 36.1 60.5 96.9 98.3 

SE ± 0.5 0.6 6.8 0.4 0.6 

CV(%) 33.0 3.7 24.7 0.9 1.2 

i Average of four replications. 
2. Recorded five times during the day 50 days aftei planting. 

3 One row pigeonpea cultivar BDN I to 2 rows sorghum CSH-6. 

DAP and later there was no difference. At 50 
DAP, wind velocit 'as lower in the inter-
cropped pigeonpea than in the sole crop, 
although relative humidity and temperatures 
were similar in both (Table 2). The reduced wind 
in the intercrop permitted better spread of the 
mite vector, as we previously observed. 

Phytophthora Blight 

Epidemiology. Many overcast, rainy days dur-
ing the 1981 rainy season encouraged severe 
blight development in the multiple disease 
nursery. We observed about 50% blight inci-
dence even in lines such as ICP-2376 and BDN I, 
which resist the P2 isolate of phytophthora. A 
Phy'tophthorasp. was isolated and identified as 
P. drechsh'ri f. sp. cajani. Cultural characters 
and pathogenicity tests on known P2 resistant 
and susceptible lines show this new isolate is 
%imilar to isolate P3 (isolate from Kanpur, 
northern India). All the lines resistant to isolate 
P2 were susceptible to the isolate P3. Isolate P3 
appears to be common in northern India. We 
also identified during the 1981 rainy season 
another isolate from Mhali (Amgaon) in Mala-
rashtra, India that seems to be similar to the 113 
isolate. Our observations so far indicate that the 

Wind Relative 
Velocity 2 humidity' Temperature2 

(km/h) (%) (°C) 

5.6 71.7 24.3 

3.3 72.7 23.7 

Screening for resistance. We screened 476 new 
germplasm accessions against the P2 isolate and 
found 14 resistant. Tne breeding material 
screened this year included 22 selected lines, 184 
early-maturity lines from Hissar, and 188 late
maturity lines from Gwalior. We identified 
Dwarf-4, BUN I (Akola), several lines from a 
progeny from cross number 74360, 40 Hissar 
lines, and 37 Gwalior lines as resistant to the P2 
isolate. Using germplasm accession, and elite 
lines found resistant to other Aiseases, we 
initiated systematic screening against the P3 iso
late. But of 2000 germplasm, 161 elite, and 184 
early-maturity lines from Hissar screened, none 
was resistant. 

Fungicidal control. We continued studying the 
efficacy of metalaxyl for controlling blight in the 
field. Metalaxyl (Ridomil®) at 1.75 g a.i./kg 
seed, which had been effective in greenhouse 
tests, failed to control the blight in a preliminary 
field test in the 1979/80 season, so we tried 
higher ra'es in our 1980/81 and 1981/82 field 
tests. During 1980/81 metalaxyl, even at 10 g 
a.i./kg seed, provided no control in the Alfisol 
and only moderate control (25% blight) in the 
Vertisol field. But in 1981/82 control was good 
in our Alfisol field with only 10% blight at 30 

113 type is more widely prevalent than the P2 days after planting using 7 g a.i./ kg seed com

isolate in India, so we are shifting the priority in pared with 49% blight in control plots. By 60 
treatment controlled the disour phytophthora program to identify sources of days though, no 

re: istance to isolate P3. ease. Metalaxyl's lack of persistance in pigeon
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pea plants under field conditions makes it three BDN Ibackcrosses screened were suscepti
ineffective in controlling phytophthora blight of ble to wilt. 
pigeonpea. Thus, of 306 breeding lines screened. only 10 

showed low multiple-disease incidence, but 331 

Resistance plants with multiple-disease resistance wereMultiple Disease 
selected from 103 breeding lines for rescreening 

We continued screening breeding material for next year in the multiple-disease nursery. 
combined resistance to all three diseases (wilt, 
sterility mosaic, and phytophthora blight-P2 Potentially Serious Diseases 
isolate) in our multiple disease nursery. 

Of the 31 germplasm selections screened, only In addition to the three diseases already menti
two, ICP-5097 and-8094, had less than20%wilt, oned. which are the most important in India, 
sterility mosaic, and blight. And of 76 progenies four others have destructive potential, particu
from crosses 73076, 74332, 74360, 74363, and larly in the postrainy-season pigeonpea crop, 
76009 screened, only one (from cross 7A360) which is gaining wide acceptance by Indian 
seemed to resist all three diseases. The Ill pro- farmers. The four are alternaria blight (Alterna
genies from cross 74360, which resisted wilt and ria tenuissima, Fig.3), powdery mildew (Oidiop
sterility mosaic and were tolerant to blight dur- sis taurica), sclerotium blight (Sclerotium 
ing the 1980/81 season, were screened, and only rolfsii), and yellow mosaic, a whitefly
7 showed low disease incidence for all three dis- transn.itted virus disease. To identify sources of 
eases. None ol the iiine F,, F3, F4, and F5 bulks resistance that breeders may use, we are develop
contained plants with promising multiple- ing simple techniques to screen for resistance to 
disease resistance. All 37 progenies from the these diseases. 

A' 9 

Figure 3. The value of having a resistant or tolerant variety of plgeonpea when alternaria blight strikes Isshown by 
these contrasting plots in the postralny season at Varanasi, India. The susceptible variety on the left was severely 
defoliated by the blight, while the tolerant variety seemed unharmed. 
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Insect Pests 

Surveys 

Although our extensive survey of insect pests of 
pigconpea th,ughout India was completed in 
1981, we continue to monitor the pests and their 
damage at selected sites. In the 1981/82 season, 
Heliothis arinigeracaused substantial losses to 
farmers' crops, particularly in central and south 
India. The podfly, Melanagromn"za obtusa, 
damaged fields in many areas, particularly in the 
late-maturing pigeonpea crops in central and 
northern India. Of the many minor pests, a jas-
sid, Empoasca kerri, was unusually common 
during the crop's vegetative stage in northern 
India. The hymenopteran pest Tanaostiginode.s 
sp. was common and damaging on several of the 
resear(.h stations, where a mixture ofcultivars of 
differing maturities ensures a supply of pods for 

' .,, 

N%. 


several months and allows this insect to build up. 

But on most farmers' fields, it was rare. 

One of our entomologists who visited the 
pigeonpea-growing areas of Kenya and Malawi 
observed substantial pest damage in most of the 
fields he surveyed there. The pod borers Heio
this armigeraand Marucatestulalis were gener
ally the most damaging but the sucking bugs 
Clavigralla spp. and Nezara iridulawere also 
important. A podly, Melanagrotnyza chalco
soma, was common in some areas. Although 
insecticides were used to protect the pigeonpea 
crops on research stations, few farmers used 
insecticides. In most areas pigeonpea was inter
cropped with mai7e. 

Heliothis armigera 

Populations. Our surveys have shown that 
Heliothisarmigerais the most damaging pest of 

1 0 

, .7 'A",o4A 

.y.ets cotinued: an t.%tenfsle irC *lrdihroughoutSampling pige n/lea crops. for insect and dhcir natural enii e,% 

Idia it-as completed in 1981, ,odsselected .sitesare sill eing mionitore .7it iv r, iltsu predictdamagingpest 

populations and identify thei natural enemies in tine Io initiate efctive cpitrol ineaur',s. 
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pigeorpea throughout the Old World. Its popt
lations vary widely from year to year and from 
area to area, but they destroy at least 40% of the 
crop in central and southern India in most years. 
We are attempting to monitor lIhIiolhis popula
tions, hoping to correlate population siues with 
climatic and other factors. With such data we 
should be able to predict damaging populations 
in time for control neasures to be taken on 
pigeonpea and many other crops that this pest 
attacks. 

We have been recording catches of ihliothis 
moths in, light traps at ICRISAT Center since 
1974. We have encouraged our colleagues in the 
niitional program to set up a network of such 
traps across India. and we hae received data 
lro1 light traps in I0 locations. Efforts to 
cxla nd this nct\%ork hase been hampered by 

operating dillicultics. Man' sites, where we 
s\ouhl like to obtain data, do not hase reliable 
electricity. Also, a skilled recorder isessential to 
sort. identify, and record the trapped insects. 

is not always
and such skilled assistance 

aailable. I'hromone trap%modifed it ih 11ta/lh/ made mate

ria/ iotn 11tt.%ign upqpeld /,r the (Centrefor Ovrera.s 
Pheromone traps. We has e niadce substantial le.,i R'etarch. London. e/'ti'vlr tra , Itcliolhis 

progress in pheromone trapping of lh'liothi.i armigera, t/e most damagiig pe.sl of' pigcnpe'a. 

and wke are cooperating %kith I)r, . F. Nesbitt of Mt1lt cheaper and eaiier to ute than ight traps, 

the Tropical IProducts Institute, I.ondon. We phwromne tra m now are being uwdat26 ltaiitti in 

that is much more India.hae a synthetic pheromone 

attractive than virgin females to male moths. It is 
a 91:3 nixturc of (Z)-IlI-Ilexadccenal: (Z)-9

much cheaper and easier to operate than lightIlexadecenal sshich isadsorbed on white rubber 
septa. A septumi loaded with only I Ing of the traps. )ata are now received from 46 phero

topheromone lixture remains attractive to male mone traps at 26 locations and we hope 

moths more than 2 months, but se normally extend the network in India and into neighbor

change the septa after 28 days, ing countries during 1983. 

The traps we use are nadc froni cheap, locally The relationship of the catches in two kinds of 

available materials, modified from a design traps (light and pheroione) to each other, and 

supplied by the Centre for Overseas Pest to populations of eggs and larvae on the host 

plants in tlbe vicinity, must be detcmined beforeResearch, london . More than I100 nale moths 
the catches can be used to estimate populat ions.are frequently caughit ina trap inone night with a 

far, of 288. Very few moths of Catches from lie two types of trapand estimatesrecord catch, so 
species oth,:r than Ih'liohi%, or other insects, of larvae populrltions on the pesticide-ticated 

enter the trap! , so recordirip is relatively easy. areas of ICRI SAI ('enter for 1981/82 (1-ig.4) 

The light trap rietswork across India has now show wide deviations of trap catches f rn each 

other and from tile estiniate' of populations ofbeen supplemented ,vith pheroamaone traps, and 


our collaborato rs are rnding
i pheromone traps larvae during some periods of the year. We may 
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Figure 4. ('atches of male noths of Ileliothisarmigera in three light traps and six pheromone traps and larval 
populations on crop%in the pesticide-treated area of I('RISAT (enter, B81/82. 

need correction factors, involving climatic and 
lunar-period variables. before s.e can use trap 
data to estimnate populations. 

Resistance to ileliothis. We continued to 
screen the germplasm and mat rials generated 

by our breeders for rcsistance to Ihleiothi and 
other pest%. Although we have found no plants 
withstrong resistance, we have found conidcra-
hie diffcrerccs in susceptibility to the pests. 
irccders are crossing several of our slections in 

attempts to intensify the resistance. Progenies 

from their croscs, will be ,crecned during the 
next 2 years. An example of the ranige of su,,cep-
tibilitits already available in our late-ruaturing 
material, is shown in i able 3.1 ie percentages of 

bored pods, mainly irorn Ihlioihii fcedi,. 
ran,cd from 19.4 in a conmonly used, rclatively 
resistant cullivar to 46.4 in a susceptible selec-

lion. I he coefficients of variation for pest dam
age were high; such variability gives us problems 
in screening. 

We are investigating the mechanisms involved 

in different levels of suceptibility in our selec
tions in cooperation with biochemists from 

ICRISAl and Ironi the Max-Plalnck I istitute 
for Biochenist ry at Munich, Geicmany. 
Although this work i% in a preliminary stage, 
there appear to be differenccs in pod-wa'l cu
dates of sonie of our %elections. I h ,tit, ences 
are being detected with a high-perforniance liq
uid chrornatograph donated to ICRISAT for 
lis purpose by the (German Acncy for l cchni
cal Cooperation (GI Z). 

ilhological control. Monitorying of natmal ene

mies of Ih'lioth on pigconpea and other crops 
continued with Inctraed attcnlion to /Ihiothis 
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predators. Among its known predators on misus sp. In laboratory feeding trials, Clubiona 

pigeonpea, spiders, ants, coccinelids, and chry- sp consumed an average of 59.3 ± 9.17 Heliothis 

sopids are all fairly common. We monitor their eggs and 3.2 ± 0.28 second instar Iteliothislarvae 

populations by a variety of methods, including per spider per day, over several days of tests. 

sweep nets, pitfall traps, and sticky boards. Those spiders and other predators may consider-

The commonest spiders of pigeonpeaat ICRI- ably reduce populations of Heliothis eggs and 

SAT Center appear to be Chiionasp and Tho- larvae on the pigeonpea crops, but quantifying 
the reduction is difficult. 

We continued to rear and field release at 
ICRISAT Center Eucelatoriahryani. a tachinid 

Table 3. Pod damage in pesticide-free area from a parasite of lteliothisimported from the USA. It 
3-replication RBDI) trial of late-maturing pigeonpeas has been reported to breed well only at tempera
selected for differing susceptibilities to pests inprevous ears 	 below 30°C and reproduction has beenICRSAT.198182.tures 

poor at 350C. Maximum temperatures at ICR I

wiect- "i of pods SAT Center. and throughout much of centralCharacters' 
damaged by and southern India, exceed 350C for lengthyed f in 

Borers Podfly periods every year so this parasite may not sur-Selection previous years 
vive in our fields. In incubator tests, it breeds 

ICP-8102-5-SI NIII. I.Pf 45.9 11.9 well under a 3511C day, 3011C night regime, so we 
NP(WR)-15 I'l 19.4 22.4 will select for tolerance to higher temperatures 
IC1P-8094-2-S2 I.l. II1t 19.7 20.4 by exposing successive generations to increasing 
ICP-565 1-I-S3 Ilt. 1111 33.7 40.0 bg 

I 11 33.1 16.4 temperatures. We also hope to improve the
IWP-7194-I-S4 

genetic diversity of our culture by incorporating 
(iW-3 (Check) - 31.2 32.4 fresh imports into out stock. 
IC'-80606-11 IIP 28.6 33.6 [Eggs of II. armnigera collected from many 
ICP-71041-11 NII 27.9 25.0 host-plant species are usually heavily parasit
1('1-.127-1l1 It.I. 22.0 ized. On sorghum. for example, we frequentlylPf 37.9 
1('1-8130-1l fllf 21.3 32.9 find more than 50% of the eggs parasitized by 

I('1-8571-1:1 MII. i1Pf 23.4 29.4 Trichogramnimasp. But few(.-1, I ) eliothis eggs 
I('11-X583-1:1 1II 33.0 26.6 on pigeonpea are parasitized. In cooperation 
IC1'-7537-1-1 1.lt 22.8 32.( with the National Centre for Biological Control, 
I(lP-4640-1.1 ItI 35.4 31.7 Bangalore, and the Central Biological Control 
1Pl1.3X-2 It1. Ill1l 23.4 28.1 Station, iyderabad, we are now testing a range 

IC1'-4745-2-1:8 It.! 24.6 21.0 of Trichogrammaspp to determine whether any 
Pl'-36-2 l.it. lIPf 29.9 26,9 will parasitize Ileliothi.i eggs on pigeonpea. 
1'11-,38-I t.1.IfPf 28.6 30.4 
ICP-7176-I8-2 I.1I1 28.9 22.3 Insecticide use. Although yield increases 
1IP-749,.I 1I.t 26.6 22.7 exceeding I001'i can be obtained by using insecti

ICP-7170-51I lilt. l.l'f 46.4 10.6 cides on pigeonpea, particularly on the early
IC'-8 134-I-SI I IPf 23.6 27.2 and mid-maturity cultivars that form pods 
I(1'-2111-41 1.It 28.8 23.5 during the peak leiothi.% attacks, our surveys 
IC1'-7337-2.S4 Il1f 43.0 45.8 show that less than 10, of farmers use insecti

±4,85 i5.01 cides on this crop. )ifficulty of spraying the tall,SE 
dense crop with available sprayers and the 

CV Ui I 	 30.6 33.7 recommended 600 liters per hectare of water for 

1 	 I1 :ho% horr nfetation IIII modc,atlc borer tnfcta- the spray mix are obtacles to farmers. Such 
lion%. li1 high hoirr intc tttInon I PI - im poii1) obstacles may be largely overcome by controlled 
inteltalin. Ili t high pIoilll ifeltaflon droplet applicators (CI)A) at ultra low volume. 

http:IC1'-7337-2.S4
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Podfly 

The podfly. Melanagromtyza 
obiusa. is the second most damaging pest of 

*pigeonpea in India. Found in all areas, it iscom
monest in the central and northern states where 
it regularly reduces yields 20Ci or more. In south
ern India it is much less important than Ih'litls 
in early- and mid-maturing cultivars. When 
lhelioiltis destroys the early crop. the compensa
tory flush of pods is often severely infested with 

, .Populations. 

prodfl.
 

As in pres.ious years se monitored the inci
dence of podlly by opening samples of pods at 

regular inter.als. We ha\e yet to discover a way 
to monitotr the adults with any Iorm of trapping. 
As \c hae found no podlly resting stage. we 
assumIle that it bridges the slmnier and monsoon 
period b\ feeding in %%ild legumne pods. Our stu
dies (it altenat i\e hosts sho\ed Ihmingia sp. 
with 7511 of its pods damaged by podflics. 

Our search lou resistanceItesistance to podfli.
,,,t.,,/sl,', 'M!''I/ sp l,s lill, hill 

,'",'" ,, ,, ,', , ,. IRI- to podfly Continued with screening gernplasni 

5 I I i , ,il'l,,l,,s ,l'sa tm~ ,'ad is"'t and ne\\ materials supplied b\ oU,"breeders. As, ,ljissfhith 

itcr %,ras ,d is damaging in late-maturing.. isti,,i, a I is,h 4(;' 1)1,,t% poddl most 
-i hisl-,,,s ats/ nuii A% pigeonpeas. %%e concentrate on that maturity 

In the past .ar \%c compared the conventional 

hand-opetated knapsack sprayers. motoriied 

knipsack spraiers. and btter.-operated Tahle 4. Pod damage asesleitis of i c\ 
pinning-disc ('l).A spra1r01. W1ith a single I s('l-I AiIh endostulfan at 0.7 kg a.i./ha b.,prayed 

ppci of fronentional and ('I)A sprasers. I(CRISAT (Center.,tpp l it'ato l o f elth o,u l a n a t 0 .7 k l; ol a .i h a 1 8 / 2 

,pra'\ed at the peak of pest attack, lore lhlio- 1981/82.
 

tis \.erc killtd in plots spra\cd b\ the Cl)A Volutnwl of
 

sri.cis than inI those spra'.ed coneiitlonally ,.pra\ I1i\ MeiinpoddiMagel.i

applie(
I able 41. but a single spra. did not fully protect 
0 11a Bolers Podfll 

the crop. Yields %%cre lo%%.largcly hccause of 


sekr Ih'hthis attack, but yields from the Knapsack spra.er 500 60 37
 
CI ).\-spra\cd pilots %\ere401 j' greater than from (hand operated)
 
plhts spra\ed \xith hand-operated knapsacks. Knapack ,pra.er 250 5I 53
 

now fairly (mfltOcri/cd2('i)A sprayers areSpinning disc 
in India but suitable formula

%%ide Is asailable 

32 34
tions of insecticides are not yet available. Such CI)A spra.ser 4 

fornutlations shoLld be of lowv volatility and Slu: ±9.7 ±0.8
 

nonphytotoxic lien high concentrations are
 
sprayed at low volume. CV ( ) 28.8 2.6
 

http:spra'.ed
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group. Data in Table 3 show the range of suscep-
tibility in our late-maturing selections. Podfly 
damage ranged from 10.6% in material selected 
as relatively resistant to podfly to 45.8% in a 
highly susceptible selection. The selections most 
resistant to podfly are susceptible to Heliothis. 

Several selections showing reduced suscepti-
bility to podfly are now in our breeders'crossing 
program. They made 86 crosses with the mate-
rial this year to introduce insect resistance and 
short-plant stature for easy spraying. 

To ass'.ss some of our most advanced breeding 
lines under natural insect pressure, we planted 24 
lines in a yield test in our pesticide-free area. 
Under heavy insect attacks, yields of four of the 
lines exceeded 900 kg/ha, more than twice as 
much as the check (cv C I I). 

As in previous years we found that washing 
the racemes of some cultivars with water 
increased their susceptibility to podfly. Differen-
ces in infestation were greater between pods 
from washed and unwashed whole plants than 
between pods from washed and unwashed 
racemes on the same plant. In cooperation with 
the biochemists, we are studying water-soluble 
exudates of pod walls. 

Natural enemies. Previous reports refer only 
to Euderusspasaparasiteofpodfly, butwehave 
discovered three more parasites: Eur.vtona sp, 
Ormyrus sp, and Antistrophoplex sp. One or 
more of them may be hyperparasites. 

In cooperation with the entomologists of the 
All India Coordinated Pulse Improvement Pro
ject, we surveyed parasitism in podfly from I i 
states in India. Cooperators sent samples of 
pods, we counted podfly larvae and pupae in the 
pods and then observed these for emergence of 
parasites. Table 5 shows that parasitism was 
generally below 10%, and that Euderus sp was 
the commonest parasite. 

Insecticide use. Although endosulfan is recom
mended to control podfly infestations in some 
areas of India, i'. has not controlled the pest on 
our ICRISAT Center farm. So we tested a range 
of insecticides on the developing stages and 
adults of podfly in both laboratory and field. 
Dimethoate was more effective than endosulfan, 
monocrotophos, or DDT, against both adults 
and larvae inside pods. Cypermethrin, a syn
thetic pyrethroid that is particularly effective 
against lteliothis, gave reasonable control of 

Table 5. Summary of data from samples ofpigeonpea pods (collected from indicated states of India) examined for 
Incidence of podfly and Its parasites, 1981/82. 

Pods 
State examined 

Andhra Pradesh 745 
Bihar 833 
Gujarat 859 
Hiaryana 2476 
Karnataka 1431 

Madhya Pradesh 6834 
Maharashtra 1264 
Orissa 701 
Rajasthan 1846 
Uttar Pradesh 5826 
West Bengal 1013 

Podfly larvae 
and pupae found 

(no.) 

260 
229 
671 
452 
348 

3353 
151 
307 
597 

2543 
380 

Parasitized Dominant 
(%) parasite' 

9.6 E 
9.6 0 
7.7 E 

13.9 E 
6.9 E 

10.4 E 
12.6 E 
0.7 E 
1.0 

6.1 E 
3.7 E 

i, E = Euderus sp; 0 Ormyrus ap (equal numbers of Eurytoma sp, Ormyrus sp, and Antilstrophoplex sp were found in 
Rajasthan). 
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podfly adults but little or no control of larvas 
inside the pods. 

Biological Nitrogen Fixation 

Rhizobium Culture Collection 

We continued to fill requests from several coun-
tries for strains from our pigeonpea Rhizobuint 
culture collection. We have initiated studies on 
the specificity of the strains in relation to Ai'lo-
sia and Rhrtncihosia. genera that are closely 
related to Ca/anusand that may be useful in the 
breeding program. 

Rhizobium Inoculation 
Under Low Inputs 

In farmers' fields. Farmers' fields in the semi-
arid tropics are generally low in plant nutrients. 
Pigeonpea is grown under rainfed conditions 
with a minimum of inputs. Surveys have 

revealed that pigeonpea nodulates poorly under 
those conditions, so we conducted simple lhizo
biurn inoculation trials on five farmers' fields in 
Aurepalle village, 60 km south of Hyderabad, to 
see if inoculation alone would improve nodula
tion and nitrogen fixation. The farmers did the 
sowing under our supervision; otherwise the 
trials did not afft-.t the farmers' routine field 
operations. which were to grow pigeonpeas as an 
intercrop with sorghum or pearl millet. 

Thirty days after planting neither nodulation 
nor nitrogenase activity differed significantly 
between inoculated and noninoculated plant% 
(Table 6). Waterlogging and pests ruined three 
fields so yields were measured in only two fields. 
In these two fields yields were extremely low and 

there was no response to Rhizobium 
inoculation. 

In pesticide-free areas at ICRISAT. At ICRI-
SAT we maintain a pesticide-free, low-nutrient 
input area to simulate SAT farmers' field condi
tions. Simple inoculation experiments were laid 

'Fuble6. Effects of inoculation on nodulation and nitrogen-fixation in pigeonpea grown with low inputs on flv2 

farmers' fields in Aurepalle, A.P., India, rainy season 1981. 

I-armer Treatment 

A Inoculated 
Not inoculated 

B1 	 Inoculated 
Not inoculaed 

Inoculated 
Not inoculated 

I) Inoculated 
Not inoculated 

E Inoculated 
Not inoculated 

ND N t determined. 

30 days after sowing Al maturity 

Nitrogenase activity 
Total
 

Nodule Nodule pM C,114 produced.ihr Top dry Grain dry 

/plant dwt/ plant Per g dwt st /plant yield matter 
(no.) (mg) Per plant of nodules (nig) (kg/ ha) 

8.5 8.0 0.08 2.0 320 155 1023 
8.0 8.5 0.16 13.4 290 157 1088 

5.8 22.0 0.01 4.3 (40 0 315 
5.9 20.0 0.03 11.6 610 0 446 

12.3 7.5 0.72 83.0 270 N)" NID 
9.1 4.9 0.37 57.1 210 NI) ND 

4.0 3.0 0.09 22.5 460 NI) NI) 
4.0 1.7 0.04 18.1 400 NI) NI) 

6.0 4.0 0.04 24.8 620 NI) NI) 
4.0 1.8 0.01 4,8 620 NI) NI) 

C 
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Table 7. Effect of Rhizoblum Inoculation on nlitrogeMie actiVity, noduiAtlon, and plant dry matter 50 dais after 
planting, and final yields at maturity in pigeonrea grown at three low-input %iies,I(RISAT ('enter, 1981. 

50 days :drter planting 	 At maturity 

Nitrogrise activiI 

liM (.11'/ p M (' lg 
plant dry nodule 

Field Trcatmtnt per hr per hr 

Vertisol I 	 Inoculated 1.6 112 
Not incculated 1.4 68 

SE ± 0.44 16.6 

CVC(") 89 55 

Vertisol 2 	 Inoculated 2.4 112 
Not inoculated 2.6 97 

SE1 0.53 8.2 

CV (') 67 25 

Alfisol 	 Inoculated 12.8 159 
Not inoculated 13.7 171 

SE 1.93 12.0 

CV(' ) 46 23 

out on three fields in that area, two on Vertisols 
,tnrd one on Alfisol, to measure pigconpea's 
rcsponse to Rhi:oliimi iioculation. The initial 
population- was 104 to I0 rhi/obialp dry soil. 
Sam pls taken around 5(0 day after planting 
showed no response to inoculattion in nodula-
tiori, nitrogena,,e activity. or plant dry matter 
(I[able 7). 1he first ftish of poJs was completely 
(Iairnaled by Ihcliothi%arligcra; u,,im ,gewas 
less on s bscq uclitly formed pods. i'allen plant 
parts,, collected fottnightly until linal iharvest, 
were poolcd and xcighed. I)ata on fallen plant 
part%, final grain yield, and total dry matter 
showed no significant differences bccun inroc-
ulated and noninoculated plots ( Iable 7). 

'he I aC be several tewmns for tile lowmily 
yields ott farmers' fields relative to those in 
ICR ISAl ', pesticide-free arca. An intercrop of' 

pigconpea, like that on aitiler,' fields, genterally 
yields les,, than a sole r:rop, as grown on tle 

Nodule Top dry lI:len Total 

Nodule,/ dry wt/ matler/ plant Grain dry 
plant plant plant parts wt. matter 
(no.) (mg) (g) ........ (kg/ha) ........ 

5.2 13 4.8 2600 940 6550 
5.4 20 4.9 2550 680 5900 

1.3 3.1 0.17 132 105 230 

73 56 II is 34 13 

9.0 20 6.4 2670 680 5540 
8.5 30 6.6 2860 640 5940 

1.12 I0 0.23 III 61 223 

40 66 II 13 20 12 

16 80 4.0 1840 1050 4240 
18 83 3.8 160 920 3760 

1.8 10.4 0.28 116 53 246 

34 40 23 21 17 20 

ICRISAT farm. Only one fl sh of pod,, was 
colcted in tle farmers' lici!,,, while t hre 
flushes we recollected in our ficlds. ()ur soils, like 
theirs, werc low in nutlients, particulm y il 
available nitrogel aid plhslphous ([able 8). 
'Ihat lack ol response to inoculation mig;it !temn 
from lack of other nutrients necessary for rioot
lation. Nitrogcn fixatiot, is being examined in 
studies at Arcpalle and i( RISA I 

hesidual effect of pigconpea. IPigeonpea, 
grown as a sole crop, has a large benclicialcifect 
on the next crop (natie) (IRISA Annual 
Report 1981, pp 133-136). *ihi, has been atlrib
tited patrtly ti fallen lIf 1);rts. 1o exarnirie that 

hipotlies is, we maintained plots with fallen 
plant parts plowed in sItl alter hir cst and oth

,er, with fallen plant parts ieilnove(i ai d iS

carded. We shall plant maie on the plots next 
year. 
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Table 8. (hencal properties of the soii from two farmers fleld%and unsprayed areas at ICRISAI Center taken at 

beginning of the 1911I rainy season when inoculation trials were sown. 

F." 
(InI1ie% I otal 

FiIld pl cmi) N (1 ) 

At Aumcpa liel 
Fariner L 8.4 0.15 .049 

armler 'A' 8.6 0.15 .031 

2At ICRISA 
Vcrt,,,i I 8.0 0.17 .049 

Verltiol 2 8.2 0.19 .041 
.034AIliol 7.2 0.15 

1 . itst1i0-411 %ol proflie 
1 0- h4)15-til ,Noll prl¢ 

'1N for Measuring Nitrogen Fixation 

I)uririg the 1980 raiy 5c.itlfl. Ac CO(riucted a 

Ihld experimentnll COIlaordlaton Aith the Inter-
national Atomic [nciry Ajcncy. Vienna. to 


incasLC the liroy.cll IIiXcd by piconpca ,rown 

in an Altisollciiipaicd s\ith castor bt'iani(/ Ii t t
wulphttc 
<,M MI11111%laal, l liolfiinll .'lrop. N ,-fixdition ",,1% 

to IlLt Il ical+ltd b\ li I soi'lto~pe I'N dilution 

Ilicthold atil a lc. I %,%o pilconpcl ctl ill[s 


I,105n at) and 20 k, N ha c,tstoiir ban+at 

0, 20. an1d I(M) kM N ha applied as '1 N-Libeled
latl 
.iirVlIOienVIII sIulplatc. I h11iyh the ct'ro .crliii-


II~iuo! "ell. a prolollnrd diloight hirittlcd plycoli-


p)ct iiodilaLticiiand aet'lii dntichlclui tilsily i 

.is , ineasuric of nitroCli flalioiv (iliili anld 

ltill dry-mioler yiclds of both piyconpc.t and 


st(lor ei- low. sow (liiIll iol nmcanmlc N.,-


l)spitelixatioi, I the pool )'ilo55lh and vicldls 

t nimnllill 

i In)[ ei itMi illitit becaume I( s,lil el\c+ 


cLO',tir 10ppt'iisbe it p'ond gi Co11ro1 

fl :II ol 


tillid r ioi-ltil stss ailnd %t,prossh pr itil 


Niil.nIr "o Ihal (if plge ,rpeia 


Anoithei c pe rinelit Aillh i"N \k.1% ColiieiiLicd 
%c.ilmmi to illmll" N.-lixamitiniill the 19)81 ilnv ', 

by pif'CiiioCp. in d Vlelioml litlu anid tio as%es\ 


N,-taltion lost 1y)' pieiltipci to tile nod121-


cilil inlgtrsct. I?,t.dllua tuhItIaJ (I(RISA I 


Anniu.t Rcpot 1976;77 and 197H; 7')), We tiied 

()ryani. ()] sll's 

NII,-N N),-N carbotn avaiilabie 

(ppm) (ppm) (';) '' (ppm) 

8 2 0.34 4.0 
3 0.43 19.5 

10 3 0.40 2.5 
II 3 0.32 3.0 
14 2 0.23 3.0 

aldrin at 2 kga.i./ ha tocontrol the nodule-eating 

insect. Because ca,,tor is senitsi' to waterlo,

ging, sshich is asociatld willi \'crt isol iel(ds, we 

used a lny-diii.Itihi %olr cultivar (IS 

19747) it,, tih iiilixil' ctmittl ctii. I lie %oilN 
pbol ,,as labeled ,,ith 1'N-lahclCd .milmnlinh 

at 20 k, N'/ha i toth ,hldrin-treated 
;.11(1 C:ontrol phlt%, tl u 'd llilli cilb oltllalln' 

effect Ill tmttl lliiy, . d l d t a~ a dp~ x 

Ili)! prltltlion iva.ilrl' o hl imot t , c II"std 1.2 

g ha (it it (i Ifots S+hci i , N 55.1 alplicl. 
holINc Il plot% \'stic planted 

both iinscticide appilicitioiil1bal CIllccot 

iolilC dilligric ai iicltciCd iilllop).ii is" ,cliv

tViY d (r\-lllltt pitIldctiin ( t able 9), but 

lil(ei liC IIi.,ppt:.l~cd in) latel s'iiplill' . Io) 

olcteiiiine tol.,il N mid ION sc haisteld both 
' il \ 

:lop %t,lcats tOw '..,inc Inn.,'ig-eomript sas still 

al O Ih ite poilii 1 ai' bt s,11ii 1 lii had 

ilit ii elt 
Iht iolope-dilti il iitlilod ildicated thalt 

80.3; of tile u11iltrigeil in ic pdint tonp%( 665 kg
 

N l1,I) ,i.,,dCIlICd ilomi bohlo)y .iI llloycti tiXd

tioll in Ih ll i tl ie-tltC phil. ( I able 10). I lie
 

dCliJI( , i lhatt l l11iii1,tii ,' 11'%eli bhll
i 


the pileinpeddliiand orlihiiin cx l
lhii the 'tuIe
 

so lli(f %(ol ill thw s.liinz I,it"hll hut sorlh
 

plnobaly explhicd thetoillaslter btIela.uc it grew
 

mole iyitly than pl'lcoillpe ,Ind ltok uip more
 

http:btIela.uc
http:iilllop).ii
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Table 9. Effect of carbofuran and aldrin on insect-caused nodule damige and nitrogenase activity in 47-day-old 

pigeonpea plants grown on a Vertisol field at ICRISAT Center, rainy season 1981. 

Nitrogenase activity 

Nodule/ Nodules Nodule dry wt/ PM C2114! PM C2114/ Top dry 

plant damaged plant plant g dry nodules wt/ plant 

Treatment (no.) (%) (Ing) per hr per hr (g) 

8 19 33 4.6 129 3.6Carbofurank 
3.7Aldrin 16 40 39 4.1 100 

Control 15 63 24 1.8 68 3.0 

SE ± 2.7 7.2 7.3 1.5 17.9 0.12 

CV (i) 36 31 39 75 31 6 

So sorghum is not a suitable ity have been reported previously (ICRISATnitrogen and 1SN. 
nonfixing control for mtd-duration pigeonpea. Annual Report 1979/80). The distribution of 

Also aldrin adversely affected sorghum growth ureides in differcnt plant tissues has been studied 

and N uptake but did not significantlyaffect 15N to determine whether tissue analysis, which 

uptake. So N fixed by ptgeonpea ii: the pr,:sence would provide simple, noi,detructive sampling, 

of aldrin may be even further overestimated. could be used as an alternative to sap analysis, 

i1,Hxause we have no nonnodula'ing pigeonpea which destroys whole plants. We used the 

as a control, we are investigating techniques in approach on both well-nodulated plants and 

the field to ensure that both legume and refer- plants grown with nitrogen fertilizeradded, sam

encc crops explore the same volume of soil to piing the plants at 10-day intervals to 100 clays. 

which i 5N has been applied. Ureides were most abundant in the shoot tip but 

changes in their concentration there bore little 

Ure;des as a Measure relation to the tireides in the sap or to nodulation 

and N2-fixation.of Nitrcgen Fixation Chemical studies continue on the ie!ationship 

Ureides in pigeonpea xylem sap and their rela- of ureides to other nitrogen components in the 

tionships with nodulation and nitrogenase activ- sap. The possibility of using total reduced nitro-

Table 10. Effect of aldrin on yields, "SN uptake b) pigeonpca cv ( P-I and sorglun, and nitrogen-fixation by 
pgeonpea grown at i('ISAT (enter, rainy season 1981. 

'otal dry mattet N in dry matter IN atom excc,,s N,-fixation by 

(kg ha) (kg! ha) (') pigconpea 

Treatments 1)1)1 S2 '' S 1l'1 S (,' ,P kg/ ha 

Aldrin 5540 I 1600 78 67 .022 .2(X) 88.8 69 
Control 5620 17530 77 92 .021 .153 86.3 66 

SE 510 1860 4.5 10.3 .0051 .03(;6 3.0 3.9 

CV (US) 16 22 10 21 41 30 6 10 

t P' - 'igconpca at late podding.
 
2 S - sorghum (nonfixing control) at [till maturity.
 
i Pcrcntage ot nitrogen derived tron fixation.
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gen in the sap to measure N2-fixation is governed 
by the presence in the roots of nitrate reductase 
This is being studied in pot experiments usiag 
tSN fertilizer to deterni '.T'hcrnitrate is 
reduced in the root. 

Selecting Pigeonpea 
for Nitrogen Fixation 

Considerable effort has been directed to screen-
ing pigeonpea germplasm to identify lines with 
superior nodulation and nitrogen fixation. 

While lines differ, intraline variation has been 
particularly wide. The variation may stem from 
the considerable amount of outcrossi ng that 
occurs in this species. For this study we selected 
adanc('t biecders' lines of diiffcreat maturities 

that had bec i selfed two to four times. thcy v,crc 

prown in pot, and examined after 35 days, when 
Ncll and poorly nodulatcd plants were selected 
lot lurther sclling. Selection was based on a 
carcul nodule count before the plants were rc-

potted for sced production. Plant grown from 

thiis seed will be further selected, advanccd k 
.o2tiiig, and used in attempts to increase nodula-
tion and decrease plant-to-plant variability so 

evident in pigconpea,. 

Physical Environment 

Yield Potential 

Yields of medium-duration pigeonpea cultivars, 
which are adapted to peninsular India, generally 
average less than 1500 kg/ha and rarely exceed 

200 kg/ha at ICRISAT Center, ilatancherL. 
The plasticity of this group of cultivars appar
eitly keeps them from responding to increasing 
phant density (ICRISAT Annual Report 
1979/80, pp. 106-107). 

To determine the potential yield ot pigconpea 
grown with minimal stress iri Veitisol and 
Allisol, we uscd lie mediunin-maturity cultivars 
in large plots wili high fertili'er input, frequent 
irrigation, and intcnsise plant protcction. 

[he highest yield was 23(10 kg, ha for ICI-1-6 

on Vcrtisol (tahlc II). 'otal dry matter was 
similar on the t%%o soil types, but grain yielded 
more oii Vetisl, so harvest indicc, were higher 

on Vertisol. 
In a similar Ltie plot trial at our Nisar sta

tion, cally-imaturity pipgoipea cultisais yielded 
more in a shoiter time (Table 12) than the 
medin ni-maturity cultivars at ICRISAt Center 

('['able I I). 

lable I. (roim Ili duration, total (try matter, and icld of mediu-inalurily plgconpea cultivart in Vertikoi (V) and 

Alfisol (A) AithI high input%, I(RISAT ('enter, 1981. 

Crop growth 
Soil duration Iotal dry inatter (Clain yield 

( ulti'ar type (day%) (kgiha) (kg! han) 

I(T-I4) 	 V 2(X) 103,10f 460 2305± 20.8 
A 193 11130t 1128 1185t 43.1 

W11.-270 	 V 192 77161 272 1907t 28.9 

A 187 77531 578 1484f 61.1 

1C'1111-6 	 V 192 8799! 287 20151 44.8 

A 191 6896 854 1312±165.2 

C It 	 V 187 95691 353 1952t 37.8 

A 187 755hi 479) 1394 104.0 

lt)fV I 	 V 184 6999 i 151 1997! 43.6 

A 181 X760 1,39 1855± 53.3 
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may have contributed to the high growth
Table 12. Growth duration, total dry matter, and ture 

rates in the April and May plantings, while the
yield or extra-early pigeonpea cultivars grown with 
high inputs, I('RISAT station, lissar, India, 1981. greatly reduced growth in the winter season may 

have stemmed mainly from low temperatures. 
Crop "otG Plants sown in June, for example, had a growth 

growth dry Grain rate six times higher than plants sown in 
duration maktter yield November. Mean solar radiation throughout the 

('uhiv'ar Iabit (days) (kg!/ha) (kg/ha) growing season was less in the June sowing 

I('PI.-81 N1)l 115 8365 2231 (owing to cloudy weather), but the mean temper
IClI-I Ni)T 136 8658 2670 ature was 60C and the minimum temperature 
Ul'AS 1210 NlI 150 I 1881 22( was 9.50C higher than in the November sowing. 
I(P1..87 D)1 143 11673 34119 We are carrying out further studies of tempera1(''1-267 I)1 9X Nit 20)47 ture effects on vegetative and reproductive
I('II.- 171) I) 1 .grow 99 . . Nit 146 g w 

.	 ....... th.
 

i 	 NI) I iijdetcr[iiiniI' 1 )1 determinate. 

NiR ti r1iordted. 

, 	 600 Solar radiation 
T 550-

Iligher yi',Ids at Ilissarthanat Patancheru are - 500 
of considerahle interest. During the monsoon fo2 450 
season. I une to September, mean temperature is 5 40"0 

about 51(' higher at Ilissar than at llatancheru. :.50-

And ; :Yculti'. ,isat Ilissar mature before cold 
'intel xCather, %%iile medium-maturing culti- .. , Ttinperoture a 

a,,jit Iatancheru ma irc during Novnember " - . .. 

an ')ccIher. So a major reason for higher25 - Mean 
vicli, at Ilissar may be the plants developing 20 -1 

i1del \xiri er teilllpC latilles. < c 15 -. o T , , , , , , , , , , 

Climttc anti Growth 

Crop growth rate
I o exanif. the ecllcts of temperature and other 

en , ilonmental liutor, oil crop growth rates, we , .Pw 
,'5MCcd four cultisr, of pigconpca, UPAS 120 .= 6 

c\trlil calkv), I 21 (earlv)," C II % 4• "2 (nledium), and 
Nl'(W! )- IS (atte) at monthly interva, front 

April to Ichruarv at ICRISA' ('enter. ]he 
phntots "Cie imripated ficlucntly to mfiniinli/c2 

(11tl1,111t stres and Crop gr til at e was detel- I --- -i 

Irined o\l tile" firt 50 (lays altcl seedillgilling Apr ,Junri Aug Oct Doc Feb 

tl C xc'tclathxc phase. 'igure 5. Mean groisth rates of 4 pigeonpea cultivars 

(i osih [ates of cult sam s (hf feted signifi the irst 50 da)s after sovshig, with different dates of 

ca rutlly, xx h cx IJI'A. 120 tile shl set. All crilti- planting, I('IISA'l (*enter, 1981/82. Average solar 

va,. h(os CxCl' , hocd sililar reslpoes to radialion; maxinium, mean, and minimum tempera
,

so,' ilg,(lahi , itli I lost yi owth in April and May tures for Ihe same 50-day Ieriod%are shown. (Mean 

plattings,. mnleast in N oxcnie an(I )ecemtber etmperattres repreent the means at hourly Intervals 
(IiBot.lhti solar radiation and lhigh iclpera- each (day). 
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Effects of Soil Cracking 

Last year we reported second harvest yields of 
pigeonpea consistently higher in Alfisols than in 
Vertisols even though Vertisols' water-holding 
capacity is greater (ICRISAT Annual Report 
1981, p. 138). Vertisols characteristically 
develop deep cracks as the postrainy season 
advances. The cracks increase evaporative water 
losses from the soil and damage roots as the soil 
pulls apart. The cracking may reduce yields of 
both the second harvest and the first harvest of 
the rainy-season crop, which normally sets seed 
at ICRISAT Center well after the rains cease. 

Different land management practices, like 
broadbeds, ridges and furrows and flat planting, 
have different influences on how cracks develop. 

First harvest 

Second harvest 

, 7000 2800-
_were 

0 6000 ISE 2400 / S, 

M-side 
o 5000 2000-

~ISE 
C 

Ca 4000- . i6no-

C:3000- " 20 0 -lPigeonrea 

-QVertisols 

2000 - 800-

1o00- 400 

C (3 1 --
E C W . C w 

Figure 6. Total dry weight, and yie!ds of first and 
second harveti of pigeonpea cv C II in cost (E) 
central (C) and west (W) rows oij broadbeds on a 
Vert, ol at 1(1ISAT Center, 1981/82. 

In the broadbed system, cracks predominantly 
develop from wheel pressure of the bullock
drawn Tropicultor in the furrow. To test the 
effect of soil cracking on yield, we sowed three 
rows of pigeonpea 50 cm apart on broadbeds 
running north and south, so we had a row in the 
middle of the bed and an eastern and a western 
row on the outside of the bed. The two outside 
rows were closer to the cracks that developed in 
the furrows so we expected them to yield less. 

As expected, grain yield and total dry matter 
in both the first and second harvests were signifi
cantly higher in the central row than in border 
rows(Fig.6). Mulchesinthefurrowstoreduceor 
stop evaporative loss of water had no significant 
effect.
 

A curious feature of our results was that the 
eastern rows yielded significantly more than the 
western rows. Last year we found a similar dif
ference from c'ist and west rows on the sides of 
north-south 75-rm ridges. Since cracking inten
sity is similar in each furrow, yield differences 
may have resulted from asymmetrical root 
growth, perhaps as a consequence of the south
west monsoon winds prevailing while the plants 

young. An east-west asymmetry of the root 
system would mean that roots on the east side 
would be damaged less than roots on the west 

of each bed or ridge. We are investigating 
that possibility. 

A Perennial Pigeonpea 

Cropping System 
as a postrainy-scason crop on deep 

is now well established in areas where 

tempeatures are high enough for good growth. 
We have tried a cropping method that extends 
the cropping time of postrainy-season pigeon
peas to three crops (Fig.7). The normal 

postrainy-season crop, seeded in September or 
October, is harvested by ratooning in late Febru
ary or March. [he ratooned plants remain in the 

field and, because of their deep root system and 
perennial nature, most surviNe. With the onset of 
monsoon rains they quickly establish a full can
opy, so tile second crop develops w',h no addi
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Table 13. Three-harvest yields of pi-eonpea cv ICP-1-6 planted 11 November 1980 at Sangareddy, A.P., India. 

Seed yield (kg/ha) 

First harvest Second harvest Third harvest 
Method of first harvest 26.3.1981 19.12.1981 a 6.4.1982 Total 

Pod picking (nonratooned) 352 1449 131 1932 
Ratouning at 30 cm plant 400 1437 110 1947 

height 
Ratooning at 10 cm plant 423 1214 113 1750 

height 

SE ± 33.0 101.0 11.8 

Mean 390 1370 120 1880
 

CV (C4) 16.8 15.0 27.0 

a. larvc~ted at 150 cm plant height. 

tional expenses for land preparation or planting mosaic tolerant, we demonstrated that the sys
and it can be harvested in December. After a tem is feasible. A cultivar with resistance or tol
third harvest from the same plants in March or erance to both of those diseases appears essential 
April, the crop is removed. This triple-harvest for the system to succeed. On earlier attempts 
system has a great potential for the extensive with a susceptible cultivar we lost the third crop 
Vertisol areas in India, which normally are ieft before harvest. First yields of the postrainy
fallow during the rainy season, season crop this year were low (390 kg/ha) 
By planting a postrainy-season crop with cv (Table 13) probably because it was planted in 

IC1P-l-6 that is both wilt-resistant and sterility November instead of September orOctober. But 

It It
 

I Normal crops 10 

tl H 
I Postrainy season crops I 

Isystem IPerennial cropping 

Rainy season Rainy season 

I I I I I I I I I I I I I i I I I I i i I I I 

June Sept Dec Mar Juno Sept Dec Mar 

Figure 7. Diagrammatic representation of the perennial pigeonpea cropping system starting in the postrainy 
season, compared with the normal and postrainy season annual cropping systems with medium maturity cultivars. 
II =harvest time. 
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the yield the following December was 1370 planting may be why ICP1,-142 used the wider 

kg/ha, which is comparable to that of a crop spacing more effectively than the other shorter, 

planted at the beginning of the rainy season. The more upright lines. All the lines in the July plant

yield of the third ratoon crop, harvested in April. ing yielded best at high population densities, 

was low (120 kg/ha), but again comparable to which indicates that many cultivars may con

the second harvest normall 'obtained from a tinue to give increased yields when seeded at 
more than a million plants per hectare. Variousrainy-season crop on Vertisol (ICRISAT 

Annual Report 1981, p. 138). Besides the seed cultivars seeded densely, however. may iespond 

yield. substantial quantities of firewood were differently to planting date. 

produced, and fallen leaves returned about 40 
kg ha of nitrogen to the soil. We are further 

Grain and Food Quality
examining the system. 

Planting Date and Population Cooking Quality 

Our experience has been that early-maturity The cooking qualities of 18 pigeonpea cultivars, 

genotypes respond to higher-than-normal seed- each grown during both the rainy and postrainy 

iug rates (ICRISAI Annual Report 1977,78. season of 1981!82 at ICRISAT ('enter. NNcrL 

lable 52, p.100). So %c used two determinate evaluated. Analysis ofthe (ata ind icated that the 

adanced lines. 1(I.1-267 and ICPI.-87. and same cultiiar grown during the postrainyseason 

t.o indeterminate ones, ICIl.-8I and I('1T1- rcquircs longer to cook than vhen gioown during 

142, at Ilisar. sown 26 .lune and 21 .uly 1981. at the rainy scason. Organoleptic qtalitics such as 

SX population densitics ranging trom 5.5 to 133 color, taste, flavor, and textuic wkcr evaluated 

plants m Ihe .)une planting pave higher yiel on cooked dhal ,anplcs hy fisc tatc panclists. 

at all the %ix populations than the Jluly planting None ot thoc factors diflflcd si, nificanlly 

(Iable 14). lie den cst populations gave the among the 18cultlivai%yrown in cithcrseamn. In 

liglst icls in June ptntli.,,s except that 6 of the 18 cijltiv;irs, red or wrhite tesa had no 

Ill'1 -142. an indeterminate l:ie. yielded best at bearing on organolcptic qualitic, of dhal sam

22 plants m. [ he profuse growth of the June pies (iable 15), Axhich diters from our village

"1able 14. l.ffect%of date of planting and plant population on yield (kg/ha) of four experinnItaI early plgeonpca 
line-.. %ea.on 1981.I(IISAT Station. Ilissar. rain) 

illP-26,7 ITI-7 IT1. RI( -142 Ni'an 

\,pa rtlg Ioptit .I .. -

ln) Iplilnt. in') 26, .h11c 21 1ti) 26 .une1 26 ii. Zr ltu'. 21 JI16 26 tijic 21 liul 21, tnmc 21 ll) 

0 s 2 5 t33 t960 223) 27. 2210 t29 1990 17(o) t Ski 2 1S 2() 

10 s 5 ('6 1720 2210) 2))) I').A 2t610 2170 21N4) 1690 22170 2ikH) 

10 I0 33 1690 17(1M 2640 1920 270 1960) 2t1 l 160 2270 tI,0I 

30 It 2) 1t620 :87) 24)) 1970 24.1J) t I)10 229)) 1t1) 22(x 1820 

31) 30 
10) x 00 

II 
5.5 

12)) 
9 1) 

t 5) 
144) 

2410 1790 
11)10 I5)1 

2100 
7(9) 

17501 
1560 

2100 
2011 

6O 
I160 

195 
1140 

1090 
1470 

Mevin 1520 1860 24(4) 1 91 2190 I170 20)O 1NN) 

S1 I'of popult o nn ullhllltljtl .I IX 

Iof cultinnii 
/'of planimyln 

thi w rlrn 
(title ih~lj 

l,d ir 54 
ctlltl\mt 74 
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Table 15. Organoleptic qualities' of cooked dhal sampeles prepared from pigeonpea cultivars with Indicated testo 
color. 

Ge neralTcsta 

Texture acceptabilitycolor 	 Cultivar Color Taste Flavor 

Red 	 No. 148 2.8 2.8 3.0 3.0 3.0 

C II 3.0 2.4 2.2 2.M 2.4 

BH)N I 3.0 2.4 2.8 2.2 2.4 

White 	 ily 8 2.2 2.2 2.6 2.6 2.4 

BDN 2 3.0 2.6 3.0 3.0 3.0 

GS-2 3.0 2.4 2.8 2.2 2.4 

Mean 2 8 2.4 2. "? 2.6 2.0 

i( tlll.13; 2; poor of 2 irph *ctc. h> 5 pant' intwi-%fair -I. N'.rapc 

level survey where coniniirs pieferecd led 

pilCoipva) to lite one',. 

o exaIllifnC further the cookin-tiuiality %a i., 

hility iliorig pigeoilpet lineh. \,c alalllyled 1,10 

yi~tfniplainl ucc', Iri for cookinlg time. koiltcr 

iilliiifinl-.rerccritaye tI1%ohlilld; pcri'cd. 	anid 

iltilon-firco l iet ( ok'il' lim' 1i11cl 

Iromii IX to (A) llilllutes kith i iiciin (il25 3. 

Micio'1oploic t\;aili111;iilo) of ,taILch iiiikiilts 

ilolil onvct.t :C' c.',iitiiit i l hi\\ I 1iii), 

iitIedinil (3 1111n), and 11i, (60I 11u11)t iit 

tilic itiic.thd Ihat li/C,iit %1i,11)c ot ,.lltih yi a

riksl¢- had no 1 l.iti ui till) c ooking little. 

Ntilhcr did cookinili'11c" (filiter "iuI, btmeei0 

,1Ih1,li )ICeliifwa #\ ( ;Iaidile flioill I kcpIt iII ii 

p, .l,ctt e coll;llicf' \tilh .i1in11 01 6ticidt7-

liiloplrg,i.itl %rip and ,tored 12 month%, and 

uicd the slandali/cd rapid colorimctric 
method" lot c tiri;rtiip, inctlhiotiiIc ;iii(t lio'pto

phaiun to an;iive dlc;ittcd dlal %.;niple. lie 034 

;it't:oi ;llM;ily/cd floinctliliiil rined from 

0,70 to 1.45, sih ,iIeiin of 1.03 j!16 1!N,and 

40( ACCC%\IOtI a;iycd f(otivptoithlin lrancd 

from 1.53 to 1.11 \,ilh ,i iml;in (it075 j 16 N. 

In conjunction \%ila ouir iccel, \%e deter

miniid plotlin tlici:t of 3t \il phl-plant %eec

lions, ini tile!, lieliit lln I hey (.ile Iloll 

cro', ,eh, tctxsceri in,A-2 pipeolipei and two 

h 

line% %%landarcladapled cutliiar at ( I SAI ('en
lable 16. (Cmnjlarkoii I)(high pliotin plgeonpa 

r AsoiuIr, [iII) 1981. 
Ilicueii( ),
 

(11h.1l frChly )rpared Il ull ,;ailiileVi'cci-rcc . l..uulloh-Necd 


stay ricrihs 


W e foullIII e fer 

lor'c the %.iiloe (or 12 

ntol Ica.I-t.ut ofifit Ir-7 ;, i 
C %ix pilyeoipri 

%,I[% elofn in it) Carl'-. elghtloI irliotiIl-. aid 

eiht to litnilltiiirlt groips, sth1cli L.onfirmll, 

our r ljlcrohcialitotlS% And cooking-quaity 

kiiah.v s iwi se es, iitAled cilli-

lit) 

(1tiin ICrlIl ,of flisply oolpea ciullial. each 

fi.lo~ui orf. both Vctlisols and Alliol,. ,crc 

si1imilarI19 

y
Prt iln Q u ai tl 

1358 brding lines wc ana-

lyIcd iali 5,5 to 25.2.' . In addition, wc 
iromiti cointcnt Iof 

er ftimI 

pail irplayc 

. -) 
.129(-A 

7f17:1 , RoAt-t (all 

7. ,444.O(. 
I(4 


.44 -70-

-12-9(4 
-


•-11040 

76,175 -M(2(0 t 1)
-... .. 


IlA i 

Pdcirr ir,ililt 
I 	 PlantrA it ,2. 

2 I uiiriard ,,ctihat t,,d. 

I 	 oil 

3?kI 
1? I 

11 	3 
II 
I 0 


3 7 
107 
10 6 
100€ 

5i5 

.
 

(Uhei.(('-I I) 

21.3 
21.3 
21.4 
21.7 
226 
21.7 
21.4 
226
211. 

21.4 ...... 

, iih .4 ill antilot 

clIi~rli ijcc, 

.. ...... .......... 




Grain and Food Quali Oy 155 

high-protein At.lsia spp---A. s'arahaeoides Antinutritional Factors 
and A. alhicans. Nearly 300 of the 338 selections 
had at least 25% protein and 18 had more than To assay trypsin and chymotrypsin inhibitor 
30(' protein- 10 with tie highest protein are activities in cooked dhal samples of 18 pigeon
reported in Table 16. After evaluating theiragro- pea cultivars, we cooked the samples in a pres
nomic performances, we shall use the best ones sure cooker 15 minutes, then freeze-dried the 
as patents in future crosses. samples with their broth. Cooking destroyed 

I his year our breeders made 30 crosses involv- more trypsin inhibitor activity than chymotryp
ing three high-protein and three low-protein par- sin inhibitor activity (Table 18), but values var-
Cuts to study the inheritance of protein levels. ied widely among the cultivars. In no instance 
Reciprocal crosses were made to identify possi- were the inhibito, , completely destroyed by 
ble maternal effects, cooking, but cookin, greatly reduced the extrac-

I o determine the effect,, of environment on tability of the inhibitors. 
protein content, %%,edetermined lc\ves in early- The cooking process tended to increase in 
adli ed nriur-rratut ing pigeonpea lines planted vitro protein digestibility of all the samples. 
ild1 Iecut locations in India. lonIrogericity of Values from cooked samples are compared 
err!or %;r illcel idicated that the data sets from with values fron uncooked samples in Table 18. 
difcfrnt loc,rtions of the [ACI. AC(I-I. and 
AC 1-2 trills corld be pooled. Location effects 
s crc ,i)f!rica nt ft tire solt-w;e I[AU I irid Vegetable Pigeonpcas 
A(I -1 nI l.,hut not for tile nIedwirr-rnattrring 
.,A(I-2 rlal. (Gcrbot\pe diicrIcCs a(nd irterac- We compared the nutritional compositions of 
ltin hcr'leel ycrlolpe" arnd locations %Cie immatuic %egetable pigeonpea seeds and gar
hir'hlk rpJ,ric~rrrt III all three triall. I he rcarr deripas. lotal soluble sugars inI general, arnd 
p1 olcili percltarL.ps for dfmcll't locations, are SUCroe iII patlicular, %keeconsiderably higher 
r-Ilmtlcd in Ioblc 17. il g.arderipeas than ii pigcorpeas., while the 

I -,be 17. '%lu Iirohin pIcrrdnlage uf pfig(rolnea trrtries in I.A( I. A 1-I, mind A(I-2 Itrvnr all?ldicaled 
Iotaliorr in India dre rairs s .llillig 198(1-81 ,r 

I ( I A('I-I /W 1-2 

I ' l I lc',tl(IllN I (1,-jit ( s 

( Ull\= Ihik rh~lit %.\,a.h % i. N,\. { ( uIti\.tr hmll,w , C ii= . 'y. Kanrpur% IK\dN ul'( (,.1, % (KNirar1 4 

( Il1-I 1) , I6 S I') 5 Il)N-1 2(0 S 21)4 11)N'2 18 ) 20 2 19.7 
1(Illt 81 1)x It,S 21 1 lI 219 1 9 I( 1I -227 IS K1 18.1 

'r  
I( 1-),, I X 6 It, N 220 S-S 21 111) 24) (11SP 1),4 18 0 17.9 
It I'l X7 200 108 19 1 21 21 20 2 IHPI -12 191 194 19.6 
Il1 7h,.2 :14 I18S 21(0 4-8- 20S 20 I('II-2 1) 7 21 () 2(.4 
I( I S 22 1f')1) 22 5 II\S 208 19()I ( 111-5 17.9 17,9 19.6 

117 199 18 4 21 0 ( I'l-h 21(1 1199 I('l .192 189) 199 20.1 
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111 7h.1 209 17 H 20) I)1.74-1 21 1 21 2 
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(I('1, 2(1I 18 2 

0I4 0 22 04(1 0201 (1 0.24 0.58 0.30(14? '.1 


(V 1 6 22 .1 19 '15 2.5 6(0 3.0 

http:uIti\.tr
http:percltarL.ps


156 Pigeonpea 

Table 18. Effect of 15-min pressure cooking on trypsin and chymotrypsin Inhibitors and in vitro protein 

digestibility of dhal samples prepared from 18 pigeonpea cultivars. 

Constituent 

Protease inhibitors' 
Trypsin inhibitor activity (TIA)' 

Chymotrypsin inhibitor activity 
(CIA)' 

In vitro protein digestibility (IVPD)2 

i Units inhibited per mg meal. 
2 Digestible nitrogen %. 

Uncooked Cooked 

Range Mean SE Range Mean SE 

5.4-12.2 9.9 ±0.4 0.5-2.0 1.1 :±0.1 

1.7-3.0 2.6 :t0.1 0.1-0.3 0.2 ±0.02 

52.5-56.5 55.1 ±0.4 59.4-83.4 77.1 ±0.6 

flatulence-causing sugars (raffinose and sta-

chyose) were higher in vegetable pigeonpeas. 
The organoleptic qualities of freshly harvested 

cooked vegetable pigeonpeasuncooked and 
from green and purple pods were evaluated by 
atn eight-member taste panel. The overa!l accep

tability of uncooked pigeonpeas from green 

pods was better than from purple pods. But 

cooking erased the differences, which indicates 

that cooking improves the acceptability of pur

pie vegetable pigeonpeas. 

Milling Quality 

Using a barley pearler fitted with a wooden 

instead ofacarborundum wheel, we investigated 

The milling quality of ten pigeonpea cultivars.1Table 19. 

Yield of indicated fractions (%) 

BrokenI00-seed wt Dehusked 
(%) D)hal grains Husk

('ultivar (g) 

9.4 ,6.7 75.4 9.0 12.3
C II 

10.9
Ilahar 12.9 91.5 79.1 8.9 

10.910I-227 10.0 90.2 53.8 25.6 
10.0 8.61.7 11.8 89.7 71.1 

8.5 89.4 63.6 13.4 12.5(%%alior-3 
10.08.6 77.2 55.6 11.2liv 4 

7.3 11.27.2 7I.5 52.9NI'(WI)-15 
I('I. 6.8 69.4 48.9 11.3 9.1 

2 7.4 65.9 54.2 3.4 8.6
ltl)N 

6.5 60.0 43.2 8.9 10.8
L.RG-30 

10.58.9 80.1 59.8 10.9Mean 

SF 0.68 4.07 3.77 1.84 0.44 

16 20 53CV (%) 24 13 

I Average of 3determination%. 
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the milling quality of 10 pigeonpea cultivars. Because of the added benefits of yield from 

Dehusking percentages ranged from 60.0 for the intercropping, reduced weed competition, and 

cultivar LRG-30 to 96.7 for the cultivar C II increased wood yield, more farmers are sowing 
April early pigeonpeas and such early(Table 19). Dhal yield was 43.2% for LRG-30 in 

and 75.4% for C 11. Two other milling fractions, maturing pulse crops as summer mung (Vigna 

broken grains and husk, ranged from 3.4% to radiata). We are continuing our research to iden

25.6% and 8.6% to 12.5(,, respectively, for the 10 tify pigeonpea cultivars suited to that cropping 

cultivars tested. Dehusking percentages of 60 procedure by testing much of our breeding mate

germplasm accessions evaluated for milling rial at our Hissar station at more than one plant

quality ranged from 43.3 to 97.2. ing date. 
In much of northwestern India pigeonpeas are 

generally not affected by such diseases as wilt,
Chemical Analyses of 

sterility mosaic, and phytophthora blight, which 
Podfly-tolerant Cultivars 

are prevalent in most of India. But cultivation of 

In collaboration with entomologists we esti- early-maturing pigeonpeas is being increasingly 

mated total nitrogen, soluble nitrogen, soluble extended into areas of India where those diseases 

sugars, and total polyphenolic compounds in are prevalent. Additionally, whenever pigeon

leaf and stem tissues of 12 cultivars from low- or peas are grown they may be attacked by insects, 

high-podfly incidence groups. Two replicates of particularly Ifeliothis pod borer and podfly; so 

each cultivar were grown in a randomited-block we are attempting to identify at ICRISAT Cen

design on a Vertisol at ICR ISAT Center. Plant ter, I'atancheru, early-mnaturing lines that resist 

samples obtained from the vegetative and flow- sterility mosaic, phytophthora blight, and wilt 

ering stages were analyted. The same constitu- and are less susceptible to pod borers and 

ents were determined in seed and pod wall tissues podflies. 
About half of the 120 crosses made at Ilissarof tender pods. Statistical analysis of the data 

incorporate diseaseindicated that no chemical constituent analyzed 	 in 1982 were intended to 
resistance in early-maturing backgrounds. Indiffered significantly between the two groups. 
addition, we screened 454 advanced lines at 
ICRISAI ('enter, Patancheru for resistance to 
sterility mosaic, wilt, and phytophthora blight. 

Plant Improvement Besides the lines reported in the 1981 ICRI-
SAT Annual Report, we identified others in 

1981 with promiing yields and seed size that
Extra-early and 
Early-maturity Pi-,onpea matured in less than I0M days (lable 20). They 

r can provide farmers more time to prepare their 

I he aiea !.own to early-maturity pigeonpeas fields for wheat, or they can be used where 

increased %ubstatit aly in nrfilhwcstcrn India delayed seeding of pigeonpca is necessary. Their 

again this year. [lie malin equirenent of that Colmpaiatively ,liolt stature (about 150 cm) 

alea continues Iobe a pigconpea that matures make%diem easy to inliage and spray. 

earlN' enough to be hirvestcd in tiic to allow 
tinCly %eedingof wiinter wheat. Wheat cultivar, Medim-maturity Pigeonpeta 
can h sown well into )eccnbcr but faiii sw%ill 

not tolerate the rialked yield reduction from I h icediurnlmiIaturing pi, eonpea types are 

sowing wheat late. 'Iherefore work at our I Si.sar adapted to SAT arcas with enough rainfall for a 

station is aimied at producing still earlier- crop to grow 150 to 170 days without heavy 

lmalnll i cultiva s to be sown il intne or July drought Stress. Such pigcoripea', aic usually 

aid yield as well otr be'tcr thai the early- grown asan intercr')p. For optilnu nyicds, they 

liilituril i culIivans now ,ed. inust withstand alacks by wilt, sterility nmosaic, 
, 
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Table 20. Performance of some promising plgeonpea lines maturing in less than 100 days at the ICRISAT station, 
lissar, India, rainy season 1981. 

Days to 
Lines flower 

ICPL-316 56 
ICPL-313 55 
Comp. I ODT-I17-11B 54 
Prabhat (Control) 74 

SE t 0.7 

CV (%) 1.9 

and pod borers. Phytophthora blight and podfly 
may also reduce yields considerably. 

In our 1981/82crossingprogramat ICRISAT 
Ccter. we made 581 crosses designed to pro-
duce mtdium-maturity, high-yielding pigeonpea 
lines with insect and disease resistance and 
acceptable grain quality. Several meditm-
maturity, advanced lines derived from single, 
triple, and double crosses performed well during 
the 1981 rainy season, outyielding the standard 
control cultivais (Table 21). We are testing most 
,tf those lines during the 1982 rainy season at 
several locations, in India and elsewhere, as part 
of the Medium Maturity I'igeoripea Adaptation 
Yield Trial (MIPAY). 

Llc-mnaturily Pigeonpea 

We continued breeding late-maturity pigeonliea 
during 1981 .t our Gwaiior station where 
extrcmely high variatility stemmed from poor 
growth in certain areas of the field )espite the 
var;ability, we ide nt ified certain lines with prom-
ise, I hey are being Itcted at several locations in 
the [-ate Maturrty i'igeonpea Adaptation Yield 
'Irial (I.PAY). I('I.-31 1, which pcrfortned well 
in tire AC1-3 (if tie All 'idia Coordinated Pulc 
linprovenent I'rojct. is bcirig tes'ed again in the 
M' -3, along with I('li -310. 

In 1981 we also idenilid several piornising 
short-statulird, late-naturity lines whose perfor-
malice we are evaluating this year. 

100-seed
 
Days to weight Yield
 
mature (g) (kg/ha)
 

97 8.8 2510 
99 7.6 2450 
90 7.7 2430 

118 6.1 2320 

6.3 0.21 108 

9.8 4.5 

Line Development 

We continued to purify and maintain varieties 
and elite lines. We evaluated 34 inbred lines of 
IC1-0982-4, along with its open-pollinated bulk 
and C 11, in a rtplicated yield test. ICP-6982-- is 
aI line that has performed well when intercr opped 
with sorghum. Of the inbred lines five signifi
,alItly outyielded the open-polIinated bulk. One 
line, IC P1-304 from the cross (1 21 x ICI)- 102) 
x (ICI'-4726 x ICi'-6986), was promising on the 
basis of good peifornrance tlie past 3 years. It 
was etitered in tile 1982 ACT-2. 

ilybrids 

New hybrids. This yea- we are producing
enough seed at ICRISA Center of ICPIt-8. 

-(the early-maturity hybrid MS-iPralbhat x ICPI. 
161) that yielded 3900 kg/lha in our trials at 
Ii issar in 1981 (ICRISAT Annual Report 1081), 
to enter it in the [AC lof the AIL'l1'duringthe 
1983 rainy season. We ic also producing alarge 
quantity of se!J of the hybrid ('1l11-2 %o it can 
be te,,ted in the national riini-kit trials (prere
lease on-faril trial.) in 1983. 

Ising the diver sity of ycniotypic backgrournds 
into which we have pill lie rnilc-sterile character 
(ICRISAT Annua! Report 1981). we produced 
several new lybiiid-; for exaplle, 57 carly
maturity hybrids iiniry, NI5-lra bhiat and MS-I. 
21. Next ycai we will have enough seed totcst 15 

8.8 
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Table 21. Performance of indicated, medium
maturity advanced pigeonpea lines grown in several 
trials at I('RISAT ('enter, rainy season 1981. 

" 
100-

'""Il)a)Ns .ccl h- '(I 

to 50, %cight Yield 
Trial Pedigree floering (g) (kp. hit) 

ICPI.-296 95 8.6 1650
 
IIy 4 t(ontol) 97 11.6 -)60
 

SI ± 0.9 0.17 132
 
C'V V4i 2 3.7 16 r 

2 II'I.-272 131 9.7 2220 
CI I (Control) 133 9.5 1760
 

S I: H)1. 0.21 72
 

CV (2) 4 4.4 10 
128 22M( I t,10 % v % froll1 CI'I-318 10 .0 (ol l11,I 11) d"+I14 p ll anit toI-ell, 

IC '1L-319 121 11 0 21IXO hilbrul%to i m +,t141 Iltl// lt ierO-K 'llolifin h~a(A

v+ 1%~t lIID)N I (Co ntro l) 127 10 7 1940(1 md han~ S4,1111 

St. (t ; 141.0 0.21 120 
of the 57 nes, hryb ids in a replicated yield test at 

4 I(1II -321 138 7.9) 2,42( oir Ilissar station. J h remaining 42 are being 

I(I.-322 136 71 2150 yros n in an unleplicatcd yield fltli,Ctlat Ilisar. 

IlIlI-32t1 133 8 4 2341) Using other inalcial foton oti flcrlv cons cred 

C II (Cointol) 13 10 3 2190) mlale-sterile hiC%. %%Cpiducced 19 rnelinl-
SI: t 1.7 1.I1 114 m;itUrity hhrid, of tsso Ipes: idiirn- x 
CV (t) 0.9 35 10 rndiiu-nilattrl[0v and cal Ik- x latc-niituiity par

5 ICI -324 ' 1410 74 I l) int. We aI tCtirIglalla 1 thcm (lrlin this, rainy 

season t IRISA I Centel.1(l'11-32 " 139 7 1 1751) 

C II (Control) 134 9 X 169 ) oO 
1 0.14 132 Mal-sterile crnicrion. In ialc-,leritc0.6 4ur 

( ) 0V0.7 36 17 concioin progratn \c completed lour back
crosscs onto ci'hlt dis\re.c chic lines, ('C-102. 

6 73M,4.134i1- 134 93 2150 -37H3, -706. -7105. -7118. -7121. II)N I, and 

VIINI)l 1-4- NI t (WR )-I5. i1 addiiolln olIt1O ti\C rCported I;ist 
VINI)I4-1i \car (IRISAI Annuail Repolt 1981) 1tie 

C II ( introl) It 6 Oollilt h , I-s lo -is lines %%etc130 W bfoulrtr lilt cilit 
SI 20 (0) I( 17 .ol l til s ill r 'di s to mIlie t"hc iiI hack
(V ( I 1 4) 1, c.s' uin t helpii iilate recipint parent ais 

7 730701i~ 1A tile ll Ih age1136 94 icil aoid picoih- (1illpeof a 
( iglr" ,tplisn in al the lts 

C II t(iirol) Ill 104 19410
 

%I I 1 0 11 140 i1ol)tthilthtltI iec qlopItnr
 
'V 2 11 5 5 13 
 We iniill 1 nil%-reile polUlalioris this 

Irct,r,ih, ,ItrI(( I' , .'2 1, 5ril. After thu - ,eirilitioris of Int irrlating WC 
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will select within then using mass, half-sib, and 
SI family population-inpiovenient techniques. 
We will derive improved inbred lines from these 
populations and release them to cooperators for 
further selection. lhe selection goals include sta-
ble high yield in both late-and irediun-niaturity 
classes, with rnd without inscot control. Fach 
population carrif: rcs;ir:tance to the major 
pigeonpea diseases; otherwise the parentage of 
each population is determined by its selection 
goal. 

Natural Outcro'sing 

Io Ctirlrae tle nintelnded otltcro',ing pe i-

re on LcosereCd t1locrs tier hand pollina-

ttns, we m'de crte ',t 1,twsemi green x green 

steor railu,,'and obtue: .xobtume leal markets 

As Ihese .!r bilth rces,sis, marker, any out-

ctrs %%fllh adj.iccirt nrormal plints gie normnal 

,crlhlr ,s of 1111( '.,,,a 10.7I lie pcrtenutag'7 ro 

frotm 'IVCI_\ pcellland 5.4 Irillohlutlc \ ohbtire 

I lie re"11Sulssr a higjher perIkerntage Ml falriri 


pl lC1rtt1r tho" let nreld I;1, s. .1t .%cld ily e', I
 
atilt non ss. It r takill". Clo-', \%ithilr plotlectillg
 

the mascrfared flrusl 

I/apid (;citereti Turnover 

)ur .rin)[10\ to d.l..' oratrrl onlm,orre gencra-

itur a \Ca irlas hlr1ed our pruIn'C, in brCdilg 

I abi 22. 1 IfreCCI it l. oi Ih I r gmoglImI. tmelair 

late-maturing pigeonpeas. Recent research in 
Australia and New Zealand indicated that 
pigeonlpea flowering is inhibited by excessively 
high ot low temperature, as well as by longdays. 
With thait informaii'm, we continued attempts to 
obtain two crops ayear.lhat involved sowing 20 
diverse genotypes in March in south India with 
it! relatively short days frotm Match to Sep
tember. I hese sowings were in the Nilpii and 
Palim Ilillk (that lie between about 10' and II1 
30'N) at six sites with a liange ol altitudes to 
obtain an arlay of Ictirpeatulre rcvllrcr,. 

)alta in [able 22 show thc asci age lowth 

st:' e of six line, in the late-Iratll ity ; rritip. By 
mid-Seplember Ce could a1 est ratl re or 

ear-rrrMitre seed hoill all six late-rtrtliltv line'. 

at tilt- Vcl,,le.- c Sced i'roductionr ('tnter iutthe 

Nilgir' Ilillk We h.d pr'srowdy cpotcd obtailn

ill'g %CI trollt lia-Iraltll't. lIis c,'l.stell 

()'tohe and March amI(PIS.A I tciIcr I-

SA I Ainrt|;l R(cport 1975 70) I J r l tie ,unth 

Inudia locallmn, %%ca.rl o y'crrelilC.o11 oltl rllr Isso 

tiours a sear o)I otr ltc-lnatr'l fill' brceding 

nyte 

Cooperative Acti i ies 

Internalitlml Trial% 

l)urirg i<)02 k,: corirtllutcd .alrgeonpea ()bscr
%atiort NurerV (I'()N) ol 21 grcnotype s sith a 

% IMa uritng jIigrortorl aines ..rrrdcd hnbtfI"rcn 16 and 

19 Ma 19112 1n 101,hill rangst in SOouth India al( raluxled bellaren I I and 17 Stpi 19K2. 

Ifll I inir11,le A ltuA(dc At r 
I t~. rru In Nillutti N r'1Nil)) (1.11ii 't 

.. l. Nrlpr~n I [21' 500) No IIto.r and.. 

\1.r , r tll Ntigll 11"34' 1000 2 '. CCk,, t'COtC 

I'.,ihu, i~kiltlt Palm I() 17' 1350 1ally padalolllg 

Vlu Jutiaon ('enle NIdgir 1102I' 1450 I ttc pahIl:nig 

Ktrkkal Valle) 
'hrtirrurhanur 

Nolpgir 
Pnlu 

I1 27' 
lO'4' 

1550 
18:0 

Iait' II,'terlIng 
I VCrk h)clfrc 

flhx. erirlf, 
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ide rante o pes. and discase 
arnnll inv-e ,re.,istailLe tolintdicate Ire t pe oflIiite.-

Io tn.rtr Itie, plntIt.\ 

Itt1 thlt Illiplih be ihaptelid MIhe little on Io() 

tpciiniplt tind l'ir Ltisll \ p1tnn'1'01 W('e selt 

thnIIIIlst1l\.7 inn e-.I ? 12 l .1 In ]h.1C Ui i Adoli-

ltiiittll . \\. selit S ,itnhrl llrtn\te hltil1 s on-
I il l t'it ii riri
I,lliJ l i m i nt" l hi - ) I I ' \ \l) enht -

SI. ru1in-0 I(1111' ,lilm(tt111Ctl hih -1ii1illL'l\unh11 I PP \\Y ) toIr111 
0'111111lic, ,'ihci tlhani11lil 

A ll India ('Co rtinileid Tlrials 

t i/ li;l (oIII- ttiheiltl li 0 ne(tlttnl Wil OW All tli-

trnrterd I'irhsn i,iplnt\ninit l'ruiject (AI('lI') 
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continued this year. Several ICRISAT lines and 
hybrids were tested in the extra-early ([ACT), 
earls'- (ACT-I), and medi unmatuLritv (ACT-2) 
Arhar (pigeonpe a)Coordinated Trials. 

Our hybrids IC'111-2. -5. and -6 continued to 

perlorri well when considered across all loca
l(tions AC"I-2 ([lable 23). allin the 'ombining 
possible comparisons anlong the entries in tile 

trials \%Ihere thIese Oree hyNbrids \\ere grown 

ranked themri second, third, and fourth. Cornpar

ing the yield of our line I(iPL.-270. a wilt

resistaunt selection fron AS 71-37. with tile 

-A 7original culti'ar under disease-lice conditions 

I1''/' (11 i ll /I/i 


UtitiI, at i14/ Ii ti i th I'A liI / it

itI'r
di i~ot,,to, 4",h,,t hI II,/h)d 

/ "/tan ' nnhi 


tu ( I1,11V 

ii;, it' W 'Itn Ill111 

,,L"O ,i'i,s, 


illustrates the difliculty of retailing yield in 

disease-resistant ,elections. Not,. ho\%e\cr. xe 

ha\c disease-resistant litnes that yield as \well as 

adapted controls under diseasc-tce conditions. 

Adapt'ation Yield Trials 

We again made axaillble to bleeders, tests con

tainiig our most a(lanced breeders' lines. In 

1981 Io6r earof-ltirit\ trial (t 21 entriv,, the 

file(] itim -iiattirit\ trial 1)i25 etitles, and tile late 

trial ofl16 entlies. Cre sUnt to 10 appropriate 
hIts. Il \lil. rr;atulit\, or seed sie ol 

(s)leO1 ithrell iw, rXstl.lrI p Iorili g l( able 
24). I'eroi rance ii these tc, ts,Vif criteli n or 

pltti . thei the India oint All ('() fdiated 
Ilials. I of exam ple. W'N 1-,12 anod I('N .- 101 

aIC itt this \e s I:A(' I. I lise tiials also per il 

hrede ,to seclect litres pa ticular ly suited to their 
loc;tiions. 

Regional Trials 

lIaclh pi)WeipeCi ptrolt\pc' terirs to hixe aispe

cili' llca ol( itLrltioi , o it is inrpoltllnt io 

kill)\% the Jdtti 1iachi dh\Chnpcd11ihlt\ It('\\.% 

pL'llt\l)etpc I t',i li wI'nlt I hwrc te'iinlnil tials 
sle rc l l tlnll i , ll ( i ii ,'\r unhhn, i I ' r,inh esli.I rnlihi l,1mi 

re rieXl d nIItem ,t' h Intii, tiill 101\C \1198 I hi' r0111,ini kll~if.i,ll Illk Ito 11(il.\ililt 
I '11,1 11mill I~c-

Ilh Id. Ill x 1 i1il1" IlwlIlloI)l 

A\l i ! ;111(1 1111 IA R I RI~ 'i41ilii[ 

lfill(,(, imllll1lll1'd 


adil incll,h>milk h ild 11.11,lii .i\,I~l.Ilol
 

l nllli I l t i l h Iint-ulitlt Ilw Ill i il. 

AR I.I,citnl dill rtnrnii ,, u'nria liitI'\,lC,tr it ' 


tife whec.ntull I -, lt 1 mtitd tInththiid,
, A civ I 



A'T-2.Table Z3. Perfor-mance of ICRIS kT pigeonpea entries in the 1781 rain% season 

1flJ (kg ha) 

",PF .- Cna. n P:r nsu~ar zonr 

Ez.rs 

ICRIS NT 

cn-, 

ICR IS I 

ccf.Z;.,n 

c),t, 

-Sax,' Ja~a',"r 

I1 

S&oerc . 

ISN, 

Lj!aa[am 

15 

Hadrapur 

9 

Coim-

batore 

17 

ICRISAT 
Center 

19 

of 7 com

mor loca

tions 

lCPH-2 

ICPH-5 

1IPH-.6 
ICPL-:Y" 

S4 

S6 
11.9 

1,3 

1-9 
175 

1 

I" 

1V5 
,-C 

1_'2o5Io 

Ils0(t,
) 

'C,( 0~1 
1,( 

1,60151 

I),'Xfl I 

1C (: 
*1 

1o20l5) ,-30(: 1-50(I) 

>,X ) 31101) 1670(2) 

Ix-0 30'3s(,) 14?O (4) 
of1101 219012) 13. 0(9) 

40 (S) 

790(14) 

590 (7) 
970(5) 

570(7) 

S20(4) 

7501(5) 
400(11 

1120(10) 

1220(7) 

1240 (5) 
1060(13) 

1650 

1650 

1590 
1310 

C Il tC,: coi) 

AS--C ot--l 

I0.0 

11.2 

10 

15 

I"A2 

167 

\P 

It,0(" 

q ( 3 3 

l 0I-4 

IQ10 (.; 

21-4) 1 

5250 (9) 

36,0(4) 

13-40() 

NR 

S30(10) 

970(5) 

570 (6) 1090(11) 

440(10) 1300(3) 

1480 

1690 

!,E 0-- 7 -3b 105 :>5 ,S1 9S 43 25 128 

C%40 8 24 16 25 it 15 10 10 23 

* ,-V :,f 11, tA 
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ART-3, was intercropped with sorghum. Each chi, ICRISAT Center). Five other entries, ICP
contained an upright (fly 4) and a spreading (C 7118, -7182, -10957, -10960,and -11299, did well 

I I) control. The tests were conducted at six loca- across 10 locations. Several other entries did well 

tions, four on Vertisols, and two on Alfisols. at more than one location. Based on its good 

Yields of the ICRISAT entries compared with performance across all locations in India, ICP

the highest yielding chcck were encouraging for 8863 was recommended by AICPIP for use in 

ICPI1-265, -290, and -272, which are being tested breeding programs developing wilt-resistant 
again this year to confirm their superiority. Sitm- cultivars. 
ilar regional itials for early-naturity pigeonpeas Similarly the second cooperative ICAR and 

have been orga nie/d this year in four othcr states ICR ISAT Uniform Trial for Pigeonpea Sterility 

in India. M osaic Resistance (IIlJTIS M R) consisting of 
21 entries, of %%hich 20 	 were contributed by 

scven locations: Bad-I(CAR-I(RISAT Disease Nurseries ICRISAT,%ka grown at 
napur, l)holi. I('RISAT ('enter, Kanpur, Lud

-he scond Indian ('ourcil of Agricultural hiana, Vanban, and Vaianasi. As last year. all 

Rccatch (WAR) tnid IR"ISAi Jnifom Trial lines icacted similarly at Itadnapur (Maharash
for Pipcorpeia Wilt Rcsistancc( llilPWR)con- tra) and ICRISA Ceilter. Most of the lines 
sisting of 20( entries, 6 tfMhich werc contrib- ssere susceptibleat i)holi( ihar), Kanpur(Ilttar 
uted by I(I(ISAI, \%as conductcd at II Pradesh), iudhiana (l11n1ab), and Vabuhan 
locatiols in India. I ko entties contribtled by ( lamil Nadu). Entry IWP-5124. howc~er, was 
ICRISAI, I( '-:X63 arid cross 743., had les resistant at ])holli; entries WCP-1395 and IKTP
than 211 at all ,x Alliol locations 723.1, at Kanpur; and entry ICiP-7378 at Vain.,ilt 
(Ainiipcri. Iiaiapurt Ilrherbarmpor I)ohli, Girl- ball). Some entries shoscd csistant or tolerance 
baij'a. I(R ISA ("tntr) .111d alall flc Vertliol at all three locations, wrhich indicates that there 
localtioN (laballr. Kaipu. Ncw I)elhi, Ran- are (liffercn strains the causal aent, or of the1of 


ielting pip-olpra linc in thrtVo)Maytit 
'1rialat fir lcatiin1%in the Ninrth 'laii, West lone, ruin) ,rmo I9XI. 
iahtr 24. I'erflorloice of file h .1p andithe check 	 AdaptalionVirhl 

At il'€..it M(ldI,A I 	 YI, l, I h.0 

I(1) ,,-I 
D aN,.%to+ ),t.,Io "r.t',1hlIIA I! I f ( 11 Nl,I I) Ho Ih I,nt '.t ~r.m 

I riiir ,C1 noo (' t..r hi~ 	 riu('Jr N1(i i 

-W142 	 14S t(I, 21'W1111) ) 2100If It 	 , 72 2170(,0)" l O I lf (2 0(X 2) 

If I ""l 77 111 X I 211o1) 121. K(6) , (,4) 210 I 2111 255o,0 

If I'1 161 IX) t4S M 9 2.>01 11) 2 (JIr r 11f(7)1 2l .,)1'Ir .' O l i 24 

I 59 ll1, o A1 1) 11121 l 2110 

( 14K 	 167011 ) Q270 2 22(Xl)lill 
I( '1 -11 75 I 21Io1 y l, l 211 (I,) 

I{1I 	 71M 122 X55 22 11(l) 1) 1 l0h) 21(K 

I1 A% 121 

hI i,.tIlhrt k) 

htLI) Hi6 

70 

149 

II$ 

72 

65 

"Tl (t0) 1,44 (.'0 

17,10 (14) 211M (121 

f11,.ii 

l92011(,) 

W) 

"111 (9) 

16111 

211 (5) 

4 2290 

2040 

"I 1 05 26 0 1 t4 IdM t 49S 191 

v ,)1 12 '12 6 0 14 112 7 14 1 171 
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pigeonpea programs at each other's institutions, and temperature. The program also has identi-
Primarily, this program has developed a produc- fied two new sources ofgenetic male sterility and 
tion system with early-maturing pigeonpea cul- a mechanism that may ensure selfing, and has 
ivars that produce outstanding yields(Tables 25 developed photoperiod-insensitive lines and 

and 26). An improved production system has fast-ratooning lines. Cenetic material from this 
been researched and accepted in Fiji, and its program has been sent to many parts of the 
adoption is expected to make that country self- world. A cultivar, tunt, was released in Queens
sufficient in pigeonpca production Work by the land in 1982. 
University of Queensland staff has provided a The 1982 season in southeastern Queensland 
better understanding of the control and inherit- was generally favorable with rainfall well distrib
ance of flowering as influenced by photoperiod uted in many areas. Crop growth was mostly 

Table 25. Yields of tihe highest )ielding early-maturing pigeonpea lines l(ithe control cv Prablhat in replicated 
tes s at four locations in Australia, 1982. 

)avs to 100-,eed 
Population 507( 1lo- wAcight Yield 

I ocattion (plants hat E~ntry Pedigree %%ering (g) (kg! ha) 

(edi, d llay 5000(X) 	 QP I.-7 ICI.-0997 x Iabt.at 67 9.5 6310
 
QPL.-17 HAt] line 60 8.6 4780
 
Prablat 60 7.2 4650
 
QPl.-58 Prabliat x ICP-t)997 60 9.5 4200
 
QPI.-61 Prabhat x ICP-6997 69 11.7 4200
 

Trial Mean (n 16) 	 3790 

SE 	 :L436 

CV(' ) 	 19.8 

Kingaroy 500000 	 QPI.-61 Prabhat x Ilaigani 68 6320 
QPI.-40 (Prabhat x ICIP-8405)x 

ICPI-I0 63 5050 
QlI.-58 Prabliat x ICP-4)997 66 5030 
QPI..A7 ICP-6997 x l'rabhat 69 4960 
Prabhat 	 62 3170 

Trial Mean (n 23) 	 3930 

SE 	 t283 

(V ('2 ) 	 12.5 

(atton 500000 	 QlI.-67 IC1'4997 x Prabhat 9.7 5560 
QPl.-58 Prabhat x ICP-6997 10.5 4930 
Q1I.-17 IIAU line 7.6 4730 
Prabhat 5.4 2860 

1rial Mean (n:16) 	 3730 

SU! 	 561 

('V (') 	 26.1 
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Table 26. Performance of some brteding lines Inreplicated yield trials at Redland Bay, Queensland, Australia, 
1982. 

Entry 

QPL-130 
QPL-126 
QPL-134 
Prahhat 

Trial Mean (n 50) 

SE 

CV () 

QPI.-131 
QPL-132 
Prabhat 

Iiial Mean (n = 15) 

SE 


CV (1) 


QPI.-503 

QPI'-51I 

QP1.-536 

Prabhat 

Trial Mean (n 362) 

SE 

CV ('i) 

QPi.-246 

QP.-247 

Q1'1.-242 


'I rial Mean (n = 50) 
S E 


CV (%) 

Pedigree 

ICP-6997 x Prabhat 
ICRISAT Cross 74075 
Prabhat x Ily 3C 
(Check) 

ICP-6997 x Prabhat 
ICP-6997 x Prabhat 
(Check) 

(Prabhat x ICP-8504) x 
ICPL-1O
 

(Prablhat x ICP-8504) x 
ICPI -10 

(Prabhat x ICP-8504) x 
ICPL4.0 

(Check) 

C.cajanus x A. ineata 
C.cajanus x A. lineata 
Prabhat x C-322 

(Check) 


Days to 
50% fio-
wering 

60 
64 
60 
60 

64 
61 
60 

66 

70 

65 

60 

87 
89 
85 
91 

100-seed 
weight Yield 

(g) (kg/ha) 

12.3 6510 
10.3 5560 
10.0 5290 
7.2 5240 

3800 

1412 

18.8 

11.7 8070 
11.6 7540 
7.0 5470 

4170 

430 

17.6 

11.9 8880 

13.8 6690 

11.2 6420 

7.2 4790 

3210 

±517 

22.8 

4990 
4090 
3250 
2400 

2240 

:241 

18.6 

C-322 
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over-excellent, except that extremely wet and 

cast conditions at Redand Bay during flowering 

and early pod set of the earliest maturing lines 

drastically reduced pod set from tile first flush of 

flowers. Subsequent flowering. pod set, and seed 

yield there were excellent, 

i hewelnitritance of photoperiod'senitivity. 

i he lines shossing
studie, continued in 1982. 

are being stabilized. 'Iheydifierenlial response 


will be %cltedfor recsaluationlnext year and lilc 


that appear
in tile varios responlse classc, 

our
%kill be iltercro,,,ed to test 


h pothc,,li. i l Iq htrfleritancee l this 

h olto/ u'OL5 

Iiialt. 

detailed stud lofIn addition ssc carried out at 

titic-to-lhmlo, ing in a Itlthcr serics tit F.popo-

at t\o 505\ ing datcs.lations gros.% i 

Phololieriird %teri)peratlitrei rirlclil',r . Attaii-


fig lrlpld IClelhtioiti tturnloscl isclitical .nbuced-


ing'. But the ltiat tsr,irl lieticit,' florid itnduclioll 


ilill ihtiationi indol losscr dcclopient illpi,col-

pea. are poorly undert,,olod. partly because it is 

diflicult 'o uc contiolltlcd cs.irolicnt lilcilitics 

for tile later pigCoinpc;1 gcrilplasill that ifro s to 

extrefmcly iIrgc sic alnd tr, take 200 days or 

Il1is %e tlaC had to u.C fieldmtre to flv r. 
cn itoll eriltldtrials t) insetii',te tite effects of 

I;ctors oflill15rtl\ g 
oil the e.ffcts of photopeniild,lclaillcd slulic 

olt floral initi-telnpClitltle, and thircl ilractioi 
iler t ill cdi ly-ho%%cri rigl.ittlirI aind (IIi 

pige pcllea, ttplctd, u,,inl, ield andhasC been 
facilitic,,. Contol olC()ittollcl-ctrvir4l)ritictit 

gCnotypcs reitaimti tillacler.flosCring in late 
itsvctlal laititldc arld alti-allholgh (ili trial' 

tulde% in Indlit indicate th;t Lieu j1Cneotypc, artlle 
samade to lossr rapidly. I Ili%,,ara pNe ,aril 

to study Ihlotisseriginitiatcd in illi. Indoncia, 

respi)onC tunded by the AiiltianlI %isNsiti 
l lc lit Pro.l rrt ldil lt theIncnatlional I)eslipnih

Ilitscl'sity (fl)epiittlclt of Ari tiltune, 

Qlcesiand. I lie topoplitphy of Itlit ;lloss 
at sites ssili the ,aiti" fati-piepcil' to 1rM, 


tude (RIS) but ill(liffctlt altiltdes, %shil( snillc, 


telnpetatuie rcgyime, Artifici;illy cmtendiig the 


u. to llake a factorialphotopeliod has pC itlittel' 

study of phollope d anil t
lilperatlc. 

Cooiwrative A'tiviit'S 

Germplasm from ICRISAT, Kenya, and tile 

University of Queensland, and several F. popu

lations involving photoperiod-cnsiti e and 
being evaluated at threeinsensitive parents are 

altitudes for initiation and flow'eiing. I1telini

nary results from tile cxpeiiment, still in pro

grcs, contirn that initiation and low ierng of 

late lines can be accelerated. lhe study should 

provide useful additional information on pho

toperiod x tenifperature interactions on floral 

development in pigelolpea, and perhaps help 

dleslop procedures for rapid generation 

tulnlover. 

Regional )ield evalution. Yields from six 

le.,ional tests ill Queensland, Australia ",ere 

encouraging ( lable 25). and confirm 
| 

the high 
pigeonseed-yicld potential ftloil short-sell 

il dCn,e populltion,. Ilcidcspels ros 
Ce alsc seedilo inlpioCdificrcasirlg ildCh,. 

,i/c and scol i c pod ilthc,c lines. 
At~lt-I he high plaint popular loll %%C MC(tl i 

Ilasuppress bri'nching ' and icult in ,s\chlron

i.,ed flosscr ig'. piod mlAtulty. I fits ,rcItlyand 

aStINt" iicCt Ctlltrol. Alpit from kcI,laild Ily, 

,tlib olititluttlS inctta %CseCtahle-i',oSll'iti.ci 
io ilore li;n foulrpitblcrns. se found that 

illy ,ite ga e excc llcrt ir',ci I( irtr l.,priy', ill 

,spcels.Such a %pray,,ChlCill" is t picil for d.o; 

in trials illtite alcas. 
itbsrscexd rcit irkable hloieoCstlttc abilityWe 

f .(ed ieCl. ,is,,ociatcd with the pCtnlial 

habit. At (illon, ol a heaIvy blick soil, isct 

ill overlh lu'gl%xsa, lielCctl for allou,Colntrol 
Ot first flush of Ilmoes waits dcsrCeisons, aMid 

troycd by Atuzriiit TI) With tib", Is"ectC(itillit 

sCt ssell aidtiditiMOUilc oltitol, the eCOtild flu,h 

high ' 'hl, dcpite a dICllacihaislcst (I able 25). 
,Cd yiclds s.erektillilly iat Itc(rll lt.i'. It0li, 
f1 \los afterf " attlalltd rlilte ',cLl flush 

had Cxitrtilcy pol iillialCarly flh,lill, hilins 

pod ,et (Itie tosii\,t Vw% I he peciltiil habitskies 

is highly iriupollnlt illn lit .illcConiiittitt 

IpCelofill.tC( iln cally-rti;tttitip p1t"ipa. by 

alloss ili it to Csporlil Io s11111be tititc and1 

insect clallellf' 
t c1lt llpgi1stvar thaticliiniril y cs-ilitih 

sonle Of oil brcc(illg lines t'1il pIloluce even 

http:IpCelofill.tC
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higher yields (Table 26). Some of the lines gave 
relatively high yields at all test sites. Next year we 
will evaluate a ssider wte (if eitric%and ,ire,. 

Releas of pholtoperiod-insensltle cultivar. In 
COOperatiOn %,ith the QuecrIsland (Iraiiios ,CrS 

Association ,"h:n incicisd seed of II.-96 
fot ideas to rossrs undet the name lltunt' 
QlI-96. from the cross lraliat 1.1 IourIlaiani 

asCI este 
scars in (uc emnd It is relatise' iri'.enisitc to 

plitopcrild. fl)cls, in about 65 dass. .1id h;s 

blosn sCds aploimatecly ItI p 1) seds. 

I'l.int populttions od mound 400 WO<) lctare 

hreedinig pmopraml "n India,.% been 3 

po' 


areC rCelUied for muaNimut il hds. 

l)itriltion of lrceerm' Material 

hItaddiown to our etlies in the All India I I ials%, 

svssiippl'lbcd .3102 pl-,eorp .ilIsto s.nrrous 

breeders on request. Forty scientists in 28 coun
tries other than India received 1227 s'rmples; 53 
cienti.t% at 39 locations in irnia received 2075 

samples. I he malrials dospatched include I:s, 
:s. segrcgating piogenies. adanced lines, 

disas-resistant lins,. iale-sterilc stocks, anid 

nes ly cons cited nnlIc-sterile progenies 

..


Lo ok ing A head 

We %kill(4Oitintle ii) t.clh lor icstance to %kilt, 

serlility mosaic, and phltophihora blight with 

Spe .il atlitioll to broade'ning, our r netic base 

lot t".mnlce to) all thre. We mre "1ticnlurly 

iterSIted IIIdelitit uita %ouleof eI'taince to 

1'3 isolate of phlhltplhor.a bliplit. ( )ur moltiho-
catI.)n testing \,%ill heIp Idenitil both the most 

widely e\istant material and potential new 

rICes 
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We expect to expand the pheromone-trap net- Journal Articles 
work monitoring Ihlioils armigera popula
tions. in India and in neighboring countries. BYill. ).E., SAXENA, K.i., and WAI.IS, E.S. 
When we understand the relationship of the trap 1992. A mrchanisn of inhibiting out-crossing in 
populations with field 'opulatiuns. along with p e ilpea, 1.uphytica 31(2 ) 405-408. 
climatic and crolpjin , cffects, we should heable 
to predict damaging infestations and thus allw l) INI )AS, I . SAX[INA. KI and IIY III. I)... 
tillely control. 1981. Mticrtpornte 'sis and anho'i wi:;'l de'pelop-

We shall continue to study ureides aid other (('cioajwr .	 qTh)431 -. 35.+ Milhp ) hiqphytic. 
IIIIrFgluII tlansport compounds +Is a mians ri 
saluitill, n1itrorecl fixation., Mlide conlinuin I)tlNI)AS, I S. SAXI NA K It, and IIYI I,). 
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tilC ones Our slcctlolJ for ilupro cd fIlx.,tion 31(2) 171-375 

il l tbe tconc itrltcd nitiadl' on+atdsacll¢ breed-

Cl< lilies, I M.hich wiling hla reduIcd tile .IAMIIINAIIIAN. It .atnd SIN(il, (. 1981. iela
c \o:tcle p~lant-to -plaIt I %;1, .rt1Iit. I hi Icta I . sIlplIII all sulpl;rll a lloi otl) i tot. an 

W : s 11 I ihtckor 'r It to If| (I( CItI'o ol HtI [ I ;lnd piponpea 
SIiII 	 dtl.llkIIc tItOltS tim intcitti C ,- (n /alio Ja,: 1 %i~l~pV Otilas I'Iitarumn

latttiI ood. lot Il ti .n Nmrtiitioit 31: I( 9-117. 

i| i mmiI)' hfies 
W0 C ilk \kll tic hoot l,I i ll'lIC1i t1il 1,.ti)il KI(ISIINAN. ( i d R l l)lY, I, I. 1982. Species 

ltanItviel.m ', whiii p Cdh t mi! Illani . ICmeIst- Alfilics I1t1j1011%( ,ttttAiilld oi() 'lllt ia 
,IIILC, Mild fhor fact orLl ltdI toi l)'hm \c' tct.l)lllt ",I'llca + It(:i/\r2lts I (111\llt k.131:1-5. 
qlJ,llll 

(re.1tn , 1 teCuring ieIsKhrids sithm tile NI NI, Y I and KANNAIYAN, I 1981. Screening 
Ians n', Ii '- lle- he c +, %,%,:h;1\(. rllmas | , I is de e- c for ic\,saule to tn s, ilt. I'lant Dis

some hlh-petpi' oruiing t (.6 10(3107,lope d sho hl pt os lc 
.toihu iattmiiis k continuc crilhs os SAXI NA. K II , .tin\ \ill oil 	 IS IARNIA, I). 181. Variation 

' hn, 	 i ot imaotrlitlcse.ophug e+ti ulll arlytlines tith hii),hu yields'+ I'.di , and Icl.toushiji .oIth grain 
ln shortr pllants Ale skll sk rk clo ely w\ith the Nchl and i(r(,l 1/1 (d lji Co p' Irltliaiu Jurnal if 
1,itltiol l plo'lur.1mii int (o(ildi.itinp , cIisC for (cnvlr arnd PlaI Htnicodiu ,11(l) 140-3-15, 

olu.sas lesiStallc, testing lill)e ser al ide ranC 

of enll llillnliet%. and plrllnid o ItiCCtirig, at SAXI NA, K It. WAI I IS, I S , ard BYlII. I). F. 
brccders ll 9I('RISA I .Ihcrc can share idca and I)O. I)ccliii-rit of ph<tliiirti iale sterile 

eleIt Material that may be uMefll to them, Imtit of Ipcoiiptcl (( elli ,,,4/d/1 I JNfilkp.). I ropi
(.11(ir1ili I Ceitnie IulHrli 20)22.21 

SIIARMA. 1), .nd I())IIA, NS 1 28. Pukes pro
du lion Ill %n 11i ui1 rpim( iIo i(l( utmtlilut and 

iulicattionsI i arid lolitil Wrckly 1702),,piitir% ,tioc 
25 Iec 1982 AIIS-Al48, 

Inlltule Publicahtins 	 SIIAI(MA, I) , KANNAIYAN, I, and RI.I)I)Y, 
I J 19982 ienrudmtun tf l'.tauuir to blight in 

NI NI . Y I . KANNAIYANJ., and RII))Y, M.V. pulc'ompra% i'lart I ,.c'se (6 22.25 
1981 hr'.mripa dise.ts. resistancc-screcning tech
tqur% I ttornn.,ion Ihullc inN . 9, Patanchelu, A l,'.. IN(iI, IV. and IAN ItINAIIIAN, R. 1981, 
Inudima ( ItISAI. od (I f i oflploteilll Il p1tg urnpcaMethc ti t% t1 
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GROUNDNUT
 

Groundnutt production in tho: scri-arid tropics disease ik the wilt caused by P,ohmionwaAso/a. 
(SAT) exceeds thlat of any) othert legume .anrd ,uuear:,m. 'Ihie wilt hlas not been found in India 
comIiprises% 701'j of the %%oatld\%pi ad uct ion. %o%%c bame done no ieosca ch oni it at R( RI SAT. 
Approximartely 25"1 pioteil arid 50"i edible oil. 
,IoI~nIItfJ1it ale an1Imlpolrtant Nauilco of Ii'ad a it] Folihr FI'ugal L~ sa%es 

I 1(lt SA\ I faimiiN ( ;ioiniid t x jelds ill tie 

SA\ I auit pelncll. las.iriuid 800J Ila, Scrceoiigf,rt'rtistance. llnl1 -Im k), anrd ( oipI lile 

hIst \iel - IcnllInalllik lmiuii dilwams anid pest Spit lil~ie (WI( SA~ I Al..' I Rl-wit 1981. 
.it.IA N 'Indi ilriiiiytit ll\5tcls toi pp.l! )-tIf)) htr ~t III 191Att. tilas ssCIe-111I- l td the )lX 

1 ir~llsSill % illd It id to) gICt1i\ icit-ia il Nids pusl li and 1982 1,1111%NCAMiili /\ll Il*esst.I1C% 

III thle (lnilndll Irini ir'1)11.11 \\CIe I he .PC ClXi 'siCmnet %%(' CMIlihIrIli disCi l Ne 
ir1e %wil kinr (in l t C al. pc't pitiil lillN Jilt n)- '[Plob. II h ill k1 tli'S 'li tatillg sIL H I 

tilsI .111idti u fluii()m( ,11111it WAII A)ep q ll iei il ri 

II1tit Ind 'tsN %k Il tL l t I, cp14tsh . ic d t[)i, ,'i l 

u)uhi)(ll~ll It'Id5511t1%ihl pim11k m ti'ae 1iro: 

hoe t~iie ic lflltilitlt'r t ~l.l 111 ,r ullyllflIlll~'iiiuujii i/l (/i iiXl 

Drfiiea~~es ailIi\1 lisu i hilail Hl/i:lJtli ~i.iiiiiluu//:iu/ 
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Table I. Yields (kg/ha) of selected groundnut genotypes resistant and susceptible to foliar diseases, ICRISAT 
Center, postrainy season 1981/82 and rainy season 1982. 

Fods 

Genotypes 1981/82 

PI 215696 4280 

PI 259747 5330 

PI 298115 2590 


P1314817 6170 


P1 341879 5150 


P1390593 5620 

P1350680 4440 


111393516 5080 


I11393517 7260 

P1393531 6360 


PI 407454 6640 

PI 405132 5440 

NC Ac 17142 7040 

F' 76446 (292) 3810 


Krap. Strain 16 5120 


RMP 12 3820 


J II 4760 


[MV 2" 4310 

Robut 33-1 " 5140 


S 1- ±396" 


±404 


CV (%) 9.8 

I ut:Fiar disca's-uceptible released high-yielding cultivars. 
t For gcnotypes appearing in the same blk. 

For genotypes not appearing in the same block. 

Yield evaluation of foliar (list ise resistant lines, 
Forty-five ge rmpla sm lincs with re'i:,tance to 
rust and/or late leaf spot diseases and late leaf 
spo.-susceptibl cultivas.1 I , 'I N V 2, Robut 
33-1, antd M 13 wc e tested for yield in the 
1981/82 postrainy Neason and the 19F2 rainy 
seasoll n field trials in a7x7 triple-latt ice design. 
The post rainy-sca son trial was itrigated when 
neccssary and fully protected from insect pests; 
the rainy-season trial received no irrigation and 
no pesticides. Pod and haulm yields for sehrcled 
gcnotypes are shown in Table I. 

Disease pressure was low and yields high in 

llaulms 

982 1981/82 1982
 

64 9630 2150
 
279 8490 3880
 
840 9100 2840
 

1180 6920 2490
 
266 8660 3450
 

715 8170 3020
 
244 8090 3050
 
62 9200 2980
 

1180 9400 3100
 
700 6670 3270
 

1210 9380 3460
 
447 11460 3520
 
450 7960 3330
 
389 8 180 3725
 

459 8640 3060
 

750 9120 3190
 
252 5120 1290
 

124 5840 1010
 
409 6560 1810
 

±136 ±682 ±331
 

±13:; ±695 ±337 

24.8 10.2 14.2 

the postwainy season, but disease pressure was 
high and yields low in the rainy season. Despite 
low disease pressure in the postrainy season, 
three resistant lines significantly outyielded 
Robut 33-1. Somc germ plasm lines outyicl(ed 
released cultivars in the rainy season. The effi

cicncy of the triph', lattice design over the ran
domicd block ranged froim 101 to 116%. 

Effect of chlorollhalonil on groundnt yields. In
 
the 198 1/82 postrainy season genotypes TMV 2
 
and Robut 3'-I, both susceptible to rust and late
 
leaf spot diseases, and P1 259747, which iesists
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Table 2. Effect of chlorothalonil on rust and late leaf spot development and on yield of three groundnut genotypes, 

ICRISAT Ccnter, postrainy season 1981/82. 

Yield (kg/ha) 

% RGL a Pods llaulms Shelling (%) 

Genotypes Wh C ' W h C' W , C ' W h C 

TMV 2d 
Rohut 33-I d 

P[ 259747 

52.2 
62.7 
97.2 

109.0 
100.0 
100.0 

3297 
3503 
3879 

2867 
4160 
3722 

4375 
5141 
5925 

5601 
6613 
6478 

71.2 
71.0 
58.5 

70.5 
65.7 
62.3 

SE ±1.32 ±338.1t 
±284.2 

±400 5 
1±432.8 g 

±1.63' 
±3.71 x 

CV (%) 11.6 8.6 30 

a Percentage remaining green leaf.
 
h = Water spiay.
 
I =Chlorothalonil spray.
 
d = Susceptible to rust and leaf spots.
 

Resistant to rust and leaf spots. 
Standard error of the differences between two subplot treatment means at .ie same level of the main plot 

treatment. 
Standard error of the dilferences between two main plot treatment means for the same subplot treatment mean 

or for different level- of the subplot treatment. 

both diseases, were given two spray treatments T[able 2. Further trials are needed to better 

eight times each: water (500 litcr/ha) and the understand chlorothalonil's effects on the dis

eases and yields.fungicide chlorothlonil (1.28 kg a.i. in 800 liter 

water/ ha). Rust and late leaf spat diseases were 
uredospore pro

present at low levels. Tlhe percentage of green Influence of host genotype on 

haultn yields, pod duclion. We studied ticdospore productior,
leaf remaining at harvest, 

yielh;, adt shelling percentages are shown tn by i),'jniaarachi(ison rooted, detached leaves
 

Pucciniaarachidis on six groundrti genotypes.Table 3. Uredospore production b31 
n 2Spores/ mm

Mean pustule 	 Spores/ 
pustule h pustules atc.tGenotypes area (rm) a 

IMV 2(SE)' 1.2 (±0.069) 1015 (±97.275) 855 (±47.879) 

f 76446 (292) 0.4 22 61 
50 121

NC Ac 17090 0.4 
84 127P1 405132 0.7 
47 139P1 407454 0.3 
48 121

II1 393643 0.4 

±38.0SE ±0.05 	 ±17.8 

a Calculated from the pustule diameter measured 31 days after inoculation. 
Mean uredospore production (luring 13 to 35 days after inoculation.t, 

, Rust-susceptible cultivar. 
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buildup, so genotypes with those characters haveof the rust-susceptible genotype, TMV 2, and 

five rust-resistant genotypes: EC 76446 (292), a particular advantage.
 

NC Ac 17090, P1 405132, P1 407454, and P!
 
393643. Significantly fcwer uredospoies were Biological control of rust and late leaf spot disea

and per unit of ses. We found the fungus Verticillitn lacaniproduced per unit of leaf area 
pustule area on the resistant genotypes than on parasitizing rust and late leaf spot fungi in an 

susceptible TM V 2 (Table 3 and Fig I). 	 ICR ISAT' glasshouse. Preliminary research con
firmed the pathogenicity of this fungus on bothUredospoics from resistant genotypes had sig-

nificantly lower germinability than those from foliar disease pathogens. Applying spores of V. 
lcani to rooted detached leaves of groundnutmoderately resistant genotypes (Table 4), but we 
cultivar TMV 2. either before or when inoculatfound no differences in uredospore morphology 

(Fig. 2). ing with spores of the rust and late leaf spot 
pathogens, considerably reduccd develo ,nentReduced uredospore production and germi-

nation are significantly related to rust disease of the rust disease (Table 5). 

1Jble 4. (erminabilily of uredospores of Pucciniaarachidiv collected front pustules on 19 groundnut genotypes. 

P'ercentage germination of uredosporcs sampled at: 

MeanField First 
15 days uredosporerust rupture 5 days 10 days 

of pustules later later later gemination(%)hGenoty';e score" 

NC Ac 17090 2.1 29.8 32.5 40.3 46.3 37.2
 

P[ 414332 2.5 34.6 37.4 38.0 38.7 37.2
 

54.5 	 45.7 41.3 49.1IlI 341879 2.5 	 54.9 
50.6 	 49.9P1 393646 2.5 54.5 49.4 	 45.0 

48.1PI 405132 2.5 59.5 53.4 37.8 41.5 

36.411 414331 2.8 30.9 21.6 47.7 45.3 
31.9 	 50.4 49.6 42.6P1 407454 2.8 	 38.5 

60.2 	 42.0P1390593 2.8 33.9 41.2 32.7 


Ii1 315608 3.0 23.0 16.2 19.3 33.3 23.0
 

3.0 30.1 33.0 51.7 56.4 42.8IP1 393527-B 
35.8 	 51.6 39.4 43.111I314817 3.0 45.7 


IC 76446 (292) 3.0 45.4 64.0 44.3 38.7 48.1
 

3.0 47.1 38.3 44.7 43.3 43.3Pt 393643 
50.2 	 38.1 33.1 39.3PI 381622 3.0 	 35.7 

57.9 	 44.5 49.4 50.6Il1 259747 3.0 	 50.7 
82.4 	 72.6NC Ac 17127 4.1 59.3 71.9 	 76.9 

69.2 82.5 	 73.2Robut 33-1 9.0 73.9 67.3 


[MV 2, 9.0 59.3 77.9 85.1 7R.0 75.1
 

J II 9.0 65.7 83.8 82.7 68.7 75.2
 

SI, 	 ±3.54 ±3.01 ±3.15 ±3.89 

CV (%) 	 14.4 11.8 11.7 15.2 

Mean of field rust scores on a9-point scale. I = no di;ease and 9 50 to 100% foliage destroyed. 
t Analy/cd alter eliminating the sampling time diffeiences. 
I Rust and late leaf spot susceptible cultivars. 
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18- TMV2 A 16- TMV 2 B 

17 15
16 14

15" 13

14 12

13- 11

12- 10
11- 9

10- 8

9 7

8- 6

7- 5

6 -5 
4-

I3-
I -72

4

3 -3 
4>2

3 - CI " 0- - - - - - - -

0

"d 2- EC 76446 (292) 

2 EC 76446 ;292) -_ 

o 0--O 

2 
0
M 3- Nc Ac 17090 

o 2- NC Ac 17090 o 2

0- 0

2- P 4051322-I- P1 405132 I- -Edr - TEr 
0 - 0-0 

2- Pi 4074542- PI 407454 
1 1 

00-

, PI J936432- PI 393643 

0 

13 15 1 19 21 23 25 27 29 31 33 35 13 'Al i' 19 21 23 25 27 29 3133 ;ab 
De'.' .A:Ler' inoculation 

0 

Figure 1. Production of urrdc- .,m of Puccinla arachidis per unit Icaf area (A), and per pustule (B) for six 

groundnut gftl)pci. 
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Breeding for rust resistance. In the 1981/82 
postrainy and 1982 rainy stasons we made 15 
new\ crosses involving high-yielding lines, rust
resistant ad auced breeding lines and germ

plasm lines to generate rust-resistant. 
higl-.iellding populations. III tile discast" 
Sclecilingmrsci 873 I., to l populations were 

caluited. We icectcd 133 populations with 
pool \iclds arid or high susceptibility to rust, 

;Illd Inade 1bulk selections of lle otlics, wlih arce 
being adharnced in the 1982 83 posthainy season. 

Yield yield 

'riiccd~~I. rus~t-resiNraut lilies, adaptedl sirs12 t~' .1 ceprible cultisar,., dud tihe rust-resistarri patrent 

Check N( Ac 171910 xcrc conducted in tile 1982 
tile toul trials kicre ,IuldCiio.lil\ season. I hIee , 

hotl I'eh-h.'tilit\ arnd is-terrilI\ rairnled Con

ditionrs. %%itlr ald ,ithloutl plitclin liorn pests. 
....I lie itirr trial \% ,, m k untrde lo\% crtility. Sev-

Cral adaccd ulie, ot iCldCd hotlr the suscepti

ble criltlis adi the resistarrt patrrt rrdcl both 
s\sclirs ( I ahh's 6 to 9). I lie best sclectiols arc 
b-inu! csaluatcd dlii i), the 1982 83 postrainv 
s.ascirn at Arikoi. Kairaka. arnd Alivarnat'ar. 
1ail Nadi to sclectcntrics ntl ola I)is

cases IResislance \'alictal Yicld Iri,.tLhe con-
FJ dueled ihiltli AI('ORI'() dloirg the 1983 

Ilrcedirig for late !ef Slol rcsisla'lce. I)uring 

th- 19S2 alson. m 14 Irrill 

rust-miei'jibiile Ig(eirn il c I MV 2 (Ag, and on tile silgle. triple, aind doul;lc clos e irivolvinlr higl

rut-resilanlr genot)lpe N{ Ac 17091) (11. \ielding adilecd lilies aid lilnes milr lesistarree 

Iigure 2. 1 rmloslrores f Puccinia arac/idi7 on tlre rin x raiscil 1.is 

Table 5. 11Effect (fil the hiperliaraile 

groundnit culliiar IMVl2. 

'l ert llrut 

Pltilhogcrr arlone 
Pathogern + I'. 
IPrcirioculatio 

(aun.tri(nliituic) 
sitl I'. Imanii 

Sl 

CV (') 

I'ericillium /a( atrii or (ei lopicri of rilt uiid late leaf %sottli iiec oIn 

R sl I ale lIcl poit 

Irnlcciioil 
I cqillenc% 

(lscions rIri) 

I.cal aica 
da lrirpe 

V' ) 

hlrcclion 
Ireq rliei 

(lcsiis 'crn-) 

ILcal arca 
dti rrragc 

("(%) 

12.6 
7.3 
5.3 

19.9 
8.6 
7.4 

6.7 
4.5 
3.1 

32.2 
38.3 
24.5 

±1.27 f 1.95 t 0.50 17.33 

33.7 36.4 25.4 51.7 
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Table 6. Breeding groundnut for rust reshtince; F7 and F, yiild trial, ICRISAT Center, rainy season 1982.
 
Reaction 

Pod lIaulm 100-kernel 
yield weight Shelling weight Late 

Pedigree (kg/ ha) (t!) (%) (g) Rust leaf spot 

(G 37 x EC 7(4146 (292)) F;il 
(I)11 3-20 x LC 70446 (292)) 1t711 

(NC Ac 2190 x NC Ac 17090) 1:71 
(TG 14 x NC Ac 17090) F:ND 
(Shantung K U No. 203 x NC Ac 17090) Fill 

2470 
2320 
2260 
2220 
1980 

383 
2930 
390 
4380 
3520 

65 
60 
65 
52 
56 

28.4 
32.3 
34.9 
29.( 
26.1 

2.7 
3.0 
3.0 
3.0 
3.0 

6.7 
7.0 
7.0 
6.0 
7.0 

(j;! 99 x NC 
(Mll I x N,' 
(NC Ac 
(NC 17 x Nc 

Ac 170',3) :711 

Ac 170 "-))II3 
x,6,,. N" *sc 17090) 
17090) iQIl 

:,b 

1970 
1890 
1840 
1780 

2990 
41.10 
340 
,1'Q0 

60 
52 
52 
4 

29.3 
30.8 
28.2 
24.1 

3.7 
2.7 
3.3 
3.0 

7.0 
6.3 
6.7 
6.3 

N" At 17090 h 1250 J3u0 59 278 2.5 6 1 

Robot 33-1 1510 1540 70 31.7 9.0 9.0 

J. 24' 870 1410 50 22.8 9.0 9.0 

J I I' 680 1480 65 27.4 9.0 9.0 

SE 1140 ±239 

CV '', 16 13 

Scored on a 9-point disease scale; I z no disease and 9 
h Rut rsistant check. 

50 to I0O'Y, foliage destroyed. 

I Standard susceptible clicks 

to -,thlI latc 'cat spot and rust We %III simultane- Soilborne FI'untgal I)isease' 

ou' r" tl'ti V' of Ow clo'. ,c for both dis

cases ditrir, the 19'3 lain', scaon. Pod rottldicas'. .IccCIIIII),gCI implam line, for 
ICl'Itlallct' to l', rot d e,,c,,. contin ed. !intrics 

(enetic (if rust rcIdttee. lhe palcnts and F sholwinty lok pod rot icidei t ii on! 213 line'. 

i:. alII [itA IlnIkc,',.,', Jcnciation of both lhC In 1981 82 pmiratlV-%C".i c f l and 789 ill 1982 

parents of thlce rcsistant lIic%, PI 259747. 1(C rciny-'.,,(n 1reliriiiitiy o lbwiltt iiai.a e;Ic 

76.14A. anld N( Ac 17090 id two sti,:plible now in adsalthod ,tCtilm)P 

litcis. (;mpaptiri arld .1 II, were growli during I \ctity pcrimpli" liacs that had %hown itc, 

the 1082 rainy sexason. We recorded rut (lisca , i,,latce to pod lot iII ,'ilier trial, swic povn itn 
11 k1 , v'.cepliblcscoic.,and pclcentljc; of lcareas (ania)tdI1 on topiittdeal iich torilif, %hh o" 

all plant, just bcfote Larvcst timirg ncthods pre- tcvnotypc' Robot 33. I, I 2."l', 13.3 ,,a

vionsly e 4rihed (ICPI5AI Atuiiol R:port ptiui, and IC 764.16 (292) it, the 19%1I:2 post

1981, p.1 5 9 ). Anl analysi, bv.ed on .Iink,. and rainy auid 1982 naittv seso,. Ioth seasons the 

J.hi, ' ,ix-pazo:-ter rIhodcl rcvcaletI that Csist- trial "V,I ipeutcitd on 1hc firld . Meall ','Lc)

ari,.- to riu,,t simo, predominntly controlled by tapc%o po0(1 rolled lite ,hoIiosf cc t,cii otypi 

additive, additive x addiic, and adhliti\v x fot the thice 1981/X2 ttialin I;tble l1, aih! for 

domn inranc pcn cftcct,,. I)uplicatc cpitasi' \,a,. ttle iltcc 1982 tril in Il !, I. I able II 1lso 

ob.zrved boih for ruiit-(tiscam. scores and leaf- show- pod yiclds ol yenIo ),pJ tou oil-C lit'lI inl 

arca (ld1t11a),,. 19X2. Mo%, of Il' ycnotypf'.. ' ect'd ', pod rot 
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Table 7. Breeding groutadnut for rust resistance; Fi yield trials, ICRISAT Center, rainy season 1982. 

Pod yield (kg/ha) a00kl' Peaction", 

Pedigree 
Ill" " LU h weight I 

(kg/ha) 
Shelling 

(%) 
weiglht 

(g) Rust 
Late 

leaf spot 

(Ah 65 x NC Ac 17090) FB 
(Comet x NC Ac 1-090) F1BI 
(GAUG I x PI 125974) Frill 
(Tifspan x NC Ac 17090) :111 
(Comet x NC Ac 17090) F,BI 

3020 
2690 
2570 
2570 
2450 

1230 
1~i70 
1540 
1780 
1630 

210) 
2940 
3370 
7330 
3140 

64 
64 
64 
62 
62 

34.6 
35.6 
25.9 
38.2 
35.5 

3.0 
3.0 
4.5 
3.0 
4.0 

7.3 
7.3 
6.0 
7.0 
7.0 

(NC Fla 14 x NC Ac 17090) FrIl 
(G 14 x NC Ac 1709U) Fl,1 
(.II 135 x NC Ac 17090) I:,l 
(Ni 145 x N( Ac 17090) I-,lB 
(.I 171 x !11259747) I:il 

2420 
2410 
2380 
2240 
2200 

980 
1220 
1230 
1420 

3000 
3100 
2580 
2010 
3080 

53 
64 
60 
64 
58 

35.3 
29.2 
36.3 
31.6 
25.2 

3.0 

3.5 

6.3 

6.8 

NC Ac 17090 
Roblt 33-1 
J II' 

1460 
1350 
1050 

1340 
1280 

-

4400 
1640 
1700 

60 
62 
60 

29.3 
33.5 
23.5 

2.5 
9.0 
9.0 

6.3 
9.0 
9.) 

SI: t104 t92 t 168 

CV (I) II 14 II 

Ill - Htigh fertility %htlhIrrigation and pIot otunhom ir.e(c% 

h I I I ow feriility, rainl td%wihliutplotc(ltio t111i i7I%co'v 

I iont Ill. trial 
,I ! irrd'lilla 9-) irnt ,hreac ' .alc. (we table f"-0 

I RiUt ,-C t',II I (hCtk 
i 'NIa nda ftd%tu+kI ptIli lt ick¢ k 

1979 S0 ICRISA Icsitant had sipnilcanlly ler (";) pods lotted (ICRISAI Annual Report 

than thc susceptible conlrols. Se\cral rot- (iroundmnit Itoptain occasional piper 2). and 

reItfinlt onres h d1 yield is good ;1, tilehitt Ioumd ti0 rcNitant lines 

flavm i1'1;a1iO1
yicldmin), control, lohlt 33-I. (;enotypcs found to Csist /A. 

IInthe 1982 ialii %,dS1)Oll'eXsel protioillut I'l- (11kiled Netds illearlier trials skrt fitlier 1stctd 

otypt:S plieslllS, >tNclcd flo po(d tot aind in1(the 1981; 82piisrlain yalld 8 21i.onv , Cji5ol I% 

droilllht lesitance \re 01o1palcd flopod rot adl their resistances conimcld. Althouph per

lesisali ihCCh sust'c'ptill pinolypes. Iohut t'ceig ( lf colortesllS tesishinllt ycnloltves 

3-adlI M 13, inltso ficld trials 01. tli;ll imtd by /hialOl it l), I. \SCe w bo ll eao ls 

iheld il thfe loillial crop rolallion: fhe other olt ia pcentlillpc, erle ienerally Iower IllSeedl fron 

,ick cd liot,ilk, r.in1y1seasoll clop than those floil tilepod lot plot inlore seeic ol the 

plaits ilntile sick plot., Seceril oIf thle ellotypes postlailit -season wilh resltllc'plllp, slhichi aglee 

tc',tel had %iilnificanllyloscl perceilitae of of pre ioiusly unrcpoiled trial, inthe 1980/81 

pods rolled l1an thc cliecks ( I able 12). potlajity and 1981 raity season. 
Iltlield tIliak intile19hl/82 and 1982 seamons 

fihe alatoxhi i)noroblem. se 50) lore \%e ,.pplicd ainoculnin of tie to xvt'el A. fit: cit\V %cicned 

.elnplaiin lilies lot dlied ces' lesist;ircte to strit' AI-.8-3-2A to tihe soil around prtundhiut 

invasion by (he allaloxin-protiucing llsprgilhlu pod% twice, 30 arid 20 day\ before lulel, to 

flauviu using teclinitites prc\ iously described study itseffects oI seed illfrcill(in an(1 allatoxin 
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contamination of the seeds. We surface sterilized 
samples of undamaged, mature sceds and plated 
them out on (',apck l)ox Rose Bengal Strepto-
mycin agar for isolation of A.. flavu.. We tested 
similar samples of seeds for Allatoxin 1I,content 
(fable 13) Pod-,oil inoculation significantly 
incica.sed both seed infection wAith A. Ilavuw and 
aflatoxin content of seeds. Genotypes diffcCd 
signilicanlly in A. /lt~ us infection and afllatoxmn 
tolntall lioll, llid the genotype \ iloculation-
trcatinin, Interaction wa;Is ,IgnilIc:,.,, ( 1- 0 01 ) 

In the 19XI!/F2 postrainy season, cultivar 

I NIV 2 %ka -ubicctcd t) tvko irigalton itgines. 
ilt 7-day *nd 15-day tn!ei ,,n. Undamag~cd 
t11,11tie pods scic taken at lilting, :md alier 24 

Table F Breeding groundnut for rust e stlance; F, )ltd 

Pod yicd (kg'ha) 

Pedigree Ill * II. 

SII hl9 x I'1 259747) [,EIF40 
(Var 2750 x 111259747) F,II 
(I Sit 7-2 1 1 259747) I,11 
(1l.pur PI 259747) ,11 
IN" Ac 2190 x P1251747) FII 
(Ah 279 x 1'1259747) I,11 

1400l30 
2700 
239) 
2380 
2310 
2200 

140) 

139) 

148.7-4-t.1 211 x PI 259747) 1 ,1 
1.1X.7-4-1.121t x 1'1 2594741 I1,lt 
Var 2 1 25974" 1,11 

1X9-2-1t 2511 I i11 259747) 1,11 
(SpalmnlS%, II1 2S9)747) I,1l 
(NC At 211A) x I11 259747) F,1I 

2190 
2150 
2150 
2120 
1920 
180 

11K40 
1170 
1570 
1680 
1450 

( Ac 170'IA 
Iot'ut 43-I 
.1. 241 

1490 
1550 
1370 

1100 
1310 
820 

I II 890 490 

S1 t104 98 

(V (r;) 12 14 

SI Wable7In. 
A '.cc ItaMe Ifns 

I run III it.I 
* Iro on A9 poInt dIK 
, |l ul-m luu t l(h theck 
i P'iaol'tardt Iutulgllbk t hr%k 

bcaIt (we I able 6 in * 

and 48 hr of windrow drying and tested for 
aflatoxin content of sceds. Seeds from tile 15
day treatment had significantly higher aflatoxin 
I1, contamination than seeds from the 7-day 
treatment (lable 14). 

Vreedinti for reslslaiice to A. flaw'iv, We made 
)5 cmows iioivlping genotypes rCis,,IIt to A. 

11. Ali 
722 1. ! xotic 3-5, 1t4-,1-I, and Val. 27, and IIli

'icltng 	sarictisc, and bIccdint h , dIunin1' the 
X and 1982 ,easons. 

flavm ,,cd colonijation (i IIJ 71513-1. 

1981,82 
I be .,1 /II,111 esistant yentype,, (l'l 337109. 

1'I .37394,. andIll. 71513-1) and some of the 
blecdiny, linC %cle chilltcd lor NiCId potelt lm 

tri., IIISAi (enter, tAlny s a on 1982. 
Reaction, 

Ilairhtr (K) kertcl. 
r, Shcelr.n, Lateeight , tIYI.l 

(klg'ha) () g) Rut leaf spot 

56 30 2 310 70 
2(X) (15 30 I1 60 
3750 59 21.5 3 1 6,5 
3350 65 34 4 3 1 6 8 
39Wi, 51 25.9 13 5.5 
3590 58 30 1 4 A 7 0 

3630 60 .102 30 6 3 
3590 50 282 4.5 63 
3F20 56 302 40 7.0 
2920 65 26.7 30 70 
3100 64 28 2 4(0 70 
4543 44 26 3 31 5,8 

5050 () 29.( 2 5 64 
1880 60 32.7 90 9.0 
1920 6h 36 5 9.0 9.0 
1850 68 24 5 90 90 

I 238 

15 
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Table 9. Breeding groundnut for rust resistance; rust-resistant advanced lines (F7 to F12) yield trials, ICRISAT 
Center, rainy season 1982. 

Reaction"',
100-kcrnel' Reaction___

Pod yield (kg/ha) llaulm' 
weight Shelling weight late 

l'cdigree flu, I.F (kg/ha) (%) (g) Rust leaf spot 

(Ji 60 x 1 259747) FjI 2400 1690 3610 62 32.6 :.8 7.0 
(Conet x NC Ac 1709C) FIB 2150 1490 2820 68 31.2 33 7.0 
FFSRI1 (P14) F 2 11 2140 1670 1780 66 36.7 2.8 5.8 
(IIM I x NC Ac 17090) FIlI 2060 1620 2380 60 24.7 3.3 7.8 
(Ali 6279 x II 259747) FI: 2050 1550 2820 64 26.8 5.0 7.0 

(Falipur I-5 x NC Ac 17090) F,11 1920 16;0 3330 60 35.2 3.5 7.3 
IiSR II (1117) F,,L. 1900 1490 2940 64 35.2 2.3 5.5 
(Ah 825 71PI259747) !:l! 17M) 1490 2690 72 27.3 4.5 6.8 
(1G 17 x P1 259747) 1:911 1730 1210 2110 68 33.0 4.3 7.5 
(Ali 32 x NC Ac 17090) Fill 1710 1730 3030 50 28.2 3.5 7.0 
(116 I x NC Ac 17(Y) F,1 1620 1980 2250 50 28.1 3.0 7.3 

NC Ac 17090' 1420 1230 3840 56 27.0 2.5 6.3 
Robut 33-1 1 1350 1340 1440 62 32.2 9.0 9.0 
i 1' 1000 610 1500 56 23.4 9.0 9.0 

.1F 1125 173 :t158
 

('V ((.) 16 II 12 

-,e Table 7 fn. 
h Nee Iable 7 fn t 
II fmn [iff trial 
,d" oicd on a 9-point discase scale (see Table 6 fna). 

Iust-resttant check.
 
lStandard suscprpible checks.
 

and resistance during 1981/82 postrainy and pod damage from the ICRISAT 1981 rainy
19,42 rain seasons (iable 15). Among the resist- season crop and tested them for 7earalenonc.
 
ant cultivars. UF 71513-1 produced the highest One of 12 samples contained the mycotoxin zca
yie1M hoth ,,ea ons, above .1 II, a nationally ralenone at 15(W) g/kg.
 
released culti,,.ir that ei lstA. /lavur. Seed
 
tloiaitlionr percentages wcre higher for all geno- Nematode Diseases 

types in the postainy season than in the rainy 
scason. Secere it.,and 11af spot (lieas lowered "Kalhhati" malady, a new nematode disease. 
[,tiny seaion yields. Collaborating with scientists of the And hra Pra

desh Agricultural IInicrsity, we invetigated a
 

Z,'aralcnone In groundriut,. Several species of groundinut po, dixca,.: in the KalahaSti arca of 
hIttarw commonly associated with rotted Andhia lPradcesh. I he disease secms to he tcs
p(d'. pow..es'. %lrails capable of producing nyco- tricted to .,andy .(ils and reappears inthe satme 
toxin, whien growilig oit suitable substrates fields whenever ,rondIts are grown there. 
unler favorable ternipe ratore and moilure coll First syr.iptonr to .1ppear, on peg, and develop
dilions. We ,elected seed front pod$ with slight ing pods, ate srmall yellowish lesions that darken 

http:culti,,.ir
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Table 10. Incidence of pod rot Ingroundnut genotypes Infield trials, ICRISAT Center, postralny season 1981/82.
 

Genotypcs 

All 7221 
J II 
(FA 
n26-5-2 
NG 387 

C55-437 
11-4-1 
U-4-47-7 
NC Ac &,4 
N( Ac 8,! 1 

NC Ac 6 8 

Sir of [Iiaipur 

K6 61 241) 

Ul1-2-1 

Var. 27 


i itptur 
I.Xotic-) 

I ocal-3 

11-2-1-26 

Robut 33-1 

IMV 2 

NI I1 

Gangapuri 

C 76446 (292) 

For cornparison of genotypes in different fields 

For comparison of genotypes in each field 


and coale.cC. M,tuc pods are small and disco-
loted dark brown (Fig. 3). Shell walls are thinner 

than normal and kernels are small. We estab-

lished the discase in the laboratory by growing 

groundnluts in soil collected from Affccted fields. 

We found large populations of the nematode 
7vhnchorhtnct.s Irevilineatlu (syn. 7. indi-

cr's) in the soil around diseased pods and estab-

lished the nematode's pathogenicity by 

inoculation tests. Preliminary field trials indi-

cate that the diseafe may be controlled by 

nematicides, 

Pods rotted (%) 

Field I Field 2 Field I 

6.2 4.9 3.7 
4.63.7 3.4 

5.9 6.7 4.3 
4,8
7.4 5.3 

6.5 6.5 4.3 

7.9 6.0 5.4 
6.87.1 7.3 
4.57.5 6.6 
6.28.2 8.3 
3.96.0 5.2 

5.96.3 8.4 
4.48.1 5.6 
4.37.4 8.6 

8.3 8.7 5.7 
4.95.9 5.4 

3.46.0 5.4 
7.7 6.5 5.0 

5.88.4 6.1 
8.9 6.8 6.2 

11.617.1 19.9 

10.615.6 15.6 
19.7 17.5 8.8 

16.619.3 22.1 
14.822.2 27.1 

SE CV (%) 
t 1.31 13.9 
±lI2R 9.7 

Virus Diseases 

Bud Necrosis )isease 

Caual agent. We improved the method of 

purifying tomato spotted wilt viru.s (TSWV), the 

catual ayg,.nt of bird necrosis. dicarC, and pro

duced an ant ikcrun that gave a titer of I/ 250 in 

prcCipitin ring-interfac' tests. lo the doiible 

!iotibody sandwich form of the en/yinc-linked 
-

iMriUno.0t'clzi as,.y (das-l.IISA) thc dflt ,t 

rum gave a titer of IIA) with infected round

http:iMriUno.0t
http:coale.cC


Diseases 185 

Table II. hicdence of pod rot In groundnut genotypes Inhld trials and pod yields from or, field, ICRISAT 
Center, rainy season 1982. 

Genotypes Field I 


Ah 7223 5.0 

J II 6.6 

GFA Spanish 6.7 

#74-5-7 68 

NG 387 7.3 
C55-417 7.3 
U-44-1 7.3 
U-4-47-7 ;.7 
NC Ac 664 7.7 
Ne Ac 841 7.8 
NC Ac 6(X 8.2 
Sir of lli/apur 8.4 
KG 61-240 8.4 
11-1-2-1 8.5 
Var 27 8.7 
Faiipur 8.9 
Fxotic-6 9.8 
1ocal-3 10.0 
Monir 240-30 10.2 
11-2-1-26 12.4 
Rohut 33-I 15.5 
I MV 2 16.9 
% 13 21.9 
(arigapuri 27.1 
IC 76446 (292) 2. 

S!E 

CV () 

Pods rotted (%) 

ild 2 


3.8 
3.9 
6.4 
4.9 
4.6 
5.3 
6.0 
4.5 
9.1 
5.2 

10.9 
6.2 
4.5 
7.2 
6.8 
7.1 
8.5 
9.6 
4.7 

10.4 
15.0 
16.7 
16.6 
23.2 
180() 

1.56 

Yield of
 
pods (kg/ha)
 

Field 3 Field 3
 

1.2 1164
 
1.7 1045
 
4.0 896
 
1.4 1300
 
2.4 1291
 
2.0 1247
 
4.9 859
 
2.1 906
 
5.3 667
 
2.7 435
 
4.4 948
 
3.3 1330
 
3.8 1268
 
5.9 754
 
5.3 1086
 
4.0 891
 
3.1 999
 
3.7 891
 
3.2 605
 
7.2 628
 
9.9 1001
 
6.4 988
 

10.1 683
 
15.7 783
 
15.2 278
 

t59.24 

11.1 

nut leaf extracts and 1/ 10 with healthy plant 
cx racts, InfectedI rnung4 bcn leafextraci gave aextrcts Infcte ean a~ctracs [151rurng 

(',d not react withtiter of I/ HI() and the eriun 

healthy mung bean leafextiacts. We adapted the 
indirect !IISA technique to succe,,,fully detcct 
"ISWV antri'l.s in Proundlut leaf extracts, dil-
uted tip to I: I0M. 

Screening for sources of resitance. In rcpli-
cated field trirl, in the 1981/82 postrairiy 11d 

1982 rainy season,, at ICRISAT Center, we
screcned 533 ernihlani lines for resisalice to 

hud necrosis disease. Genotypes that showed less 
than 20Y';, dlicac incidcncc in the 1982 rainy-
scason tii ,7 lise(I in lable 16 with three 
commonly growl, :!,U'rpt ible cultivars.-

Alrachi chac'(rse (10602) was carlicr hown 

'fable 12. Incidence of pod rot in selected drought
restant groundnut genotypes and check cultivars In afield trial, l('i4ISATr (rntte, rainy season 19112. 

1oJ1% [oti, d C
 
(;enolypc-. Sick plot Ntiio:.ud phl
 

I( 102971 3.8 I.
 
J II 4.9 14
 
3 11 x Robut 33-1 49 22
 
Vliiinia Butich ranle 6.6 1.4
 
2-5 x Robut 33-1 8.2 6.9
 
28-206 x Robut 33-1 9.5 3.9

Manhrirdi x N1 13 12.1 4.0 
Robut 33-I I1 8 9.1 
M 13" 15.0 9.0 
SE 11.27 10.62 

( "0 25.5 24.9 

• ItelfICd Cliltafl tiicd Ai thougIt4iCjotlokhohctks. 

http:Ntiio:.ud
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Table 13. Feffects of pod Inoculation -ith a toxigenic strain of A.f vus on subsequent leveis of seed InfecII n with 

the fungus and contamination with Aflatoxin B1 of groundnut genotypes In field trils, ICI4lSAT Center, 

postrainy season 1981/82 and ralnysesson 192. 

1981/82 postiainy aesion 1'"82 rainy scaon 

Seeds infected Allitoxin I, Sceds in'ccted Allatoxi III, 

with A. /i.vus (',t ) (Pg/kg) with A. flavus ('j) (pg/kg) 

Inoc. No tnoc. Inoc. No inoc.Genotypes 	 Inoc. No inoc. leoc. No inoc. 

4.3 t,6 0.1 H0 23 06 52 00PI 337394F 
3.0 0.6 '0 1.5 1.6 00 16 0.0UF 7151.1 
3.6 0,6 7.0 2.5 2.6 00 7.1 00

J II 
3.0 0.6 66 1.9 1.6 00 10 0.6Ali 7223 
5.6 1.3 14.2 4.0 3.0 06 11.9 .i,.mV'at, 27 

2.6 03 9.9 1.7
I izpur 

- 20 03 3.7 0.0('55417 
I11 117409 4.3 5.51.3 1.5 

11-4-47-7 	 4.3 1.3 4.4 20 

66 1.0 95 0.9tl-44-1 

tI. l-	 5.6 I 0 4 2 2.K 

I ,tttc 2 5.3 1.6 ) 2 3.7
 

Ali 7229 6.3 
 I. 7.7 3,1 

N(' 	Ac M41 6.3 1.1 17 4 1K
 

I 1V 2 7.3 2 1 16 4 6 5 3,6 1.3 21.2 2.5
 

I1 1 4 5 9 6 20 32.4 56I ( 76446 (292) 10 3 2 6 

(133.1I U 11 t, 15 4 1.5 8 6 2 3 27.9 1-3.4
 

SI V Q;) SI (V 1 I SI ('V t') SI. ('V ,';1 

36 4 17.3 II I 5
I oi corparon of genotypes t) 71 24 7 t2 56 50 K tO 61 


7 33 9s.5

Yor comparison of inoc. treatncrit t( 72 21 8 t2 5') 51 6 to 5h 11 5 

to rci~t hub necroslis di I'.e.%c ( ICI ISA I AnnuaI Table 14. Aflatoxln B, conlent (ig/&g eed) of seeds 

Repotl 19X1). We CxatinCid I(X) Ictraploid of groundnut cultlsar 1MV 2grown under to iriga-

I( iNISAT ('ntir, Ipslralny traton
dcrv~.ti es of cos,in 1n1olkitg A. 4/1ou'to'lne lion regint, 

.'trat hs I l, o'at 1911/R2.tand tme clltsmcd grtlndit 


"lid 14)o jIllt P.CC)t Ih le t i ttCCc C o 11C.I',C. Alt A fo "
i I 	 i',% 

Vector %lUdles. At I(i ISA I (Cnitcr" , the 
yrtil~tltttt crop wa,, ,v .+d by I ,t f| l)rought . s.rerel'it I At l f It ..24 hr 4 hr 

IrtiA liflim ll, t 1h1:4'i, tihe %,cut4 ofl IS\V Ifrrigatlion a 7-day intrsals 17 	 17 15 
( 7 C)anld .iaaifrom10 Iid-Altigns to rally '" .cIct-olhc IrrigAtion l 15-tday miotehaI (42 

froni late I )t tnh.r to riild-lchillrlly. cottfirn1- SF. !054 ,0 24 tC 41 

Ing lilRfortlloft 1ro0 callicr (CCAOSA) V (lal, 	 1N1;0
AmmuiI lRepoli 1979/ 0; 1981). 

http:dcrv~.ti


IDiiwair. 187 

I l- , 1 II ih441 11A,. t14,14,41411I 11%bitt1 .iihi, t AIM S, li I Ii, 	 h14llitNI 4t4 

i~l4 t. I.. ' l 11 1-4Il JI , M llI4,II I i 11$44 11411i,1II 445 I Imtdi t*hitttiii4I ~',,Ii Jtd I% ,il 5 fili|it,4III N 4 In 

* ,, 	 . 141 Andlit. it4, 1r411 4 1.I - 11 1 11,11 litI l 111I 14i k iI(24 1 V- I .	 5%1114 140 l 

I ') i s7 . i ,,i if 152, ,',I l!l, 

(, ,I I,, 	 ' h5i. (4 , Lk h.i) P I 

i \fl *4 II I tNI I II A. 'J:4l IJl I%. II ? 

I PoIlNI Il I'11 I I 

I , 	 i 4 'i"IPI l I II , Ill I o( 12.o 

PI II III 1 45 I' (1s4I 'I 

$441 1 t 411( 121-A45 ' 

I .' ''s i 4)41) I I l'2 I ?If 

II',)4 I It '11 16 Q141 65 

I I 	 l I , 51.5 7 H11 i 7 


lt II ,kIIII lI (I III 1)
 

I I . It 	 4 "117 xi 1.( 4O 

0414L44 

\1 1 1411 IM 41 2(1 
t~~~551( 	 Ito,44 1401. 

N 4 .44,, 45444 lll lilllI4"f,	 1544.I 41 4 l14141h,,. .b 



liNW populatifii and1( (Iiwital iiicldeiice. Repli. cated thatt alte.rntatc braunched spreaiding-bunch 
cattwd field tilats at ICRISAl' Center inl the and piostrate ctultciai htad lower incidence: of 
198X 1 X8.po~tiI nanl d 1982?i II1 Wia I ;Ian bud neciosts diise thani 'wequentially blanchedNOn pgiill 

andt at IIlyti potpi.1 t toll ictiucdt file Incidtence of 

bud lieciii diwvx' (I(IRISA I Anniiual Repoti l'caiit ittie Vtillis I)i%c.tsc 

A ritlitaI 'IlaIdect, %lcnof tiit Ibudtt iof~N0,I%as (':uil urent. I If,- Imiowdu da%.!! ISA tech
hipihe't M~ict plant poptilatin %Ci Io%%Cs. Ilitluc. MuhiIl fu~catcl NcliiNIIily ill detecting 

%iti it.. mi llc 1.111.I11. 11of t oit20) pc.jit m I % [lit Need, IS"IC~it if,, 11) N1 V ) ill gr (111( 
r tN iii fit uirc testing lot Need trannt-

Ni iriC I %% f ofI 1 1 tiffIt l Cr 10%1 Ili%CA'IV. 111j IC I(' S101. 1I Is,\ Is aItst used to lel.' plai% Ill tile 

tNcittttc otf J11 Scircring ffr tecsi%tance. andott %C'l It ptI)11s 1ut(It- i Iliile 1981 1982? 

i t ' u tiV *l o l)(I ipt I t e u t h at 5t i,t l)NC 

fotu bull' .,) i fy~a ()t , ,ethmtihuh1A,r Ut14- artItt ic l ii ( It.ill t.~itl 01 a fitd 4u Oo ko 1hiNsu 

JI,111it .0ty 1.1' ,Irn ,A ,uI t~Au r f )uu ,to \wult Ihutt, 111c a ttit cu tillflo ut m ct"c'(:f Mut 

R(/lu,. i 1111% I i tioitIax f lc ib m Io 2li6 !( Ih(,4I c 



Diseases 189 

were further tested in the 1982 rainy season, with Ah 7171 also showed no seed transmission of 

the known PMV-susceptible cultivars TMV 2 PMV when 3000 seeds from infected plants were 
and Gangapuri, in a replicated field trial with checked. 
and without PMV inoculation. Yields of dried 
pods and estimated yield losses are given in Peanut Clump Virus Disease 
Table 17. Two lines, NC Ac 2240 and NC Ac 
2243, had significantly lower yield losses from Causal agent. We have improved the purifica

the disease than two other test lities or the sus- tion of peanut clump virus (PCV) and produced 

ceptible checks. an antiserum that gives a titer of 1/ 1280 in the 

Further testing of seed of genotype EC 76446 precipitin ring-interface test. Immunosorbent 

(2M2) from PMV-infected plants showed no seed electron microscopy (ISEM) has been adapted 

transmission. Genotypes NC Ac 17133 RF and to detect the virus in crude plant extracts. Using 
the microprecipitin, das-ELISA, and ISEM 
tests, we found that the PCV isolates from Lud

hiana, India were not related to two I'CV iso-
Table 16. Grouindnut genotypes showing less than 

lates from West Africa.20%ainciene1 Go u e p
20% incidence of bud necrosis dis.ease in field screen
ing trial, I(RISAT Center, rainy season 1982. 

Transmission. The clump virus disease is soil-
Bud necrosis borne (ICRISAT Annual Report 1978/79). 

t isNase I Inoculation tests witi possible nematode vectois 
Genotype ICGi No. %) - and the fungus Olpidium hrassica failed to trans

4.5 myxa graininAi, 
C 102 848 7.4 reported ,ecior of PCV in West Africa, was 
Ah 54 504 9.0 found in all soil ,tinpc,; taken from l'('V-
C 145-1I.>i' 2921 10.8 infested fields in Inia; jeveral identified hosts of 
F2 P107 (4) A - 13.1 the fungus are being used in tests to see if P. 
NC Ac 2240 5043 13.2 graminis can transmit PCV to ground nuts. 

F2 4(1) - 13.6 

Gujarat narrow leaf 2741 14.6 Screening for resistance. Of 10,13 lines 
C 145-12-11-16 884 14.8 screened for PCV r,:sistance in naturally infe! ted 
NC Ac 1086 1640 15.5 soils in I.udlhiana, Punjab, and llapatla, Andhra 

C 136 869 mit the disease. The fungus /'(,It 

C 156 897 15.7 Pradesh, in India, three genotypes (NC Ac 
NC Ac 841 2288 16.4 17099, NC Ac 17866, and RG 23 NA 30,) have 
C 123 2555 17.0 been selected for further evaluation. 
NC Ac 2203 2301 17.3 
NC Ac 17888 0317 17.8 Cowpea Mild Mollie Virk!'; Disease 

NC Ac 1741 5030 18.0 
C 121 862 18.1 Cowpea mild mottle viru, (cmMV) disc.':,e has 
C 108 2546 18.5 been recorded on groundnut in Mahatasltra, 
C 125 866 18.8 Giijarat, and lamil Nadu States of India, hut its 
C 163 902 18.8 incidence is risuailly low (. I 
NC Ac 1705 6764 19.6 ine virus particles are slightly flexuous with a 

modal lenyth of 610 nnt in phosphotungsltate
"IMV2" 221 91.0 (~A-tic ~~aain , [ol rl 'l:n 

26.6 (l'IA )-taincd r paiatiomis fo m cinch plt
799
Robut 33-1 

M 13o 156 _ 46.9 extracts (1.1g. 4). imrilficd vii 'i ictained 70% of 
the infectivity in cir:de plant extract,. CMM',' 

i Mean (f4 replications. .,edilenltcd as a single colipioncit v illit sedi
* Commonly grown cultivars menaltionl cclicient of 159 . ieh hillov:tt dell
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Table 17. Effect of Infection with peanut mottle virus (PMV) on yield of selected groundnut genotypes ICRISAT 
Center, rainy season 1982. 

Genotypes 

OG 69-6-1 x PI 259747 F2. pp. B1-B1-B2-13-B, 
Guag I x NC Ac 17090 F2-B2-B2-BI-B 
NC Ac 2243 
NC Ac 2240 
TMV 2 1, 
Gangapuri h 

SE 

CV (% 

a. Mear, of 12 replications. 
b. Susceptible check cultivars. 

sity of purified virus in CsCI was 1.33 ±0.01 
g/ ml. The virus contained a single polypeptide 
of molecular weight 33000 daltons and a single 
ribonucleic acid species of molecular weight 2.6 

x 10 daltons, determined in nonde:aturing 
polyacrylamide gels. 

Using ISEM, das, and iv lirect ELISA proce-
(lures, we found CMMV serologically related to 
carnation latent, potato virus M, chrysanthe-
mum 13,h p mosaic, helenium S. and Dulcam-
ara (clevelandii isolate) viruses. It appears that 
CMMV belonrs to the carlaviruses group. 

N 

S 1 

Figure 4. Cospea m!ild mottle vlras particles: the 
disease caused by this vIrust has l'een recorded Inthree 
stqteoflndla(Ulpperlar: 26nm,lowerbar: .6nm). 

Yield of dried pods (kg/ha) Estimated yield 

Not inoculated PMV inoculated loss (%) 

901 a 731 18.9 
1333 1033 22.5 
782 696 11.1 

1286 1393 None 
918 549 40.3 

1007 763 24.2 

±133 

30 

Insect Pests 

Insect Pest Incidence
 
at ICRISAT Center
 

We monitored the icidence of insect pests on 
groundntit in unprotected crops in rainy and 
postrainy seasons (Fig. 5). Jassids (Emnpoasca 
kerri) were a major pest in the rainy season; 
minor pests included thrips (Scirtothrips horsa
fis and Frankliniella schultzei), leafminer 
(Aproacrenia nodicella), tobacco caterpillar 
(Spodoptea liMura), and bollworm (ieliothis 
armigera). Leaf miner infestations were high dur

ing dry spells in August but decliied rapidly 
after heavy rai:;s in September and October. 
White grub (Ichnosrna fi.ssa) caused exten
sive damage in localized patches, particularly in 
fields close to host plants for the adult beetles, 
such as neem (Azadirac/h indica), and Casua

rina equiseit'oli'a. The pod-sucking bug, Flas

nMolotnus sordidus, infested pods in windrows 
and in storage. 

In the po!,trasiny season, leafmine:s and 
tobacco caterpillars were the major pests, and 

thrips were minor pcsti. 
Populations of male moths of Spodhopieralit

ura were monitored with sex pheromone traps. 
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6o- Rainy season 1982Postrainy season 1981/82 

1 Heliothis armigera 

60

Leafminer, 

40 A. modicella
 

20

0 

0 I 
a) Jassid, 

5 40- E. kerrn 

a. 20

0

0 
10 -Thrips, F. schultzei nymphs
 

0-

Thrips, S. doralis nymphs 

30 I 

20

10 -


Sept 82Jan 82 Feb 82 Mar 82 Aug 82 

Figure 5. Pest incidence at ICRISAT Cent r, during indicated months of postrainy season 1981/82 and rainy 

season 1902. 

Traps 86 and 150 cm above ground caught more season in Mahbubnagar, Kurnool, Anantapur, 

moths than traps 200 cm above. The phero- a.d Nalgonda districts. The first three of those 

declined after 4 weeks' cistricts suffered a dry spell during Augus t andmones' effectiveness 
part of September. In the postrainy season,exposure. 
tobacco caterpillars devastated groundnut andPopulation change; in ma!c I:cfmincr moths 
other crops in Prakasmn, Nellore, Chittoor, and were recorded by using sticky traps baited with 

virgin females; (ICRISAT Annual R ,,t 1901 ) parts of Anantapur districts. Severe damage by 

in a few fields (Fig. 6). In the' postrainy seasons thrips, F. schultzei, was observed in some 

groundnut fields in Prakasarn district. Lcaf-Ikafminers were a)undant from March onwards 

in both 1981 and 1982. In the 1982 rainy season miner was a major pest in Nasik and Sholapur 

the insect completed four overlapping districts of Maharashtra during July 1982. 

geteration:,. 
Yield Losses Associated 

with Insect Pests at ICRISAT CenterPest Survey.; in India 

Two trials were conducted in the 1981/82 post-Several surveyswerecarried out. !n Andhra Pra-
rainy season and two in the 1982 rainy season.desh, krafminer was a major pest in the rainy 
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Table 18. Effect of pest control on yield of grountdnut 
cv TMV 2, ICRISAT Center, rainy season 0l9.1 

Plant llaulm Pod 
popula- weipht wicght 

. F tion/ plot (kg! ha) (kg/ha)" Ireatment 

Not protected 1113 2970 1290 
Fully protected 1108 3620 1410 

S 57.9 ±37.9 

CV (I'D 6.6 10.5 

I Mean of 14 replications. 

In one experiment, yields of plots protected 
throughout the season increased 9(/j in dry pod 
weight and 22"; in haulm weight (Table 18). 

,lassids weic the major pests. In a second trial in 

another f:ld, plots were pIotected for (iffercit 
dur:..tiorns. Yield increases w'ere 32( in plots pro
tletted fom emergence till maturity. 55(' in plots 

protected fron 45 days after emergence, andIte wh''co aterlpillar.Spodoplera litura, i. a najor 

ils'l'I slest (s go,ildittroni ill //I' Iuo. rail (- 20i ini plots protected from 85 days after e mer

wn tn Andhra IPradesh. T"mil .Vadti. and Karnatask a. gence (Table 19). The major pests "ere thrips. 
leafininer, ihiOthi.,and SI)od)Itera. 

In the postrainy season yield losses were not 
significant, probably because leafminer (the Pest Management 
major pest) infestations occurred near crop 
mat.urity. and infestations by Sly''lolwteris ilura Cultural Practices 
were negligible. In the rainy season, however. 
pest control increased yields of both pods and Effect of plant stand on insect infe.,tation. We 

haulms. used three commonly grown groundnut cultiv-

Table I). Insect-pest damage and pod yield in grntmndtnut (cv Robut 33 1) I(RISAT Center, rpiry- .', 1982. 

I lt ; dji i~iaged C02 Pod yield 

Treatment' I ealminer Ih'iohiA Thrips Jassids (kg* ha) 

Fully protected 2.3 16.2 3.9 1.6 1140 

Iiotected from 45 I)AE 12.8 16.0 7.6 13.2 1340 

Protected fron 85 DAE 14.7 16.3 9.1 14.4 1040 

Unprotectcd 15.3 17.7 9.1 14.6 860 

±51SE 

9.3CV (%) 

I PIrotection with sprays of monocrotophos (0.1%) at 10-day ;ntervals.
 
2 Mean of 4 replications - si.c of sample =25 plants per replication, date of samplingp 27 August.
 
I)AE =days after emergence.
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ars, TMV 2 (upright-bunch), Robut 33-1 Program (FSRP), groundnut (cv TMA 2) was 

(spreading-bunch), and M 13 (prostrate plant intercropped with pearl millet (hybrid BK 560), 

habit) in 10 m x 8 m plots with four replications sorghum (hybrid CSH-6), maize (hybrid Dec

in the 1981 rainy season in a pesticide-free, low- can), pigeonpea (ICP-36-6), sunflower (cv 

fertility field. Two spacings were used: 75 cm Morden), and castor (cv Aruna). Rows were 30 

cm apart, plants 10 cm for groundnut, 20 forbetween rows and 15 cm between plants, and 30 
maize, 15 for sorghum, 30 for pigeonpea, 10 forcm between rows and 10 cm between plants. 

Insect infestations were recorded weekly on 10 sunflower, and 20 for castor. Plots were 25 in x 

randomly-selected plants per plot (Table 20). 15 m with 3 replications separatcd by 30 m of 

Infestations of thrips, jassids, and leafminers unsprayed groundnut crop. Cereals were sown I 

w,:re lower on closely spaced than on widely row after 3 rows of groundnut; other crops, I 

spaced plants. TMV 2 showed large infestation row after every 5 rows of groundnut. Data on 
are shown in Table 21.differences between spacing treatments mainly pest incidence 

by thrips (Scirtothrips dorsals), jassids, and Thrips,jassid, and leafminer infestations were 

leafminers. Pobut 33-1 and M-13 showed thrips lowest in groundnut intercropped with pearl 

and leafminer differences. Jassid infestation was millet. 

lowest in M-13; leafminer infestations were sim

ilar in all three genotypes. Insecticides 

Pest incidence in intercropped groundnut. In In laboratory tests. 4- to 17-day-old tobacco 

collaboration with the Farming Systems Research caterpillars (Spodoptera litura) were fed ground

2.6
2.--Field 1 

2.4
2 Field 2 

2.2
2.0

o.1.8-* ,, 
1.08
 

0.6 

0 
0.4

0.2
 

25 1 5 to 15 20 25 30 5 10 
August September October 

Trapping period 

Figure 6.Numbers of leafminer (Aproaeremamodicella)moths caught Invirgin female-baited sticky traps Intwo
 

fields at ICRISAT Center,rainy season 1982.
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Table 20. Effect of row and plant spacing on pest infestation' in seiected groundnt-t genotypes, (plot size =80m) 

ICRISAT Center, rainy sc'son 1981. 

Spacing Thrips 

Between Between S. dorialis F. schulzei 
Jassid Leafminer rows plants 

Adults Nymphs nymphs minesGenotype (cm) (cm) Adults Nymphs 

19 11522 40 15 8TMV 2 30 10 
75 15 53 86 19 16 35 196 

7 4 19 109Robut 33-1 30 10 12 29 
7 19 21175 15 30 65 5 

12 113
M 13 30 10 14 20 7 I 
221
75 15 21 45 4 I 13 

6.2 19.5 160.925.4 40.5 9.4Mean 
±3. :t20.7±5.6 ±13.6 ±3.4 L1.6SE 
36 21
71
44 41
CV (%) 


I Observations were taken on 10 randomly-selected plants in a plot p1':akinfestation.
 

the 1982 rainy seasonat ICR ISAI Center using
nut leaves sprayed with different insccticides. 
Methomyl (at 0.05% and 0.1% concentration) 	 techniques described in ICRISAT Ann-.al 

P-pnrt 1981 (p. 179). Resistance previouslykilled the most. 
reported in sevcal lines was confirmed, and 

in .everal r istsome resistance was found
lost Plant Resistance 

resistant genotypes and brct-ding lines (Ti'ble 

22).Jassids 
Three lines, NC Ac 16940, K-4, and NC Ac 

had heavy j-,d infestations but s;howed
We screened 403 genotypes and breeding lines 	 2142, 

little yellowirg. (ienotypes NC Ac !6940 and
for resistance tojassids in replicated field trials in 

was the mail crop in each case), I('RI[iATTable 21. Pest incidence In intercropped groundnut, (groundnut 

('enter, rainy season 1982.
 

l'est incidence' at peial. kiifestation2
 

_Thrips 

S. dor.sali . .,'tIai:ei Jassid I.eafminer 
nymphs minesIntercrop nymphs 	 nymphs 

0.8 60.5Sole groundnut 13.9 	 58 
9.9 0.1 32.6 	 22Pearl millet 

57.1 44Sorghum 15.0 0.3 
37
Maie 17.3 0.7 50.5 


1.0 60.8 5IPigeonpea 	 17.3 
66.9 47Sunflower 	 21.8 0.7 
73.5 3219.8 	 0.1 

±6.0 
Castor 

±2.0 t0.2 t5.0SE 
15.2 24.7

CV (%) 	 21.0 56.0 

1.Counts pci meter row. 
week of September: leafminer, last week of eptemnber.week of August: jassids, first
2. Thrips, last 
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Table 22. Sources of resistance to Jassids inselected groundnut genotypes, ICRISAT Center, rainy season 1982. 

Set I(111 entries) Set 2 ' (79 entries) Set 3 (213 entries) 

Yellowed YellowedYellowed Jassid nymphs 
per 5 plants Genotypes foliage (%) Genotype foliage (%)

Genotype foliage (%) 

ICG 6322h NC Ac 2230NC Ac 2243 (T) 0.03 20 	 5.0 0.1 
75 - 83 4.3NC Ac 2230 0.07 2 NC Ac 2750 

NC Ac 2232 0.10 17 
NC Ac 2242 0.20 17 P1 259747 8.0 

K-4 0.40 49 

TMV 2 TMV 2NC Ac 2240 (T) 0.40 36 	 60.0 56.7 

NC Ac 16940' h 0.40 53 
NC Ac 2243 (pp) 0.70 9 
NC Ac 2240" Dfl) 1.40 16 
Gujarat narrow-leaf 2.00 4 

NC Ac 1705 3.70 18
 
NC Ac 21,12 4.70 48
 
NC Ac 343 6.80 26
 
M 13' 8.00 15
 

34Robut 33-1 	 33.30 
TMV 2' 	 43.30 103
 

Rust remistant entries.
 
, New entries found less susccptible to jassids.
 

Check cultivar.
 
T =Tan testa.
 
)1 = Deep purple testa.
 

K-4 have dark green foliae; genotype NC Ac 	 required high humidity inrde the jars to survive 
more than 5 days on susceptible cultivars; most2142, dark green coiduioy-like foliage, 
nymphs in jars without a lid died within 2days. 

Screening progenies of jassid-resistant 	 Ten second-instar nymphs were released oncach 

plant's foliage. All nymphs released on NC Acgenotypes. Seventy-six progenies from crosses 
betw cen high-yielding cultivars and jassid-	 343, NC Ac 2230. and NC Ac 2242 were (lead by 

day 4 (Table 24). The least died on Ruout 33-1.
rcsistant cultivars NC Ac 2214, NC Ac 2232, and 

NC Ac 343 were scrcened in a replicated lield Nymphs on field-reistant ciltivars had higher 

mortality than thosc on susceptible ctlti,'ats.trial inthe pesticide-free area, with laboratory-
brc,l jasil%released to increase the infestation. The hairy leaves of cultivar NC Ac 2230 hin-

Fiftcen progenies in F, to F,generations showed deted feeding and movement of yotng nymphs. 

soltae rcsistance to jassids (Table 23). 
Thrips 

Survivnl of jassld nymphs on reistant cillivars. 
Sti. vival of jassid (E.kerri) nymphs was tested Wc 'eened 59 genotypes in the field f,,r resist

that resisted them in field trials. ance to t!rips (I'rankiniella.whut:ei),scoringon cultivars 
'I hree shoots of each cultivar from field-grown injury on ,, 1-9 scale and counting lea[lets with 

thrip injury (Table 25). NC Ac 2240 had the leastplants were placed in moist sand in 5 cm :.8 cm 


plastic jars with tight-fitting lids. The nymphs damage with a mean score of 3.2 and only 2%
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leaflets darmaged; check TMV 2 was rated 9 with 
19% of its leaflets damaged. 

We also scored thrips injury on a 1-9 scale on 
262 genotypes in a pesticide-free Alfisol field. 
Five erect-bunch entries (IIUA-1 13, P1261945. 
P1 314817, NC Ac 16058. RV-II), five 
spreading-bunch entries (NC Ac 1705, 309/75. 
NC Ac 2123. M-302-73. and Ku 19), and five 
runner entries (VRR 170. VRR 265. VRR 257, 
NC Ac 28') 1,a nd V R R 198) showed resistance. 

Laboratory screening of wild Arachis species. 
We assessed survival and fecundity of F. s.h:1i-

:ei on detached leaves of eight wild .Arachi spe-
cies ina gyioth chamber with 12-hr day (at 
2811C) and 12-hi night (at 210C). The thrips' sur-

vivIl and fecundity were considerably reduced 
on sole wild species; survival was lowest on A. 

irda ... and fecundity was 7ero on A. bati:,,-4',. 


noi, A.vill,,. and A. iorrentina(1 able 26) 
In many w,ild Npecies survival of thr ips was 

adcscrly affected. 11his could have resulted in 

low fecundity. To see if the resistance stemmed 
from decreased feeding or oviposition. we pro
vided a supplementary diet of pollen to assure 
normal storvival. Then, with no iesistance to ovi
position, fe,mndity would increase. On each wild 
species, we released thrips in one set on leaves 
alone and in the other set, on leavcs and pollen 
for 3 days, then transferred surviving thrips to 
the same dietary regime as TMV 2 to see if 
thrips used in these tests could oviposit. On some 
wild Arahi% fecundity increased sublantially 
when survival incrcased. On others, such ai A. 
t/ac',enw, fecundity was incIcascd only ma, i

nally even though survival was normal, so A. 

chaoenw may iest feeding and oviposit ion. 
The resistance may be incorporated in futurc 

groundfnut cultivars. 

Aphids 

We screened more than (0 genotypes for lsit 

ance to aphids (1Aphi craucivora)in the crcern

ofl'iariljirirtik'ikiiei ar it, thnigrorlut lltuar/" ,4 har Iber faunit to rnu'ru r ,,"fIlu'ltrCc 2.'30 
ia Ir hinbudering flhe
of1.*idr fording tinu ,,ovg'rcnl 'if tr rmh 
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Jassld dumage (%yellowed foliage) In some Heiothis armigera
Table 23. 

groundnut breeding material, ICRISAT Center, rainy
 

creened genotypes against eothis in the 
seasonWe 

Yellow .1982 rainy season. Infestation was low, but no 
Yellow entry was free from attack. A few genotypes with 

foliagFCCMless leaf damage than the standard susceptible 
I'edigiee ) 

(M 13 x NC Ac 2214) F114411I (SVR R)-112-11 2.3 

(Robut 33-I x NC Ac 2214) It:,B-1 VRTh) BH-ta 3.3 

(Robut33-1 x NCAc2214)1F1-),-111 lTa)1)1-I,,,I(IVR 5.0 

(Colorado Mamffcei x NC Ac 343) F-11-ll41 (fal 5.7 

(M 13 x NC Ac 2214) |-,-11-I, (S VI) Ta) ll2I1, 60 

(M .3 x NC Ac 2214) 4IiJ-, (R VR )P) l-l, 6.7 

(NC 1rC 232 x (ian[apuri) I:-IlIll,i, 6.3 
(Robt, 1-1 x NC Ac 2214) 1 41l-B, (R VII la) If, 7.3 

(Rohut 33-1 x N( Ac 2'14) I41,.41 , (J VIB la)[141 . 7.3 
(JII 24 x NU Ac 2214) Ill,-Ir1 1 , 8.7 

1 141 11  
(MK 374 x NC Ac 2214) IFr,- ,- 9.0 

1
(M 13, NV Ac 2214) IF- - , (SVb P) It:-II 10.0 
(M 13 x N( Ac 2214) I -I,, 1, (I VII Ta) 1)2-110 10.7 
(Manhcdi x NC Ac 343) F,-I -,1 P 12.3 

(Manfredi x Nc Ac 343) I-1 111, (la) 12.7 
43.3JI 2 (cck) 

i Ncan t 3 rpIicaphl n 

house. by telcaing front 2(0 to 30 adults and 

nymphs on e,-clh n!ant. After 15 days, all plants 

with fewer than 25 aphids were reinfcsted. None 

of the genotypes resisted the aphids. 

Leafminer 

Preliminary screening for leafminer resistance 

was started with 186 genotypes in the 1980/81 

po trainy season. In the 1981/82 postrainy ;:,a-

son. w.-screened 8(00 genotypes. l)amage was 

W)recorded on a scale (I : no damage; 9 = 

sevLre damage). No lest entry was resistant but 

some suffered les, darrage than the controls. In 

the upright-bunch cultivars the best selections 

scored 7.0 lo 7.5 compared with 8.2 for TMV 2; 
in spreading-bunch cultivars, the best scored 6.3 

to 7.5 compared with 8.6 for Robut 33-1, and in 

the runners, the bc.,t selection scored 6.6 to 7.2 
compared with 8.1 for M 13. Selected genotypes 

are being retested. 

checks (Table 27) are being tested further. 

Termites 

We sowed 113 genotypes, including lines that in 
1981 showed low pod scarification, in a repli

cated trial in a termite-infestcd, Alfisol field in 
the pesticide-free area. Uniform termite infesta

lion was encouraged by avoiding deep cultiva
lion, providing ,awdust in the summer months, 
collecting mating pairs during June, and redistri

buting them in the field. 

on 
shoots of resiant and susceptible groundnut 
genotypes. 

Table 24. Svirvival of jassid nymphs detached 

Mean % 
nymphs 

surviving 
after 96 hrGenotypcs Foliage 

Robut 33-1 (Check) Normal 40 

NC Ac 1705 
NC Ac 2144 

NC Ac 2154 
NC Ac 2240(T) 

M 13 

NC Ac 2240(1)1') 

NC Ac 2243(1)1') 

Nc Ac 2243(1) 

N( Ac 2232(Q) 


NC AL 343 

NC Ac 2230 

NC Ac 2242 


Mean 

SE 

CV %) 

lhick 23 
Corduroy 20 

Corduroy 13 
Normal 10 

Normal 10 
Normal. pigmented 7 
Corduroy, thick, pigmented 3 

Corduroy, thick 3 
Corduroy, thick 3 

Normal 0 
ThiV. hairy 0 
Corduroy. thick, hairy 0 

9.7 

t5.1 

11.3 
Arcin transformation before analysis. 
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Table 25. Resistance of groundnut genotypes to 
thrips, ICRISAT Center, postrainy season 1981/82. 

Leaflets Thrips 
damaged injury 

Genotype (%) 1-9 scale' 

NC Ac 2240(DP) 2.0 3.2 
NC Ac 2243 (T) 2.0 3.6 
NC Ac 2243(DP) 2.2 3.8 
NC Ac 2242 3.0 3.6 
NC Ac 2142 4.7 4.6 
NC Ac 2154 4.7 6.0 
NC Ac 2230 5.3 6.4 
NC Ac 343 5.6 8.4 
NC Ac 16940 6.2 4.0 
NC Ac 2232 6.4 4.6 
IMV 2 ' 19.0 9.0 
Robut 33-1 13.4 8.2 
M 13 ' 18.6 7.0 

I =no damage; 9 severe damage
T= Jan testa. 

IP z D:cp purple testa. 
a Commt grown cultivais. 

The plants were harvested I month after nor-
mal maturity when we rated pods for termite 
damage on a 1-9 scale (I = no scarification; 9 = 
total scarification). 

Table 26. Survival and fecundity of F. schultzel on 
some Arachis spp. 

Mean survival Mean fecundity 
Arachis spp. (days) per female' 

A. chacoense 3.7 2.0 
A. hati:ocoi 4.0 0.0 
A. correntina 4.5 0.0 
A. vilo.sa 4.7 0.0 
A. pusilla 5.7 2.4 
A. ghbrata 6.0 4.0 
A. duranensis 6.4 2.0 
A. sp. P 10596 8.0 5.0 
A. hpogaeacv [MV 2 8.7 12.2 

Number of nymphs per female. The experirnent was con-
ducted by caging five F.schu:tzei on a single leaflet in 
small glass vial kept at 280C from 0600 to 1800 hr. and at 
210C from 1800 to 0600 hr. The leaflets were changed 
every day. 

Resistance of several genotypes selected from 

the 1981 trial was confirmed, and a few more 
showed low resistance (Table 28). Some geno
types NC Ac 2243(T) and NC Ac 2240 had few 
scarified pods and low injury ratings for the few 
damaged"pods. Others ((-5, NC Ac 2232 and 

NC Ac 7663) had few damaged pods but high 
injury to individual pods. We are investigating 
possible causes for the variation and tie basis of 
termite resistance. 

Breeding for Pest Resistance 

Five cultivars with varied r-sistance to jassids, 
thrips, and termites (NC Ac 343, NC Ac 1705, 

NC Ac 2232, NC Ac 2240. NC Ac 2242) and 
breedir,; lines derived from Rnbut 33-1 x NC Ac 
2214 (resistant to jassids and with better plant 
type titan NC Ac 2214), wcre crossed with high
yielding varieties tnd breeding lines. Three with 

fable 27. L.eaflet damage by Jleliothis armigera to 
selected groundnut genotypes, ICRISAT Center 
rainy season 1982. 

Mean no. of leafts 
Genotypes damaged (%) 

C-I12 7.8 (1I 57)0 
2957 7.8 (16.22)
C-98 8.2 (16.58) 
NC Ac 2240 9.7 (18.02) 

M 145 9.9 (I8..,,, 

TMV 8 10.4 (18.65) 

Robut 33-1 , 14.7 (22..0) 

M 13h 17.2 (23.93) 
TMV 2h 27.6 (31.53) 

NC Ac 927 31.5 (34.00) 
NC Ac 17127 33.1 (3509) 
NC Ac 1607A 33.4 (35.27) 

SE ±( 2.26) 
Mean of 64 gcnotypes 19.6 (25.81) 

CV (%) (12.40) 

a Figures in parantheses are arcsine square root trans
torried values. 

t,Standard nmmercial cultivars. 



Tnble 28. Groundnut genotypes showing low pod 
scarification by Odontoterines sp., ICRISAT Cenitr, 
rainy season 1982. 

Nuiiibcr of Scarification 
pods rating on 

Geiaotype scarified (%) 1-9 scale 

NC Ac 2243 (T) 1 0.5 4.7 
NC Ac 2240 (T)A 0.5 4.0 
NC Ac 2242 h 3.1 4.9 
NC Ac 2690 4.2 2.6 
C-5 5.5 6.8 

' NC Ac 2240 (DP) 5.7 5.8 
NC Ac 2575 7.6 6.9 
NC Ac 17587 7.6 6.6 
NC Ac 7663 7.7 7.7 
NC Ac 2232 7.8 7.3 

NC Ac 2891 7.9 6.6 
FFSR 386 7.9 7.6 
NC Ac 1122 8.8 7.0 
NC Ac 10033 9.3 6.6 
FESR 108 9.9 4.8 

TMV 2' 25.1 7.0 
Robut 33-1' 44.4 6.8 

=no 
I odamage; 9 heavy damage

t, 	 Promising in 1981 trial. 

Commonly grown cultivars. 
I tan ic.ta, 

I) : Deep purple lusta. 


little pod scail ic.i'om from termitesduring 1981 
rainy season (NC Ac 1113. NC Ac 1G033, and 
FFiSR 2-P5-113-P2-111) were also crossed with 
high-yieldinp genotypes. Such crosse totalled 
150 the last two scasois. 

Screeningbiecding micriol fo, resistance tojas-

sids. Selections in advanced rcfenrations, 
mainly derived from NC Ac 343, NC Ac 22i4. 
and NC Ac 2232 cro, ,es, were evnIuated for 
jassid resistance in a pesticide-free Alfisol field 
durrig the 1982 rainy season. 'I hejassid popula-

tion ssas manipulated by planting cowpeas in 

infester rows after every five test rows; 35 selec-
with good agro

tions rcsitant to jassils and 

nomic characters were identified for further 

testing. 
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Nitrogen Fixation 
Response to Rhizobium 
Inocullatiol 
Evailuaton of Rhizobiam strains. When 
selecting Rhizobium stiaiiis for use in iiocu

lants, it is usual to first evaluate their nitrogen
fixing capability in str'rile media under 
controlled condition; without any mineral nitro
gen additi,,o. D)ring 1982 we compared the per
formance of 19 %trains as inoculants for 

groundnut grown in an initially sterilized, sand: 
vermiculite root medium in th, glasshouse with 
their performanLe in an Alfisol field during the 
iainy season. The field soil contained an indigeii
ous population of lhi:ohium capable of nodu

latiiig groundnut. For traits associat__ with 
nitrogen fixation tLere was no significant (P . 
0.05) correlation between the two environments 
(I able 29) 

The nitrogen content of plants grown without 

mineral nitro.en indicates effectiveness in N.
fixation of the Rhi:obitim strains. Htowever, 
total N in the plants grown under N-free condi
tions was poorly correlated (r : 0.19) with the 

podlyields obtained in the field. The strain NC 

43.3 ranked highest in N-fixing efficiency on cv 
Robut 33-1 in the glasshouse experiment, but 

did not significantly increase pod yield of this 
cultiva r in the field beyond that of the noninocu-

Table 29. Correlation between glasshouse and field 
observations of traits associated with N,-fixztion in 
groundnut. 

Correlatit n 

LOefficient
 
Thaits i (df = 17)
 

Nodule number 	 0.37 
Nodule weight 	 -0.25 
Plant top weight 	 0.10 
Nitrogenase activity 0.35(pmoles C2l11/plant per hr1) 

i 	 Ob.ervationi were iccordcd 30 day%alter sowing in the 

glasihouse 'nd t (days after sowing in the field trial. 

http:nitro.en
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latcd plants (Fig. 7). Strain NC 92, which has a 
high rank in tie glasshoutse test gave the largest 

increase in pod yield in the field (Fig. 7). These 

results indicate that N2-fixtion under con

trolled conditions should not be used as the sole 

criterion for selecting 1?hizohiun strains for use 

in field iiioculation trials, and that the conipcti-

live ability of the strains should he evaluated; we 

are examining methods for testing this in the 

glasshouse. lhowcver, the most efficient way to 

tet for competitive ability is to conduct a lil 

trial of potential inoculant strains, 

Field respon,.e It)Rliobin hiilculation. In 

our plIvious ficl trials, we have shown that the 

advanced cv Robut 33-1 responds to inoculation 
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Figure 7. (oiparalive evlati on of Ilnhohium 


strains for nifrogenfihxing efllciency inthe g(ass'ou%? 


(A). nd their effect asinoculants on pxod yield in iht 

field (10) of cv. Ilobul 33-1, ICRISAT Ctnter, rainy 


seasonl 19812. 

Table 30. Response of groundnut yield (kg/ha) to 
elhzoblum inoculation, ICilISAT Center, rainy sea

$on 1982.
 

TIC.I'ieiwnl Jlo24 IC(S 27 Robut 33-1 Mean 

NC 92 1580 1750 1750 1700 

Not iioculated 1490 1580 1650 1570 
35 

Mean 1550 1670 1700 

SF, ±43 

CV (%) 7.4 

with Rlrizobiwrr strain N(" 92 (see I('RISAT 

Annul Report 1981. pp. 183-184). lDiring the 
1982 1tiny 'waeaso we ol;,erved that twro other 
cultivar I. 24 currently in inInikit'ials prior 

to national relea,. and I('iS L an elite line 

bred at ICR ISA I also pave IighereldI v hen 

%%,ith thre stiali N( '92 (lable 3,)). 

ieof :'IISA to idcntif, ,train . We hai e %ilc
cessftlly icd the [IISA ([i/ync I iInked 

iiniUriosorhelit Assay) Itchnique to the 

siccess of the Iti:hunitr iriltocnhirn q I;-i N( '92 

in forinirg nodulcs oil grotnrdnts in inAlii 
cfield lag:: popilltioll ofconlaiIIn', a Ilalise 

fl/R ",tn11 (lO'-l0',r,sil) capa le i nodillat-

Ing rorindluot. nodtles Iroi test 

plants wkere eaiinilicd by 1I ISA to -tc itthey 

reacted witth aritvlera prodratd ii',lt Irain 

NC 92. Datar from field expeimntsO Iithe 1981 
;and 198? rainy ,,eaainos ildited that stiinli NU 

' usd alo ne asthe oculantlorrid 25 ito 1•92 
o1 tie tItail pO ul;itionl o1lo d leCs Oil L% : thlIt 

33-! ( lailes 11 and 32). Strain N(92 sfierl Ied 
-1%i'.i u at'U l11y %o)1 11;1%il!", 

IIIO l lotII~ oll'~,,leIII!i 

icril d the prod Nield of 11ltiar oIbut 33-1 

(kce I (' 1SA I Aririnil I Iep rltI 1981. pp. 183 
181). '1 lie ,ason effct on thek hd a Illrk-d 

of litcnltilalri iillilltuoni.rc ,onwiri',dil to 

uIt isnr I((i; ; ,,elccll a!" t foro lolsis 

invoking R ol,ilt !ii-I.florilel Icdei Iodul'-' 

than Robln ' 13- I sith traii N(' 92 i e 198 1 

season, a.t. r(in ii trl 19H2 .,it', t 
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Table 31. Effect of mlxing with other %trainson the success of i'zob.um train N C92 in prodlucing nodult on 

three groundnut cultivars In field trials, I('HISAT ('enter, rain, season 1981. 

Nodulcs/ plant and pciccnts e fored by N( 92 

(IUS 15 J II Rohut 31-1 Mean 

Inoculation treatment 
Fotal 
(no.) 

N( 92 
(i) 

Iota I 
(no.) 

NC )2 
('; ) 

Iotal 
(n1o') 

NC 92 
C'.7) 

Iotal 
(no,) 

NC 92 
(%)0 

No inoculuin applied 
Strain NC 92 
Strain N' 92, Sa/70 
an( IC t)6 

510 
510 
500 

2 
25 
18 

350 
390 
120 

4 
3 

0 

420 
460 
470 

I 
30 
14 

430 
460 
430 

2 
28 
13 

S I t34 02.M)' 119 11.63 

Mean 510 15 354 I3.2 450} 15.1 

S!F 119 (t20) 

M1 % lue do not apply to the 'no inoculum applied.' 
* Vaiucs in puenthcews repicstnts SE for neans of petcentie of NC)12 noduki. 

Mixing other Ihui:otm %train%with NC 92 Breeding for Increased 
In the inocultli alo alfcced the CornpehthII N1-flxaion 
ahlity of %trarin NC 92. Adding straiai IC ()Y) 

had little effect hut tIhc piccncc of strai 5ai170 We haxc catlcr re pot t.J (ICRISAT Annual 

retCIILd 11w 011111,t1%.hhity of -tmain NC 92, Rcpoit 1981, p INS) that the -rmplas., linc NC 
p ItIhculsrly III the ,' ,ain Ac 2X21 hiph .ictiw198,1 Ii .i 	 had mI toyernlia sty. I)uring 

92 11 limfodush isimlult on 

tl ii gtoundnst cultiari infield trials, I( iIAI (l rIr, ainy tcav IX 
Iablr 32. VIflec of mlihng Wll ()ther %trail on the succ idtfilhzohii.i i rain N 	 o 

9 

Nodijlr J~hf~i atiI pri(C111.1j' 	 t"Il: d b) Nt '). 

Roiut 1 I I( WI I 	 NI.Arn 

lno ulation tictalrient 	 I o Nt 9i(92 I1ostal I ui.sl NC 92 

(ro) (tn ) '; (o ( i ll 

No inm.ulum apphd 210 I 200 I 2i0 I 

Strain 200 25 210 16 210 30 
Straim NC 92 and 210 29 230 19 220 34 

IC f4)Y; 
S11tii N("92 and 5a/ 70 220 20 220 20 220 20 

SI" 	 114(4 - 1t0 11.3 

Mean 	 210 19 210 24 

hi 	 1T1 (4 7) 

%I %alutsdo niol apply i the 'no IMsXu um Apph0| 

j Valhs in paunritincs irp"rwnitll%I (of mlran, Of rieehlnalte of N(' 92 no UlS 

http:pri(C111.1j
http:i'zob.um
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the 1981/82 postrainy season, in a diallel cross 

involving six parents selected for I-igh or for low 

N2-1ixing activity, we observed that tbis, linr I:ad 

good conlbirnlig ability idle to Ihigh 

genetic valrilance or traits assciated m,i,N,-

fixation IimtrogeCiI;IC activity, total riillogCl. 

leaf arca, ald top "cil.ht. I his suggests that NC 
Ac 2821 may t'useful in bleeding for increas d 
niltogen fixation. 

Drought 


R,-sc;rcli continued ,incollaboration wilh the 

A.Y;i<clintology, Soil Physics and I.an( and 

\,;1ItiMainay,[lienit,%hiprialn, of the ]si ', 

onICRISAI AnnuAl Rclort 19l), llim ime 

+llidi1teliity it iol.ijlnt aiffect rlOi tll t",lt 
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tion ,lilh 
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inapplied water relative tocropageand environ- applied to 725 g/m 2 with 10.5 cm applied). With 
ment are presented in Table 33. later stress (T3 and T4), effects of withholding all 

The plot sue being only two rows may have irrigation reduced TDM more (555 g/n 2, and 
2permitted competitike diffeenccs Io influence 480 g/m , respectively) compared with 735 and 

differences in total dry matter (lI)M) of geno- 720 g/ m2 frol full irrigation (14.5 and 16.5 cm,
 
types. A genotypt- with greater root growth respectively).
 
could have exploited water available outside tihe Regression equations for TDM averaged over
 
plot at the expense of its inndiat- neighbors. all genotypes amre provided in Figures 8 and 9
 
'Iflat possibility may have helped us identify for which conipac rcsponses of selected ,enotypes
 
further investigation lines with better than aver- arid the average response.
 
age root qrows th. Jotal pod weights in general were influenced 

Iiost by amount of irrigation under long-term 
Effccts of time of stress. Long-tern stre,,s ('T) sttLcs (I',), wxiec all-genotype yield average:; 
c.u,,cd fire tratest variation in T':NI, fro) 320 varied from 10 g,/i, with no irrigation to 430 
g/ in2 with no waer appliel to 9601,/n-with 39 ,/ i no ach centimeter of watern: "'it strcss. 

2hIcm applied betssccn lo\ering arid natulriln. applied increased yield 10.6 p / . 
lar lN strcss (11) can',e d only sli'ht vaiati ons [arl, lhort-tlcrl strCss (i,) Illuenced pod 

in accumulated I I)NI (660 p/n witih no water yields mitch motre than TI)M. Zero irrigation 

Tlable 33. (unmmulatk , itear aippliei (cn) to different Ireanneult and ineln v'eatier data during the stress perl'd 
on gronnout liie-,I(IUSAT ('ntcr, potrainy seaon 1981/82. 

Applied w4ater (cm) 
I rcali ciits T, "-l2 lt T4 

Pcriod of 

stress I )AS) 50-129 50-81, 74-102 102-129 

Replicate RI R2 RI 112 It I R2 R I R2 

Irrigation I 37.5 41.1 10.6 10.3 14.8 14. 15.8 17.8 
2 35.0 38.0 9.6 9.2 13.5 12.9 14.9 16.8 
3 29.5 30.5 8.0 8.6 10.8 10.6 12.5 13.4 
4 20.1 19.0 5.5 4.9 6 ', 7.1 8.9 8.1 
5 9.5 7.9 2.6 2.3 2.8 3.3 4.3 3.4 
6 2.3 1.7 0.7 0.6 0.7 0.9 0.9 0.9 

Metcorological data 

RdIlnfall (MIn), 0.0 0.0 0.0 0.0 
i:Wvporratiui (inrt)' 653 168 200 285 
Max. temp. (1C) 31.8 28.5 32.0 35.0 
NMin. telip. 1() 18.3 15.6 18.4 20.9 
Wrd Sliced (kitllh) 8.0 8.6 7,6 7.8 
Sorli t(adiirrrr 
(NI I/ INI12Iia y) 20.2 18.4 19.4 22.7 
RI0(', .,t1417 hr) 76.2 87.6 72.6 68.5 
R 1 ('.'at 1417 hr) 32.6 38.5 32.0 27.4 

I Rainallaid tvaporation are total,not means 
I)AS day%atter %owing. 
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--- Y = 653 + 6.6XY = 	291 + 16.2X 

±43.7 ±0.8 
 ±12.3 ±1.0
 

Y 423 + 23.6X 	 Y =844 + 15.8X 
±101.1 ±3.8 	 Y ±55.5 ±7.8
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Figure S. T'he response of total biomass to vsariations inapplIM.water during cacti phase of growth for groundnut 

), ICRISAT Center, postrainy season 1981/82.genotype IC(; 1697 (o-) relative to the mean of 200 lines (A ----
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Y= 543 + 12.8X Although ICG 1697 produced the most TDM 
±5.8 ±0.6 under all treatments, its pod yield was better 

Y Y = 741 + 5.4X than average only under moderate irrigation in 
1000 ±22.7 ±2.2 T, . In treatment T2, ICG 5305 was uniformly 

0- o0 be'ter than the average under all water treat
ments (Fig.l0).-4 800- 0 

T3 produced two patterns of response: some 

varieties (e.g., ICG 4743) were uniformly better600-
0 ,across all water levels, while others (e.g., ICG 

1147) demonstrated little or no advantage at the 
400- wet end but little yield reduction from drought 

stress. In treatment T4, variability was less than 

0 X in other treatments, but some lines were better 
0 2,5 5 7.5 10 12.5 15 than average at all water levels, with the advan-

T, Cumulative water applied (cm) tage greatest tinder dry conditions. 
Pod set to pod rtiling (30 days) 

Figure 9. The response of total biomass to vqriations 
in applied water during each phase of gr,,wth for Interaction of Gypsum and Drought 
groundnut genotype ICG 4888 in Treatment 3, ICRI-
SAT Center, postrainy season 1981/82. Aborted and stunted groundnut seeds result 

from inadequate calcium uptake by the pod. 

gave an average yield of 230 g/m 2 and each Calcium deficiencies can develop in soils with 

centimeter of irrigation increased yield 9.4 g/ M2. low calcium-exchange capacity or when drought 

On average treatment T., provided water during limits calcium's movement in the soil solution. 

the most drought-sensitive growth phase. With- Because drought interferes with calcium, we stud

holding all water then decreased pod yield from ied effects of gypsum applications on yields of 

320 g/ m2 to 170 g/ 112, and each centimeter of different genotypes under varied intensities of 
2irrigation increased yield 10.4 g/ m . drought stress. 

Average pod yields were least influenced in'l"4 In the postrainy season, we grew 24 early
but that treatment influenced TDM the most. maturing genotypes using two levels of gypsum 

Pod yield decreased from 310 g/m 2 to 210 g/M 2 in medium-deep Alfisol and varied drought 
when no water was applied during pod filling, stresses in six plots with line-source irrigation. 
Each centimeter of irrigation water increased After uniform irrigation up to 60 DAS, the crop 

2.yield only 6.8 g/n received weekly line-source irrigations until it 
matured. 

Selected genotypes. Examples of genotypes In some gcnotypes, ICG 4601 for example, 
with responses statistically different (P < 0.05) gypsum was beneficial only with water deficits 
from the mean are presented in Figures 8, 9, and (Fig.1 I), but gypsum increased yield of CGC 

10. 4063 (Fig.12) at all irrigation rates; Manfredi x 
In all stress treatments studied, genotype ICG M. 13 showed no response to applied gypsum 

1697 (NC Ac 17090) produced more TDM than under the drought stresses we used (Fig.13). 
the average of the other 200 lines (Fig.8); its Even though ICRISAT soils arc not consi
advantage was consistently greatest with better dered deficient in calcium (exchangeable Ca _ 

water relations. TDM of some genotypes, for 1100 ppm), we have shown tiat applying cal
example, ICG 4888 in treatment T (Fig.9) was cium increased yields of some genotypes, partic

greater than average at the sparse end of water ularly under drought stress. More drastic effects 
treatments but not greatly different when water seem likely when groundnuts are grown in 

supply was adequate. calcium-deficient soils. Our results indicate that 
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Figure II. Effect of gypsum on the relationship 
between applied water and pod yield in ICC-4601 

groundnuts, ICRISAT Center, postrainy season 
1981/82.
 

gypsum could prove a major benefit to some 
cultivars under drought stress, but since gypsum 

may give no response under well-watered condi-
tions further research and economic assessments 

are needed. 

Effect of Time and Intensity 
of Drought 

In collaboration with Agroclimatology, Soil 
Physics, and Land and Water Management sub-
programs of the FSR P, we repeated our study of 
the effects of timing and drought intensity on 
groundnuts. Yield responses were similar to 
those the preceding year (see Farming Systems 
section of this report for treatment details). 
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In the previous years' experiments, yield 
increases from early stress stemmed from 

changed growth distribution (ICRISAT Annual 
Report 1981), but in the 1982 experiment growth 

was stimulated by early stress with distribution 
remaining constant. The difference between 
years indicates that a study restricted to early 

stresses is necessary. 

Improvement 

Breeding for High Yield and Quality 

breeding line.-, particularly ICGS 
lines, were crossed among themselves and with 

Y=24 +9.2X(r=0.87) 
1±14.7 ±1.14 

Y=60 + 9.5X (r=0.82)
±19.4 ±1.42 

40 *, No gypsum 
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L, 

. 
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" 06 g 
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0 -
100- L 0L 

- A 
/A / 

"'A 

0- I I X 

0 6 12 18 24 
Cumulative water applied (cm) between 

80 DAS and matbrity (115 DAS) 
Figure 12. Effect of gypsum on the relationship 
between applied water and pod yield in CGC 4036 
groundnuts, ICRISAT Center, postrainy season 
1981/82. 
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±14.5 ±1.12 

Y=26 + 11.8X lr=0.94) 
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Figure 13. Effect of gypsum on the relationship 
between applied water and pod yield in CGC 4036 

groundnuts, ICRISAT Center, postrainy season, 
1981/82. 

other germplasm lines to develop high-yielding 

lines suitable for a wide range of environments. 

Based on high yield and other agronomic 
traits, 1435 high-yielding progeny bulks in F3 to 

F7 segregating generations were made from 778 

crosses grown at ICRISAT Center during the 

1981/82 postrainy season Then we grew the 

bulks under both high- and low-inputselected 
conditions during the 1982 rainy season. We 

made 1311 bulksfrom ahigh-input fieldand648 
from a low-input fie' I ard these selections are 

now being further eval 'atd. 

Postrainy-season yield trials. During the 

1981/82 postrainy season, ,, F8 to F,0 selec-

tions were evaluated in 10 trials, using the 
broadbed-and-furrow systetm in high-fertility 
Alfisol fields with protection against insect pests. 

Two spanish bunch standard cultivars, J II and 

JL 24 and one virginia bunch cultivar, Robut 

33-1 were used as checks in all the trials. Only 6 
trials-where the selections were superior to the 
check cultivars-are described here. 

Yields of the five best yielding F, selections in 

the three trials are given in Table 34. Only two 
selections (NC Ac 2462 x TG I) F,11 and (Flori
giant x TG 16) F9B significantly (P> 0.05) out

yielded all three check cultivars. 
Seventy-eight Fg selections were compared 

JL 24 and Robut 33-1 in a 9x9 triplewith J 1I, 
trial. The pod yields of 10 superior selec

tions are given in Table 35. Two selections, (iH 
xRobut 33-1) F9 B, and (JH 89 xRobut 33-1) 

93 2 produced more than 6000 kg/ha pod yield. 

Sixty-one F,)selections and three check cul

tivars were evaluated in an 8x8 triple-lattice 

design. Seven selections produced pod yields of 
more than 6000 kg/ha (Table 36). 

Based on consistent performance in previous 
seasons, 44 lines were assigned ICGS numbers. 

These, and two stable interspecific derivatives, 

Table 35. Pod yields of the ten best F9 groundnut 
selections, ICRISAT Center, postrainy season 
1981/82. 

Entry 


(JH 89 x Robut 33-1) F9B1 
(JH 89 x Robut 33-1) F9B2 

(JH 171 x Robut 33-1) F9B2 

(MGS 7 x Robut 33-1) FB 4 

(MGS 7 x Robut 33-1) F9 Bj 
(NC Ac 1107 x Robut 33-1) FB 

(JH 171 x Chico) FB 
(Robut 33-1 x NC Ac 316) F9132 

(Robut 33-1 x NC Ac 316) F9 B3 

(2-5 x Robut 33-1) FB 2 
Robut 33-1 a 

JL24a 
J IIb 

SE 

CV (%) 

a Local check cultivars. 
h.National check cultivar. 

Pod yild
 
(kg/ha)
 

6220
 
6190
 
5980
 
5950
 
5940
 
5850
 

5840
 
5830
 
5790
 
5790
 
4940
 
5470
 
5560
 

±389
 
II 



-- 

Table 34. Pod yields of the five best F, groundnut selections. ICRISAT Center, iostrainy season 1981/82. 

Trial I 

Entry 

(FlorigiaT.t x Spancross) FB, 

(NC Ac 2462 x TG 1) FB. 

(Florigiant x Spancross) FB, 
(NC Ac 2462 x Florigiant) FB, 

;NC Ac 2462 x TG I) FB. 
J H, 
,L 24A 

Robut 33-1 ' 

SE 

CV (%) 

.. Nat;onal check cultivar. 
t, Local check cultiva-.. 

Pod yield 
(kg ha) 

5950 
5950 
5830 
5800 
5780 
5370 
4820 

5490 
±203 

8 

., <- r,-rC--.~ 
-

.. . 
- '-.. 

. . 
z" 

_ 

'0j 000 

Trial 2 Trial 3 

Pod ".'ield Pod yield 

Entry (kg ha) Entry (kg/ha) 

(Starr x Robut 33-1) F B. 6150 (NC Ac 2462 x TG 1) FB 6080 

(Robut 33-1 x Comet) FB, 5870 (Florigiant x TG 16) FB 6050 

(Manfredi x Robut 33-1) FB, 5800 (Ah 6279 x Robut 33-1) FB 5790 

(2-5 x Robut 33-1) FB, 5750 (MH I x Robut 33-1) FB 5700 

(Var 72-R x Robut 33-1) FB 5680 (Robut 33-1 x NC Ac 2821) FgB 5670 

J !1 5380 J I" 5360 
,JL 24 4780 JL 24b 5200 

Robut 33-1 ' Robut 33-15440 5150 

±272 ±229 
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Pod yields (kgjha) of F,, spanish and virginia bunch groundnut selections in the high- and low-input trilis, ICRISAT Center, rainy season 
TAble 39. 
1982. 

Entry 
Spanish bunch Trial 

Hh LI' Entry 
Virginia bunch Trial 

HId Llb 

C, 

(MGS 9 x Robut 33-1) F1OB 
(JH 89 x Robut 33-1) F,0B, 
(TMV 7 x Robut 33-1) FoB 
(JH 89 x Robut 33-1) FoB, 
(72-R x Robut 33-1) FoB 
(72-R x Chico) F,,B 
(JH 89 x Robut 33-1) FOB5 
Robut 33-1. 
JL24, 
i I l' 

2440 (1)r 
2040 (2) 
2040 13) 
1950 (5) 
1820 (7) 
1640 (13) 
1410 (25) 
2020 (4) 
1850 (6) 
600 (14) 

1440 (2) 
1470 (I) 
1090 (10) 
1240 (5) 
1070 (13) 
1360 4) 
1180 (6) 
1090(11) 
1380 (3) 
840(21) 

(MK 374 x Robut 33-t) FB 
(M 13 x Robut 33-1) ,:, B 
(Robut 33-1 x NC Ac 316) FoB 
(NC Ac 1107 x Robut 33-1) F,oB 
(MGS 7 x Robut 33-I) FtB 
(MGS 8 x Rebut 33-1) F,B 
(Robut 33-1 x NC Ac 310) FoB 
Robut 33-1a 
JL24' 
1I1l 

2400 (1) 
2370 (2) 
2350 (3) 
2270 (4) 
2200 (5) 
2170 (7) 
2120 (9) 
1920(11) 
2190 (6) 
1380(21) 

1380 (4) 
1230 (6) 
1420 (3) 
900 (18) 

1500 (2) 
1740 (1) 
1270 (5) 
1220 (7) 
1170(10) 
1000(13) 

SE ±90 ±142 ±104 ±89 

CV (%) ! i 27 !1 16 

a See Table 38 fn . 
b See Table 38 fn t. 
, Figues in parentheses are yield ranks. 
d- Virginia check cultivar. 
I Spanish check cultivars. 
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During the season, 17 more selections wereTable 37. Pod yields of the best advanced lines, 

ICRISAT Center, postraipy season 1981/82. assigned ICGS numbers. Of these, fifty-three
 

Pr_ __yield ICGS lines and three check cultivars were evalu-
Entry (kg/ha) ated for their yield potential under both the 

6600 input levels. Table 40 shows pod yield of the 15 
CGS 30 

6500 ICGS lines, all of which except ICGS 37 in the
ICGS 21 

low-input trial significantly outyielded J I I(P<ICGS 26 	 6430 
ICGS 16 (420 0.05). 
ICGS 25 6300 

6240 Yield PhysiologyICGS 23
ICGS 37 	 6150ICGS 35 60 A range of established Indian cultivars and some 

ICGS 44 6060 of the genotypes which have been extensively 
ICGS 9 6050 used in ICRISA'Ps crossing program were stu

6000 died by growth analysis under nonlimiting con-ICGS 12 
ICGS 32 5970 ditions in both the rainy and postrainy seasons 
ICGS 22 5920 (Table 41). To allow comparison of the crop 
ICGS 27 5900 growth rate (CGR) and pod growth rate (PGR), 
ICS 14 59the pod dry matter (PDM) and the total dry 

ICGS 33 5880 matter (TDM) were adjusted for the greater 
IC(S 36 5810 energy content of the pods using a factor of 1.65.1CG S 20 	 5770 

IC(S 4 	 5730 
ICGS 38 	 5700 

Rout 33-24 5450 Table 38. Pod yields of F, spanish bunch :groundnut 
AI. 24 a4760 

5440 selections in the high- and low-input trials ICRISATJ I I1. 
Center, rainy season 1982.SE 	 ±289 

CV ('i) 10 	 Pod yield (kg/ha) 

, local check cultivars. 	 Entry Il1 LIl 
h National check cultivar. 
____National_____eck___ulti__ar._ 	 Robut 33-1 x "Tifspan) -,Bl 270 ( !)' 1000(2) 

(Robut 33-1 x Tifspan) iFA2 2260(2) 1080 ( I) 
(NC Ic 2462 x M 13) I",1, 2180(3) 850 ( 3) 

2462 x M 13 performed well under both input 	 (NC Ac 2462 x M 13) 1-9112 2130 ( 4) 850 ( 4) 
(MGS 7 x Robut 33-1) FIBI 2020 ( 6) 720 (13)levels.Twenty six spanish and 21 virginia bunch F, (Var 72-R A Robut 33-1) F9I 1790 (13) 840 ( 5) 
Ts 24a '1 	 2030(5) 770(11) 

selections were evaluated in separate 	 Robut 33-I 1980( 7) 790( 9) 
randomized-block design trials under both input 	 J 1 1 1340(27) 620 (19) 
levels, and yields of promising selections are 

SF 	 ±85 ±70presented inTable 39. In the spanish bunch yield 
trial, selections (MGS 9 x Robut 33-1) F10B, CV (%) ±10 20 
(Ji 89 x Robut 33-) E and (All 89 x Robut a III=I igh input: 0kg P2O/ha, supplementar" irrigation,
33-1) FIJI1 did well under both input levels. from insect pests.~protection 
Similarly, in the Fl, virginia bunch trial, (MK b. L1 =Low input: 20 1,g I'1,O/hi, no irriwtion, noprolection 

374 x Robut 33-1) F1oB, (M 13 x Rohut 33-1) from insect pests. 
Frail, (Robut 33-1 x NC Ac 316) FoB, and Figures in parentheses are yield ranks. 

(MGS 7 x Robut 33-1) Fl11B performed well i Local check cultivars. 
, National check cultivar.under both input levels. 
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Table 40. Pod yields of the ten best ICGS lines in the 
high- and low-input trials, ICRISAT Center, rainy 
season 1982. 

Pod yield (kg/ha) 
ICGS no./cultivar HI 

50 2820 (I) 
47 2510 (2) 
36 2490 (3) 
43 2430 (4) 
46 2370 (5) 

27 2330 (6) 
37 2320 (7) 
44 2320 (8) 
38 2310 (9) 
30 2300 (10) 

33 2290(11) 
I 2260 (13) 

II 2250(14) 
5 2220 (17) 

53 2050 (29) 

15 2020 (32) 
Robut 33 -1d 2080 (26) 
J 24I 2010(33) 
J IIe 1450 (54) 

SE ±104 

CV 10 

a See Table 38 fn a. 
i,Sr I Sie 38 fn b. 
, I gures n parentheses are yield ranks. 
,d -ocal check cultivars. 

Nationa check cultivar. 

LIb 


1820 (1) 
1390 (9) 

1380(11) 
1600 (3) 

1320 (14) 

1130 (24) 
1000 (29) 
1800 (2) 

1090 (26) 
1160 (21) 
1500 (7) 

1540 (6) 
1590 (4) 
1390 (10) 
1450 (8) 

1570 (5) 
960 (38) 
970(32) 

640(54) 


±143 


26 

The CGR and PGR of these eight lines, and the 
proportion of growth partitioned into reproduc-
tive growth, provided an indication oftheextent 
of yield improvement which is still possible by 
breeding for increased partition of the total 
assimilates into pod yield. 

The new Indian cultivar Robut 33-1 and a 
natural hybrid from it had a high partitioning 
factor (PF) (about 95%). suggesting that only 
small improvements in yield potential can be 
expected from continued selection for improved 
partitioning. The very-carly-maturing genotype 

Chico had complete partitioning into reproduc
tive components (100% PF) but also had the 
lowest CGR. 

There were some season x genotype interac
tions detectcd for both CGRand PF. Cultivar M 
13 had an above-avemge CGR, and a PFof85% 

during the postrainy season, but the lowest CGR 
and a greatly decreased PF (59%) in tile rainy 
season. TMV 2 had in each season a low PF 
(68% in the pnstrainy season and 83% in the 
rainy season), but compensated for this by hay

ing a CGR consistently above average (P< 0.05) 

in the high temperature and radiation conditions 
of the postrainy season. The seasonal variations 
in the PF in both M 13 and TMV 2 are of 
considerable interest; we are investigating this 
further. 

Earliness and Dormancy 
Screening. In our continuingefforts to identify 

early-maturing dormant lines in breeding popu
lations derived from crosses of early, nondor

mant with dormant, long-season types, we 
screened 335 bulk seed samples from plants with 
the mophoiogical attributes of the early

maturing parent. 
Some of the Ixilk seed selections from these 

crosses were found to exhibit varied proportions 
of dormant seeds. Single plant selections "ere 
made to identify those withall seed dormant for 

at least 15 days after rehydration or sowing. 
Continued laboratory and field testing of these 
lines and the lines reported in the 1981 Annual 
Report have shown our screening methods to be 

effective for identifying dormant seeds from 
breeding lines. 

Eight line- containing seed with dormancy 
lasting at least 15 days wtere isolated and purified 
by this process (Table 42). These are now being 
bulked for use in other evaluation procedures 
and crossing programs. 

In crosses of Robut 33-1 with Makulu Red 
(F,), NC Ac 2821 (F,), and NC Ac 2698 (Fi,), 
although both the parents belong to subsp. 
h'pogaea,plants with sequential branching and 
erect habit (like subsp. fastigiata var vulgaris) 
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Table 41. Crop g-owth rates, pod growth rates, and growth distributionIntoreproductive structures Inarange of 
groundnut genotypes, ICRISAT Center, 1981/82. 

Crop Pod 
Cultivar/ giowth rate' growth rate' Partitioning 
genotype (g/m2 per day) SE (g/n,2 per day) SE factor 

1981 Rainy season 

Robut 33-1 17.4 ±0.38 10.1 ±0.69 95 
Robut Nil 19.1 ±1.36 10.8 :t±1.18 93 
TMV 2 18.4 ±0.53 9.2 ±0.24 83 
Chicu 16.3 ±0.75 9.2 ±0.92 93 
M 13 15.3 ±0.80 5.5 +0.14 59 
J II 17.4 ±0.38 9.3 ±0.29 88 

1981/82 Postrainy season 

Robut 33-1 20.4 ±0.40 11.8 ±0.33 95 
Robut NH 22.6 ±1.87 12.8 ±1.09 93 
TMV 2 25.0 ±0.33 10.4 ±0.20 68 
Chico 15.2 ±0.69 9.2 ±0.43 100 
* 13 21.1 t0.44 10.9 ±0.60 85 
Mi 2 19.9 ±0.91 7.3 ±0.10 85 

i Adjusted for the energy content of the pods to dry-matter equivalent. 

were selected from the segregating populations progeny bulks based on early flowering and 
and dormant lines identified from them. maturity were made from the F3 to Fl 0 segregat

ing generations, and are being further evaluated 
Breeding for earliness. Two new sources of for their earliness and yield potential in repli
earliness, TG I E and TG 2E, and a number of cated trials. 
early-maturing breeding lines with large seed 
size were crossed with high-yielding varieties and Yield trials. We evaluate(; 13 early-maturing 
ICGS lines. Many single-plant selections and advanced selections in the 1981/82 postrainy 

season and 20 in the 1982 rainy season. The 
performance of the five best selections is pres
ented in Table 43. Entries (JIt 89 x Chico) F9B 

Table 42. Eight early maturity groundnut i~nes with and (72-R x Chico) F91l were among the top five 
s n s i o the an t ptinyat least 15 days dormancy, ICRISAT (enter, rainy 

season 1982. 	 selections in both the rainy and postrainy
 
seasons.
 

I. NC Ac 475 x M 13 (F,) 
2. M 13 x Gang'puri, (F) 
3. Ali2105 x Chico (F) 	 Photoperiod Effects 
4. 2-5" x Robut 33-1 (F8) 
5. SM 5" x NC Ac 17500 (F) 	 It is known that in groundnuts the reproductive
6. °IMY 10 x Chico" (iFm)7. M1 2" x28-206 (F) processes can be modified by photoperiod 

8. NC A- 1107 x X14-4-B-19-B" (F,) 	 effects. This phenomenon has considerable 
;mplications for the adaptability of selections 

a Early maturing nondormant parents. made by breeders at ICR ISAT and for the value 



"
 early-maturing grcundnut !elections, ICRISAT Center.1981-82.Table 43. Perfo-nance of five bt-st 

1981 82 postrainy season 


Days to 

Entry flowering 

(TM\7x Chico) FqBs 34 


(JH8? x Chico) FB 35 


(72-R x Chico) F3B 35 


(Man-redi ."Chico) FB 38 

(Arg-entine x Chic;o) FB 34 


Chico a 
 32 

37 


JL 21 c 

J 11 t 

39 


±0.5
SE 


3
CV(%) 


parent. b National check cultivar.EayIv r.at-urity 

-


S73 
-4 

-. .• , 

"4-


• .. , ,-' 


CC 

Days to Pod yield 

maturfty (kg ha) 

116 5800 

120 5590 

120 5560 

137 5470 

320 5030 

108 3640 

127 5510 

137 4730 


±2.1 ±171 


4 8 


Local check cultiNar. 

0.
 
z 

> 

030
 

NJ 

1982 rainy season 

Days to 

Entry flowering 

(Ah 330 x 91i76) F5B, 18 


(NC Ac 2748 x Chico) FoBI 22 


(72-R x Chico) F9B 23 


(JH 89 x Chico) FB 23 


(Chico x NC 344) F, 19 


Chico 20 

27 


JL 24, 27 


±0.6 


J 11 1, 


5 


<I - 

~ O.a 
" = " .4 , 


-


-- .
 

- 0"
 

- to V? 

Days to 
maturity 

93 

101 

104 

92 

91 

91 

104 

108 


±1.4 


3 


g ' =

1 

ew L 

-


Pod yield N 

(kg/ha) 

2440
 
2120
 
2130
 
2000
 
1890
 
1780
 
1920
 
2190
 

±116
 

13
 

= ..
 

0~ 0 

= 


-
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Utiliz?.tion of Wild Species 
We have concentrated on incorporating genes 

from wild species into A. hi7vogaea, It) advaince 

our hybrids one or two generations, while select-

ing for desirable characters and analyting cyto-

logically as necessary. We also produced It)btids 

with wild species newly introduced to ICR ISAT. 

Studies on barriers to hybrid jlation continued 

with %ignificntprogr,!;' in producing pcgs alnd 

pod% from ciosses previoi.sly coisnideie I incom-

patible, and in culturin ovulei and eritb))so 

froirn %ine of the peg%and pods. 

1inerslIecific ireedinig and 
Scrcening for l)iseie [1esistiince 

\Vc cnrrrliried crtoss%>es tscen %ihld %pecies, 
1ctsstCCr, A. 11)lt gui.j arid kkild species, aind 
b'lscCn 1 / Ai.Indl lild spcclce delli 
tises Ihitel ie,., diploid accc'.s l l ln d tss lmes'Iesi;i!',ds 

tetrilaplurd tcC-0i(i11 , illa tillf! ffoirn tolet-

i nil Southlli Arnrlric.i luruit Id)76 .i6nd IH)77,in 
uner cris'cd "lih I hI i;.Www (! i nQ4l" I ssl*t$) 

ics, dlitl'u++l .itctP.'.Iiis' (tolllcttloii io.l.3(Kgl7 


iteral
ill' .iuN irds 

(Oli maijor Ilishrji/atioi 

ci'irglll h~ ltulrils i 1 /ru/u',l;,tz, 

p1lds 11;1e breen 

tffiorit . bick-

Sus'Ir irupit-

11%Crosilfis Oaten 
ads ,imtcd lt lh thld bat kelo'. Yelierallollt , .rliul 

I3 feit deint,i e, %%t11ircyulr mric"mil il 

selected (Tabhe 46). Meiotic stability was 
obtained in 1)C 2 in' some cases. l:ive aulotetra
ploids were aiso ctossed with A. hi7ipogai, and 

ix Aeitil: stable dc ivatives obtained from four 

combinations ( fable 47). ('rossability is low, in 

Cadv generations but usually incla es %itrl suc

ce'sre hackcnosses. 
A Aide rane of heXia plohds, yov n in the iicld 

tvetetn iiifect(!i nro, 54v scored for reactions 

to rusttarid lei spot discases . Sel:cted helxa
plhids %e. T"ossed airh A, hqlwog;wa to reduce 

the chromOsome nuliiher arid elirrriate ndesir

abl L %ild SltAsCliriUrc Ir, 
We self ctrd 184 inglc plhnr.i Iiorri 112 pro

gerlv Piissal'lar ssere ,.elected1 roim I.1 lIriojVlY 
aS ' Iiumrn curm'e 11rrm Wnk, Iroma, an.l A. 4 h'tn, 

13 1o"s t'.es;aeri ls ilig >1 n'A1i10l:1 hwi'%,1't%: 

arvd friomi 28 rosks from c1oesilislirig A1. 

IhftruV Nv/u (IIll K 411) 1'ol fIii mii iicltcd 
ris stCle pul in colIl 

for rcs:,t,i oit tlite| 
tett1Ll 

\ acL" tt,itkc1ow.ed 

tr.ayr 
pci:' , 

ill t1C 

a faril 

ltr *crt'eiing 
aiid dlri,',i,, 

I')lM I m.dli' season 

t i-4 1 A ItI l) A'JCi 

tiiltis.ils, Ilntule MI() I lie hlrorirore rullete 

',1.'. C\ litri lls ll ci tni1't1(,111 r1 (' t) 2n -1 , 
,so( rult s,utl+ .u'liIc ises, ssereliti&.ill ulet lcr¢ii 

2(1liaeh .ilt" .pittt ,l Im l. 0ilduiii tcit rul;ilthi Ti V . 

ktro''c,.u bi rn iniT j'amrtTelf silt i a Siide 
rliryr ofl tliHt itnillfu IPill, S - (O-InTit I'. (lo 

ecI nOllnokwisun plirits ti11 uk~u (ii: 1 M I 
I 1lihil ,(k.s t IhOr iiets iicl t ii tCd 

.te l niiti rl dlil, Ihb I fuiern'y rl.lird in 

I mitl 4. ( rosibilil) 
seasonl 19M81. 

t r eriI. hll ,goara and| ,,llr nei t* e"s ic if th tlr mrs, l( Iwild I ( ilily , ram) 

P'od% 

,'t ~~~~lf I;•I II7{i) Y ~n nop¢lill 
i l 

V? 

• Ily',iwi , liiM x U 

A1 hloij'ovd (1l - I1n, /it 
'I iti : -,ia ( .1A hoht 

ltiuij'',;ti At. , /m iJ0iKthp 

I(hIoI) I?)i! 
%I)3(x(,' (4"A) 

Ip l(OiQ, (4%) 

I) 

940 
IKl 
224 

(191 

11 

45 
(4) 

I x 

41 

2) 
is 

IO 

5 

I0 
Ill 

I1 

http:t,itkc1ow.ed


Is kJ 

4 17 .. 4 .o-,rm:a"l-m2 I 0b5 ; I Np. F, dI. Pads pcL 

T e 

(~-

+ 

.,, 

, 

' " 

, 

+ +-

4, 

?7 

m" 3. 13 

:4,:1, 

116s Is 

14 

4 

6 

3 

1-

1 

4, 

4 

4- +.., 7: t', . +" L ..I{ 

' 4 - : -

4.f 

-, 

Ile--. 

.0-w+++' ,, 4<... H1.4 

t, "t+ 5 

o-

1w,r-,, 116 14 

105 71 

99 41 
34 

ItO .3, IA 

14 

9 

11 

9 

396 

131 

131 

4 

167 26 

29 17 

h, 

56 3951 

257 41 
29+81I 

3 

7 

13 

15 
1 

174 

zI2 

3"7 22 

4 

13 

3 

2l 

I 

1 
I 

4 . :4 ++.J 4 .-s4,%4f9 " , 
" ,,4 

4044 

d+ 19152 2 
I3 

I~~:_" 5!1 

36 

9 

+43 

t, 
33%43 

33I 

'SI0 

I9 
_14114 
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12I 

16 
12 610 9!t 62 10 
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Table 47. Pod production in backcrosses of autotetraploid%to A. hypogaea. ICRISAT Center. 1981-82. 

BC, BC, 

Po'"a- P>k:, Po'C'P"11 a- Pegs Pods Pods polli- Polhna-

A~o~trplogd tions no.) (no.) (no.) nations ("i tions (na) ino.) (no.) nations t),ions (no.) 

.4, ,haci-c' 1012 203 59 6 1441 270 103 7 279 

M: S6S 20 20 5 31 4 2 6 

.4.,emzna S0 I I 2 10 4 2 20 

.4,:ht sp HLK410 301 15 9 3 50 8 7 14 51 

.fr-, c:i k 10038 75 13 8 II 

Tc:' l168% 252 9' 5 1532 286 114 8 330 

BC, 

Pegs Pods 
(no.) (no.) 

51 36 

4 2 

55 38 

Pods polli-
nations (%) 

13 

4 

12 

Fertile 

stable 
det 'vatives 

obtained 
(no.) 

3 

I 
I 

I 

6 

Table 4,8. Pod production in backc: Dss of .4. hrpogea (4%) x 

BC EC. 

Pr . . - P. n - Px'>." 

P' F"- d t P,-, Pk! , 
I t." ) 'r (no ) n ((no 

.4. .' -c--.- t 

4. " l27 !43 109 9 2538 749 459 18 

WNild species (2x) hexaploid to .4. hrpogaea, ICRISAT Center, 1981-82. 

BCi BC, BC Fertilesa bLe 

I .a- P'' 1,'.'> - Pods p.1,-Poihna- Pods polli- derivatives 

:orns Pee, PNsx.'rs , tio. Pegs Pods nations tions Pegs Pods nations obtained 

m, no (n') i) n.) (no) (no.) (1) (no.) (no.) (no.) (j ) (no.) 

577 '47 69 12 35 13 9 26 9 

-4. x-e 302 24 19 6 321 77 33 10 303 58 51 17 177 21 13 7 94 25 15 16 9 

4 sr HLK 410 L2,4 51 36 14 148 24 23 16 721 125 57 8 28 2 I 4 2 

. ,: 56 'n 14 25 252 16 12 5 

.4s ": 

4 r, zze.x 

.4. c 

_ 

179 

48 

21 

16 7 

0710 

It 

Toal 2292 -7 211 9 .259 866 527 16 1601 330 177 1! 240 36 23 10 94 25 15 16 20 -,,, 
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81

7-

W 6 
x" 

1 4- ~ 

.- ' 

2
/ril/ h, ii I Ih'r /pviill /I I o tral.i'rf the'"....hc 1)rids a re ItI N 

0
20 30 40 41-49 50 51-59 60 

chrtimosorme numnber from 2, = 20 (diploid) to Chromosome number (2n) 

2n 7 0 (hexaploid) (Fig. 14). which provides a 

Nkav to obtain hexaploids and tetraploids with- Cated Chromosome ofumumr% aiong 225 plants 

out colchicine treatment and backcrossing. We derived b) %lfingtriploids(three plantslhowsed varia

i, .',tipitcd the cytological basis for triploid fer- lion betvcen cells in chromosome numbers of 39 to 

tihty by obscrving cells at meiosis, where chrom- 60). 
o,,mle distribution was unequal and spindle 

.thno nalitics were common (Table 49). 

The hybrids produced were exposed to dis

eases in the field at ICR ISAT Center. and resist

ant plants selected with emphasis on resistance
Itide 49. (hromosome (lislrihution at stage-, Al and 

SAT to late leaf spot (Ccrco.voridium )crsonaiom)AII. and pollen stainability in triploids, ('RI 
emu11r 1980-81. (Table 50). l)etached leave%of a few lines were 

placed in sterile sand in trays in a growth 

.Slate Ibul chamber and sprayed with spore suspensions of 

... . ......i (, i individual pathogens to confirm observed resist-
A I A 

.. i.an"'s (Fig. 15). 
I qual (ti.kihmion (15-15)" 34 70 - Selections from wild species derivatives 
I ,cqual ditrihultion 19 20 3.5 obtained from North Carolina State University 

I apat uts 38 2 - were multiplied in the 1981/82 postrainy season 
III tIt N 7 0 - and screened in the field between infccmr rows in 

lml I~calt..... a huon 2 8 10).3 - the 1982 rainy season. 

c.;,t ii> 1,l, Ctcit.dhlc infcl'CS Fifty-two selection,;, 2 breeding lines, and 5
 
, i~th il it .t e wslc/. entries each of 2 local checks were combined ina
 

5,,ttly Loy+!cs.ltll;hIlc 13 014,1 trom taidlntctd ganrt, triple-lattice trial, and 15() lines vce grown in
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unreplicated plots at ICRISAT Center. 
Selected lines were grown in a replicated field 

trial at Bhavanisagar to assess leaf spot resist-
ance in the absence of rust disease. 

The entries in both these trials were assessed 
for several characters, with emphasis on rust 
resistance, leaf spot resistance, and yield. 
Records were taken also of pod rot severity, 

":i weight at harvest, pod cleanliness, oil 
cc itent, and seed dormancy, 

I.igh-yielding lines were identified in deriva-

tives incorporating A. cardenasii. Some with 
good haulm yields and satisfactory oil content 
resisted late leaf spot and rust (Table 51). Pod 
and seed characters were acceptable. Pods of 
some lines had little soil adhering at harvest. 

From more than 800 advanced stable progeny 
rows grown to assess disease reaction, 5!pro
genies were highly resistant to both rust and leaf 
spot and 4highly resistant to rust and resistant to 
leaf spot. Additionaliy 98 lines resisted one path
ogen only. 

veFigore 15. 'lo confirm observcd rc:,ilances to diseases-especially rust and late leaf spot-of plants selecied, 

place( detached leaves of a few lines in sterile sand and sprayed then with spores. At top are detached leaves of(A) 

(A. hyp),ogea xA. cardenasii) x A. l tTogaea,(11)A. h),tiogaea TMV 2, and (C) (A. J)pogaea xA. sp. III.K 410) x 

A. hlyogaea i( 1, all sprayed with a spore suspension ofCerco.poridiuinpersonatut; at hottlon, detached (leaves 

of ()) A. lypogaea x(amphiploid A. balizocoixA. duranensis), (E)A. hypogaea 'MV 2, and (1;)A. l)apogaca x 

(A. hypogaea x autotetraploid A. batizocoi), all sprayed with a spore suspension of Pucinia arachidis. 
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pegs, pods, andeffectively used to produce
Table 50. Cercosporidumpersonatumresistant plants 

of stable tetraplold ovules after hybridization between A. hypogaea
selected from F2populations 

and species in section Rhizomatosae, species
derivatives ofA. hypogaea x wild species, ICRISAT 

previously considered cross-incompatible. We
Center, rainy season 1982. 

now have overcome incompatibility in a range of 
No. of pinnts intersectional crosses by treating the bases oi 

Genotype Generation selected incompatibly pollinated flowers with gibberellic 

have used a wide range of cultivarsFrom selted Iriploids: acid, and we 
(HGKst x H I1) x 1t14 9 as female parents, particularly in the importantBC2F2 
(HGKst x H11) x HI5 BC2F2 2 crosses of A. hypogaea with the tetraploid spe
(lHGKst x H11) x 417 BC2F2 3 ciesof the section Rhizomatosae(Table 52). The 

'rom hexaploids: number of pegs produced after one treatment 

IIJK 53/I .120 BCF 2 19 with gibberellic acid was good (42-79%), but the 

number of pods produced was not satisfactory20HJK 54/I x 1119 
13 (0-46%).

IJK 54/I x H20 
I Our previous results indicated that pegs

HJK 57/7 x 1114 
induced by gibberellin may be stimulated by 

HJK 57/7 x 1l19 20 other plant growth hormones, e.g. indole acetic 
19 x HJK 53/I " acid (IAA) or kinetin, to produce pods and 

I.' x((3HILI3b/lhba x seeds. We incorporated IAA or kinetin at var

114(f)) x 1111) BC3F, Iious concentrations into lanolin to apply to gyn-
Hf21 x ((1411.3b/ lhba x 

ophore bases at different times after pollination.BC F2 3114(1)) x HH) 
We concentrated on the cross A. hvpogaea cv 

H24 x ((HILI3b/ hba x 
7 Robut 33-1 x Arachissp. PI 276233. but we also

4(l)) x HIIl) BC3F2 
used other cultivars as female parents.1125 x ((IHILI3b/lhba x 

114(l)) x H11) 5 
H 12 x (lSaC 3/ IOBC 3 x IAA treatments. IAA treatments increased the 

IIS(2)) 7 pod numbers in crosses of both A. h'pogaea ,.vs 

1123 x (12 x(HSaC Robut 33-1 (Table 53)and M 13 with Arachissp. 
3/10 BC,x 11S(2)) BC4F2 5 Pi 276233. 

(IISaC 1/10 BC,x In Robut 33-1 some auxin treatments pro-
ilS(I)) x L(I))H II I duced larger ovules with larger embryos thanBC4F2 

those ini pods from gibberellin treatments only 
(Table 53).,I. hvpogaea cvs M 13 and RobutFrom autotetraploids: 

33-1 reacted similarly in pod production. In cv
BC F2 3A. batizocoi(4x)) 

MK 374 (Table 54) IAA was applied only on day 

Total 124 15 after pollination, but there was no marked 

IIJK, IIGK =A. hy1pogaea x A. cardenasii hybrids, improvement in pod production, ovule lengths,
 

[]sa(' =A. hpogaca x A. chacoense hybrids, or embryo lengths.
 
liil =A. hypogaeax Arachis sp IILK 410 hybrids.
 

[IS, III., III I to 1125 =A. hypogaea cultivars. Kinetin treatments. Some kinetin treatments 

increased production of pods in cv Robut 33-1 

xArachis sp. P1 276233 (Table 55), and cv M 13 x 

Barriers to Hybridization Arachis sp. PI 276233 which is similar to the 

effect of IAA. Kinetin treatments produced 

Our earlier attempts to produce intersectional longer ovules and longer embryos in the cross 
with Robut 33-1 as the female parent, but not inhybrids (ICRISAT Annual Reports 1979/80, 


1981) revealed that gibberellic acid could be the cross with M 13.
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Table 51. Disease reaction (1.9 scale) and yild (kg/ha) of selected wild species derivatives, (3 x 8 triple lattice, plot 

size 16 m2) ICRISAT Center and Bhavanisagar, rainy season 1982. 

Kernel Oil Oil 

Entry Rust Leaf spot' Pod yield content yield Haulm 

No. resistance resistance yield (est) (%) (est) yield 

13 	 2.3 2.3 3150 1960 42 820 4570 

30 	 2.7 2.3 2640 1700 44 760 6540 

46 	 6.7 2.3 2540 1740 44 770 4490 

6 2.7 2.3 2150 1360 43 580 3700 

I1 2.7 2.0 2520 1750 44 770 5620 

73 	 3.0 3.0 2140 1410 44 620 50(J 

39 	 9.0 2.3 2130 1370 45 610 3270
 

SE 	 ±0.42 ±0.55 ±134 ±87 ±0.7 ±39 ±350 
Check 

Robut 33-1 9.0 6.3 1830 1320 41 510 1560 
TMV 2 9.0 9.0 1240 850 41 350 1630 
SE ±0.0 ±0.24 ±80 ±60 ±0.3 ±24 ±53 
Site mean 2 4.2 5.5 1950 1280 43 550 4050 

CV (%) 17 17 12 12 3 12 15 

i Results from trial at Bhavanisagar. 
2. Mean of 64 entries (ICRISAT Center) 36 entries (Blhavanisagar). 

In both IAA and kinetin treatments, pegs Table 53. Effect of IAA in lanolin on pod-set and 

treated on day 20 after pollination gave better ovuleandembryodevelopmentingibberellinlnduced 
results than those treated any other day. Cultiv- pegs in A. hypegaea cv Robut 33-1 xArachissp. P1 

ars responded differently to hormone 276233. 
treatments. 

Day of treatment
Concentration 

(mg/I) 10 15 20 25 
Culture of Ovules and Embryos 

Pods/peg (%)', control = 16 

10 21 32 29 16A. 	 hypogaea x Arachis sp. P1 276733. Most 
2 14 14 27 19pods from the different crosses (Tables 52 to 55) 
50 15 21 30 33

contained small sceds that had to be cultured in 

toto. though some were large enough to dissect Ovule length (mm), control = 2.3 

out and culture the embryos. Of 904 ovules cul- 10 2.9 2.1 3.1 1.9 

tured from crosses of five A. hypogracultiva~s, 25 3.2 2.3 3.5 2.5 

248 (27%) were successfully established in cut- 50 2.5 3.3 2.5 2.6 

ture. Of 291 embryos, 59 (20%) were established, 
Embryo length (mm), control = 0.27and some have been transferred to soil. 

10 1.5 0.6 0.6 

25 2.6 1.0 1.5 0.1Other intersectional crosses. Ovules or 

embryos have been cultured from crosses 50 1.0 0.9 0.9 0.6 

between sections Arachis and Triseminale, i. Total pegs treated = 368: minimum number in any treat-

Extranervsae, and Erectoides, and between ment =22. 
IAA = Indole acetic acid.Extranervosaeand Erioides. 
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Table 52. Peg and pod production after gibberellin treatment in some intersectional crosses.
 

Section Arachis x Section Triseminale 

A. duranensis (2n=20) x A. pusilla (2n=20) 
A. hypogaea cv Robut 33-1 x A. musilla (2n=20) 

Section Arachis x Section Erectoides 

A. hypogaea cv Robut 33-1 x A. iigonii (2n=20) 
A. hypogaea cv M 13 x A. rigonii 
A. hypogaea cv TMV 2 x A. rigonii 

Section Arachis x Section Extranervosae 

A 1,)ogaea cv Robut 33-1 x A. villosullicarpa(2n=20) 
A. hypogaea cv MK 374 x A. villosulicarpa(2n=20) 

Section Eviranervosae x Section Trisetninale 

A. villhsulicarpa(2n=20) x A. pusilla(2n=20) 

Section Arachis ." Section Rhizonaiosae 

A. hypogaea cv Robut 33.4 x Arachis sp. Coll. 9649 
A. hylpogaea cv Robut 33-1 x Arachis sp. Coll. 9797 
A. hypogaea cv Robut 33-1 x Arachis sp. Coll. 9806 
A. h'pogaeacv TMV 2 x Arachk sp. P! 276233 
A. hynpogaea cv TMV 2 x Arachis sp Coll. 9649 

A. hypogaea cv MK 374 x Araihis sp P1 276233 
A. hpogaeacv MK 374 x Arachis sp Coll. 9649 
A. hvpogaea cv M 13 x Arachi.s sp Pi 276233 
A. hnpogaea cv Chico x Arachis sp Pi 276233 
A. hylogaea cv Chico x Arachis sp. PI 9649 

Table 54. Effect of IAA in lanolin (applied on day 15 

after pollination) on pod-set and on ovule ,and embryo
 
development In gibberellin-induced pegs an A. hypo-

gaea cv MK 374 x Arachis sp. P! 276233. 

Pegs Pods/ Ovule EmbryoConcen-tration treated peg length length 

(rag/I) (no.) M% (ram) (ram) 


0 110 44 2.4 0.7 

10 62 43 3.1 0.7 

25 51 33 2.1 0.7 

50 45 20 2.4 

100 __ 34_ 29_ 2.6_ 0.8_In 


Pods/ 
Pollinations 

(n) 
Pegs 
(%) 

pegs 
(%) 

33 79 39 
78 46 0 

45 64 13 
18 94 22 
43 86 26 

39 59 3 
9 89 II 

24 54 46 

82 44 6 
46 57 2 
26 62 0 

408 76 20 
II 73 0 

648 68 32 
26 42 15 
75 56 5 
58 66 9 
26 73 19 

Cooperation with AICORPO 
Coordinated Yield Trials 

During the 1982 rainy season, 10 yield trials 
sponsored by thenOied(IOP)wrAll India CoordinatedRsac rjc
Research Project on Oilseeds (AICORPO) were 

ICRISAT Center. Noconducted on Alfisols at 

supplementary irrigation nor protection against 
pests and diseases was provided. A drought in 
October and severe attacks of late leaf spot and 
rust caused low yields. 

the evaluation trial with spanish but ch cul
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tivars, 6 of the 10 ICRISAT lines included Table 55. Effect of kinetin in lanolin on pod-set and 
(ICGS Nos. I1,15, 26, 30, 35, and 44) signifi- ovuleandembryodevelopmentingibberellin-induced 
cantly outyielded the national check J I I pegs In A. hypogaea cv Robut 33-1 xArachis sp. P1 
(Table 56), but only ICGS 35's yield was signifi- 276233. 
cantly higher than the local checks JL 24 and 
Robut 33-1. Concentration 

In the trial with virginia bunch cultivars, five (mg/I) 10 15 20 25 

of the eight ICRISAT entries outyielded the Pods/poll (%), control = 16 
national check TMV 10. Cultivar CGC 6. a 1 0 24 II 7 
selection from ICRISAT breeding material 5 0 29 25 8 

supplied to a national breeder, significantly out- 10 13 20 10 38 
I
 

yielded TMV 10 and Robut 33-1. 25 0 4 0 ND 
50 9 ND II NDIn the coordinated variety trial, the spanish 

bunch lines ICGS I and CGC 2 significantly Ovule length (mm), control = 2.3 
NA2

outyielded Robut 33-1, but none of the virginia I 2.3 2.6 -1 
-bunch entries was superior to Robut 33-1 (Table 5 NA 2.1 3.3 

10 2.9 1.6 3.8 2.657). 
25 NA - NA NA 

50 - NA 3.0
Rabi/Summer Yield Trial NA 

Embryo length (mm), control =0.27 
E NA 0.75

1981/82 postrainy season, 18 ICRISAT 1.15 
-In the I NA 1.63 0.93 

year at
selections were evaluated for a second 

five sites in India to identify cultiv'ars suitable for IC 0.9: 0.4 1.42 1.1 
postrainy!summet conditions. Yields were low 25 NA - NA NA 
at most sites after poorcropestablishment butat 50 NA 0.52 NA 

I.atur. Maharashtra, five ICRISAT IUtes each I NI) Not done. 2 NA :None asailabie. 

yielded more than 7000 kg! ha of pods %Table Indicates oule or embryo too small to dissect. 
58). Based on their performances in this trial for 

selected entries from AICORPO initial evaluation trial, ICRISATfrainy season 1982.'Fable 56. Pod Oields (if 

Spanish hunch cultivars Virginia hunch cultivars 

Entric, Pod yielu (kg ha) Entries Pod yield (Vg, hap 

( (iS 35 149(0 CGC 6 1880
 
I'(S 10 1400 ICGS 46 1510
 

('(,C4 1400 ICGS 48 1490
 
IUiS II 1290 ICGS 49 1450
 
IC(GS 15 1220 ICGS 18 1310
 
ICGS 44 1220 ICGS 20 1300
 
IC(GS 26 1190
 
JIll" 970 TMV 10" 860
 
JI. 24 p 1200 Robut 33-1 , 1570
 
Robut 33-1 h 1190
 

SE ±78 ±91 

CV %) 14 14 

a National check cultivar.
 

h L.ocal check cultivars.
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>i, ,1 'li~' 'II I {ll'/rwlli 1/111!1cr ic i It,/ i f~l~li n' '. 

.' r, IC' IS,, I uekcction I((iS 6. I('iS II. Foliar Diseases resistance 
' It (IS 12 . ,and l('(,S I.Sx ere promo ted to t11e 

esat loca';tions an' Indiatin len gernphasm and breedingz lines with resist.'Iluation trial at 22 

Ihn1 )X2 3 .. t Iat seasoil anee to rust and lte¢leatd spot diseases and three¢in.\ 

I I v5d7. odI .id'hsfselvtld cnlrics from A\I(01 I'() .oordinaled aritt.Ir tIa. 11 . .I ( entr. ru im.%Ca%4II1 

' rI r111,buijilih c.ullll\,l11%tllh s*, ll,. b 'llil.1 

( ,i I() I'i 4 o 170 

(, ?11511 I('iS 5 
ITNS 6 IN() 

I1I00 
I 

I I I .720 I M V 1()' 740l 

I h ' \.1 Pod. .. (l(k 1,I I111111Vo I v m 

,151~ ±71 

( 'S I ,, 1 4 Ib 

I i , Il/Lc. /Lu1lti1i1 11 



Cooperationwith AICROPO 225 

Table 58. Pd yields (kg/ha) of selected entries from AICORPO-ICRISAT cooperative rabi/summer yield trials 

at five locations in India, postrainy season 1981/82. 

Entries Aliyarnagar Dharwar Junaggdh Latur Vriddhachalam 

ICGS 12 1180 3290 1350 8480 1070 

ICGS 6 1760 3330 1930 7050 830
 

ICGS II 1310 2490 1460 7770 1280
 
ICGS 19 1930 2130 1360 7020 1250
 
ICGS 18 1770 2280 1370 6190 1520
 

ICGS 37 1320 1560 1300 7380 1400 
ICGS 34 1450 2650 810 6670 1150 

ICGS 16 1060 2750 920 6820 1160 

ICGS 27 780 3200 1370 6220 950 

ICGS 15 1190 3250 1270 5830 610 

i 111 990 3120 1180 4730 1170 
Local check 980 3780 1850 3240 1350 
Robut 33-1 1 1630 1300 1300 6820 1440 

SE +151 ±511 174 ±202 ±165
 

('V (1) II 24 II II 32 

National check cultisar. 
Iligh-ytelding released cultisar. 

I atile 59. Rust and late leaf spot reactions and pod and haulm yields of entries in the AICORPO-ICRISAT 
cooperative foliar diseases resistance variety trial, ICRISAT Center. rainy season 1982. 

Field di,.ease score" Yield (kg ha) Shelling 

Intrics Rust Late leaf spot Pods Ilaulmns (%) 

ICG ([F[)RS)-l 3.0 7.0 1420 2780 66.5 
ICG (F[)RS)-2 3.0 5.5 1260 4170 67.8 
ICG (FDRS)-3 4.0 4.3 1140 3000 68.7 
IC( (I1)RS)-4 4.0 6.3 1920 3170 65.7 
IC( 1697 2.0 6.0 900 4890 65.6 

ICG 7882 2.5 6.5 1210 4060 67.6 
1lCG 7898 3.0 5.5 940 4720 64.0 
CGC 4002 3.0 7.8 1080 2220 63.1 
CGC 4007 3.0 7.5 2000 3220 70.4 
CGC 4018 3.0 7.5 2370 2670 64.5 
JI I 9.0 9.0 220 1820 65.1 
Robut 33-1 9.0 9.0 360 2670 70.1 
JL 24' 9.0 9.0 240 1300 67.9 

. Scored on a9-point scale: I = no disease and 9 50 to 100'/v foliage destroyed. 
t National check cultivar. 

Local check cultivars. 
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released Indian cultivars were evaluated for their 
reactions to the two diseases and for pod and 
haulm yields at several locations in India. 
Results from the trial at ICRISAT Center are 
given in Table 59. Rust and late leaf spot attacks 
were severe at ICRISAT Center in 1982, and all 
the disease-resistant entries significantly out-
yielded the national and local controls. 

Rhizobium Inoculation Trials 

The Rhizobiurn strain NC 92 was tested as an 
inoculant for the cultivar Robut 33-1 at seven 
locations in India. The inoculant increased yield 
of Robut 33-1 at three of the seven locations 
(Table 60). 

Table 60. Yield response (kg pod/ha) of groundnut 
cv Robut 33-1 to Rhizobium inoculation at seven 
locations in India, rainy season 1981. 

AICORPO Noninoculated 
locations control NC 92 SE ± 

1)urgapura 
Jalgaon 
Kadiri 

1060 
1680 
1460 

1400 
2230 
1370 

75 
72 
73 

Ludhiana 1560 1610 
Tirupati 1400 1410 118 
Junagadh 590 1260 51 
ICRISAT 1300 1380 106 

Source - AICORPO Groundnut annual progress report. 
Volume I. May 1982. Directorate of Gil Seeds 
Research. Rajendranagar. lyderabad. 

Distribution of Breeding Material 

In 1982 we supplied 463 breeding lines to 
workers in India and 3724 lines to workers in 30 
other countries, 

Looking Ahead 
Diseases. Emphasis will continue on assessing 
breeding lines and material from the cytogenet
ics program for resistance to rust and leaf spot 
diseases. The recent establishment of our 
regional program in Malawi will provide excel
lent facilities for screening germplasm and 
breeding lines for resistance to early leaf spot, 
Phoma leaf disease, and rosette virus disease. 
We hope to become more irvolved with prob
lems in eastern Asia and to increvse our coopera
tive research there so that we might start projects 
on bacterial wilt and witches broom diseases
both serious problems in several countries of 
that region. We will continue to work on pod 
rots and the aflatoxin problem. 

Pests. We will continue to screen germplasm 
lines for resistance to major groundnut pests,
and being in Malawi will permit us to expand 
this work, particularly in research on the aphid 
vector of rosette virus. 

Nitrogen fixation. We will examine responses 

to inoculation with Rhizobiumn strain NC 92 in 
more locations, including farmers' fields, and 
will study the competitive ability of this strain. 
We hope to develop equipment for liquid inocu
lation of groundnut seed. Further research will 
be carried out on techniques for meau,:rn nit.
rogen fixation in the field. Patterns of nitrogen 
uptake and distribution in groundnut plants will 
be examined to see if symbiotic nitrogen fixation 
and nitrate reductase activity are limiting yields. 

Physiology. Studies on drought physiology 
will continue and we will be expanding drought 
resistance screening of germplasm and breeding 
lines. Selections from the drought-screening 
trials will be tested in natural drought conditions 
in several locations. Studies on photoperiod 
effects will continue. Developing en rly-maturing 
cultivars with effective seed dormancy will con
tinue to receive high priority. 

Plant improvement. Our emphasis on breed
ing for stable disease and pest resistance, high 
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yield, and earliness will continue. The cytogenet- HAMMONS, R.O., BRANCH, W.D., BROM
ics program will help us accelerate breeding for FIELD, K.R., SUBRAHMANYAM, P., RAO, V.R., 

resistance to late and early leaf spots by develop- NIGAM, S.N., GIBBONS, R.W., and GOLDIN, E. 

ing derivatives from interspecific crosses with 1982. Registration of Tifrust-13 peanut germplasm 
(Reg. No. GP 30). Crop Science 22: 697. 

6 :od disease resistance and other qualities. The 

recent identification of resistance and tolerance H-AMMONS, R.O., BRANCH, W.D., BROM
to peanut mottle and clump virus diseases will FIELD, K.R.,SUBRAFlMANYAM, P., RAO, V.R., 
allow us to start breeding for resistance to those NIGAM, S.N., and GIBBONS, R.W. 1982. Registra
diseases. Breeding for resistance to pod rots and tion of Tifrust-14 peanut germplasm (Reg. No. GP 
to Aspergillusflavus wil! be intensified. Selec- 31). Crop Science 22: 697-698. 
tion and breeding work, already commenced in 
our regional program in Malawi, will be intensi- MEHAN, V.K., McDONALD, D., and GIBBONS, 

fled with special emphasis on breeding for resist- R.W. 1982. Seed colonization and aflatoxin produc

ance to rosette disease. We hope to increase our tion in groundnut genotypes inoculated with different 

varietal assessment trials in various locations in strains of Aspergillusflavus. Oleagineux 37: 185-191. 

Asia, Africa, and other SAT regions. 	 NAMBIAR, P.T.C. 1982. Grafting studies on non

nondulating groundnut. Tropical Grain Legume Bul-
Wild species. We will continue to supply letin. 26: 21-24. 
i.dvanced stable lines with resistance to leaf 
spots, rust, and with other useful characters to NAMBIAR, P.T.C., DART, P.J., SRINIVASA 
plant breeders. The advanced stable lines and 	 RAO, B., and RAMANATItA RAO, B.1982. Nodu

lation in the hypocotyl region of groundnut (Arachisearlier-stage segregating materials will be made 
lhypogaea). Experimental Agriculture 18:203-207.available to workers in other regions for selec-

tion under a wide range of environmntal condi- NEVILL, D.J. 1981. Components of resistance to 
tions. We shall continue with tissue culture ercosporaarac/idicolaanci ercosioridiumperson

in grun duts. an f Apicd Bi o 9 
techniques and hormonal treatments in efforts atum in groundnuts. Annals or"Applied Biology 99:
 
to use Arachis species with desirable characters 77-86.
 
now incompatible with cultivated groundnuts.
 

NEVILL, D.J. 1982. Inheritance of resistance to Cer
cosporidium personatumin groundnuts: a genetic 

FPu ij)Catiofns model and its implications for selection. Oleagineux 
37 (7): 355-366. 

Journal Articles 	 SASTRI, D.C., and MOSS, J.P. 1982. Effects of 

growth regilators on incompatible crosses in the 
ARUNACHALAM,V.. BANDOPADHYAY, A., genus Arachis L. Journal of Experimental Botany 33:
 
NIGAM, S.N., and GIBBONS, R.W. 1982. Heterotic 1293-1301.
 
potential of single crosses in groundnut (Arachis
 
hypogaeaL.). Olcagineux 37:415-420. SINGH, A.K.. and MOSS, J.P. 1982. Utilzation of
 

of ArachisItAMMONS, R.O., SUBRAHMANYAM, P, 	 wild relatives in genetic improvement 

RAO, V.R.. NIGAM, S.N.. and GIBBONS, R.W. 	 hypogaea L. Part 2: Chromosome complements of 
species in section Arachis. Theoretical and Applied1982. Registration of 	four peanut germplasm lines 


No. GP 18 Genetics 61: 305-314.
resistant to rust (Reg. to GP 21). Crop 

Scien~ce 22: 453.
 

SREENIVASULU, P., IIZUKA, N., RAJESH-
HAMMONS, R.O., SUBRAHMANYAM, P., WARI, R., REDDY, D.V.R. and NAYUDU, M.V. 
RAO. V.R., NIGAM, S.N., and GIBBONS, R.W. 1981. Peanut green mosaic virus--a member of the 
1982. Registration of eight peanut germplasm lines putato virus Y group infecting groundnut (Arachis 
resistant to rust (Reg. No. GP 22 to GP 29). Crop hi-pogaea) in India. Annals of Applied Biology 98: 
Science 22: 452-453. 255-260. 
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SUBRAHMANYAM, P., McDONALD, D.. and NAMBIAR. P.T.C., NIGAM, S.N., DART, P.J., 

GIBBONS, R.W. 1982. Variation inCercosporidium and GIBBONS, R.W. 1982. Genetic manipulation of 

personalumsymptoms on certain cultivars of Arachis nodulation in groundnut. Pages 49-56 in Biological 
nitrogen fixation technology for tropical agriculture.hyIpogaea. Oleagineux 37: 63-68. 

D. (eds. P.11. Graham and S.C. Harris). Papers pres-
P., and McDONALD, 	 at CIAT. 9-13 Mar 1981."UURAIlMANYAM, 	 ented at a workshop held 

1982. Groundnut rust-its survival and carry-over in 
Cali. Colombia, Centro Internacional de Agricultural
Tropical.

India. Proceedings of the Indian Academy of Sciences 

(Plant Science) 91: 93-100. 

P.T.C.. DART, SRINIVASAP.J.. 92SUIIRAHlMANYAM, P.. McDONALD. D., SID-	 NAMBIAR,RO I.adRVSINA.FN 1982.IEGD, .K.191. RAO, B., and RAVISIHANKAR, II.N.AL.,anDARMAAII 	 Response of groundnut(Ara,.hi./hyogae'a) to ir.ocu-I)ARAMAIAII, A.L., and IIEGDE, R.K. 1981. 
lation, Ibid pp 241-248. 

l.eafspot and veinal necrosis disease of groundnut in 

Irdia caused by Ahernariaathernata. FAO Plant Pro

tection Bulletin 29: 74-76. 	 NAMBIAR, P.T.C., RAO,M.R., RI)I)Y, MS.. 
FLOY1), C.. )ART PJ.. and WII.I.EY, R.W. 1982. 

SU RAIM, P.. I)., GIB-	 in intercroppcd and rotational systemsl, Ibid. pp 647-INYAM, McDONALD, Nitrogen fixation by groundnut (Arahi.hypogaea)
lBONS. R.W., NIGAM, S.N., and NEVILL, D.J. 

652. 
1982. Resistance to both rust and late leafspot diseases 

of Arac/is hpogaea. Peanut 
in some genotypes 

SASTRI. I).C.. MOSS, J.. SIN(ill, A.K.. andScience 9: 6-10. 
NALINI, M. 1982. Groundnut tissue culture research 
at ICRISAT. Presented to Ihe tissue Cultue discus
sion group at the XIV Mccting of the Americ-an Pea
nut Rle,earch and Education Society. July 1982, 

Conference Papers Albuquerque. USA. 
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Education Society, July 1982. Albuquerque.wealth Secretariat and Government of India, 19-24 and 
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FARMING SYSTEMS
 

Our pursuit of improved management systems 

for the SAT, lajor aim of thetle m Farming 
aSy!tems Research P1.vrain, ha, resulted in 

double cropping syste .i for deep Vertisols for 

te a.-surCd rainfall areas in India; this system 
promise for substantiallyias considerable 

imp ."tV!LO pro,,i":i.y ,iiid reducing rcsourc': 

&cgrd ittion of tiw"cs sci's. The main feature of 

the ;:cw system is replacing the single annual 

crop with two high-yielding crops that improve 

productivity and stability. 
improved management sys-l)cclopiig the 

involved Ictte rdletiation of the mcthodolo-tctn 
ples Io falliing sy:;Itcl; rescearch ([S ,). To 

dici,,s and summari,/c these conccpts, a special 

iti-hou,,L 1; ieW \%',I conducted at ICRISAT 

Centcr in Match 198 1. [he review ,ubstaltially 

clvtalicd our malor resL,.clh approach, which 
is, a1coi'lit in tiOtt of v r., -~iiti,,..... al fl,,,: 

''lv, 	ing primaty1, 	 tcsource evaluation, 


dita oin thf"" '!d 1, ithcsi ,ing .
ll nda ry 

da t, whle nccssary. 

ica;.llrh in olving component2. 	 ()wlstitionl 
rescatch, interdiwciplinarv rcsca rch, and 

Operational lescarch in succyc,.1ivc stcps ,t., 

cach i1provvcd systill is de cloped, 

3. 	 O)n-fait ,c!c,tclh including exploratoty 
survcys, diagnostic cxperiments, atd eva-
loating prospectivc technologies and tech-

nology adop)t ion by fa rier:,, 

[SlI(RP work ctlunductcd during 1982 is 

major activity headings.repoited under thc.w 

Resource Evaluation 

lc',ource evalu:ations ar ol two types: first, 

compiling inotniatiof oi civironriental 

risoutCsl , (,mil, \k,, r, light, nutricnts, getlo-

type,,)o theSAl; sIc. o, determiningthe ank-

ing of resourccs by di.cipline-or icntated 

in 	 the first categoryexperiments. Our work 
mainly involves better description of the agrocli

mate; many FSR disciplines conduct studies in 

the second category. In ICRISAT's Annual 

Report 1981 we described the climatic environ-
This year we are reportingiient ot pigconpea. 


similar agroclimatic studies for sorghum.
 

Sorghum in Seni-Arid Tropics (SAT) 

India produces the mo,;t sorghum ofany country 

in the world. 34% of the total SAT production. 

West Africa. East Africa, and Southern Africa 

conti Ibute 27%. Sorglm expressestogether 
itself well ill the physical environment of these 

legions, so we attempted to descrihc such prop

crtics of the environment as radiation, raintall, 
tmp.enratinc. and soils. 

I.;nvironnient of Africa's
 

SAT Sorghum-growing Areas
 

Ihe 	 llealtn a.lnnul.I solar radiation in Africa's SAT 
ratlges from 400 to 500 Cal/ cm- per day, with 

highest aiounts along the northern and souLh

ern ,und'irics. 
l)3aily meanianximtmil temperatures in SAl 

Africa ( lable I) a cconsistently high (Iiring the 
growing season with ielatively snall variation, 

espccially near the equator. In general, air 

temperatures are lowest in Auigust. alo tlv, wct 

test month ofthc year. 'h i ititcitropical convcr

gence ione (li(Z) causes rainfall isohycts in 

West Africa to run parallel with the cquator with 

rain increasing with distance south. 

Oil the dry north Side of the aica, thle decreise 

in rainfall with latitude is iliost pronouinccd in 

Niger, %hec the railnsca Ait is shortand the dry 

iason severe. Vailability 'I tllnlial ,ainfall 
s nit' 'o north.intcreasS v'ith ;nitdity trom 

(MAI, asMoiture-ivaiitbility Imdices 

defind by Ilargrcaves 1975) during the 
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Table 1. Mean maximum and minimum air temperature (IC) during the growing season at Indicated 

locAtions in Africa. 

Location 
Latitude (N) 

0 , June July Aug Sept Oct Nov 

Accra 
(Ghana) 

05 36 28.9 a 

22.6 b 
27.3 
21.8 

27.2 
21.3 

28.5 
21.8 

29.6 
22.3 

30.9 
22.8 

Navrongo 
(Ghana) 

10 53 32.7 
23.2 

30.7 
22.5 

29.6 
22.3 

30.6 
21.9 

33.4 
21.9 

35.9 
20.1 

Bobo Dioulasso 
(Upper Volta) 

II 10 31.8 
21.3 

30.1 
20.7 

29.5 
20.6 

30.7 
20.4 

32.8 
20.6 

34.4 
19.2 

Kano 12 03 33.6 30.4 29.2 30.9 33.9 33.7 

(Nigeria) 22.5 21.1 20.8 20.9 19.8 16.0 

Ouagadotgou 
(Upper Volta) 

12 21 33.1 
22.9 

31.2 
22.2 

30.3 
21.4 

31.8 
21.3 

35.6 
21.8 

36.9 
20.0 

Sokoto 13 01 35.4 31.1 29.9 31.4 34.7 35.4 

(Nigeria) 24.1 22.1 21.4 21.5 -21.0 17.8 

Maradi 13 28 36.7 32.3 30.6 32.1 35.9 35.5 

(Niger) 23.8 22.0 21.1 21.5 19.3 15.4 

Niamey 
(Niger) 

13 29 36.7 
25.1 

33.2 
23.2 

31.3 
22.5 

33.0 
22.7 

37.2 
23.0 

37.2 
19.0 

. Mean maximum air temperature. 
h Mean minimum air temperature. 

million hectares, 60% is cropped to rainy-seasonsorghum-growing season at selected locations in 
sorghum (kharif crop) and 40% to postrainysemii-arid Africa are shown in Table 2. In West 

Africa, moisture for sorghum is fairly adequate season sorghum (rabi crop). Yields are slightly 

till September but is highly undependable in higher for the rainy season crop. 

Octobcr and November. The adequate period The Indian SAT produces more than 99% of 

range., hon 90 days on the northern boundary t:.- sorghum grown in India. The variation in 

ol SAT Africa to 270 days in southern regions of average maximum and minimum temperatures, 

Ghana, Nigeria, and Sudan. Medium growing computed from 25 representative stations for 

periods (150-210 days) are common throughout each of the rainy and postrainy seasons, and 

Africa's SAT sorghum-growing areas. average dates of anthesis and physiological 
maturity for CSII-6 (a rainy-season hybrid) and 
CSIt-8-R (a postrainy-season hybrid)are shownEnvironment of Sorghum-growing in Figure I. 
i iue1

Areas in India The diurnal range in temperature is narrow 

From the 1979/80 area and production data, we and temperatures are uniformly high in the rainy 

estimated that of the total sorghum area of 16.4 season; such temperatumes should promote good 
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Table 2. Moirture availability index (MAI) during the sorghum-growing season at representAtive locations in 

semi-arid Africa. 

Location 

North of equator 
Ouagadougou (Upper Volta) 
Kano (Nigeria) 
Geneina (Sudan) 

South of equator 

Inhambane (Mozambique) 
Livingstone (Zambia) 

June 

0.47 
0.48 
0.07 

Dec 

0.37 
0.62 

vegetative growth and grain filling. In the pos-

the diurnal range in temperature,trainy season 
especially around flowering, is wide and min-
imum temperatures are consistently low. 

40

35

30-

C, 

20-

Moisture availability index (MAI) 

July Aug Sept Oct Nov 

0.06 0.001.00 1.47 0.75 
0.001.07 1.76 0.59 0.00 

0.67 1.36 0.29 0.00 0.00 

Jan Feb Mar Apr May 

0.32 0.36 0.36 0.36 0.31 

0.80 0.55 0.29 0.03 0.00 

Average rainfall isohyets superimposed on tile 
showed that rainfallsorghum-growing areas 

Almost all thevaries from 700 mm to 1400 mm. 


rainy-season core areas are in the 800 to 1000
 

Maximum 

%%%%Minimum,,,'" 

5- Sowing Anthesis Maturity Sowing Anthesis Mat ity 

Rainy season Postrainy season 

June July Aug Sept Oct Nov Dec Jan Feb Mar 

In SAT India
Figure 1. Maximum and minimum air temperatures during the rainy and postrainy seasons 

(1931-1960).
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Table 3. Moisture availability Index (MAI) Inthe rainy months of sorghum-growing areas at representative 
locations in semi-arid India. 

Sorghum-growing 
season Location June July Aug Sept Oct 

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

Postrainy 	 Ahmednagar 0.40 0.34 0.23 0.67 0.13 
0.38 0.41 0.41 0.72 0.13Sholapur 

Chitradurga 0.24 0.37 0.34 0.47 0.40 

mm rainfall range. The postrainy-season core were 4.7, 5.4, and 4,4% for CSH-l, CSH-6, and 

areas are mostly in the belt with less than 800 mm SPV-351, respectively. Hybrid CSH-6 has 

of undependable rainfall, shown highest growth efficiencies during the 
The moisture availability index (MAI)- growing season over the past 3 years.
 

hascd on representative locations-is con
sistently higher in the rainy-season sorghum- Millet
 
growing areas than in 	 the postrainy-season 
sorghum-growing areas during the peak growth We grew three millet genotypes (BJ 104, WC

period of July and August (Table 3). The low C75, and ICMS 7703) on an Alfisol during the 

MAIs at Sholapur, Ahmednagar, and Chitra- rainy season, sowing them 3 July after the profile 

durga provided a reason for the farmers' practice 	 was fully recharged. They emerged 7 July. 

of cropping there only in the postrainy season. The relationship between intercepted PPFD 
and dry matter produced for WC-C75 is shown 
in Figure 2. The efficiency of conversion before 

Crops' 	Efficiency in Converting aithesis was 4.0 ± 0.11 g per MJ, while after 

Effiiency g 1.6Cntrp d onv anthesis it was ± 0.46 g per MIJ. Growth 
Intercepted Radiation efficiencies were calculated for millet as des-

Sorghum 	 cribed for sorghum. Calculated growth effi
ciency for both BJ-104 and ICMS-7703 was 

During the rainy season we grew three sorghum 6.3%, but only 5.4% for WC-C75.
 
genotypes (CSH-l, CSLt-6, and SPV-351) on
 
Alfisols under uniform management. We sowed
 
them 24 June and they emerged 28 June. We
 
used four quantum sensorsand read-out integra- We conducted a detailed growth study on 

tors to measure intercepted photosynthetic pigeonpea/groundnut intercropping on an 
photon flux density (PPFD) at regular intervals Alfisol in 1982 because of evidence that this 
throughout the gro ,i;.g season. combination can produce good yields over a 

Slopes of the regression relationship between wide range of crop proportions. We grew each 

dry matter produced and intercepted PPFI) foi crop alone in 30-cm rows, two intercrop treat

the three sorghum geaitypes were 2.7 ± 0.09 ments of one row pigeonpea: three rows of 

g/ MJ for CSL-, 3.1 ±0.05 for CSII-6, and 2.5 ± groundnut, and one row of pigeonpca:five rows 

0.04 for SPV-35 1.Growth efficiencies calculated of groundnut. Plant populations of each inter

from 1)values aid a calorific value of 17 KJ/g crop were at sole-crop optimums. Groundnut cv 
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,Su,'drIiinr light intercet'ion and water use ('nea~trel!here hy neutlroil prob~e) in apigeohpea/groundnt~ inh'rero() 

d s t'dno ignifiant di[/erenues overall between .ole crop. and the inu'rro). I ariations were noted, /,oweler, at 

(lhfer:n ta ,ageo groct h; the.e will be studicdifrther. 
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Figure 2. Relatlonhip between dry matler and inter-

cepled IFi) for W('-75, ICIRISAT Cenler, rainy 
%aon 1911. 
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Robut 33-1 was hcrcested 95 days after it 

emerged: pigeonpea cv ICT-I after 175 days. 
Blecause groundnut groxs rapidly, both inter

crop sv'stems intercepted light lairly elliciently in 

the early stages. similar to sole groundnut. 

Grow-th and light interception ol ,ole pigeonpdc 

were slow uP ti X0 days alter sowintg: Ia 1rli1ht 
interception wvas much higher than hy pieCon
peas in the tmso intcrcroi systems, cspecially 

after groundnut hat',cst (Fig.3). [he 1:3 inter

crop systemr vsa s only 3('i more elliciCnt in con

verting light energy into (ry matter. and the 1:5 
intercrop system was IP lcss cl icient tha i eithc r 

crop. [ herc was no exidtnce thit \tcl %.I, 
used more elliciently in intercropping or that 

of water limited yield in this particularly wet 
seaso n. 

Water 

Riesposiel or Grounnut (o )roghlht Slre s 

(iroundnut yields n the SA VIvary idvlv 

bcamire of crratic iainfall hit i nhin lat l i, 

meager on goundmnut ic,,pone to drotlht ,A'.cs 
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at different phenologicai stages. Cooperating DAE); line-source irrigation, then stress 

scientists from Agroclimatology, Environmen- from flowering to last pod set; then no stress. 

tal Physics, Land and Water Management, andGroudnu Phsiolgy 3. No stress until first kernel appears (87ubpogras cndutedG roundnut Physiology subprograms conducted A ) li es u c ir ga on t en t e s 
epermena mutidscilinay durng he os-DAE); line-source irrigation, then stressa multidisciplinary experiment during the pos- imposed from pod filling to matut~ty. 

trainy seasons of 1980/81 and 1981/82 to inves
tigate effects of different moisture stresses on the 4. Continuous stress imposed by line source
 

growth, plant-water relations, and yields of every 10 days.
 
groundnuts.
 

To creat,: a range of water-stress treatment, we The irrigation schedule adopted in each sea

used line-source sprinkler irrigation. The experi- son was the saoie excep' that two additional 

ment was on a well drained, medium-deep line-source i;rigations .,ere given treatment 3 in 

Alfisol with an estimated total moisture-holding 1981/82 because ev.poration was so high during 

capacity c'' 254 mm in a 127-cm deep profile. March the prev;ous year that even groundnuts 

Groundnut cv Robut 33-1 was sown 8 November near the line ,ource were irreversibly stressed. 

both seasons and it emerged 14 November both In each treatment, groundnut rows extended 
seasons Treatments imposed on the crop were: perpendicular to the line source up to 18 m t.n 

either side. Considering the amount of waterI. line-source irrigations at Sand15 days after applied as a functiomi of distance from line 
ucii idsac rmln

cro-i emerged (DAE) followed by 30 days' apida
cr~~emegedDAE folowe by 0 dys' source, we made all measurements 3, 9, and 15 m 

, infrm te line aubteaments, and 
stress t.)initiation of pegging: then no stress. from the line (subtreatments A, B, and C in each 

2. No stress to first flush of flowering (35 main treatment). 

100- Groundnut harvest 

80

o 60i -.. 

40- Total light energy intsrcepted (Kcal/cm 2t ,v 

Sole pigeonpen 34.H8 

Sole groundnut 20.53 
1:3 intercrop 39.97 

-----. 1:5 39.55. intercrop 

TiurT 410 (60 ,,t0, wi0ng 1410 1(10 

iays ote,r nowing 

Figure 3. ight Interception by pigeonpm and groundnut In Indlicated cropping arrangements on an Alflsol, 
I('IISAT Center, 1982. 

180 



of g; oundnut measured in different treatments,t ICRISAT Center, 1931,'12.
Table 4. Setsoa: changes in the stomstal condt.ctance (cm/sec) 

Treatment 4Trcatment I Treatment 2 Treatment 3 

A B C A B C A B C SEDate DAE A B C 

0.73 0.73 0.81 0.73 0.56 ±0.141 O"15 Dec 30 0.63 O.S3 0.19 G.73 0.73 0.73 0.73 
0.35 0.17 0.14 1.20 1.20 1.26 1.11 0.38 0.26 ±0.12315 Jan 61 1.21 1.26 0.88 
0.15 0.16 0.08 1.28 1.28 1.28 1.18 0.51 0.10 ±0.0922 Feb 79 1.24 1.28 1.10 
0.11 0.08 0.05 1.52 :.52 1.52 1.63 0.23 0.10 ±0.0734 Feb 8 1.46 1.26 1.21 
1.36 1.18 0.11 0.91 0.06 0.02 1.37 0.13 0.10 ±0.0615 Mar 110 1.39 1.26 1.28 
1.60 1.33 0.14 0.07 0.03 0.02 0.93 0.06 0.10 ±0.07323 Mar 128 1 0-4 1.0 0.83 

0.03 0.01 0.31 0.08 0.07 ±0.0765 Apr 141 0.76 1.01 0.26 0.84 0.83 0.88 0.31 

0.90 1.11 1.09 0.74 0.15 0.05 0.01 0.96 0.76 0.15 ±0.05613 Apr 149 !.10 1.01 

DAE: }'s a-.:- ernerg-ric.
 
stress.
Tr-ram..=n, 1. Ln soir e ;rnga'ton at 5 and 15 days after crcp ernergrd (DAE). fo!loscd by 30 days stress to initiation of pegging; then no 


Trat.rnet :. No stress to firs: flsh of flcucr.rg (35 DAE) line source irrigation. then stress from flowering to last pacd set; then no stress.
 

to first kernel (87 DAE); Lne source irrigation, then stress imposed from pod filling to maturity.
 Trea,nen 3 No stress 

4ratm n 4. Ccn-:.nuous stress im,,osd by line source evry 10 days.
 
Letters A. B. a:- C mneach teatment refer to distance& of 3. 9. and 15 m from the line source.
 

Table 5. Seasonal changes In the trnspiratlon (pg/ra'L per sec) of grundnut measured in d!fferent treatments,' ICRISAT Center, 191/32. 

Treatment I Treatmen't 2 Treatment 3 Treatment 4 

B C A B C A B C SEDate DAE A B C A 

I1.0-1 11.04 11.04 11.04 11.04 11.04 12.31 10.51 7.51 ±1.77415 Dcc 30 9.55 12.28 4.34 

15 Jan 61 17 43 17.27 1H.19 7.24 4.20 3.27 17.54 17.54 17.51 16.78 7.62 5.76 ±1.236 

3.-0 3.85 2.10 20.32 20.32 20.32 18.50 9.32 2.64 ±0.9882 Feb "9 16.42 14.93 11.61 
3.33 ±1.045' Feb 1 21.3S 20.07 14.62 3.29 266 1.81 26.21 26.21 26.21 26.9 6.29 

23.17 4.43 21.97 2.75 1.06 26.13 4.50 3.59 t±1.0515 NMar 110 22.55 0.06 18.92 24.38 
3.84 ±1.11323 Mar 128 21.2-4 20.18 7.F3 25.79 22.74 4.98 2.68 1.29 0.30 21.39 2.47 

5 A-r 141 23.78 27.63 8.12 24.74 24.08 25.24 11.59 1.12 0.20 15.10 3.46 3.47 ±1.952 

11 A-r 14 9 19.37 17.39 11.84 19.67 19.95 16.00 5.15 1.70 0.;0 23.47 18.20 4.73 ±0.906 

set fn IFor d cf ta.s:rea: .*rns. Table 4 

http:flcucr.rg
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, < deficits were monitored over treatments with 
TRT 4Ar psychrometers. Close to the line source (treat

ment 4A where 725 mm of water was applied), 
transpiration rates showed no reduction even up 
to a saturation deficit of 10 mb (Fig.4) In treat.. 
ment 4B where the crop received only 379 mm of 
water, transpiration increased with saturation 
deficit up to 5 mb. Further saturation deficits 
decreased transpiration. 

from the different treat-TRT 4C Groundnut yields 
ments during the two growing seasons are given 
in Figure 5. The line-source irrigation technique 
helped us impose a range of drought stresses 
indicated by decreased yields with distance from 
the line source. The data show that groundnut's 
most sensitive stage of growth is pod filling, with 

' -" l )the active flowering stage next most sensitive. 
" Drought during active flowering reduces the 

/ number of flowers, and flowers produced later 

Studring groundnrut response to inoisture treatments 

at different stages of growth, our .scienlivts found 24 
A Adnitance froin the line source to be a key factor. Here 

are tm o plant subjected to thei ame stress treatments, 
but placed - tit (hft) and 15 or from the sprinkler. 
(RISA T hat evolved a mutidociplinaryapproach 20 -

Ip studi- diought stre., recogni:ing how neager and A 

ittallv important such information is in the S4 l's U 

crratic rainfall conditions. 16A B 

('hanges in stornatal conductance in different 12 
B

Ireatments are shown in Table 4. Measurements 
C0 

niadi' 15 Decemnber reflect dIrought stress in 0 

treatment I. ircatment IC showed the lowest 8 
06tonatal conductance (0.19 cm /sec). Treatment 

4('. Vshich received little water during three line B 
Csource irriations before 15 l)ecembcr, showed I- 4 

C0.50 cln %cc stomlatal condlctalince. Stolatal 

conductance di fercd significantly only for treat
ment I(' 

Scasonal chla ngcs in) groundilt transpiration 2 4 6 8 10 
rite, in dtifferent Itrratmrints ;aie shown in Table 5. Saturation deficit (mbara) 

Atmosphcric factors such as vapor-piesure Figure 4. Transpiration from groundnut related to 
detit cannot be ignored a, im1portant n1odifiers the saturation deficit of air. Treatments refer to 
of rclationships between drought sle,' and groundnut grown on an Alfisol, ICRISAT Center, 
tranripiration and such associated plant reac- 1982. (A) 3 m from the line source, (11)9 m from the 
tions as stomatal co nd ucta rice. Saturation line source, and (C) 15 m from thre line source. 
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do not form pods effectively. Delay in flowering 
leads to a large reduction in capacity to form 
pods. Stress during gynophore elongation 
causes a dry surface soil, which prevents plar 
penetration into the soil and pod filling. Tnen 
calcium uptake by stressed gynophores in the 

4000- 1980/81
 

soil may not be adequate, which leads to reduced 
pod formation and poor kernel filling. 

A significant feature of the yield responses 
(Fig.5) is the yield increase in treatment 1(3 and 
9 m from line source) compared with the control 
(treatment 4A). Treatment IA received 94 and 

0-6 m from line source 13-18 m from line source 

[ 7-12 m from line source 
3000

2000

4000

1981/82 

3000- ISE 

2000

1000

4A 411 4CIA 11 IC 2A 211 	 2C 3A 311 3C 
Trentment 

Figure 5. Yield response of groundnut to drought stress, Alfisol, ICRISAT Center, 1980/81 and I)81/82. 



Resource Evaluation 241 

147 mm, and treatment I B, 87 and 123 mm less 
than treatment 4A during the 1980/81 and 
1981/82 growing seasons but IA and IB yielded 
13 to 30% more than 4A. 

A significasit stimulus from stress relief may 
have increased flowers during the active flower-
ing period. Also gynophore production was 
insensitive to early drought. 

Seasonal groundnut evapotranspiration was 
computed with the water-balance equation: 

ET =(Mi - Mf) + (I + P) - (R + D) 
where 

ET = Seasonal evapotranspiration, 
Mi = Initial moisture in 0- to 127-cm profile, 
Mf = Final moisture in 0- to 127-cm profile, 
I = Irrigation, 
P = Precipitation, 
R = Runoff, and 
D = Deep drainage, deeper than 127 cm 

(considered negligible), 
The technique we used helped us simulate a 

wide range of seasonal ETvalues-from 176 mm 
to 831 mm (Table 6). Highest grain yields were 
from subtreatment IA, although seasonal ET 

values were highest in 4A. Highest water-use 
efficiency was in subtreatment IB both years 
(Figs.6 and 7); in it water equivalent to 0.4 pan 
evaporation was applied during groundnut 
emergence, then no more water until initiation of 
pegging, then full irrigation(0.8 pan evapoiation 
at 10-day intervals). Apparently drought stress 
during the vegetative stage benefits groundnuts. 

Response of Chickpea to Drought Stress 

Chickpea, India's most important pulse crp, is 
grown during the postrainy season onconserved 
moisture without irrigation; at times it suffers 
from drought stress. The sequence of different 
degrees of drought stress as the crop grows deter
mines chickpea yields. 

To quantify chickpea response to drought 
stress and predict the effect of stress on yield, we 
conducted an exp:riment using multiple sowing 
dates, different irrigation treatments, and two 
chickpea varieties on a deep Vertisol with 500
mm water-holding capacity. 

Results from the two chickpea genotypes for 

Table 6. Effect of drought stress on seasonal ET and grain yields of groundnut, ICRISAT Center. 

Seasonal evapotranspiration (mm) Grain yield (kg/ha) 

Treatment' 1980/81 1981/82 1980/81 1981/82 

I-A 734.6 778.3 4100 3830 
I-B 647.0 738.8 3650 3790 
I-C 614.3 753.1 2370 2230 

2-A 671.9 678.2 2040 2450 
2-B 574.6 604.9 1270 1520 
2-C 482.5 516.0 690 540 

3-A 662.5 643.2 1280 2400 
3-B 594.1 543.8 820 960 
3-C 529.4 440.8 380 130 

4-A 807.3 831.1 3150 3340 
4-B 470.2 517.0 1150 870 
4-C 176.1 231.3 180 40 

SE t14.80 ±11.28 W177 t377
 

i. For details of treatments, see Table 4. fn. I. 
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6

m 0-6 mfrom line source 13-18 mfrom line source 

7-12 m from line source5-

44 

SE 

V 3 

-

// Ad
is;i 

3C 4A 411 4CIA IB IC 2A 213 2C 3A 311 
Trentment 

Figure 6. Effects of different drought stresses on water-use efficiency of groundnut (Robut 33-1), Allsol, 

ICRISAT Center, 1980/81. 

both seasons are shown in Tabies 7 and 8. Dur-
ing the 1980/81 growing season, yields of non-
irrigated chickpea planted at four dates did not 
differ significantly. But when Annigeri planted 
before 30 November received two or four irriga-
tions, it yielded significantly more than when 
planted 30 November. L-550, however, 
responded only to the two-irrigation treatment. 

Seasonal changes in dry-matter distribution 
of the. two genotypes were monitored both sea-

sons; dry-matter distribution data for two plant-
ing dates for 1980/81 growing season ate shown 
in Figure 8. Supplemental irrigations markedly 
increased total dry matter. The data show strong 

interaction between irrigation and planting 
dates, as already discussed earlier under seed 
yield. 

Providing supplemental irrigations to such 
indeterminate crops as chickpea increa ses veget
ative growth and delays maturity. l)elaying 

maturity for early plantings may incrca,, water 
use and seed yields. [ow night temperaturcsdur
ing Dccember ond January (Fig.9) may reduce 
yields from late plantirgs by causing flowers to 
abort. 

The drought-induced stomatal closure in non
irrigated chickpea dec,'eacd leaf-water poten

tial, which incrtacd canopy temperature above 
air temperature; that led to vhat Idso ct al. 
(1970) defined a,, stress degree (lays (SI))) 

N 

i w 
temperature; iA. the air temperature; and N, 
days data were rctorded. 
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Table 7. Seed yield response (cg/ha) of Iwo chickpea genotypes to irrigation', and dates of planting, ICRISAT 

Center, postrainy season 1980/R1. 

L-550AnnigeriPlanting 
I 12date to 1h I Io 

162015 Oct 1100 2020 2640 700 1810 

720 1960 2720 730 1610 206030 Oct 
15 Nov Mf0 1990 2150 570 1490 1490 

21 W 1190 174030 Nov 1030 1150 630) 


$owing.
i h = no irrigation, It = two irrigations, 30 and 70 days alter %owing;12= our irrigations, 30, 50, 70,and 90 days after 

Ffor comparing irrigatiop x date ) variety means. t248.
 
)E for comparing date x variety meatis at same level of irrigation, t237.
 
SI" for comparing variety means at the same level
of irrigation A date, t234.
 

SE for comparing date means at the same level of irrigation x variety. t237.
 

0-6 m from line source 13-18 m frou line source 

7-12 m from line sou.ce 

A E 

-

-

//11/#'I
(.etr"13/2 

2A 211 2C 3:ik 311 IsC 4 A 411 4C 
Tlreaitmnen t 

IA III IC 

Figure 7. Effects of dlfftr'tnt droughst stresses on watterute efficiency of groundinut (JRobut 33-1), Alfisol, 
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Table U. !tt¢d yield response (kg/ha) of two chickpea genotypes to Irrigation' and dates of planting, ICRISAT 
Center, postrainy season 1981/82. 

Ann ig i ["550 
Planting A 

date 	 loo I 12 10 it 12 

2) Oct 1490 1960 264( 1230 1350 2300 

4 Nov 1300 1640 268) 930 130) 2230 

19 Nov 940 1360 2390 530 1470 1620 
670 950 11209 1.c 	 920 1120 1650 

I 	For detaih of irigation treatments, see lahle 7 fn. i 
SE lhrcomparing irnpitln x dwc x varny rnnr%. t267. 

SI fOr comparing date x variety at the same It . o.futq.,ataon rncany, 171, 

iilgatlli meant U35.SE for cotmpatng ,aractiks at the Name h"'lI x (Late 
ucdnx , t171.SE for compallng date, at the same Intl tfluijtt iw x ",rlle¢ 

I1:takitig canolpy alld ail IclirIeattoics d.lly 


at 1400 h throulthotit thcYt)i\g, xa\oll, %,, 


nionitoti the SIi) for Ar'nirxeii anid IL-550f in 


all ttcattent%during the 1981/82 yrowking %c:-


%Onu1 ige0 that ,ate l'.by chickplaht)ho,', 


,at%lineally [CLttcd to SI)I). 


()uanrttl) ing l'roir)ut;t Stre h| .'4orghrumn 

t,

I o vX.tttnltiC tttcl of tl t)'io"it e%-,,t ililferent 

phetiolooical ,lagc, ort ln tarc; index, phelnol-

1''t1.1 (r 11iitte . yairl ) eMh,atnd 5icld coln

p(ririt',, (.NSII-X- "MJ NI 35-1 "ctc %own 23 


N()%clcil)C 1981 tt art Alit,)l a l a 4-citl ifrtgqa-


ti %.ttyic, th o :It I'.icre tday.c "a', 2H 

>(oXetribe. ()itnt%t ytcll pen eLcixced tlhr;e 

ij\c 1ttosttc treattritt',: .leq lilt, r 

thr ulinist g, x a.ea'.or (N,Mj '>ttc'' (llu ' 

.iwth ',tarfc I ((SI) lionint crtip'Cc No p:atr 
o I ' I(N O , %i)." 1 t ; l( icinllitiat . " " (yll 1 n,t,l t , h" t; 

2 frornt I to .'ntlhcin , (I:)k ,t i hinri' 

3 	 log.a,,th It..getnt aruthe,, t p h /pitmolt1th.t1 <lo'tcl ptel'.'" 

triattrlty, I'M (M), ani .ttr%% dtirtttg tre Latter 

part If both gi m %tUt"x+tia 2 arnd 3 (M4 ) 

Stc',%in (NI rCllced the tla5', in r atirclk 

initiation. %&ll, ,,e', 6rt ilclt.)cdle (iS? 
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olo) in Otdo 
Ni, aimd N1. NI 15-1 I ,lain \il anid I IMl k :1C 

lower tItan (SII-8-It* under all tlcrtllilnt, bilt 

I Ihe~yteondtcd ,innla rly t,d ronlphl ,tir''. 

%kclehljohc'.t illN1,,! icd liv NI,, I,, 

Effedt% rf Nitrolct)t tnd I)rtiughl Sitr%% 

" Intt ritc ilrliln, cI ctittt t s kfitll 

clcal, d Ilyit Ilr,,l ctd hiher xicl 

M antaynte t li i . !*' I1 1iris'the 98)2 

rIinoIVI'tCA0( , xe elcdI io),oidit~ lt2 ioXk,. 

)t'rolliditlittnlire rsteccll lpd, Colli taledAilt ca(t 

;uP tll. th nt)tt-F t,%i 1'ttin'eithllcr 

ri)',rt (N, t 1(0 k, N ha (N,,,,). Motitatic 
l vtlj~ tc 1 1 1 1 1) ( hl tc',ol tc . ') c t:"cd by', - )l [ 1 0 1'c l %k 

the ' I.,%tl",tbed 

tihin \c.tt rteail i"t m 
,l.Cttth',ciiargcd IC.d 

llsVt 
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irprc+%l(o C etCI 
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re lot the 1,ainc t,Fotlit 


)
the lic ii nriot ecl

till. 
, 

the rip ,holtely rtreveit ill, ttotlif 

ruior'tirr. t-llnie irprateid lint! liil 

drish 'I.tt", 

I l itr llhl (of tertiltd .,irlt1r11 altle 

hnclr'-t11pl\ \%ti t1el d ru hillt t'.d il lCor 

(1'ip 12). a%did pod 'held i)I ttdniiui alotic. 

llt th Iratrrt d l rill'.Iruttol r" rrlaik+cly ht)w,tI) ' 
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so the total yield advantage from the intercrop Under No treatment, with nitrogen stress 

ringed from 28% with the least drought stress to severely limiting growth, sorghum alone did not 

148% with the most stress we applied-results respond to various drought stresses but it did 

similar to those previously reported. with N100 treatment. Sorghum in intercrop 
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Figure 8. l)ry-mattcr dishibution In chickpea (Annlgerl) grown under three irrigtdion regime, planted 15 Oct 
= 

1980 (top) and 30 Nov 1980 (bottom). (1 no irrigation; I = two Irrikations,30 and 70 days after sowing; 11- four 

Irrigations, 30, 50, 70, and 90 days aftrr sowing). 
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Center, 1981/82. (1,- no irrigation;II- two Irii!gallon%, 30 and 70
(Annigeri) &ownoni lialicated dales, I(UISAi 

days after sowing; 11: four Irrigation%, 310,10, 70, and 90 days after %owing).
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Nutrients300 Y Y =175-0.36 X) 

That SAT soils are low in nutrients is well recog
rae = ±13 

nized, but little is known about how nutrients 
260- 60 behave in SAT soils or how their behavior 

affects plant growth, so we are characterizing 
220- crop needs for nutrients, factors that influence 

* 	 crop needs, interactions between nutrients and 

the soil, and nutrients supplied by the soil. Major 
,180-

* 	 emphasis is given to nitrogen; we are increasing 
attention on phosphorus, and conducting long

140 - term experiments studying nitrogen, phos

phorus, and potassium.
XXII I I

100 
4.200 	 +100 0 -100 -200 -300 -400 Fate of Nitrogen Fertilizer on Alfisols 

Stress degree days (°C) 

Figure 10. Relationship between stress degree days Agronomic results of the first 2 years of joint 

and water use of chickpea (Annigeri), ICRISAT Cen- IFI)C/ ICRISAT field experiments werc 

ter, 1981/82. reported last year. The 15N analyses of these 1980 
and 1981 experiments provide additional infor
mation on the behavior of I5N intwo contrastingresponded siimila ily, so its intercrop yield did not 

to di ought stress. But the relative yield soils, Alfisols and Vertisols.respond 
of ground nut increased somewhat with 

Rate of N application. In 1981, we examinedincicased stress (Fig.13); total ield advantage 
from the intercrop ranged only from 31% tinder recoveries of N in the sorghum crop and in the 

soil altcr harvest over the whole response curveleast stress to 39% under severe stre.s with nitro-
genl limiting, for the Alfisol. Increasing N up to 120 kg/ha 

Table 9. Phenology, grain yield (kg/ha) and total dry matter (kg/ha) of two sorghum genotypes under five 

moisture treatments Imposed at different phenological stages, ICRISAT Center, postrainy season 1981/82. 
Growth stage (I)AL) 

Sorghum 
genotype 

Moisture 
treatment P AN PM 

Grain 
yield S, T1)M SE 

CSII-8-R M0 
MI 

23 
21 

66 
64 

106 
104 

5660 
4550 

.113 
±399 

12530 
9620 

±518 
±443 

M2 23 68 108 3300 ±54 6690 1288 

M3 23 68 104 2910 ±273 5810 1402 

M4 23 68 106 3300 ±327 6970 361 

72 112 3830 ±181 10830 ±1002
M 35-1 MO 27 

M 25 68 	 110 3520 1122 8710 12351
 

110 1910 ±59 61(X) 1153
M2 27 72 

M) 27 72 109 1980 ±107 5250 1189
 

M4 27 72 108 2440 ±211 ("X) 389
 

AN anthesis; I'M physiological matuity. 

t Mo = Adequate moisture throughout the growing season; Mi = stress at (S I; M2 %trcsat GS2; Mi : sires at (WS3; 

M4 = stress during later part of both (iS2 and (iS), 

P = panicle initiation; 

http:175-0.36
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increased grain yield and total N-uptake (Table 300-O Groundnut 
10); tlhe equation for the response curve for grain . So rghurn at N1 0 0o 
yield (lkg/ha) vs N applied(kg'ha)wasy= 1616+ 0- Sorghum at N0 

54.9 N -0.18 N2 (R =0.99**, rse =187). Uptake aSof fertilizer-N, shown by i5N analyses, increased 
until the applied-N reached 160 kg/ ha, the high- .200
est rate. Percentages of N recovered in the plant " ,, 
were reasonably consistent (46 to 51%) over all ,* 
rates applied but the percentage remaining inthe " 

12000 - 0 - w-/
20 60 100 140 180 

F1 Nngrin applied (mm)TtalWater

Lidry weight Tol
dry Figure 12. Effect of moisture regime on the graia, 
SGrain yield )matter yields of sole sorghum and pod yields of sole ground

nut on an Alfisol, ICRISAT Center, 1982. 

soil after harvest decreased with increasing 
applications (fro)m 47% at 40 kg N/ha to 28% at 

8000- 160 kg N/ ha). As a result, total N recovcred (in 
the plant and soil) decrea sed from 93% at the 

. lowest application rate to 79%,7at the highest. 
r.
 

~Method of aipplying N frtilier. [he 1981 field 
experimerit on an Alfi'.ol alIso compa red effects

~of different methods, .am! ti es of applying Ni afe rtili,er on yiel and rtCoVcry of nitrogen
1) SE (Table Il. Putting the fcrtiliuer into hands or 

4000- spots (of super-granules) close to sorghum 

pla nts inciea sc( recove ry' oi IN in tiLtphiant
about 8%, signi icaw t at I.i.5.15, eut increases 
from split aliplications wecre not si,,nificant. 
Total recovery ofPnN in soil ane plant ir thae 

weedifferent erom ranet 863 to 92 buttreat rentss 
differences between treaet ents v.mi not sinifi

cantit (I' • 0.()5). 

0 . .... . .'] ate of Nitrogen I.crtilicr on Vertiso% 
Mo M6 M1 M M13Irrigation treotment Crrlp~ired w oaith pplcastind it seeding, the 

Figure I!. of five irmgatlon treatments 1981 combinationEffect og placing N ferthilier amd 

imposed at different phenological stage on sorghuni split-application after crop)s(C;SII-8-R) grain eriergedi signifiand total dry.matler yleldy on an cgntly increaded yiel .05)s' total N-
Aiflsol, ICRISAT ;enter, postralny seaon 1911/82. uptake (1'. Cr,9l 0.0).e0.01 ). uptake of i N (1'. 

http:Alfi'.ol
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Table 10. Grain yield, N uptake, and N recovery from indicated rates of urea-N applied to sorghum on an 
Alfisol, ICRISAT Center, rainy season 1981. 

N applied (kg/ha) 

Check 40 80 120 160 SE 

Grain yield (kg/ha) 1590 3650 4660 5720 5720 ±320 

N uptake (kg/ha) 
Total 31.9 61.9 83.6 111.4 116.3 ±6.23 
From fertilizer' 18.5 39.6 64.7 81.7 ±1 i6 
From soil 31.9 43.4 44.0 46.7 34.6 

Recovery of fertilizer-N (%) 
Apparent (plant) 2 

ISNitrogen 
75.0 64.6 66.2 52.7 t8.80 

- in plant 
- in sot: 

46.3 
46.9 

49.5 
33.7 

53.9 
31.1 

51.1 
27.8 

±1.96 
±2.56 

- plant + soil 93.2 82.2 85.0 78.9 ±2.99 

Residual fertiliier-N 18.8 27.0 37.3 44.5 
ir,soil (kg/ha) 

I Calculated from 15N content of plant. 
2 From total N content of plant. 

- o So h 
. 2.4-total recovery of ON from plant and soil (P 

0.01) (Table 12). The split-band treatment 
Grourdnutincreased N uprtke by the crop to 55% from 2.0-

about 30,' (broadca with or without incorpo- 1.6 
ration). Total recovery of N (soil +crop) from 72 .0 
and 75('i (boidcaslt) to 93% (split band) indi- ' 1.2 
cates that 2X and 25,'(' of broadcast N werc lost =0.8 
coipared with on1l 7%( lost when Ihanded. 

> 0.4 
1IE-fficient Ise of l'ertiliier 0.0 - -- I 

Using iotopically-labeled fertili/er-N is the 1 
most colVcicnt anid cctlrate way of assessing N i.2 ( 

fcrtili,cr late. That mtethod ,howtd clearly 
for th two soils ower the two seaons thal 0.8
uptake of N wasI% 0.4- - satisfactory when the applica-
lion ncthto(s tised were those geneally recon

ineneld; pievious studies at IIRISA Iicached a . 
similar concltision with the less acct l inethod 0 20 60 100 140 180 
of appaient iccovetics (tisui;illy 50 to 70 '), Woter upplid him) 

which the ctiricIt 'IN cxpcriniclts ,alitlatcd. Figure 13. Effect of moil~ure regime on the relative 
'wCviots ictlt,,inIndia indicated that cotlect yield advantages of sorghum/groundnut Intercrop at 

tining of N applicatioss may be more important N1, (top) and at N, (bottom) nitrogen levels, ICRI
tha n pliccme nt, for mtost eficicnt tse of SAT Center, 1982. 



250 FarmingSystems 

Table 11. Grain yield, N uptake, and N recovery for indicated methods of applying urea (80 kg N/ha) to 

sorghum on an Alfisol, ICRISAT Center, rainy season 1981. 

Grain yield (kg/ha) 

N uptake (kg/ha) 
Total 
From fertilizer 2 

From soil 

Recovery of fertilizer-N (%) 
Apparent (plant)3 

- in plant 

- in soil 

- plant +soil 


Residual fertilizer-N 

in soil (kg/ha)
 

Surface 
broadcast 

Broadcast, 
incorporated 

Band. 
split 

Band, 
all basal 

USG' 
point SE 

5450 4570 6040 5330 5190 ±320 

95.4 
40.7 
54.7 

83.6 
39.6 
44.0 

102.5 
50.0 
52.5 

92.8 
45.9 
46.9 

94.7 
46.8 
47.9 

±6.23 
±1.76 

79.4 64.6 88.2 76.1 78.5 ±8.Y0 

50.9 
36.5 
87.4 

49.5 
33.7 
83.2 

62.5 
27.1 
89.6 

57.4 
31.4 
88.8 

58.5 
33.3 
91.8 

±1.96 
12.56 
±2.99 

28.5 27.0 21.6 25.1 26.1 

I U' 6 = Urea sup-r granule applied as I granule per two plants. 

2 Calculated fromnN content of plant. 
SFrom total N content of plant. 

Icitilier-N by tile plant. liming the N applica-
most important0ionappeal; to have been the 

factor catising inctreasd efficiency on tihe Ver-
on. Appiec-tisol in extretnely wet 1981 rainy sea 

iable osse,,. of fcrtilier from the Vcrtisol (ftilin, 
tte nccd for1981, but itot in drier 1980, sho t 

furtlher sttidics onl Interaction%betwcen fetili/er 

methods and enviroinlentalapplication 
cOnitiols. 

jhital~iationi of Soil Nitrogen 

I he nted for tlitloglen fetillier is, iniCtCely 

related to tire aillsunt of nitnetalietfd organic 

nitiogein (nitratr-N and atltalrirortti-N) ini tile 

at sccdilr. alrid the amlionunts rnliietaill'dsoil 
durilar the .,caton. leTW SA I soils Inintrahlhie 

clilogh nltrlo elr Ito lit l c'real Crops' ni d ,, '(o 

addcd iCtiliel N is gcncally neded, But lrnienl-

aliation paltens of diffccntl SA I --.oil%have: rot 

bcnr quantiicil. I licsc paltiare tInco",aty for 

develhping future inIlsCl' to de.clibc ntllint x 

soil xcrop intcractioil . til xarm-the SAI. So we 

ined tile nitrate-N accumulations in two of the 

major soilsat ICRISAJ Center;Is pait ofa study 

of the effects of cttltia lion on %oil properties. 
it tihe Isso soilsAcctrnotlation, of niltate-N 

difleted niarkcdlb, the Allisol acctlttlated 

much mire than the Vcrtitol ocr the latter part 
oc.Ck" ofof t1he po"tlaitly scason arid the firt few s 

the raily s aoll (I-gj,.Id-). (1ettrII aiC0'1rlllit lon 

itt the Alliol may result fIlor lcs , piotctlioil of 

soil orallic Iriatlt ftou li i robial attack 
I 1probccaotlfc of the soil,, loskcr clay CoIlet 

ie r ir ltoritl()It that potte. s%eesliltlhle r 
Inalaed the allonit of soil orplnc ctr llon i) the 

as. NOhich i ll; IlCit1Or"Noii ollr tile pool of li. 

,anirtns it) the soil 

With atllo ,,atic lot the diifetc:ni e Iln ofjanic 

(.1bon otrilcitl, of th(,to ,oils, tihe Alftol, on

laincd 5 or ( little%" as Intlh I iotI'i s"-(* ;1 tile 

VCttiNsol ( lahlc I 11.Iliosa.s( w,,s aboI t (i',{; 

ygralcr iII tlre CIltrvaled liar it] the trllo nitiatcd 
- ;,d *cdinri.luilts.tl ksaft:it 

ilt tile diffcences ftile lo Ctr1atiotr diitiitulih 

Within two tIllollhs aliter see-dinn 

%,oilfor a lOW '., 

http:luilts.tl
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Table 12. Grain yield, N uptake, and N recovery for Indicated methods of applying urea (72 kg N/ha) to 
sorghum on a Vertisol, ICRISAT Center, rainy season 

Grain yield (kg/ha) 

N uptaLe (kg/ha) 
Total 
From fertilizerl 
From soil 

Recovery of fertilizer-N (%) 
Apparent (plant)2 

''Nitrogen 
-in plant 

- in soil 

- plant 4 soil 


Residual tcrtiliuer-N insoil (kg/ha) 

I Caltulatrd from 'IN Lontent of plant. 
2I tioi tttful N cifl-it of plant. 

Ntitritnit x Soil I lniironinil 

Surface 
broadcast 


4260 


62.1 

22.3 
39.8 

31.8 

31.0 
41.8 
72.8 

30.1 

Interacti nt%: IVrcitw Actisit) 


I ti ( pAilllCllt (it N clllic Iy c .ttiincd 

t l t1ice,, o)n clop 

vicid ;111ll Iptill,,v of[Iltllo cit, btlitm oleH blit~lc 

clltt,, \,lit a', l i(.lt p),la 


I.,ill, ,cJ,"Cr, ieqI itil II ILI l tcCt /c It'c IIIt/c %'ikl 

',(l)Itx liltu.takoI 

t Ilca 1ifI,.th. lltril;lan lirlii.c "_ortoit il 

ificd i Ilic lIro 

,l% 
dct olrllpivx ,,t 

, ll I%( ota 

ll ' %i)itt 

tril I f I 
it) 40 1C(, 

tinr a,r 

hi Illo w 

,lc ltI 

iit ,.;it.% jiu.cu,',t ,dcpf'tl ,o i t." 

t ( o 

tlh l,7 % llC I ( t'i%C d eI% i('%I llo Il Bi40 1h 
1 ficki % 4,f o d Il i jicll ltc tlt o l 

iv 


llli' .Iif lc
t , 

;IliIrltiialit tot
lt i lai 


rlt 1 cultlli 
aill llillillI tic dfl 

,t, y t fr riC. ll. Ir 

)
i t If Illi%l liC ' llt 

Owtn\iharh|hIt 

l ,t' (*:
 

hx rtiiill 

.shl_
Icl'.l i V tiV. 

%)-,trillp~lopw-r'.d 
p oily%.oli Vt il~11 kc I il .* a i ( IN t~rd d 

into. ;Iw lJ1" w)r 

Ill:1;.1iliilllt- hor dowlhir" ( [opl

x -d pi p lvi O 
llll : he'(illl
ili~.+ d~ri ~ epit' '~ 

lii ~ ll II (;bX~flicitl 11t. yhea~iliit 

It'llw.im ir lot IImimmllll Illitra iliLII1y 1%% 

1981. 

Broadcast Split 
incorporated band SE 

4110 5220 1225
 

60.2 84.4 13.84 
21.3 39.6 t1.09 
38.9 44.8 

30.0 61.9 t6.00 

29.6 55.0 11.55 

45.2 38.6 12.69 

74.8 93.6 12,41 

-32.5 27.8 

(01 h4 70'(' fo iboth All ol ;till Vcltl,.A. I he 
Icltpclilltc oiptlllia (I It,15) %v.tilr.1Ir 'ai.a the 

hc I'llioll1adliial )li9( milll''l l0)IIIIIIm fit 
".I',w ll~ t' A pr(.h11111,1N l5,udy Oluo, Ci 

cka~lly th;l Ilt.,: itld lcawtd I,%t,ll lHsl~l ,If'rii 


tI lv lllit till Ii hichl tap,tm Itv (2.1 and ,11)Y . 

,,Ii lot filthe A III',.1d e Ver

tthu'.(, it I-ollL II 0.but rilltw d II ,Ilil t 

I lp 10) Pati it(s

1,1111d (if%v,are tI l d1p(I tulTat, 

_ ___ 1. of Ih__t_-___t__t_ _l (Im_
_lat_ 


Sl~ ll10-1 v ,[oil r'l VCftll.sei¢ tt ( In ) A I i d a Pd 

U (iHI A I ( nli 1 "t r , 19 11. 

Mfei.I 1tiil l tit A lh'-,, l'¢til 

ih;,11.1t (Oq (~ " ' .l) If 4 11 , ]4 I0 

0 11, 0 60) 
Ittill, I% o" 2,056, 0 

phymlai at 

Pq 
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12 .----. o Alfisol 

Vertimol * 
o/-
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0.....1 1 I I I I I 1he 

SEt 
4 4 

I2-111c -

03 --- - .T T - - - -1 -T 

. ,..uff 

I Ig te 14. I fict uati s t the n itratl-N con-

tents #4 lu (t 0-1 t1- i) Ant iubi'AffACt 15.30 cm 
(O t j)(111 of tolili A lfh l lind aIV trli o l, I( 'R I" 

k-A'l ( rci+ I'LO/RII. 

, II it! , Ill WAti t,)t, [it %k.1 hn . lng1hW xwltck 1i0i-n 

li1-'t~itI ci ii ii( thll# illi in a ilcl t xi" 

11w ldt. !lr Id2IJto 4(y (I .mic 1-1) In ir eT1% 

;iIj' thi li i (('Ill( ,it inal l ,l[i yfm k C.illo 
h lii ll till"llt - l t lil ililli s',',el tl I(X)'l 

I1111 1Ilt(I J" kil\ l I hx .I1IllI I toill (d[ m I +I-N Iol 

ic liel li!. itiiilii'ii2ii .tli ,'. 54,2hlI t't sliin ill21t-

liel'lly.di
l+
 

f il ilti "411111r ofr'l Iw 
'I otal N A It~l %'of 

Solil-1h1l Modtficllhon"llnuP 

,ltli)lirs il 11C th lllia i ! i 11il ,yraEi ill %il LIim-

I1 ' llml lrtiilrdi CtililitlC 2l2 tIhe total wil nihllol 

n t i lnti o Aii callpisxiiar %.lhei i%%illi iteni 

for many generalizations. But nitrogen balance 

studies require high accuracy, so we .c-evaluated 
one of the analytical piocedures. 

Total N content of soil usually is determined 

by the Kjcldahl nicthod, which involves digest
ing soil with sulplhuric acid and a mixture of salts 
to convert all the organic-N to ainmonicin-N. 
ilecatue a mall proportion of',l orgao lc nitro

gen llay lexist acid a1ttack, the (ige1tion proce
d urcs itd vaiy %kidely. Some Inudian ,ill,, 
(Vertiol) %eCeoll emitoil"e a 1l lie rlidillc.i
lion (:I the analytical proC(lule. I li tiu 1l ia11 
cation, lust piopoedt ll ilixo ," ,il,,1)21. oxc-
t-I ooil *.i'lllplt io N.m cr a sling t pC-lrod tlole 

colil1i, Ldipc~lnii Oul edrllicm [o'Iimre cxI

thei Il iloditah ioiill, liii.ccdl i1ttle nccd f 
K11Iidda ill inIc xtd Hic (ll %,i 1 cliltlc(i~tion% 11 OxIk diL ed-mr oi xalui~tziol of die
Iljclahl itliotd. lit e,mluimltiic xlt~cm nicde'd 

i I1: " .ic l. 'ie rtation of the Kjchl;ill 

i od. xl Ii i ti d in IlII1)(" I(AtISA I 
proecI I his xtilv VAa iill intcgral pait of' that 
project. 

130- r 

0- % 

0 %
 
' 7 0
r 3/ # 
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tnt

l i lo /% 

" 
- - - - -",, 

10 0 10 20) :1I) 40 ft I 601 7i0 ho+ tool loo 
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lgurt I5. tffr(I of ortnlperatur nt toiltll aicfttalit-
Ity, Ina 'eiultl (lt;) ani an Alfhaal Ox(t)lliof)I. Io t I 

aird ert112 for oamnit4tunrls at thI lait Ieoe1 tf 

frlnp-latuir olf ni!t ikl 1.9 p3 N/ pfi 11). 
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Table 14. Urea hydrolosa In air-dried soil samples 
as influenced by humidity of the incubstion 
environment.' 

Incubation 

Alfi~ol Dry2 

Humid 

Vertisol I)ry 2 

hlumid 

Urea hydrolyzed (pg/g soil) 
after days- _Soil 

2 4 

0 0 0 0 0 
0 36 44 129 !64 

0 0 0 0 0 
0 27 44 84 119 

I Soil samples (5g) veie treated kith 1000pg urea N/g soil 
in solid form and incubated at 371'C. 

1. Rclatilk humidity in the dry and humid eniroents 
were, respectiely. 20- I(Y,',and 100, 

I he tsdu int~nol hoscd strlongl inttract ins 

(soaking betCo,HIalmnodifi:ationbets Cel tihe 

dlp+.estion). tfizlnenles o ,oil grinding,. ;,td the 

d oilno "'titit( alble 15). 1he liilitoodill-
ttl mir kedly iinptosCd rccosery at tittiogeti, 

palltl:tcill\ toin c.11rC-g1ronrol allmples. di,,-

(\tedltar a minrunluin Iat- (2 hi), lut the 

liltICA', rC',tslin It, mnoditication1111am thing tihe 

sCIL Intor1., h, lion i, apnd
tm l,io ,ale(lip+,-

,",Acd lilt 5 fit thc usual all~il13tcal, colnditio-n 


11,.C41 h% It"tm-;llh 'Clic11INI',' 

I mt lrth ,lt ut aIt'Iltitl 

-11t I %IcdCeicl Inal t.1VCtII itlI
+ithllh
Ih tl(kciew • icIIItal Clict-tIll 

c( it'oiitoIgtltt11l 

khall nIi -changcable .ilttl 

t'','ic.ta dt ctec III 'itiC 

Iir tiin .1ulis 

hCjIc th6t;Ind tlet
 

ll5itll Io 


tti, pII[-

i'20 - FC Vortiaol 
Alfisol 

, L-0- ----------------
0 

L o 0 
0 20 40 60 80 100

moisture 
120
M% 

-
140 130 

16. Effect of moisture content on soil urer'egenvironment 

activity at 371C. Field capacity (FC) of each soil Indi
cated by an arrow. 

vided good presumptive evidence that the effe,.t 

was related to improved recovery of soil organic 
nitrogen and not of' non-exchangeable ammo
nitlm. The effect did not appear to be important 
in any hori/on of an Alfisol (Table 17). 

Nutrient Requirementsof I (UIS Al Soils 
o 

Althoirhi expcriments, dring the first few years 

at I(RISAI ('Cetcr cstablihcd [he general fcr
tilict tqluitetnients ot ctops, characteri,ation of 

the nt iclt rquireencts of various soil-crop 

combitiatiowls has been limited. Further studies 

oin the Ctluitement, o various soils ahd 

mu,1 ,piosetarming ,systems practices are being 
Ulnd¢ ell.
 

Itrse (if ( ,"1s(n V rlisols 

lt Applied I'losphorus 

\VhCt ti soils at ICRISAT Center were 

critppclI ,oitmprocd cultivars for the first time, 

Tlable 15. Ifr(I of rrinding, ani digestion time on theof "Met, prertratmrnl ('ihal modification'), flnrentof 
estimated tolal-N content (jig N/t soil) (if surface hontson 1f V'CrtlhaI. nlweitirr by %cil-imicroKjeldahl method 
(talIC~1c acid modilliation). 

I itail N (ontlttint 
incraC due to 

'oilc pal1. I l)1osttan l Halttotoatin ilal pretlcatment 
liltc011a ) limne (Irl) Witho ut W itll(i 

0 2 421 t 4 570 0 35OH 

0 Kh 5 486 t 10 571 6 17 

* 0 1, 2 561 t 2 595 10 6 

016 5 584t 0 595 10 I 

http:t'','ic.ta
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Variation in the D1 effect and other soil properties with depth in a Vertisol profile.Table 16. 
Total N content' 

Soil Bal pretreatment Bal effect 
Without With

depth Ammonium + Fixed 
(cm) nitrate-N NH4-N Organic N2 (a) (b) b-a 

pg N/g soil 

3 113 371 390 487 97
0- 15 

388 85107 278 30315- 30 3 
255 334 79
3 100 231
30- 60 


99 205 236 307 71

60- 90 3 

70
252 322
4 110 208
90-120 

280 70
4 102 174 210
120-150 
 513 100 145 197 248

150-170 


I-g samples of soil ground to pass a sieve with 0.8-mm openings.i Total N determined as 
2. Organic N = Total N (b) - (Nt4 - +NO3-N) - fixed NI4-N. 

they required added phosphorus. Without it fol-

tar symptoms of phosphorus deficiency deve-

loped. After a phosphatic fertilizer has been 

applied several years, foliar symptoms of phos-

phorus dcliciency no longer appear in crops. But 

the level of available-P1 (as measured by the 

Olcn method) is still low in many Vertisols, so 

wrC examined responses to applied Pby sorghumt 


grwn in ICRISAT Center's watersheds on 


Vertisols. 

"1he preliminary experiments (I able IN) 

showed that Vertisols did not respond apprccia-
lv to applied P. even when Olsen's 0.5 At 

s0dium bicarlionate test showed avaiable-P is 

less than 2 ppm. which is usually considewcd to 

inditate highly (. ';,'nt soil. Results from the 

loig-tern phclsphorus experiment on an Alfisol 

Table 17. Effect of the Hal pretreatment of samples 

horizons of an Alfhol profile. 

SoilSoil 
horizon depth (cni) 

Ap 0-10 


I1 
 10- 20 

1321t 
 20- 49 

122t 
 49-102 

indicate that Alfisols differ from Vertisols in 

their soil test-crop response relationships, at 

least with respect to phosphorus; sorghum crops 

on the Alfisol responded much more to added 

phosphorus than sorghum on the Vertisols, even 

though initial ava lable-P was higher in the 

Alfisol (Table 19). 
Further studie, are comparing the differences 

in the bchavior offlin Vertisolsand Alfisols,and 

its availability to crops. 

Long-term 1Phosphorus Experiment 

Tis experiment is providing information on the 

responsiveness of a 2-year rotation of sole 

sorghum and a millet!pigeonpea intercrop to 

water-soluble phosphorus, and the extent that 

on estimates of the total-N c,,ntent (p. N/g !ol) of 

"total N estimate 

Hal modification 
Clay (%) Without 

19 561 110 
30 647 1 2 
41 823 ± 7 
41 482 1 7 

With 

549 15
 
642 118 
847 ±6 
498 ill
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Table 18. Response of rainy-season sorghum to phosphorus on Vertisols and an Alflsol. 

Soil avail- Fertilizer- Grain yield (kg/ha) 
able P1 P applied Response

Experiment Year (ppm) (kg/ha) Without P With P SE to P (%) 

Vertisol 
N x P x S 1981 1.0 40 1880 2490 t72 33
 
Date planted2 1981 1.4 20 1980 2350 ±19 19 
N x P 1981 1.5 40 4380 4670 ±95 7 

Alfisol 
Long-term 1976-79 3.1 20 1310 2800 ±111 113 

i Olsen method (0.5 At Nal1CO).
 
2 Re ults are the mean of the two planting dates in the rainy season.
 

rock phosphate can substitute for water-soluble 
phosphorus. 

Responsts this year agreed with those in pre-
vious years: relative responses to added phos-
phorus were sorgh-ti . millet. pigconpea. 
Responses to water-soluble P, and(to rock phos-
phate, were greater than in previous years. But 
rock phosphate remained much less effective 
than water-soluble phosphorus. Two control 
treat menuts we,re added this yea r to determinetetmertsu wis neded eispyeall wohdeere thee\Mhcther sulphutr is needed, cspccially where the 

P s urce (rock phos phate) contains little or no 
sulphur. lhere was no significant sulphur 
rcquirellent, 

.ong-term i'otas~lum Experiment 
The low clay content of many Alfisols in India 
and the substantial amounts of kaolinite in the 
scls' clay-size particles have been the basis for 
thc commonly hld view that potassium may be 
rapidly depleted in Alfisols by intensive crop-
ping. A long-tetm experiment was started in 
1979 to examine soil potassium's depletion rate 
and the relationship of the depletion to the onset 
of potassium deficiency in an Allisol inte nsively 
cropped at ICR ISAT Center. 

Potassium deficiency could not be detected in 
a site-conditioning crop in 1978 nor in tie 1979 
experiment. But some indications of marginal 
potassium deficiency appeared in 1980. Yield 
responnses to addcd potw.,sium in 1981 were con-

sistent in some components of the cropping sys
terns (Tables. 19 and 20). Straw yields of both 
sorghum and millet increased significantly (P < 
0.05) with added potassium (Fig.17); the straw 
yields include stalks and leaves, bu, not the head
chaff. After the 4th year (1982) of this experi
ment, the soils will be resainpled to determine 
the depletion of soil potassium. 

Nitrogen Balances in Cropping Systems 

Although recent research has identified several 
improved cropping systems, their fertilizer 
requirements still are riot well understood. 
Investigations of nutrient requirements have 
been confined mainly to annual experiments. 
Long-tern nutrient requircmeits of the various 
cropping systems, and the effects of the system 
on soil fertility, have rcceived little attention. To 
remedy that, we started ar, experiment with 
sorghum and pipconpca grown alone, rotation
ally, and interciopped on an Alfisol with several 
rates of nitrogen fertilizer applied to sorghum so 
yield respor-ses would complenirnt separate 
measurements of changes in soil nitrogen con
tents. This experiment is on low-fertility soil in 
the pesticide-free area of tie Center. A droughty 
spell and shoot fly attack caused low and varia
hlie yields in the firs. year (1981) 
Ntroen on PMllet/;rondnut Intercrop 

Last year we reported that millet grown in thc 
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Table 19. Grain yields In a long-term potassium experiment on an Aifisol, ICRISAT Center, 1981. 

Treatment 

KN 
(kg/ha) Other' Sorghum 

27700 0 
0 	 3930
60 


4010
120 	 0 

0 Fl 4550
120 


4800
120 	 FYM 

0 	 FYM 3290 

30 4560 


120 60 

120 


4660 


120 
 120 	 5000 

t196SE 

8.1
CV (%) 

i. Il = fodder (cereal) incorporated; FYM : farmyard manure. 

millet/groundnut intercrop (1:2 and 1:3 row 
arrangements) responded less to nitrogen fertil-
izer than when grown as a sole crop-owing to 
both the wide distance between millet rows(90to 
120 cm) and to the groundnut intercrop. flow 

much groundnut and millet compete for fertil-

Grain yield (kg/ha) 

Pigeonpea Millet Groundnut 

900 840 850 
960 1200 780
 
900 1540 840
 
1010 1220 700
 
1140 1790 630
 
1430 1120 900 
1180 1520 890
 
1060 1570 800
 
1060 1690 920
 

191 ±I00 93 

14.6 12.4 19.8 

izer applied to the millet is not known, so we 

conducted experiments with nitrogen in which 
this fertilizer was labeled with ''N. The 15N ana
lyses are now coniplete. 

The results showed that the groundnut row 
closest to the millet only 30 cn away did not 

Table 20. Stiaw yields In. long-term potasslum experiment an an Allisol, ICRISAT Canter, 1981. 

Treatment 	 Straw 2 yield (llg/ha) 

K 
(kg/ha) Other' Sorghum Pigeonpca Mille! Groundnut

N 

0 0 	 2520 1060 1090 990 
980
2960 1060 1510
60 0 


120 0 
 3110 1100 1630 1020
 

3280 1480 1910 79)

120 0 Fl 

1780 231.0 2380 860
120 0 FYM 


0 0 
 FYM 2940 2000 1700 970 

120 30 3500 1600 1850 4,40
 
2000 940
3530 1460 


4210 1470 

120 60 


2150 990

120 120 


±181 t141 1159 t83
SE 


9.0 16.8 15.3 15.4
CV (%) 

i Fl 7 fodder (cereal) incorporated; FYM farmyard rnanuiv. 
2 Straw 2 Stalk 0 kaves. 



Y  4051+ 15.2 K -0.062 K2 rse-142 
Y r ,wO.94 P<0.10 

5000. 

S 
Straw 


.3130+18.7 K rae- 119 


3000 rl.O.96 1',<0.05 


0 

y Y= 1033+8.0 K-0.03 K rs 5 

ooo-


t 

* 
G"oi 

tvarious 

Y 1508 , 1.7 K r50036 
0 . 1>0.0~India's 

0 

3(	o 6 120 
Fivrtilzer-K (kg/ha) 

Figure 17. ~Respons~e of sorghum and millet to 

fertillier-K, long-trm potassium experiment, Afisol, 

l(IISAT ('Chirr, 19N1. 

compete substantially with millet for N applicd 
as a band to the millet (-table 21). the 'INcontent 
indicates that the closest groundnut row 
obtained less than 0.5% of its nitrogen from the 
adjacent band of fertilizer. lut "intercrppcd" 
millet absorbed substantial nitrogen frorn frtil-
iier applied to an adjacent row (upto 3(0%,of that 
absorbed by the treated row). I he intercropped 
millet, fertilized with unlabeled fertiliter-N. 
grew in the Lame row position a% groundnut. 
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These results clearly demonstrate that 	millet's 
roots have much greater foraging ability than 
groundnut's. 

Coiiccntration of 1511 in millet straw was 

higher with the groundnut intercrop present 

than absent (Table 22); uptake of unlabeled min

cral nitrogen by the groundnut froni tie soil 
between rows of the millet intcrcrop appears to 

have been the major cause. 
Apparently the groundnut intercrop does not 

compete with millet for N applied to the millet, 
but it does compete for the mineralized-N in the 

soil between millet rows.The importanc 	ofstich 
requirecompetition for millet growth will 

further studies to assess simultaneously the 

effects of competition for water and nutrients. 

On-station ComponentResearch 

Tillage 

It is possible to obtain a seedbed of desired qual

ity by various tillage operations. Since soil physi
cal properties and moisture requirements of 
crops are not frlly understood, we must evaluate 

tillage methods for different soil types 

and agroclimatic conditions. 
Alfi.ols ale general'ylight-texturcd 

ix shallkw with limited %,,ater-holding capacity. 

lhey become so ha:d w-heri dry that rain, rather 
t an the proper agronomic time, ofter dic'ates 
ti'age operations. " he soils are structurally 
swe.'k and often develop surface crusts that 

runoff ardrrcd'e infiltration and thus increase 

soil c"osion. Ithe soil crusts also restrict ,ser-ling 

crnerg ricce. 
Art e periment was conducted in an Alifisol 

field in a split-plol design with four rcph ,tions. 

Primary t lae met hod s on beds were the matin 
plots ard t'les(oil-coveling arid seed-cornlpact on 

devices, th subplots. I)etails of the treatments 
follow: 

tlage tcatrent: 

I .	 Ied sphtt'1ga followrd by twoo strllp plowings 
with right and left hand rnoldboald plows. 

http:1',<0.05
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Table 21. Lnrichment In "SN (% atoms excess x 10-) of rows of millet/groundnut In..rops due to uptake of 
Center, rainy seasoa 1981.fertilizer-"IN applld to a single row of millet, ICRISAT 

Intercrop 

Millt 

Groundnut 
(1:3) 

Groundnut 

(1:2) 


I Si-Si and Ni -Ni 


lntelcroppcd area' )5N-fcrti iicd Intercropped area' 

Si S2 Si row (millet) Ni N2 Ni 

4 '8 148 916 471 32 8 

t4.1 t3.1 140.1 1131.4 77.14 5 16.1 

4 
t0.6 

7 
±2.3 

18 
12.3 

911 
1156.9 

39 
t8.3 

5 
10.3 

5 
t0.3 

9 24 1070 37 3 

t1.2 t5.4 205.8 7.l t1.0 

iotw. Iertiliretasrefer to rows (I %t, 2nd, or 3rd) south (5) or norih (N) of ihe I Niferibd rnilket wapplied 

ina band 5 cm from the north side of the nillct row ant 5Un deep. 

2. 	 Strip plowing out- edges of the Icd with 

right and left hand moldboard plows 

3. 	 Chiseling future crop rows follo, ed by 

blade hirrowing. 

4. 	 Shallow tillaye with duck-loot !,hovels. 

5. 	 Ikd splitting tallow-cd by two strip plowings 

with 	light and left ha nd dic plows. 
wkithes of tile bed

ing 	o(uter ed 
6. 	 Strip plo 

right and left hand disc plows. 

Table 22. Effekt (if a rroundnut Interr, on tile 

'IN-enrchmnt (17 atoms exces L 10 1 (i millet 

fertilited wlth 40 kg/ha of 'N-enriched frillietr-N 
(4.9-4, atoms excess), ICiISAI (enter, fairly silli 
i9L. 

Mllet iirlhow spailg, 
.. 

Interrotpi 1K) .h 120 ii Me{ton 

I' iJnA .0it r e'CsCx 10 1). Walm 

81 5O1 541Millcl 
702Gtoundnut 716 (W) 

S1] 	 24) 5 uS 0 

I.ilo Ipiirg of 0 tm 

I I quielinit to thli mptuil for I 2atd I1 itllti/ground-


nut inicitlop i)lilti 


Ilhe aitcl-planting, soil-covering, and 

compaction)-device sltieatlitllents caonltd of: 

Band wheels caln p.) ct Ing te soil surface.I. 

2. 	 lI ngcr-tpe, ,il-Ct\,cming des icc coveriing 

the fllrow%s v'itlh loose. soil and small clods. 

3. 	 Nartrow wheels compacting the %oil it seed 
soillevel, Ial scd by a Iingt -type, 

J he pull requirt by th tillaqe opcialii wias 

lteaneid tort() i %, iha eccliaical pill iicter. 

)cpilhs of cot ranyd ltm 7 I 1.5 tiL, Ind the 

daft varied tim ISOto 20M) kg. Wlitcl the deh 

of cut scas onl 4 tin, th! iit vs, only i () kg. 

l~e.idleCs (d type ot tilloa, llnaltl it was 

impoCd bulk dcllsit cs it th stin fac ,oil (10to 15 

cin) did not (itIcr ,igitilicanly.,,a I troSiiil iruistle raaniticd train ll), 

eierelic to its tL;Ie'leai stalge. I)eplctln ol
 

soil olli ie from the top 2(0 tin diting ) dry
 
d;, is shown in I-+,re IX..Soil in' .titiIi all
 

tile treateinlts Is at Ield tIALtl) 
r , .1Chcbh int

ning of the peiiod. Alfer 9 daiss wiltit ain, 

ltistuic levels( differid ',gnitlic ot l,. l Ie deep

lil Iore ater ait lirl1. ap;.city Ihalilled 5oil he 
the 	shallow-tilled, hi lost male iiitillUe tihall 

tile shallow-tillCd ,oil durilig tle dry perlod, %o 

le-s Illtoilll iliain itt the deep-tleld that inll 
shallaow-tilled sail. 
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Figure 18. Moisture loss from top 20-cm plow layer 
of soil during a rainless period, ICRISAT Center, 

1981. (T b.-d splitting and strip plowing; T2 = strip 
plowing; Ti = chiseling; 'r4 r shallow tillage). 

We have two hypotheses to explain the differ-

ences in ,oil moisture contents. First, the deep-
i provided a conducive soil environmenttil!ed so 

to higherfor better root growth, which leads 

transpiration rates and faLter moisture deple-
tion. Second, in ,mllow tillage the soil in the 

plow layer was stratiltied in two layers, a top 
tilled layer and an utitilled lower layer. The 
rcsulting discorOinuity of pore,, may have 

increased resistance to moisture migration so the 

top layer, after drying, acted as a mulch that 
prevented evaporation from thle lower layer. The 
bulk density data indicate higher porosity in the 

deep-plowed soil, which would aid 2vaporation.
atrcd to be ins cst'igated.HothI hyp~othese 

Cultivttion and Soil Nitrogen 

Results+l)rerCntled last year showcd that incleas-

ing the depth of cultivation causcd modest 

increases in sorghm yields and nilrogen uptake 

from both an Alfi,,ol and a Vctihul, But cultiva-
lion depth had no significant clfcts on nitratc-N 
accunulated duing the rainy ,Catoii; the-f ore, 
the todest crop rcslponscs to deep cultivation 
may have lesulled fromt Cultivation alfocting 

physical properlics of tihe ,uirface soil. So we 
investigatcd that possibility by different experi-
ments 	on each soil. 
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Effect of cultivation on response to fertilizer-

The response curves relating sorghum gr :aN. 
yield to applied fertilizer-N were determined for 
a deep cultivated (12 to 15 cm) and uncultivated 

deep Vertisol in 1981. The differences in yields 

between treatments increased with increased nit
rogen, which indicates that the yield increaset; 
due to cultivation resulted from factors other 
than cultivation's effect on mineralization of soil 
nitrogen (Fig.19). Thus, the results show that 

maximum response to added nitrogen will be 

achieved only if the soil is cultivated reasonably 
deep. 

IDC Y = 4220 t 112.H N-0.381 N'Straw: 
rme 367 It 0 19941<0.01 
ZC Y - 3390 4 104.1 N-0.351 N" 

= rse = 235 It 0.99 1'<0.01 

Grain: 	 I)C Y 810 '17.4 N-0.139 N2 
rse = 187 It - 0 99 P< 0.11 
ZC Y = 870 + 25.9 N- 0.027 N2 

rse 22: It = 0.95 ', 0.01 

13 Y 

D" 
12 

I i-, 
o ZC 

10 
9

Z-Zro cultivation 
8-Zr D uIivito 

" :,, 

4 4 

Zi31 

2 
! 

0 - T I - '

0 40 H(I 120 110 20U 
Nitrog 1aiplisil (kg/ha) 

1fIgure 19. Iffect if cultlvalon on responr to nltro
gen of a rainy-,eaon %orghumon mVertlsol, 1CI. 
SAI' ('enter, 1981. 

X 
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Surface struclure of Ainsols. With no cultiva-

tion, the surface soil of Alfisols compacts and a 

surface crust forms readily, often after a single 

:,hower. Tic crust markedly reduces infiltration, 
so fiequent shallow cultivations practiced by 

sonic farmers after almost every rain on these 

Nitrate-N (tg/g moil) 

0 5 10 15 


.
 

10- 0 

20 ---

30 -, 


I 

-404t 

H / U30- ' O--o Untrented 

70 o.--o lIVA-teated
70 -- Ar25-cm 

H 
80 


M ovement of nitrate-N Innonteated and
Figure 20. 

natural rainfall, l0 
P'A-trrated AtlIsol, under 

SAT (enter. 1982. 

soils not only removes weeds but also restores 
infiltration capacity. To investigate the conse

quences for soil nitrogen availability from min

imizing the development of surface crusts, we 

stabilized the soil's surface with a synthetic sta

bilizer, polyvinyl alcohol (PVA). 
PVA reduced runoff from 46 to 6%, and thus 

increased infiltration from 54 to 94% ([able 23). 
Preventing a surface crust frot forming thus 
improved rain infiltration for crop productivity, 
but the additional infiltration leached nitrate
nitrogen deeper into the soil, as shown in Figure 

20. 

Effect of Dliffrcnt lillage S)stems 

on (.fnoldon dacf'hon 

'Weinitiated a long-term tIllage experiment this 

year on effective manayemcnt of (C'm'nolondac

-tyhmI.. it medi urn-to-deel) Veitisols where it is 
a serious pcrnnial weed, "ihe different till:ige 
treatments include: 

1. Conventional tr ip tillape: ploss jg aI2G- to 
%trip on the cdye of cach bed of I m 

width, dcp itin, the looe soil onthe center 
of the hed, clearing the fulrros jit a idger 

t turros,,cs.ad culti ,ict mugb oahe ds aI-a 

2. ('orplhte tilla.c on bed,, making ,I furrow 

Influence of Polyvin)l alcohol (I'VA) on rainfall I ln Alfi.o.I, ( iIISAI (enter, 1981.runoff onTable 23. 

ItRunUoff 

tnrofutof rmnhallArnot (rnm) 


J'VA Ivratrd 

Date 

Rainfall 
(am) 

Plot 

I 
Plot 

2 

INAug 
30 Aug 
2 Sept 

3 Sept 

11,0 
445 
11 4 
220 

0 
1I 
0 
40 

0 
25 

0 
2.2 

Iotal 91.5 7,6 4.7 

Mean 

rncatment weans 6.2 

I
U ftratlt" VA trratt'd 

Plot 
3 

i 
4 

IlotI 
I 

Plot 
2 

3N 
190 
46 

16.4 

2 K 
16 3 
3.9 

170 

0 
7 
4 

18 

0 
6 
0 

10 

418 400 

7.9 4.4 

41.9 6.2 

lhnticated
 

I'Plt 
1 

I'lot 
4 

218 
43 

40 
45 

21 
37 
34 
77 

47.9 43.8 

45.9 



in the center of the bed followed by two 
passes of right and left hand plows, 

3. 	 Deep plow and rebuild beds: plowing on 
beds, bedridging, and bed forming. 

4. 	 Traditional system: monsoon fallowing, flat 
cultivation with local implements, and 
growing postrainy-season sorghum on con-
served soil moisture. 

5. 	 No-crop, no-tillage was included to study 
Cynodon behavior in an undisturbed field 
and as a control. 

In thle fir~st three treatments, a sor~ghum!/pi-

geonpea intercrop 	 was sown before the June 

Tstarted 
tcaternte
cro)waown 	 ober (radinxalcrop) was sown inin October, after th~e ra iny' sea-
sot). All four treatments received one mechanical 

treatentsreceed handis 	 AIctillvtio one c I 
iticultivation, then one han,1 weediing. 

he first year, increa,,cd ,illafemarkedly 

deceacd total kcecd dry matter at sorghum 
hiarscst. Ctmodon dry matter in the !irst three 
lainy ,caston cropping Ireatinelits wias always 
less tha 20( of the (.nodon (lry matter in the 
control. 'I ough there was iniliiimum ('noldon 

illtie postrainy cropping treatment, the weed 
ty iatter in the n1-clop,no-tillage system ,as 

similar to that etore the experiment started in 
dy ,cason,so the traditional syslelof Postrainy 
,eason cropping 	 dl s not help minilnie 

('111,,ohm infestation but ianages It efficiently
by icpeated tillage (harrowing.) dI!irlg dly spells. 

inthe rainy ,,rlion. 
t he 	 ,ai trcatlnenlts are being mionitoted 

further to ,observelong-Icri elfects of tillage 
rcatiment on C'',iodon ai'tvhin in the deep 

V lt ols. 

Soil 	 ('rustIng and Tillage 

' lieCffrc livenCs of shallow tillage to break the 
crus;t and improve infiltiation and soil moisturc 
con.crvatioh was .st~ldied in an e..periment on 
10- x 5-Il plots on a ha ieAllisol. 1 lie Ireatinents 

I .	 H at conligu ration with shallow tillage after 
cvcy tajo; storl. 
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2. 	 Flat configuration with no tillage during the 
rainy season. 

3. 	 Broadbed-and-furrow (Bill) configuration 
with shallow tillage after every major storm. 

4. 	 BBFconfiguration with no tillage during the 
rainy season. 

Each treatment was replicated and runoff, soil 
loss, and soil moisture were measured. 

Rainfall in 1981 produced little crusting ,.. 
hardening of topsoil. Observations on crusting 
will continue. In the entire season, treatments I 
and 	3 received only five shallow tillage operations. Nionitoring of runntff and soil loss was not 

The rsults( able 24t rn t . 
until 10 August. The results (Table 24)
 

indicate that shallow tillage effectively reducedrunoff in both flat and I111F sur~face configura
nnf nbt ltadBFsraecniua 
tions, but it significantly reduced soil loss only
rmtl II ofgrto;
 

from the B configuratiot-. 

Small-scale Land Management 

Ixperim'nts aimed at developing improved 
land-managemrent systens for Alfisols have been 
conducted at ICRISA'! Center since 1914. We 
have concentrated on different land 
configurations flal-on-grade, broadhed-and

furrow, aind narrow-ri(lge systems, which wc 
cvaluated in 0.3- to 0.4-ha field plots.] lie results 
have not been conclusive. l huis the need to better 

ff hIo lfronand Iand-hapngobl h4. Utf'rct lh an uancr~ippt( Alfhol. 

I(1ISAT ('eirr, 19111. 
on runoff anti soil ho from 

I uiod l(uznaff :)il Io,%
 
I)epth slaping (111) (I/ha)
 

Shallow 	 Itat K1, 3,2
 
11111 16P. 5.9
 

Nil 	 Hat 214 . 
11111:, 2 , H.9 

Si. i H2 to.57 

.. 	.....
 
1IF s PIroadlbd and 	 tmow. 
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understand specific problems associated with 

land management on Alfisols prompted us to 
initiate experiments on small plots in 1979/80to 
obtain better qualitative and quantitative under-
standing of how some factors influence runoff 
and erosion on Alfisols, and to help us develop 
more effective land management systems that 
conserve soil and water resources. 

Organic Mulch Experl'nent 

This experim:it was initiated to determine 
effects on runoff, soil loss, and crop yield from 
different mulches -- 0, 2.5, 5,and 10 tonne/ ha of 
proundnirt shells. E-ight small plo,. (10 x 5 m), 
were used, and each plot was provided with a 
multislot divisor system to measure 1unoff up to 

about 120 mm pcr storm, Iwo neutron ac(cS 
tubes in each plot helped monitcnr u.il oisture; 

soil temperature was oberved twice daily at 

three soil depths: 5,15, and 30 cm. Each intle[-

crop plot of sorghumn and pigeonpea %%;srcpli-

cated twice; ai flat cultivation system %;Isused. 

J hc orr nic mulch was applied 7 .'uly so 

11unoff and soil lose, ar reported only after 

that. All organic mulch treatments effectively 
reduced runoff and soil loss. The 10 000 kg/ha 
rate reduced runoff 74% and soil loss 80% and 
increased sorghum yield 9%and pigeonpca yield 
35%. Trhe 2500 kg/ha mulch did not affect 
sorghum or pigeonpea yields. 

Runoff, soil losses, and crop yields in 1981 aie 
shown in Table 25. All the mtulch treatments 
effectively reduced runoff and soil loss from 

storms of less than 20ram. leavier mulch rates 
were more effective with storms 20 to 50 mam. 
The heaviest mu'ch treatment we used was rnuLh 
less effective with storms of 50 mn and more. 

Deciding Length in the 1ill" 

A crucial point in laying oit the II1!' system i, 

litemaximnuni perin isile length (1L)of bedsand 

turrow, at a given location. At I('RISAT ('enter 

it was asumeld (lrtlel arbitrarily) to be I1 ml,I 

swhic!A experitnce with overflow and breaching 

of beds has confilied :,,adequate. I he proce

dune described bclow is to determine the length 

(1L) for a specific location on tie basis of soil, 

rainfall, and furrow 'cornctly. 

1able 2. Itelalive contributlol hy Indic,,ted torni categorihA to runof f, ,wilIo%%,and crop) Ild%In %mailplots In 

Alfhit, ICHISAT Center, 1981. 

y Iot.tl 	 Mul h rate ("i tha)Strnm ,.matr 

(basrd of) rdirfalt 
2,5 51) 10.0 SEliilfall Ini11m) (run) 0 

Runolf (run) 
INI 95 69 t3.2•50 190 	 132 

112 32 t3,850 - 2) 437 244 176 
0 t0.6- 20 67 14 2 I 

101 14.9Iolal 	 390 296 208 

Soil los (t/hia)
 
-.50 190 
 1.53 1.06 0.90 	 0.76 t0.102 

236 1.49 0.42 0.11450- 20 437 	 4.17 
.20 67 	 0.23 0.02 0.01 0.01 10.005 

2.40 1.19 tt.221lotal 	 5.93 3.44 

C('op yield (kg/hl) 
28W0 2980 3040 t116Sorghum 	 2790 

1340 1390 15(X) 1810 9 99l'igeonpea 
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Criteria for deciding the length of irrigated W w 

furrows are governed by irrigation efficiencies. 
Using the schematic plan given in Figure 21, the 

following analysis for safe and efficient disposal 

of runoff as the primary function of furrows in 

the BBF system may be adopted: 

A = W I . ........................... (1)
 
where 

A catchment area of a single furrowat its outlet 

end, 
..1t: ---- t -

W distane from center of a bed to the center of 

adjoining bed, Li " 

I. length of run of furrows, and
 
1p : (r- i) W I . ..................... (2)
 

wlie re 

q peak rate of runoff coining to the furrow 

oltlel,
 
I :peak rainfall intensity (for a specified
 

recuirence interval and time of concen
trationl)
 

irinliltration Tate.
 

Figure 21. Schema tic skeIch showing catchinent area' lie dicharg, capacity of the furrow channel can 

of a furrow In the broadbrd-and-furiow system.
be 1,isen by: 

qlI il I.-.(......... . ..1 . .. . . . . .. . . . . . . . . . . . . (3 )
 

(i tfdischarye capacity of the furrow 
hbannicl, 	 The parameters a, R, W, and S depend on fur

row geometry and chosen gradients; r depends
a L oss sectional area of the furrow 

on rainfall characteristics; i and n ire goserned
chaillcl, 

by the soil aind its physical conditions. A suitable 
n Mainrir's toughness coefficient, 

factor of safety i desirable in equation (6), to
It I dr1.1hl' rad i s,and 

account for spatial and time variabilities.
S ,rad ient of the frllow 

We attemptcd totuse equal ion (0) to (letermine 
!. for Vertislols at ICRISA Ceiter. When theApptently 

- qf. beds aid furrows are foimd, iturrow depth is 
to chulniiatc o-crllow of furrows qp 

Il it cilical cae s,here qp : qi ......... (4) about 15 cin, and i%reduced to about 10 cm by 
sub (uciltl lairiS. 

(r - i) WVI 'it, . .... ,,(5) ('ros sectional irca of I furrow, a = 0.025sqm..... iL Welled perieiCtr, p 0.433 Iin 

radius, It 0.058 In 
a _R2/..............Idiaulic 


: 0.024 for bare channels)(assumiing, n(r - W nr/) 
'I llus cquatloln (6) can ie u ed in deciding the 

maxini n length of run for i given situation. l'cak rainfall intensity at IlIydcirabad for a 10
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year interval and 5 to 10 minutes' concentration Effect of Trampling Wet Soil 
= 133 mm/hr = 0.133 m/hr. in Vertisol Bed Zones 

Terminal infiltration rate in Vertisols 
= 0.2 mm/hr = 0.0002 m/hr; This study was conducted in N981/82 on plots 

those valLIes in equation (6) give us where either chickpea or safflower was grown 
after maize in a Vertisol watershed. The cxperi

had been under the broadbed ,ndmental areaL 0.025(0.058)2/3 (0.006)1/2 (3600) 
furrow (IBF) system of land management 60 
years. In that management system. tle compac

1.045 = 217.7 m tion due to animals and equipment wheels nor

0.0048 mally was limited to the furrow zone, and the 

bed tone was used for cropping. 

So our assumed value of !.= 100 n. has a safety When we harvested and hauled the maize crop 

factor of about 2.18. If a designci acceptsa lower in early October, the soil was wet from intermit-
But tent rain. Laborers walked repeatedly on top offactor, the length of run can exceed 100 m. 

the procedure should help one decide the length some beds in the cropping zon:. Noticing pud

of run of beds and furrows at new locations. dling of soil in the beds, swe randomly marked six 

'r 
PA tt* 

1 . 1 . 1, -. 

mltoreftiable.
Soil compaction at the center of the ,roaded,is greter c.pate41to the idlrj w'hre the .so, tl 

common practice offarnilabor,compacts the soil whih rrilts in the
Walking on the bed when it is wet a 

frmation ofchd in subsequent tillageandreduces seed.jol contact. ICRISATCHA ow advsefarnirsto7"cenit 

walk in the furrow not on the bed. 
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such beds in each area for further study. Six Low-cost Tank Sealants 
untramplkd beds in each were the checks. 

Chickpea and satflowtr were planted in maie We tried soil disrants, soil cement lining, and.;tubhle after a ++haltwcultivation on the bed imfprovinlg soil gradation to zeducc, seetpage rates 
zonte without p eparing a conventional set-dbed, in small tanks Alfisols and Vtr tisols. Noneon 

ieprig"On wthot covetioalseebe. as, SUCCC' +s|tl for Vcrti,,ols. Soil Cemnent linipg 

Dur ing cultivation and planting, draft of tie i"dtlced tle clor ratieon Alfsol, to as low as 
wheel'd tool cart icr was 8 21 t ra of 97.2taslw.signilficantly higher on Iecs/s In per day,ondAlctil 

2Iltr!stramlpled beds Ihatn (In nIormlal beds. '| he ilcanl nprdaaiduto f9.%tulk dcrdty of tranpled beds was .4? tic i But shen the liing was texposed to the Still, it 
b/uC of oftrmal beds, 1.31 ± (0 )I/cc. Stand iackcd so %epage fats s.,.hen tie tank was 

tai.,hto nto(f both chickpea3and sllh1c,S n rcltIed excelded the origi.nal rates. 'I te perfor
e~tt'arniple b sf o h polmlandsa the n o l mliCe of soil Lcement lining on Alfisols is beingit 'lnpic(d bcd% .I ai ptlloblcitl wAIth tile Ilcd 

IilLrVt In.ed. P opulation.. I. (d gra iF[ >ield . ofI both u 

Oiliklpca and ,.t tIovcr "sere ,IjnIlicantl 

rectl d oil t iralph'd hd', (-i|y 2?). Tinme Study oi Wheeled 
I hll "tudy irndicatcs that no seruenlt upon or Tool itrrier 

%kon Vol ',tol should hC iltImniI/Cdfliio 'oil 

, hen +,oalmoi,,ture i',,ahe latic lilmit. When it WhtlCk tool Liaiers, ha\t proed suitable for
 
, ,


I, rutl Ito do curtai| operlation, x,he the 'il is new croritnl ihiierrH.t scste'n that permit two 
,

\kct, only the uro, llie Should be used for crop ;i )flt ti nder elrtain di land conditions. 

ruosucrtCi. 1o dteterrnine more precisely tle econonics of 

300 I NnrI I)ed, 

* Trampled beds 

V0 0 2000
0 

. , 8SE "SE 

I I -- lOe
 
100 -0 

0) 0
('111vk pel ,s, fm], we<r ChIrIkp,,ss snrfns srr 

Hglurc 22. E'ffect on chickpea and %&flowerof Itrampling wet soil In the bed zone on aVeriltol, (14 ISAT ('enter, 
19111/12. 
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,hee1lcd tool caruicls, it is important to cstimnate 

the ma ximum aica that can be farmed with one 

a'ricr. Knowing that will make it easier to inter-
Cet Ia rat in the new in.111agoncnt system and 
cony:,,ce theim ( tihe pltfitabillty of v hecled 

tool cai. I it (ithe compIcte systen. A lhceled 

to ca' ,icr a rcasonable Net Oft ,hitl 
of aboutirnphctientN coi)ting the equivalllt 

I SSI2(g) iN the major ime'tinelit requiled 

I hc niaxirnur aia i% ',n,w cd by tu, fac-

it)h time ;i~ailber to comc:det rath oleia-tilC.a 
4&i u dictatd by ,eatthertioll, 1 A lly 

coditi ontstlti, anl tile llca I Inlred to make the 
' 

Mii.ich ne ccot itnic.dly ploi f bitbl 

li d1citrililitn' Ihe inl rntlni tiie, o1 ;t 
, 

VwhecId tool (.1tl|f, out prlty obIjttiCe 

eir t) &(cttriniie'f'ld L..p.liity ai.d litd (11i-


LiCl itl't lr fCf"rti LOWI't)Ii\. an! tnh 


r"ivle (Af % %,0liibc a',tia ,:.tenttirit*5te1I1, 


field 0h11w, and IcIl'ltth of tutu. 
r

WC Ji . n Cedh d A piactiA MliethI(d to tle1117ct 

ICt.tltini.ib Itltci t field ftit I lie tiilthiotd wc 

dr',i (ctf ii, 1 ctlrdhot i+ lt ?'tflliI,.iditllo ll otul t;I 

rEvi., MILt ', v,ell a% it l(Il(lSA I (etitcl.Ih l Ii l 1ulIA" i1111 tllrC+II to+ d C it ).,tli ildalr 

, 
dpC.rI I to tic-x pa ttIitltII i'di', ',ih Cl 

I ,Mi ihitte lpzrp'ut 1l001 itltte at| the filrm,.6 

2 I icl t'll+.m to a t fl twlli' fhieh 

t t bfore3. M1achine rctraitatio in Ilith l heli 

a itf 'l Ithri i ,latiCi.it, 

4. I .i t&ci,i fiel d ic . 

pl o iII if i l l it le ., i d t me cb I y5. 
N),. +.I ',.,t '+, 

l % 
0,. 1 Iite t l; hillc i toppd Icy ;oj1ul', lltItt , 

,;I% i'lillinyl-," ,7. A tivilhatly tritc, %,ith 

H lltcali oI%n ;tId reptir ottyo in the ielid). 
a id 

itch! h+lictity iN e it,' 'l a', .1/(,15l(07X), I, 

2, allid 3 ailr otiilinded iii field 

lhciir S ixrd vaiie atcrtiiliu~pitontheir fl 

depend on hcal tiitin. , to thel iiit'ul-

livaled. I en t9 iN not included tecause it Naric", 

widely and would affect tihe reliability (4 field 

efficiency. Major iepaits and prevetive maintc

nance arm not included in Haboe. 
('onditions that aflcct field efficiency . re: 

4AI the m;,hinr.theoreticail field (.,pcily 
iacnc nmictinictat)ility, ficld siir ;id Nshape.l 

Nod and cropctil:t,;and cliitcc tittoo. 
by theiI.ld clfi:icncy I%fUlthcr influenced 

total cconomic peifu Iitlrice c4' TiS1" M,t.o 

machine perloianitce (widtlh and hrakdo\n 

time), poN, n j>emformnirce (t"1petadit cothttit of 
C C 

darat e.C), Alld o(wr ti )rOtirkeil (Ck)p 

itc' r l tinitiionti) 

NI Lhit 0rly %%'ICy.ltti'cdpeWitl1IF,-tIl,.c d.ati 


it I(RISAI (Ccin t the p.i.t f v , ,ir, . ,iih
 

to tl- of tin uhu.!d
dhirtchail idt' ttichlcd 

tootl tlflitl I h UN ptrifl+uii tti th.iti coitk:il' i 

ti 's the [hM1 WKl a lititti iMairat:a|) "Wtid 
l 

it' In odkom"tin" d,i."ce aNmttned thathfic

(alla .11t N anto fo+!ld ct:ucw ic', (olt l Il ,

ttt,1iiid hm tim" diii (l( I,1,A I An d! 

Icpoit 19'77 7h ini! 1'7h 7')) Irti rlihjtioti (tiO 
' 

't.1l lti l id llil-hll ,n tii , lNp i I t i..i, 

ddt.W, .ii lI .;Ai / " C.I.r ItrLiICtl d %,'1t, , Ir lh 
(I + t )'tC Irtr] lU It + !,+III111c+ .Ili .pl o !-It(,ll< 

* +, I 
tiId ui \i ti|tt! .11 i i t t 'l ,I,Ii Itc laIenLi

1g 

N1, pi t(Ii',1 tho ' ,|ttitirl h, til dat.i ,i ( libl, 

I ftc Itli -t(t '.,ItN I; tI t "-Iic" i'llliiel 

t(in ,tirg 
ih I, 1tt1ilt", I hrl ic 1tItIk , 'e\ IctIN hlw 

tlt(th t 1e %IW.ll Vit . i t1 ittr r, With tile 

dta,11.i% hy , t1 al ('1'+1 - ,, i ttiI 

titlc( l i,/+, oilt i' tetied f.itmt i ; ct- antd 1 

,a n d f i c i l l i t'It l l 
(ll a < t 'lt l l l 

C m IIftI i'..titit.ir '" (, 1tit, rieItltlh Ill tieit", 
Iltt111 !v'pltlIt- to Itt old t tIl tl , it', hteiig 

hi1tit l to (iI, Iittit ilill l it a llli.
 

No % p .1 clp i( itaItfilt 
 - r o d 

atlo k, ein| ' but dai t i tt II tlit tIlt' I %t c 

teoh d. 
\We ,.witted ,itip. '( theuuttitl hl''d c~ip+ o'tile 

p i e i llct Ii c Ii o, , ti u it i i I l 1hc t t ( t o l i 

'iIlt , i li'ti l ('iifciciit llttIttit liwN;i, pt ' die 

vutihttit n hitlitit tr ', iett op itt. So we 

ifficiewyuohtINCtl woik uloneitlel notiil tot,1411llliat 

tIh iepit time. I hat pict'ild ii lotinl o..ur

ing diltl reqUited amil ,,lilically checking tihle 

iiluerite of iotlie valihlev 
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http:tflliI,.id
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Table 28. Comparison of tool carrier operational data collected by two methods, ICRISAT Center. 

Field I 	 Field 2 

Mcthod of recording data 

1 2 	 1 2Observations 

Total field time (min) 	 105.8 106.0 93.5 94.0 
7.4 9.031.7 32.0Resting time (min) 


Area (ha) 0.31 0.32 0.41 0,41
 

Total field capacity
 
0.51 mean (ha/hr) 	 0.47 0.49 0.46 

10.037±0.037 ±O.010 ±0.012SE 
14No. of observations 55 22 54 

Actual ficld capacity (ha/hr) 0.25 0.25 0.28 0.29 

52 50 60 56
Field efficiency (%) 

itce study by personal observation. 
t,I ine study with instrumentation. 

not a signiiicant influence, with one exceition- equtipment to break the soil crust above rows of 

We developed and tested athe theoretical field capacity of the plowing oper- germinated seeds. 


ation on Allisl' at ICRISAT Center was rolling crust brcakcr at ICR ISAT Center.
 

co sidcrably higher than tile theoretical field Small seed. like peaI millet are generally
 

capacity ott Alfisol%at Aurepalle (0.49 and 0.34 plhtited about 30 mm deep, so the crust breaker's
 
. A surveyha/lhr, respectively). The difference likely spike length should be less than 30n 

,tcnnird froro higher tiall t,:qtuireierits at at ICR ISAT Center showed 10- to 20-ram thict' 

ists on the Alfi ols, so the optim uin spikeAtire pallc. It cmllphasies that draft sh ould be 	 %oil 
leith is 20 to 30 rtni. We selected 25 rn. "lheinca,.ricd a%one of the factors in field capacity. 

I'lowinrig at ICRISAl Center was in niid- rolling drun' diiameter of 150 inn was based oil 

Septcmber when soil cond itins wevt good; at case of fibricating and manally operating the 

Autepalle it was in early October after the soil equipment. A prototype of the crust breaker was 

had dried and become hard. fabricated and rmounted on two types of ftares; 

Ihe diifet ctice between turning times at Atiro- one for manual operation, the other to attach to 

palle anid ;itI(RISAT ('enter was, striking, a bullock-drawn tool carrier. We c valtiated both 
, 
 in Alfisol fields. Pearl millet a ,(sorghum geno-Itirning tincs at ICRISAI stre ,40 to 50' 

longer than at Aurepalle. At ICRISAT the bul- types wLeic p'!'tcd manually, and about 35 tinn 

locks stopped at fise end of each rtis anid the of water wkas applied by as7pi :"r2naboc, to 

miiiniplnrents welc liftcd. InAurepalle the itiple-	 produce a reasonably uniform and hatd i. 

ment was lifted and lowered with the tool carrier The day before expected plant i,I 'rnce, tire 

crust was dry anid it,strength ra ,tigcw frot 2 torMving. 

2.5 kg/crn2, nicasured with a pocket penctro

meter. Average soil inoistue conten, in the 
Dcvclopment of it Rolling Type 

top 10 cnn was 8'( and soil trnicperatttrc ric.ar tile 
seeds raned fron 35' to 31C.[eiipeiratitc antISoiI-crust llreaker 

l.a*,ohable forA soil ctrst impedes, and may prevent seedling 	 moisture conditions were j Idged 

ertirge ice, unless it is kept init by frequent seedling cisergen e. 
itcd to break the soilwettirg or broken neclhanically. Wetting ist ten The crust breaker was 

iipo',sible or impractical, so sin ill farmers need crust on seeded rows I day bcfoic plant% wzre 
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expected to emerge. All genotypes emerged and Bakelite plates with appropriate-sized cells on 
seeds.became established. Emergence counts were the periphery permit metering different 

I week later (Table 29). The metering plate is held in position with ataken 
compression spring adjusted by a nut. A bicycle 

Design and Development of 	 sprocket and disc (with holes spaced at an equal 

a Panter for Wheeled Tool Carriers circumferential distance to the pitch of the 
sprocket) replace the bevel gears of the imported 

imported Ebra-unit, machines and reduce the cost substantially. SeedUntil 2 years ago the 
used with wheeled rates can be varied by selecting a metering plateinclined-plate planter was 

tool carriers to sow all crops. The metering with the desired number of cells. 

mechanism was driven from the press wheel. The planter is mounted on the same frame that 

When four units were attached to the toolbar, it supports the fertilizer drill so seed and fertilizer 

madC planters heavy to put into transport posi- may be applied at one time. Powet to drive the 

system is from the left wheel of the tool carriertion. Iligh friction in rotating the metering plates 
through a chain and sprockets. A clutchand i-mproper setting of bevel gears lowered per-

on 	 the drive shaft lets the operatorfoiman -e. Because soil sticking to the press 	 mounted 

wheels caused gaps and slippage, the planter was engage or disengage the power as desired. 
We designed a furrow opener requiring relaredesigned to match the fertilizer drill described 

tively low draft that can place seed and fertilizerin the IC ISAI"Annual Report 198 1. 
cm deep, acceptably separated, and itAlter investigating various metering mecha- 10 to 12 

nism,, edecided to continue using the inclined- does not clog easily in w.t soil. It consists of two 

plate method. It has several advatages: shoe-type. narrow furrow openers bolted to a 

T-frame, the front one for fertilizer, the rear one 

.Awide rane of seed sizes can he planted, for seed. Fertilizer is placed 45 mm below and 40 

to one side of the seed. File seeds are covered2. 	 A wide range of between-plant spacings can nn 
by soil pushed from both sides by a coveringbe achieved, 
device. 

3. 	 l)ilferent seeds can he sown simultaneously The covering devices and press v'heel to com
in adjacnt rows, which is highly lesirahle pact the seed also are attached to the T-frame. 

for 	intercroppirng. Additional weight must be added to the wheel to 

The planter consists of a rectangular shcet increase compaction. "fhecovering devices and 

metal hopper with one side inclined 35 degrees press wheel are easy to attach or remove, so 

either or both are easily used, depending on soilfrom vertical and lined with a Bakelite sheet to 

reduce friction h,-tween the metering plate and condition. 

base surlace. The hopper has four compartments After running the prototype planter on a test 

bench 50 hours, we tested it in the field to studyso different seeds can be metered for an 

intercrop. the performance of meteiing maize, pigeonpea,
 

1able 29. Seedling emergence (%)of pearl millet under crusted and mechanically broken crust conditions of soil, 

ICItSAT Center, 1982. 

Pearl millet gcnotypes 

'l catwn7nt WC-C 75 ICMS 7703 )-2395 S( I l)-L99 MFC 91 SSC 93 

Crusted 33 46 0 0 3 2 3 

Crust broken 42 61 23 56 45 37 50 

SI11 15.0 16.1 16.2 19.4 9.5 19.1 7.6 
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chickpea, sorghum, pearl millet, castor, mung, 
and groundnut seeds (Table 30). The pearl millet 
stand was not recorded because it was poor-
likely from unfavorable soil conditions and low 
January temperatures. But based on the number 
of pearl millet seeds sown we believe it should be 
possible to obtain acceptable plant populations. 

It is difficult to obtain the desired groundnut 
plant population with the new planter, as the 
number of cells in the metering plate cannot be 
increased because the seed is so large; some 
design modification will be necessary. 

Prototype Planters g. 

In addition to the new inclined-plate planter 
designed for wleeled tool carriers, we developed 
a prototype low-cot planter for the Akola cart 
by usinga l'lanct Jr. system--a unit planterwith 
agr,tvityfeed and agitaitor. Metering is bya fixed 
disc with a range of hole sties. [he seed from a 
single unit planter isdropped on a wooden see 
divider, which iscommonly used to mter see in 

a local drill, and to divide seed for two or more 
rows simultaneously. The drive to the agitator 
comes by cha-in and sprockets from a spoked 
wheel. Both the plante, unit and spoke wheel-
dike assembly were attached cn the toolbar. 

Five types of planters were tested in the Ver
tisol watershed for planting sorghum (CSH-6) 
and maize (Deccan hybrid 101). The planters in 
the five treatments were: 

TI. Imported Ebra unit, inclined-plate planter
 
T red br unit inclnela 

driven by the press wheel. 

T2. Imported Ebra unit, inclined-plate planter 
mounted on the tool carrier frame and 
driven by a common shaft. 

T3. Locally designed, inclined-plate planter 
mounted on the tool carrier frame and 

driven by a common shaft. 
Planet Jr. unit planter with a wooden seed

divider. 

i. Local Gorru multi-row seeder with a 
wooden seed-divider to meter ,ced by hand. 

Stationary calibrations at the workshop 
showed that the five planters could not be 
adjusted to give the i:tie seed rate (Table 31), an 
importnt facti r det *rnining plant to plant 
spacinil. Iland metering by th: local (iorru had 
the lowest seed rate even thotgh the best of three 
skilled persons did the hanu metering. But he 

achieved only about 501,, of the desired seed rate. 
The between-row spacing of the (jort was 30 
cm for sorghum and 50 cmi foi nai/e, spacings 

riom 4-rot proth)t)pe planter, ICIlISATTable 30. Recommended and actual plant populations obtained 
Center, 1982. 

Crop 

Sorghum (sole) 
Sorghum (intercrop) 
Maimc 
cal Millct (sole) 

Pearl Millet fintercrop) 
IPigeonpea 
Chickpea 
(astor (intercrop) 
Mung 

Recommended 
row spacing 

(cm) 

45 
90 
90 
45 
90 
150 

30 

150 

30 

a ---poor emergence; data not recorded. 

Seed rate Plant population/hai 
adjustment 

position lecommended Actual 

Low 180O) 22000 
High 180000 187000 
High 60000 8000 
Low 180000 a 

hligh 180000 a 

High 40000 53000 
High 330000 2940(0 
ligh 50000 47000 
Hligh 330000 330'0 



On-siadon Component Research 271 

Table 31. Effet of type of seedlng equipment on establishment and yield of maize and sorghum on an Alfisol, 

ICRISAT Center, 1981/82 (plot Ize = 15 m).' 

Setding' Mean spacing 
rate bween plants Yield 

Crop Seeding equipment (no/ 15 m 2) (cm) (kg/ha) 

200 	 21 2350Maize Ti-Ebra. press wheel 
160 	 19 2350T2-Ebra. common shaft 
160 	 32 1m00T3-.ocal, common shaft 
240 	 19 2880T4-Planct Jr. 
120 	 21 2290Ts-local Gorru 

t2.2 1207
SE 


2750
Sorghum Ti-Ebra, pies% wheel 	 750 II 
750 	 9 2120li-Ebra, common shaft 

Ti-l.ocal, common shaft 	 600 12 2680 
600 9 2070I-l'hP'nct Jr. 

2010"s-local Gorru 300 	 23 

t2.5 453SI 


i Maim and sorghum sovn in tno and three low% per 150 cm planter width. 
sorghum, 55,.laboratory gremination ratestnaue, 97t:;; 

comtfnonly ticd by fatrmets. 'lhe between-row 
spacing of all other planters wsit45 cim for 
sorghurni and 75 cm for riai/e. 'Ifie Planet Jr. 
tilit delivered itseed tle on the high side 
becaue the next smnaller hole gave t low seed 
rate. 

'I lie diffetences in seed rates of the planters 
used in T,, "I',, and T, arise from vatrios 
metering-plate cell siues, slight variations in the 
metering plate spt :d, and slight differences in 

power trantismissio, 
Two methods of analysis were consirced 

appropriate for judging the planters. 'hie first 
was to make fiequeincy distribution tables to 
show percentages of plant spacings in liffer-nt 
spacing ranges. Ihat information is tocd to plot 
histograms and to indicate the pe rccn',age of 

between-plant spacings within the optimtitn 
range. "the oplirnuli range is considered the 
theoretical mean spacing ±5crn.! lie theorctical 
betwcen-plant spacing for maie is 20 cm; 
.orghun, 10 cii; so optimum spacing ranges are 
15-25 ci and 5-15 cm, respectively. The second 

method cotn pares iall spacings and c,,cffi

cients of v'atiance obtained front different 
plainters. 

I he first plantingj; netlod, tihe [~hr planter 
driven by itptess wheel, gave the most uniform 
plaia to plant spacings in the olrintni range for 
matie. Iess uniformity with the other four likely 
resulted from the long drops of sceds between 
tile nete rng device and the furrow opener (fromlt 
abott I m in the local seed drill to 1.5 in planters 

riottnted on the tool carrier). Seed drops les, 
than 30 cm in the iEbra planter (iven by a press 
wheel. 
The locally (leigned prototype planter gave 

the highest uniforniity (461,'j) of plant to plant 

sorghturn spacin,s in the optirum range. The 
next best (,13%) was the Fbra plan', driven by 
tile prcs wheel andIthe same pla rter mounted on 
the cliassis. Witi soiightrrn O.e length of seed 
drop from the metering plate to he soil had n10 
effect ,n plant to pl;:!tt unifornrity. probably 
from sorghtim's higher sced rate than rnai/es 
and shorter plant to plant spacings. Also 
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sorghum seed being more uniformly round may 
let it move more smoothly than mairc in the 
tutbe. 

The analysis of "ariancc for maite shows sig-
nificant differences (1)- 0.05) for mean plant to 
plant spacing, varianc.e, and CV. The yiln on 

ml il 1Snot statistically significant, which indi-

cat', that dilfcrcnces i i mean spacing, vaiimwicV, 

a|,.: (IV due to the planting mcchaillismn'. o [lot 
affect nmiic yield, 

'Ihc :analysis of variance for sorghum shosss a 

,ignificantdifference(I'. 0.05) only in thcteneam 
plant to plant spacing. Vai ance, (CV, and yield 

show no significant differences, again clearly 
indicating that yield is not sinificantly 'ffectcd 
by ean, vari:uce or (V of plant to plant spac-
mig, within tiOe range of otur planltc s. We ",ill 
CorltiuC to testdilffCCt plaritCS, but our exp',-

licicc to date indic:tcs that ,ool mcultccan c 
oht.1titcd h v"lluithe ccoll<illcal o cal drill vw1' 

hand metering so long as there are no labor 
shortages at seeding time. 

Intercropping 
Croundnut/ligeonpen 

I)uting 1982 we initiated studies on groundnut-

I/pigonpea intercropping to examine its poteii
tial for increased productivity. At final harvest, 
sole grotdriut yielded 6180 kg/ ha of total dry 
:atter a nd 4094 Kg/ ha of pods; sole pigconpca, 

5893 kg/I:i dry matter and 1,186 kg/ha grain. 
I he total dry rnatter yields of intercrop grouI I

nut %clic7(; and 77,T of the sole crop iilith: 1:3 
and 1:5 row arran ey.it'tand total dry matter 
yiclds of inteicrop plyiconpca sc: 75(1 and 70' i 

of the solc crop in tie 1:3 and I: iow iamalc
1,1:1'v P lit yilchd of intercrop jgroumalnut %Ncrc 
7 aid ,3: of tLc ,-olc grountdnut in the 1:3 

aidI 1:5 l(o%% a['.]lgcmuelt, ic ,pCCtiVCly., alnd 

(Air ipigeonpva/grwundoui ilmtcrtrolpling tel ,t;avc .i81 grain! or i od )iehil advantage over rotti.+,, 

tropst - wrih either 1.3 or 1:5 pIlgeonjlea.gr~iwiniilt. Iody)rel.rfroz i/he uitercroped grountlnu wiere 77 ti 83% of 

i/he sole crop;" inigeonpea grai, )itehl 73 to 81% of thme sole crop. 



grain yields of intercrop pigeonpea were 81% 

and 75% of the sole crop in the 1:3 and 1:5 row 
or pod yieldarrangements. So the final grain 

gave a 58% advantage over sole cropping with 

either tile 1:3 or the 1:5 intercrop system. 

We continued stability studies on sorghum-

/pigr'onpea (2:1 row arrangen:ent), sorghum-

/milf)t (1:1), millet/groundrut (1:3), and 

pigednpea/groundnut (1:5) in nine situations 

acros',ICRISAT Center, ranging from shallo," 

Alfi,,ol to deep Vertisols and incorporating dif-

ferent intensities of weeding and plant protec-

tion. l)etailed stability analyses will require 

more data, but the performance of the crops in 

sole and intercrop situations across different 
enironments furnishes more information on 

intercropping's role in stabilizing yields, 

Sorghum (;enotypes 

Studits of genotypes for cetealIlow-growing 
legume intercrops at ICRISA- Center have 

in"oi ed sorghum or millet intercropped mainly 

,4itih groundnut, In most of the African and 

ILatin Am rican SAT, cowpeas( Vigna unguicu-

lawa) are an important source of protein for small 

farmers, so we included cowpeas in the genotype 

esalutation program this year and intercropped 

cuss pea C- 152 with sorghum genotypes of differ-

cnt genetic background',: 12 sister lines, 6 

improved lines, 3 hybrids, and 2 local types. The 

23 sorghum genotypes were allotted to main 

plots, and the two cropping systems (intercrop 

and sole) to subplots. The sowing pattern was I 

sorghum:2 cowpeas. Ilhe experiment was on a 
The canop!'medium-deep Vertisol. sorghum 

ranged from 80 to 250 cm to Fag leaf height with 

canopy widths from 45 to 95 cm. The genotypes 
flowered between 59 and 82 daysafter emerging. 
lheir leaf types ranged from short-ciect to 

floppy. Canopy height or width correlated nega-

tively with light transmission to tile cowpeas. 
Sorghum-genotype grain yields r;,nged from 

370 to 6200 kg! ha in sole cropping and from 420 

to 3780 kg/ ha iii intercropping. Associated cow-

pea grain yields ranged from 620 to 1180 kg/ ha; 

as the sole crop, cowpeas yielded 1600 kg/ha. 
Sorghum had equivalent ratios (LERs) for 
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grain yield in all the genotypes showed a good 

advantage in intercropping, since LERs were 

invariably above their expected 0.33, ranging 

from 0.40 to 1.12. Sister sorghum lines' LERs 

ranged from 0.50 to 1.00; hybrids, from 0.61 to 

0.79; improved lines, from 0.40 to0.76;and local 

types, from 0.79 to 1.12. Cowpeas' LERs aver

aged below the expected 0.67 but cowpeas with 

some sorghum genotypes had LERs up to 0.80. 

The overall performance of intercropping 

atross all sorghum genotypes gave an advantage 

of 28% (LER 1.28) for grain yield. For some 

sister lines, the advantage was 50%. The hybrids 

and improved lines improved yields from 17 to 

20%. 
Sole soighum yield and intercrop sorghum 

yield were well correlated (i = 0.87). But devia

tions from the fitted line for some shorter 

(M66433, 221911, S1021) and medium (CSli-5, 
CSII-9, SPV-351) sorghum genotypes were large 

enough to make their interaction with the crop

ping systems highly significant. 
But ,onside.-.tion of the LIERs gives a differ

cnt iesu tfrom that obtained by ccmparing grain 

yields ft ,n sole and intercropping; the higher

yielding ,,enotvpes in sole sorghum were not the 

mo, t suitable for intercropping. Sole sorghum 

yields accounted for only 20% of the variation in 

sorghum LER. In addition to height and matur

ity of sorghum genotypes, other characters 

appear to be involved in determining sorghum's 

performance in intercropping with a low legume; 

some of these are leaf area, leaf length, leaf 

arrangement, and relative growth rate of the two 

crops. All affect grain yields without depressing 

cowpea yields. 

Diagnosing Iron Deficiency
 
in Groundnut
 

Temporary waterlogging of alkaline soils in 

southern India commonly causes groundnut to 

develop temporary chlorosis, but only over 

irregular areas. The presumed cause is iron defi

ciency, because the foliar symptoms are identical 
with those of iron deficiency. But temporary 
waterlogging increases the availability of iron, 

because reduced aeration reduces ferric-iron to 
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ferrous-iron. It is presumed that the restricted 
aeration increases carbon dioxide concentra-
tions in the soil and thus increases bicarbonate in 
the soil solution; increased uptake of bicarbo-
nate interfeies with iron metabolism in plants. 
We lack satisfactory methods to assess the 

iron status of plants. Standard predictive soil 
tests are not effecive for waterlogged soils, and 
tissue analysis for total iron content of tissue has 
not been satisfactory in the past for indicating 
the iron status of chlorotic leaves. That led us to 
examine the hypothesis that the iron status of 
plants may be assessed by the ferrous iron con-
tent of the tissue; recent work has shown that 
tissue content of ferrous iron can be estimated by 
extracting fresh tissue with 0-phenanthroline 
(extractable iron). 

Results were presented last ycar for leaves 
cOllected randomly from chlorotic and healthy 
areas of groundnut in ICRISAT's precision 
fields: the extractable-iron contents of leaves 
iorn chlorotic areas were substantially lower 

than those of leaves from healthy areas. The 
total iron content of the leaves was, in keeping 
with results obtained by previous workers, corn-
nionly higher in the ciiiorotic leaves, 

Our preliminary studies this year we re to min-
im/c sampling errors by examining the extrac-
table iron ':tent of leaves of groundnut plants 
of various ag,s. "lhat approach was adopted 
because iron-chlorosis always develops first in 
the youngest leaves. As expected, the extractable 
iron contents of the leaves decreased with age of 
leaf. With the onset of chlorosis, however, 
extractable iron contents decreased not only in 
the youngest leaves but also in other leaves,. In a 
later monitoring program, with only one or two 
;elected plant part,. regulaily sampled and ana-
ly/ed, only the budiand first unfolded leaf were 
sampled. 

Although chlorosis did not develop severelyin 
the 1981 rainy season, the results indicated that 
the extractable iron content of young leaves was 
low o-i all occasion.; whei, lic plants were chlo-
rotic (Fig.23). In thisand late r st udies, chlorosis 
was observed only whcn the extractable iron 
contents of young leaves or buds weie less than 6 
pg Fe/ g (fresh tissue). Total iron content of leaf 

tissue again was shown to be clearly unsuitable 
as an index of the iron status of the plant; some 
of the highest total Fe contents were leaves taken 
when plants were chloritic (Fig.23). 

We also analyzed leaves from 8 of 64 breeding 
entries that showed marked contrasts in severity 
of chlorosis. The 8 were selected as 2 entries for 
each of the scored extremes in growth and chlo
rosis among 64 entries. Their extractable-Fe 
contents were closely related to the severity of 
chlorosis, despite the range of genetic material 
used (Table 32). The extractable-Fe content of 
the first leafwas a much more sensitive indicator 
of apparent Fe status than was content uf the 
bud. 

On-station Operational
Research 

Evaluating Cropping Systems 

We initiated a seties of e periments this year to 
evaluate several promising cropping systems on 
an operational scale in the research watersheds 
for low- and med ium-fertility situations. We 
conducted them on deep, medium-deep and 
shallow black soils, and Alfisols. Other compo
tients of ICRISAT's improved farming systems, 
such as the wheeled tool ca rricr and broadbed 
and furrow system, were incorporated. 

Large plots (200-4(X) sq in) were used to evau
ate the operational feasibility of the cropping 
systems in addition to theirproduction potential 
and profitability. lhe experiments were con
ducted in split-plot design, with two fertility 
regimes as main plots and cropping systems as 
subplots. In the low-fertility treatment, no fertil
iier wa, applied in the three black-soil experi
ments, whereas the Alfisols got 20 kg N and 20 
kg lP2O/ ha. In the medium-fertility treatment, 
60 kg N/ha was applied across all soil types (30 
kg N/ha only foi leguminous crops) and 30 kg 
I1,0,/ha for the three black-soil experiments, 
and 20 kg 11,0 , ha for the Alfisols experiment. 
Eleven cropping systems were evaluated fordeep 
black soils, 6each for medium-deep and shallow 
black soils, and 10 for AlfisoV. Grain yields and 
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Figure 23. Total (IGp) and extractable (bottom) iron in young groundnut leaves, Alflsol, ICRISAT Center, rainy 

season 1981 (encircled points ind!cate occurrence of chlorosis). 
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Table 32. Extractable and total iron (pg/g) in main bud (Mb) and first fully opened leaf (L-1) of indicated 

groundnut breeding entrief,' ICRISAT Center, 1981. 

Extent of Plant Breeding 

chlorosis growth entry 

Severe Poor FESR 12-P5 
FESR 12-P6 

Severe Good NC Ac 664 
U-I-2-1 

Nil Poor 	 TMV 2 
Karpovikas 

Nil Good 	 C.No. 501 
E. runner 

SE 

CV (%) 

i Leaves sampled I Sept 1981, 72 days after sowing. 

2 Fresh weight basis. 
Dry weight basis. 

net monetary returns are summarized in Figures 

24. 25, 26, and 27. Net monetary returns were 

calculated by deducting costs of land prepara-

lion, labor, seeds, fertilizers, ard pesticides from 

gross returns. Rainfall during the rainy season 

was 1072 mm, 36% above normal. 

Deep Black Soil 

This soil is deeper than 150 cm so its water-

storage capacity is high. Of the I I cropping sys-

tems we evaluated, 3 were intercrop systems, 6 

were sequtential crop systems, and I was a relay 

crop system. Grain yield data from the rainy-

season crops (Fig.24) show that in deep black 
soils, fertilizers substantially increased yields of 
cereals. Sole maize produced an average of 2580 
kg grain/ha undcr medium fertility, compared 
with 573 kg/ha under low fertility. Similarly, 

sorghum produced an average of 3610 kg/ha 
under medium fertility, compared with 1523 

kg/ ha under low fertility. Cereal responses when 

intercropl,ed with pigeonpea were, in general, 

similar to their sole-crop responses. But inter-

crop pigeonpca yields were higher under low 

2 Total-Fe3 
Extractable Fe

Mb L-I Mb L-I 

4.0 4.4 413 302 
4.1 5.0 438 225 

4.8 4.5 416 325 
4.1 4.4 429 371 

1965.4 9.0 286 
6.5 11.4 267 174 

5 1 9.9 231 202 
6.0 10.3 252 263 

±7.210.36 ±0.58 ±15.1 

4 3I 8 

fertility than under medium fertility. Under high 

fertility the cereal's competition was much 

higher than under low fertility. The response of 

legumes to fertilization was less striking than 

that of cereal crops. 
In general, the intercrop systems gave higher 

returns than the double-crop systems under low 

fertility (Fig. 24). Under medium fertility some 
double-crop systems with maize or sorghum 

gave higher returns than intercrup systems. 
Cowpea/pigeonpea inteicrop gave the highest 

returns under low fertility, %,hilemaize followed 

by chickpea gave the highest returns under 

medium fertility. 

Medium-deep Black Soil 

The soil used for this evaluation was about 100 

cm deepand thus had less water-storage capacity 

than deep black soils. Of the six cropping sys

tems we evaluated, two were intercrop; three, 

double crop; and one, ratoon. I heir grain yields 

and net returns are presented in Figure 25. 

Under both fertility situations sorghum/ pigeon

pea intercrop was the most profitaole. Sequen
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tial sorghum-safllower was nearly as profitable 

under medium fertility, but not under low fertil-

ity. Sequential sorghum-chickpea performed 

well under both fertility situations, ranking 

second in profitability under low and third under 

medium fertility. Those three systems, however, 

were far superior to the others under both fertil-
oon crop in sequen-ity situations. The poor ra 

tial sorghum-ratoon kept profits low despite the 

6000- Low fertility 

5000 -

SE 

4000

2000 

1000
 

0 

favorable moisture environment. The remaining 

two systems suffered because mungbcan, a com

ponent in each, was severely damaged by nema

todes. In the mungbean/cotton intercrop, 

cotton yielded well under medium fertility but 

the high cost of hybrid cotton seed reduced net 

returns. Sequential mungbean-sorghum was the 

least profitable of all the cropping systems we 

evaluated. Both crops performed poorly. 

Medium fertility 

Yield (kg/ha) Munp/ Sorghum/ Sorghum Mung Sorghum 4 Sorghum
 

224 1483 172:1

Low 17:1 1613 1748 


4172 38 62
Medium 141 3183 3788 281 


tP P ItS Sorghum SF C1P
 

896
Low )39 853 	 398 392 450 


442 1630 828 921
Medium 924 880 

PP - pigeonpeo;

(+ a. equential cropping "yntem; / intercropping; ItS= rtooned morghum; 

SF = safflower' CP - chickpea) 

Net returns (is/ha) and grain yields (kg/ha) from various cropping systems grown on medium deep
Fi.ure 25. 
black soils tnder low (0-0-0) and medium (60-12-0) fertilityon an operational scale at ICRISAT Center, rainy and 

rostrainy seasons 1981/82. 
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W Low fertilits 

Medium fertility4000-


-ISE 

3000 

(IN S rghum/Nui'd11 Ifhl '1 ' Sorghum' %nllu't Sorghum 

I.4,% 700 341 5W') 516 516 327 

M' 868 2901 561 3125 1155hu 1525 

591 6l! 870 - 4 79 

6 50 6H0 86 2 109 12;7 
IA) v, 

ordgur i)
S itrtropplrli g sv',ll. I' 1il4,liviI (N gtoundnut, Its ritounil 

i (in 

%oil%under I~la 10-0-0) and llrdiuil (6,'-11-0) ferlilil 
figure 26. Nel rturns It/ha) and rain Ield (kg/ha) fomi ariois e(ol)ing s,tUigrol oasllao- black 

on an operational scale ailI(IISAl ('enter, raln) and 

plil, aini %As I1981/82.Iio1% 


Shaulo" Black Soil based inteicrops, nmillel/pigeonpea, groundnuti 
pigeonpca, and sorghun! pigeonpca, gave 

I h C%,ilu1l i Ill i coidicted oil a %oilwill an highest net return%, in that order. Returns from 

al/ci ,grc dcpth ()t30 cn.Six croppinl, wstcn1s sorghurm-raloon were good, but again, the 

\scrcIL o ii ,i huml,-d lU.1tion SOC Clop (pireon- atoon crop was extremely poor. 

1C.I (Ilir \sIiit a1solrghumin- Shallow soil's limited capacity to supply waterlmiitlrop . an( 
lltowl ( )I th" lour inluclii ops)s\l~Ci \sCrc and nutrients restricts cropping potential. 

L'c'tI pocollpca ,-Iilll( pgieou- F xending cropping on shallow soil seems to beone s as it 

pc.i. inld one, sor gliumli1i muilct (li-. 26). possible only with latc-mialuring, hardy crops 

I.ndct low fertility, the four systens ;vith a like pigronpea, and cropping systems with a 

legume pi rfornied far better than cereail alone. legume ( oinponent seem to he hilhly important 

Sorghurn-ratoon, for example, sas not profita- on poor ,oils. 
bk under low fertility; the main crop \,'ai% pool 

an(d the ralooln crop failed completely. ( rounil t - Alflwl 
nut pigeonpea inteicrop, both legumes, gave Itic 
highest net returns. The Alfisols varied froti 50 cm to I m deep. Of 

Under medium fertility the three piyeonpca- the 10 cropping systems evaluat.-d in thisexperi
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L-o fertility 

%tMedium fertility 	 z 
-I 

5000
 

SE 

4000
 

a 

S3000 

z 
200) 
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0	 
Skrgh Um 411 U Sorgh.r/ Millet Milet PP,

Yield kg'ha) Ca.tor Mung Millet 


Low 537 457 1542 1252 1073 "-70 1197 141S 752 772
 
1569 1834 847 772


Medium 962 457 214S 1S75 1354 116 


C ator HG RS C at,,r \. Ille t PP PP GN GN
 
41 533 1226 1458
Low - 476 532 363 36( 951 


635 1157 1458
 - SMedium 532 512 654 1i 11, 555 


Sequential cropping system relayn .ntercrppinoz . , - h)r,tgrBn. R- - ratooned sor hum: PP = pigeonpea;
 

GN = 	 groundnut) 

Net returns (Rs/ha) and grain -ields (kg/ha) from %ariouscropping %.tems gru-n on Alfisols under low (20-4-0) and medium(60--0)Figure 27. 

fertility on an operational scale at ICRISAT Center. rainy and postraink seasons 1981/82.
 



ment, 6 were intercrop, I relay crop, I sequential 
crop, I ratoon, and I late-maturing sole crop 
(castor). 

The additional nitrogen applied for medium 
fertility increased grain yields ifthe cereal crops 
more than yields of leguminous crops. Cropping 
systems with either pigeonpca or groundnuts 
performed much better than the other systems 
(Fig. 27). 

Again the intercrop systems, iti general, gtsc 
higher returns tha,. the other systems under 
medium or low fe'tility. Iligeonpea/groundnut 
intercrop (both legumes) gave the highest net 
returns in this soil type also. Returns from sole 
castor and sorghurn-ratoon wcre the lowest. 

The results, simi!ar to those fior shallow 
black soil, clearly highlight two important 
points: the brst way to extend the cropping sea-
son in these shallow soils with low water-holding 
capacity is by inteicropping aI short-season 
cereal (sorghumi or millet) with a medium- or 
long-season legume like pigeonpea, groundnut, 
or castor. 

Considering the economic potential of differ-
cnt cropping systems across the four soil envir-
onrnents, the high notentiai of deep Verti!.ols is 
most obvious as 9 of the II cropping systems 
generated net returnsexceeding R%.40(X) per hiec-
tare under nediurn-fertility Londitions (Fig. 24). 
For the mcdiuni-ileep and shallow black .oils 
and Alfisols the range of highly profitable crop-
ping systei%narrow to 3of6 systems, I of6. and 
I ol I0 as depth of the soil types lessens. Still 
there was at least one cropping; system for each 
soil tINre with nri returns exceeding Rs.4000 per 
1cc tare. 

Effect on Diseas Incidence 

J lie cooperative, long-term studies on effects of 
intercropping and different crop rotations on 
soilborne fuarium wilt of pigeonpea (F.udrm) 
and chickpea (F".o.rpv1onrn) are continuing, 
Pigeonpea continut, 's in the previous 2 years, 
to show less wilt in ii cropping than as a sole 
crop. The maize/pig.onpea intercrop and two 
new rotation treatments (cotton followed by sus-
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ceptible pigeonpea and resistant pigeonpea fol
lowed by susceptible pigeonpea) wcre included 
in 1982. Initial indications are that maize/ 
pigeonpea intercrop may be less effective than 
sorghum/pigconpea intercrop inreducing wilt. 
Sorghum or wheat, intcrcropped with chickpea 
did not help reduce wilt. Two-ycar rotation with 
sorghum, however, deh'ycd chickpea wilt inci
dence. (The Iligconpea and Chickpea sections of 
this report give more details). 

Cooperative studies on intercropping effects 
on the foliar diseases of cercospora leaf spot and 
rust in groundnut also are continuing. In addi
tion to the pearl n;illet/groutdnut combination 
studied last year. we included sorghum/ground
nut this year, and an additional row arrangment 
of I cereal: I groundnut. Results this year con
firmed trends from last year. Initial indizations 
arc that a cereal intercrop reduces foliar diseases 
in groundnut. 

\Vetd Nfanapement 

for Cropping Systems 

1he main objective of weed research remains !o 
design artd e,aluate economically feasible weed 
nianagement systems for alternative and 
improved cropping systems developed by ICRI-
SA I's Farling S sterns Reearch (FSR ) Pro
grain. Initially, different reed management 
systems crcf evaluated in ,rnall plots. Recently 
emphasis has been placed on evaluating prornis
ing weed management systems suited to 
improved cropping systems fordeep Verti, ols on 
an operational %cale. 1 hese experiments wcre 
conducted in the Vertisol watersheds in larger, 
replicated plots. To determine the feasibility and 
productivity of different weed management sys
tems tinder different cropping systems on a year
round basis, we superimposed different weed 

management systems on other improved tech
nology components developed by I-SR subpro
grams. Weed management systems included 
were hand weeding (2 hand weedings in rainy 
season and I in postrainy season), herbicide 
(with I later hand weeding), smother crop (cow
pea and mung) with weed-free and weedy con
trols (Fig. 28). 
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pea, seemed to compete with maize and reducedIn sequential maize-chickpea, SI Atrazine at 
1.5 kg/ha betore plants emerge gave excellent its yields but smother-crop yields compensated 

weed 	 control and the herbicide-based system for maize's loss. 
In general, yield of chickpea planted after

outyielded all other weeding systems, including 
inaie harvest was poor because of continuously

weed-free. Two smother crops, mung and cow-

E 0 Net returnsGross returns 

Sorghum- (htckpen8000-
0oo
 

6000

4000 

2000 

0 

800 - Sorghuni-Iigeotwen
 

-1 twooi)
 

E .000 

x 2000) t0 

Weedy
aInnd weed ierbicide Cowpen Mung 	 Weed 

free control 
system Systomn Sinother systemn 

Effect of different wctd management systems on economics ofsorghum-chickpea zero tillage sequential
Fligire 28. 

cropping system, sorghum/plgronpta Intercrop system, and maize-chickpea sequential cropping system ICRISAT
 

Center, 1981/82.
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wet soil. Chickpea lost tip to 40% of its yielf to Intercropping: sorghum/plgeonpen. Fluchlo

wecds. Maxi num net returns were from the her- ralin at 1.5 kg a.i/ha applied before plants 

bicide systen, followed closely by smother crop emerge was p:rrticularly effective on grassy 

systems (Fig. 28). Monetary returns fron the weeds but caused some phytotoxic symptoms onl 

haad weedim, sytern, sinothticiop, ard herbi- sorghum. Grain yields were highest in weed-free 

cide syste.n weic, respectivcly, aiboul 120, 155, plots. Herbicide and sinother-crop systems gave 

and 165% more than from the weedy controls, similar yields. Yield losses due to weeds were 

confirming earlier findings that herbicide sys- 5YA in sorghum and 80% in pigeonpea. ('owpea 

tens are economically feasible on deep Vertisols its a smother crop competed severely with 

in high rainfall areas where timely manual or pigeonipa., red ucing )iclds up to 651,'. Net 

mechanical operations may not be possible. returns fon lherbicide and snother (iung)crop 

Smother cropping also seemed feasible on systems were almost the same (97 ' ).'sthat from 

broadbeds as the smother cropscould be planted the weed-free system (Fig.28). Net returrh from 

easily bctwecri rowF of maiic with a bullock- the weedy control were only about (,0% h;,bok 

drawn planter. from the weed-free system. 

Sequential cropplng:.)rghmun-cikpesa. Iable 33 

summriles resNtcults firm thle sorg'1 urniliick pea 
sequential double crop. Ilerhicide used on 

"orghun was propa,/ine (1.5 kg at! ha) follo" cd 

by ametrynr (0.75 kg a.i/ha) both before chick
pea emerged during tire postriny ,ewaon. After 
sorghum harvest, chickpea was plinted %%iIh 

lerotillage directly into solghrr stibble. Parr

quit 'A.i sprayd to prescrrt %orghuil friom 

resprouting, t'luckpea establishe'l vel under 

I lie ved-frce system , ixs, tlr highe,,t chick
pea yield follovcd closely by the herbicide sys

tern. Net retur ns i'.-rt weed-free aind slnotlherr 

Sable .3.f.ect ofrdifferent vweed ran-crement,
telrN oil tie flelt] (kg/ht) of"orghuin-ci( kk pea crop
ping %) ttrri,. 

In..... ....... '!n . . ...
 

Ireatinrrelrr Sorl.rghum t 1np I'otrairny 

Iand Acced stcm 41N) 930 

llerbicide ,%,,tc 3770 80 
Smnother y%iIn 
(o "pea 17X) 270 880 

Defoliation in pearl mllet auird hi' "hre arnli KLorm KI ifrnl' 4030 40 990
 
Mythiina separata. lirn jIet, omne evenmive (it Weed free 473(0 1250
 
ICRISA T (enter. has been receding over tife pasl 3 Weedy check 1930 670
 

irari. PIopilationi recorded in light tralp confirm 275
 
observationtof the trop .scienlistj.
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postrainy seasons. it is not easily controlled with 
systems were -,,ailar. followed by returns from 

pesticides.hand-weed and hcrbicide systems (Fig. 28). 
We now receive data from light traps at II 

centers in India, a network operated by coopera

tors in the national pr ogramls. We hope that data 

from traps will enable utsto deter mine seasonal 
We record the Ilnumlrs of many insect species 


caugiht in thee light tr.i l1operated nighl'y on incidence ;Sid moveient, if any, of Ii. arinigera
 

at ICRISAT ('eier. (ontinu- i acros%iCograpllhcail a'eas. We al o hope toecvn
our resetch fiai 

t Ually Cor telatec the lita withii chillatic aid cropval uableoils trapping Iecord-, since 1974 give ius 	
in% det-rnminc factors i ki-lied 

Informitation concerlirimr he seasonal incidence 	 data %o s% can 

popuhilion iluctUilat on. IPltlil oi catche,


of sonme of the crop,, major insect pests (I able 
r, ii maxitnun catclce 

34). 1 ietrap data collfitll our obleivations that diifcr at ach cenit ,il 

later in (h,alior and Ilis;ir in northern India. 
our pulse crops pest problcms. particularly ofill 	

wiele cold winrler% linit populatlll% Iront 
rvcc usuial! e that inII. arttigera. were lore 

Nocoirrd to IFebruri.
1982 and that Chilo pariellihi was iclativcly 


lie data co-lfirli that We basC uppleillrited tie light trap lictol.
 
UiiCorim1rii on olghUrii. 'I 

tlrps that ilroil tolII. art1io Crriihel linoor iM ti/r tna u.pa ata, thr A si i li iltflolulations of 
iuclh of our nrillnct iioths. ()ir pulse entomologists olgalliid this 

arnii55liy1il thai defoliated 
now cosels 26 oelnt1e in India.

have benlIosr the¢ le 311t lets.%olik, "licliaind sorghum e, rlicr. 
ilnd %kill Noon )e %pladinto llakisan and .ears1 

I lie liliit-tnll) data atsiv show .r substantial itiniid "h
 

ilcr e.is ilit p/,iera llmra tile la t 2 years;
 

pest only ol lIet-plaruiitoli Surveyslolnicrly regarded as a ma.,ijor 


host hlagc aid is
toblcco, it ha.1sexpildcd its 
oitllucd to %tursythe pest-paasitolid corn

colton a:id gloundlut il in Wc 
lios,.I malijor pCt of 

i1{s oi lllhicklw',by collectilg pest Llrac front 
sesenal e;.,ofl soutrri,11 lndm. liell)e 19( it 

ir hlborar
at illI- fiiaenl" ticlds anl rarir, them lin c 

was riot rllpotlitolln groulilldot Crlo) " MsIt (il1982 it hlaily tor' to dtritilllie l.ti t ilnc1idenCe 
SAI ('ctier butl ii 1911 .ini 	

tars oll1.illthe rillly and o0M 1982 ol)',xl\.I1l% se.r ,t,p'ra
iitL.%ted out ,{rlrild[li t, both 

ird. I(IIIA I ( tiw rr, 1977-8I. 
Iable 34. ( aAil i lnm iortaltl ns(I iccis ina Iiahllma o ,, . is l 

1 I X1 19 1 h21977/ 7X I- 79; 1971) O 

ICgulmlrIic s 26M ISIS
327 99(0 143 

A4,illtaoiatwlrll 719e,1713 1Sh61618 42124,tilootr 1tgIril 
585 7549 IIO 

I ucl :"Aririlla 6542 (A50 
7651 3752410633 1M,09 

Ilrlur/r alflthnAeta 16207 
995 1(Y)2 I (N

2872 1877Afarii a itilahl 

( ereal peslt 
171182 18635 4154 

(hi1h jp'ailolhri 	 3210 4088 
280 I862097 208

Afthi rhia trlparata 3649 

(;riiinidiir peti	 77083401 104913128 4406.%,dojpietahtura 
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more than 4000 were collected,vae. of which 
49.5% in the first two instars were parasitited by 

the hymeropteran ('amo,,letis chlorieae. Of 

the larger lariiae, 21( wcre parasititcd by tile 

A few other lilasites,dipteraln ( ,aJill+ll oi 


ancludioag Afli'rochel/tim cirvia'i/mailutu, 


Pai'hi sp, ,iittmmpmiq ti'ttm, and (Giji-orIiI mk 

,sc collected,
olihahal~mu halllako i 

Predator Stillie++ 
iang field cages. sir stuld icil laspp the %kasps 

ic ollifln prcdators of II. a,-nig'ra, andthat are 

[ , 


-V' ISorghum 

ihl a / 

++f 


+ h,taI i i s rIi lingIItr1. I ,,Ir,I
I lv I~I lr ' lII a Il I ,c 

lart'je ffmt the l'I,+nitmdp trl dirmnnIhIIniddifIn'lm 


'ed it 

0, a it l /,~t ' I ~ , ,'11+"+lt'iflip 1rtb[Ilf(l 


I I
 
rdl, bllh lllrI/Illf'i fegII


elll11rddir 1111 ,1r r I ' i+ 

other lcpidopteran larvae this year in our fields. 

The wasps collect large larvae from the plants 

and Iut them in mod nests to he eaten by wasp 
weic studied: 1).larjae. Ihicc species of )'hta 

iIh1'a'leu aild ). 4 niiforltni u.itleml both 

prledators of lIrIihothiis. andlccorded callel it,s 
r icotdet dcias itpacdator1). / It'!'IfItI, Iihich %% 

yearof jhliohi) for the first liime tilts 

Our studih% dicalcd that allhough the piCda-

III es IIa: ,c lls %see
Pois call cach ICSt Iloy pli 

factors hinat their populilio1ns and, hence, their
 

a conienlielt sollce
clfctiCenscsI hey Ieqialic 
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...p and a higlh propiitiii id kao.p larva"ietsis, 

petis. C .it1a%ticrepar.itiied hey C/lr Ii Im t 
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developing a model to simulate pearl millet 	 The algorithm for describ~ing the relationship 
growth and development, 	 between day length at emergence (DAYEM)and 

growing degree days (GDI)) effects on GSI was 

derived as follows:
Sorghum Simulation 

Model (SOR(;lF) 
GDI) =370 +400* (l)AYIEM - 13.6) 

if l)AYA - 13.0 hr('ontinuous revisions, based on physical and 

physiological data collected from the multiloca
tion trial during 1979-81l, were carried out for GI)l) 370 

several subroutines of the model in 1982 (lluda if I)AY!NI : 13.6 hr 
et al 1982). 

The algorithm for dcscribing DAYEM and 

SbuI) Rlcts on (iS2, similarly derived as that of 

Subroutines Rclhed (GSI. is: 

litht interception. In SOR(GF. the quantum 	 G1)1 :650 #120* ()AYEM - 13.6) 
t11Ix density (PAR) in [instcins/mlper day is if )AYE I 13.6 hr.
 
,lu1rrriltd loil 1he ecl gy tilis density (IRS) in
 
tl ti& I1crday .is (i)!) 6:50
 

if I)AYIM 13.6 hr. 
PAR Is (0 121) 

at I - For (IS3, the IolloA in!, algorithms arc used to
I irid r oerrPAR 'ifid HS 

in GDDcompu.
SA I (cier led til tt.)ltre the comiantt relating 	 ,ccourrt t tell)p Cliects 

Ijitan)l tar (S.N
II he i lcd %c ia, dthi tm (R S)PAR t oN a a.r 

•,i. I'AR, i..:cal.rrel .a,,0(r) tlimes l(SSIMPAtri(.O atcl thINa%0\ tias teRS i It 	I inean tenperatuc in GS3

IYh t 1'ilk,l d o"a
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114111011l) l t ll r IttIl|t llc O CIIll+(+lit .311ld D I i 

1 11 i t % l ir tll 11at roll l) 11.1t, 11 i -I tr .tr l 'rlll fill .1t ( il) I 7 
rt itr.iNp'trmrpadli I Al I tict tiomt fill cf -tiI 

'l*iti li . tilll~ll L OClII dli .11rd ra x illiltilin 

hghi ri i\nl NVri r'Itl V, lh .ip)jrtiiiltll (il)l) - 1)-7
 
I'llkn '111%(IrIirkr f.Ill iarl (e,1.1 ss.hier I -,27J
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data collected at weekly intervals from 27 field 

studies at ICRISAT Center. TDM at anthesis 

and maturity did not differ significantly between 

hybi ids. The percentages of TDM partitioned to 

leaf did not differ significantly between hybrids 

and varieties. The proportion of TDM accumu-

lated in the culm was significantly higher in var-

ieties than in hybrids, at both anthesis and 

maturity. Dry matter partitioned to grain as a 

percentage of TDM was higher in hybrids (0.45) 

than Narieties (0.32). 
The data confirm that hybrids translocate dry 

matter to grain more efficiently than varieties, 

Soil wvter. By revising the procedure for esti-

mating evaporation from a bare soil surface 

(Eo). we improved soil water estimates. Incorpo

rating a seepage subroutine to account for the 
water balance in different layers of soil, instead of a 

%%holesoil profile procedure, gave reasonable esti-

mates of soil water, especially for nonirigated 
sorghum. 

A layered model provided improved estimates 

of drought stress coefficirnts (I)SCO) to account 
for drought stress on sorghum dry-matter produc-
tion 	on a dally basis (Fig.2 9 ). 

l.eaf development. After full expansion of leaf7, 

with each successive leaf (leaf 8, 9, 10, etc.) expan-
,sion. consecutive leaves in the lower canopy(leaf 2 

Uprotection. 

c . 

'10" 	 ' • 
0' 	 ... ,, 

e.V,i o,evi4 i 

.5 	 e,, '- . " . 

,
< 

3 40 In T-0 H0 
40 0r in v) "e0(1 	 20 30 ilr emilerglint'lt)r.yH 

Meas.ured and %imulated available soil
Figure 29.dcep Verlho lmu nortirrted sohti .fwateur ,M inda 

ter in adeep Verdiol under nonirrigated sorghui. 
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3, 4...) senesce. Lower-canopy leaf area at physio

logical maturity (PM) is 50% of leaf area at anthe

sis (AN). 

Leaf area of individualEstimating leaf area. 
leaves is a model input. But measurements of leaf 

area usually are not available at most locations, so 

we estimated leaf area from leaf length and maxi

mum width and from only leaf length. We also 

estimated area for individual leaves to ascertain 

variability in (o'fficients for each leaf. . oe coeffi

cients differed among genotypes, environments, 

and individual leaves. Regression coefficients rulat

ing the product of leaf length and maximum width 

to leaf area for four genotypes grown at ICRISAT 

Center ranged from 0.67 to 0.71. 

Experimental Results (1981/82) 

Trials during the 1981 rainy season were con

ducted under the following conditions with 

selected genotypes (CSl-1, CSH-5, CSH-6, and 

SPV-35 1): 
I. 	 Alfisol with 85 mm of available water-holding 

capacity under high fertility (100 kg N, 60 kg 

P/ha) and intensive plant protection. 

2. 	 Alfisol with 85 mm of available water-holding 
capacity under medium fertility (40 kg N, 20 

kg P/ha) and no plant protection. 

3. 	 Medium deep Verlisol with lo5 mm of availa

ble water-hcelling capacity ui,, vr high fertility 

(100 kg N, 60 kg P/ha) and intensive plant 

4. 	 Deep Vertisol with '-(A) mm ofavailable water
holding capacity with high fertility (10M kg N, 

60 kg P/ha) and intensive plant protection. 

Variations in phenology, leaf-area inde',, total 

dry matter, and grain yield for dilferent gt.notypcs 
are compared under the four experimental condi

on %oil, crop, weather,tions. Sta ndard data sets 
and nicroclimate were collected to test the revised 
SO(R(iF model. l,!.,,lts of the experiments are 
de,.cribed in detail in Agicliniatology progress 

report 8. 
Rainfall dming 1981 wa-, above normal: 917 

mnm .Jtne to September compared with 624 mm 
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normal. Higher rainfall helped all genotypes main-

tain increased green leaf area until they matured. 

SPV-351 maintained its LAI at nearly 3.0 at PM in 

both fields; CSH-I and CSH-6 maintained higher 

LAI (2.5) at PM in Alfisol than in medium deep 

Vertisol. Both CSIH-I and CSH-6 had higher leaf 

area duration during grain filling in Alfisol than in 

Vertisol, and higher grain yield and total dry mat-

and CSH-6, the yieldter in Alfisol. For CSH-I 
difference was nearly 1000 kg/ha (Table 35). 

Total dry matter for SPV-351 was more than 

2500 kg/ ha in Alfisol, but it had a low harvest 
wereindex and low grain yield. Grain yields 

similar for all genotypes on medium deep and 

deep Vertisol. 

Simulanon Comparison 

earlier wereThe revised algorithms discussed 
in SORGE. Simultion results ofincorporated 

several components of the model and the yield 

simulations were compared with observed data. 

F'xamples from testing some of the revised algo

with the data obtained from 1981/82rithms 
used for modelexperiments (which were not 


revision) are given, 


In SORGF, emergence is simu-Emergence. 
lated when 70 heat units above 70C base temper-

after sowing, providedature accumulate 
available soil water for the entire profile exceeds 

10%. 

The results of emergence computations were 

compared with data obtained from the 1981 
at ICRISAT Center.rainy-season experiments 

dry sown (a recommended prac-Sorghum was 
tice for Vertisols) on a deep Vertisol (10 June) 

and on a medium deep Vertisol (12 June). The 

available watet-holding capacities of the deep 

deep Vertisols was 200Vertisols and medium 
and 165 mm, respectively. At sowing, water 

available in the entire profile for the two fields 

was 65 and 29 mm, respectively (above 10% for 

the entire profile for both fields). 

In SORGF, emergence was computed to 

sowing; however, the occur within 4 days aftei 

top 30-cm layer of each field contained no avail

able water, so emergence in both fields was 22 

June after 35 mm of rainfall 18 June. When the 

layered soil-water model (top 0-30 cm; and 

beyond 30 cm) was used, the emergence date for 

both fields was simulated as 21 June, I day ear

lier than actual. 

Phenology. Computations of phenological 

events such as PI, AN, and PM were compared 

with 19 observations from 1981 /82 experiments. 

With revisions in the phenology algorit'ims, the 

time from emergence to PI wascomputed within 

±2 days compared with ±5 days with SORGF. 

Similarly the root mean square error (RMSE) in 

simulating time from emergence to maturity was 

reduced from ±15 days to ±4 days. 

Table 35. Indicated sorghum grain yields (kg/ha), ICRISAT Center, 1981. 

Alfisol 
Deep Vertisolmedium fertility Medium deepAlfis 

Vertisol (1IP-12) (BW-3)pesticide free (RUS-3)(;Lnotyp, (RP-4) 
4850 ±5004440 ±48

(,Sit-: 5580 il53 3520 1335 
4370 ±924 

- 1910 ±206CS11-5 5000 ±169 5040 ±2073410 f160CSHi 6 6270 t255 
- 4020 ±5281610 ±264CSII-8-i- 4390 ±2864460 ±404
±483 2420 ±738S1IV-351 4580 

not included.denotes fields 



Grain yield. Improvements made in the model 
were tested with data sets obtained during 1981 
at IC.JSAT Center. Revisions in the model 
improved the coefficient of determination (R2) 
by 35% (R2 for SORGF = 0.48, revision =0.83) 
for grain yields (N = 20). Th. root mean square 
error (RMSE) was reduced by the revision from 
1423 kg/ha to 592 kg/ha. 

We used pooled data (N = 59) over different 
seasons and genotypes from ICRISAT Center 
and other ccf.nerating centers to do the grain 
yield simulation. The R2 improved from 0.27 for 

SORGF to 0.74 for the revised model. The 
RMSE was reduced from 1479 kg/ha for 
SORGF to 591 kg/ha for the revised model. 

Pearl 	Millet Modeling 

the next choice for extendingPearl millet was 
our modeling efforts, and this work has begun in 

cooperation with the Pearl Millet Improvement 
Center. 	To develop aProgram at ICRISA. 

growth and development model, we started 

several genotypes andexperiments involving 
rowtreatmens (moisture, methods of planting, 

cpacing) in the 1981 rainy season. We are collect-

ing standard data sets on crop, soil, and weather. 
The framework of the sorghum model can be 

used with some modifications to produce a pearl 

Modifications includemillet 	 growth model. 
as in

changing the individual leaf concept,
SORGF, to leaf-area index. Developing and


SORG, t idex.Devlopiglea-ara ad 
tillering subroutine isincor,)orating aimporant.ET 


important. 


Hydrological Modeling 
and Simulation 

We developed a runoff model based on the mod-

ified curve number technique developed by 
Hawkins in 1978 and on a soil-moisture account-
ing procedure. Our objective was to predict with 
reasonable accuracy the daily, monthly, and 
annual runoff volume for small agricultural 
watersheds. This mode,uses I-day time intervals 
and needs these inputs: daily rainfall, open-1 an 
evaporation, field capacity, wilting point of dif-
ferent soil layers, total soil depth, profile soil 
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moisture at saturation, light interception coeffi
cient, and minimum soil moisture for 
evaporation. 

The main outputs are daily runoff volume and 
soil moisture. The model has two main parame
ters determined through calibration with an 
optimization procedure. Once the parameters 
are determined foi a particular soil and land 
management treatment, they can be used in sim
ilar situations to predict runoff and soil mois
ture. The parameters also can be used to extend 
short periods of record into long-term periods 
for the calibrated watersheds. 

Figure 30 shows the flow chart of this model. 
The terms used in the chart are: 

Dc = Parameter representing soil depth,
 
SC = Parameter representing soil surface
 

SMI = condition,
 

SM2 Initial soilmoisture of layer 1,
 

MI Moisture at field capacity in layer ,
 

M2 Moisture at field capacity in layer 1,
 

M2 = 	M oisture l evel 11, 

M3 	 Minimum moisture level for
evaporation,
evaMorating 

M4 = Moisture at wilting point in layer I, 

M5 = Moisture at atuatin ,
 

S max Profile moisture at saturation,
 

P = Rainfall,
 
E, Pan evaporation,
 
Q = 	runoff, 

Light interception coefficient,
E Losses by evaporation,
 
ET Evopetranspiration,
 

= Evapotranspiration, 
SMT= Total soil moisture, 

Q = Predicted runoff,
 
S = Retention parameter,
 
DM = Rainfall excess/deficit
 

K Kn Starting and ending dates
 

At ICRISAT Center, we used hydrologicdata 
from Vertisol watersheds with different land
management treatments to derive and test the 
model-and 2 years of data to calibrate the 
model, which we tested with data from the 3rd 
year. 

The performance of the model in predicting 
runoff from three Vertisol watersheds (Table 36) 
shows it accurately predicting annual runoff. 

http:imporant.ET
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STAR 

REAI j: Dc, SC, Starting

SMI, SM2, MI, M2, M3,
 

M4, M5. Sma x
 

-READ: P, Eo, 

;r 
E* = (f-Eo)/T .Durirg 

ET = QI-P3) Eo 
SM1 +SM2 = SM, + SM2 

+p -P- E'r 

COMPUTE, SMI, SM2, SMT 

SMT SMI + SM2 

COMPUTE, DM. 


DM = P - ET 


S = SMa x -SMT)×x 1.2 

SC for calculating changes 

YES 	 NO 

(p _"°'lS)2
Q 	- o0.98 

S, QWRITE, P. E, ET, SMI, SM2, 

Kn 	 N K= K + 11-' 

SYES 

SSTOP )The 

END 

Figure 30. Flow chart of runoff model. 

runoffs of some bigPredicted and measur,.d
runoff events are compared in Table 37. It 

also satisfactorilyappears that the model can 
predict individual, big runoff events. 

On-farm Testing of the 
Vertisol Management 
Technology 

the past 9 years ICRISAT has been
 

developing a management technology for deep
 
black soils. The resulting package of practices is
 
designed to make optimum use of both the rainy

season and postrainy-season growing periods. 
ResIts obtained at ICRISAT Center with this 

technology consistently showed increased pro

duction and profits over the traditional rainy

season fallow system. The package is described 

in detail in "Improving the management of 

India's deep black soils" (ICRISAT 1981) and 
in thethe main components are summarized 


Economics section of this annual report.
 
In 1981 a juint project was initiated with 

Indian research institutions, the Andhra Pra

desh (A.P.) Department of Agriculture, and 14 

farmers to test the technology options under 

field conditions. Objectives of the project were 

to: 

1. 	 Verify whether the experience gained at 

ICRISAT could be replicated in farmers' 
fields. 

2. 	 Evaluate the performance of the technology 
options. 

3. 	 Test the ability of delivery systems to sup

port demands of the improved techqology 
options. 

4. 	 Study the technical and economic perfor

mance of the options in real-world 
conditions. 

selected farnmrs held a contiguous land 

area of 15.4 ha at Taddanpally village, approxi

mately 42 km northwest of ICRISAT Center. 

The area was chosen because it represented 
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Table 36. Measured and predicted ieasonal runoff for three Vrisol watersheds at ICRISAT Center, 1976-80. 

YearTreatment 
1976Broadbed and furrow at 0.6%slope 
1977 
1978 
1979 
1980 


1977Broadbed and furrow at 0.6%slope 
1978with field bunds 
1979 

1980 


Broadbed and furrow at 0.4%slope 	 1976 

1977 

1978 


like those at ICRI-,.rvironmental conditions 
SAT Center. The project is desciibed in detail in 

the Economics section of this annual report. 

Farmers took loans to purchase the required 

inputs and performed most of the required 

labor. Unusual subsidies were kept to a min-

imum to allow the system to operate under nor-

mal village conditions, except that land surveys 

ard the drainage layout were performed by soil 

conservation engine,.,s from ICRISAT Center 

Table37. Comparison of predicted and measured big 

runoff events for two Vertisol watersheds, ICRI-

SAT Center, 1978-80. 
Watershed BW2Watershed BWI 

Measured Predicted Mea:ured Predicted 
runoff runoff runoff runoff 

Year (mam) (mm) (mm) (mm) 

126 1321978 170 167 
50 39 38 37 

24 211979 41 45 
13 1523 20 

271980 46 40 30 
16 14 34 3were 

Measured Predicted 
runoffRainfall runoff 
(mm)(mm) (mm) 

77658 73 
5560 i 

2641091 269 
616 73 76 

112
728 116 


0566 0 
1080 185 186 

40615 38 

692 66 69
 

644 51 46 
1562 0 

1092 196 202
 

and the A.P. Department of Agriculture. The 

A.P. Department of Agriculture ensured that all 

inputs were available to farmers on time. And 

the farmuis received intensive scientific counsel

ing from both agenci,.s. Farmers were given a 

thorough introduction to the theory and practi

ces of the package and saw it in operation at 

ICRISAT Center. 
is an importantImproved surface drainage 

so !and smoothing,component of the package 
drain construction, and developing of a 

broadbed and furrow system are important pre

liminary activities. These are described and aver

age per hectare costs are presented in the 

Economics section ofthis report. The landdevel

opment costs were surprisingly low (Rs.254/ ha) 

for ti-c Taddanpally test area. 
After discussions with A.P. Department 	 of 

Agriculture personnel and ICRISAT scientists, 
farmers chose appropriate cropping systems. 
This resulted in nine different systems, including 

one traditional cropping pattern. Crop yields 

were estimated with crop cuts taken by ICRI-

SAT staff both in the test area and in neighbor

ing fields. Crop combinations, yields, and profits 

are presented in Table 38. Yields of hybrid rainy
season sorghum as an intercrop in the watershed 

about 2000 kg/ha; those of intercrop 



Table 38. Economic- of Improved watershed-based technology options on deep black soils in Taddanpsily village, Andhra Pradesh, 1931/32! 

Yields (kg/ ha)
Propor- Opera

tions Gross tional Net Cereals Pulses/oilseeds/vegs. 

Cropping system 
grown 

(%) 
returns costs 

(Rs/ ha) 
returns 

Grain Fodder Grain Stalks 

Improved watershed b 
Sorghum/ pigeonpea intercrop 
Maize/pigeonpea intercrop 
Maize-safflower sequence 
Maize-chickpea sequence 
Mungbean-sorghum sequence 

50 
6 
6 
5 

17 

4930 
4304 
2301 
509' " 

3352 

1092 
1395 
1190 
1831 
1261 

3838 
2909 
11!! 
3266 
2091 

1950 
1640 
1620 
2290 
590 

7200 
3400 
3500 
5000 
1700 

460 
600 

50 
460 
470 

1900 
2200 

-
-
-

Mungbean-safflower sequence 3 3715 1321 2394 - - 520 (mungbean) 
730 (s.fflower) 

-
-

Mungbean-(sorghum/chickpea) sequence 4 4073 1495 2578 80 200 480 (mungbean) 

520 (chickpea) 

-
-

Mungbean-ch.llies sequence 2 4625 1450 3175 - - 520 (mungbean) 
500 (chillies) 

-
-

Fallow chillies 7 2551 734 1817 - 410 -

Weighted averages 100 4242 1183 3059 - - -

Traditional farmer's fields 
Fallow-sorghum 
Fa!low-chillies 
Mungbean-sorghum sequence 
Sorghum! pigeonpea intercrop 

90 
4 
1 
5 

2194 
3208 
3964 
1544 

536 
2036 
1526 
310 

1658 
1172 
2438 
1234 

670 
-

970 
550 

1800 
-

2400 
2500 

-

720 
310 
120 

-
1600 

Weighted averages 100 2220 595 1625 - - -

a. Prices used were actual realized or market prices just after harvest, as follows: 
Grain Rs/ 100 kg Fodder Rs/ 100 kgGrain Rs/ 100 kg 

Hybrid sorghum 100 Pigeonpea 298 Hybrid sorghum 20.0 

Postrainy season sorghum 220 safflower 300 Postrainy season sorghum 37-5 

Maize 112 Chickpea (sold as seed) 450 Maize 10.0 
Mungbean 300 Chillies 618 Pigeonpea stalks 10.0 

b. Data refer to 14.48 ha of 15.42 ha watershed. Data not available from three plots. 
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maize, 1600 kg/ha. Sole crop maize yielded 2300 good and results confirmed that on-farm yields 

kg/ha. The traditional postrainy-season could be similar to those from operational 

kg/ha after fallow research on watersheds at ICRISAT Center.sorghum yielded only 700 
Economic analyses of the results are presented in 

the Economics section of this report. In general, Cropping Entomology Studies 
production and profits were markedly higher 

We moiiitored populattions of insect pests, their 
under the improved system, with a 244% return 

natural enemies, and farmers' pest control 
on added expenditure. 

efforts on the crops grown at Taddanpally, par-
Some unexpected agronomic problems arose, 

such as zinc deficiency on maize in the early ticularly o - sorghum/ pigeonpea and maize/ pi

and geonpea intercrops sown at the beginning of the 
stages of development, weeds (Striga), 

rainy season. Although we recorded many shoot
heavy pod borer damage taking as much as !wo-

thirds of a crop. Still the crops were gcnerally' fly adults (Aierigona soccala) in traps, they 

14A 

4 

Al ,P,T-
Np~ ~~ 

ICRISA rson.farin research at Taddanpally village tried nne crop combinations iH1982, the
IW'hen farmer.w ii 
Turghum/pigeonpeaintercrop was the rnot profitable (Rs. 3838/ha). Overall, the 14firnierswho particpated in 

ou water.s ed experrnent earned Rs. 3059/ha, compared with the Rs. 1625/ha average for other farmers in the 

village. 
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Table 39. Pigeonpes grain yields and pod damage by Insect pests in farmers' fields at Taddanpally village, Andhra 
Pradesh, 1981/82. 

No. of 
pods 

Cropping system Cultivar analyzed Borer 

Sorghum/pigeon pea 
intercrop ICP-I 

ST-I 
2950 
5063 

46.5 
46.1 

Maize/pigeonpea 
intercrop ICP-I 

ST-I 
7178 
3625 

37.1 
51.0 

Mean 45.2 18.6 

SE ±6.20 ±4.58 

four of the fields. More than 60% of the pods 
were damaged by insect pests, most by H. armig-
era. Although the yields were low, they were 
much better than yields of neighboring farmers' 
fields, who used no pesticide and lost almost all 
of their crops to II. armigera. 

Some of the farmers sowed sorghum and 

chickneas after t:e rains. The sorghum had few 
insec #estsbut aphids stunted some plants, and 
we f und H. armigera larvae in some heads. 
Despite substantial parasitism of the young lar-
vae by Campoletis chlorideae, tIarmigeralar-
vae severely infested the chickpeas. Farmers who 
used pesticides sprayed too late to prevent pod 
damage. 

Farmers need training in the use of pesticides, 
and because tall pigeonpeas are not easy to spray 
with conventional sprayers, improved pesticide-
application techniques are needed. 

Expanding the On-farm 
Testing Program, 1982 

At the first policy maker seminar, at New Delhi 
in May 1981, on improving the management of 
India's deep black soils, it was decided that state 
departments of agriculture should implement 
operational research projects to adapt and test 
suitable technologies for the black soil areas. 
ICRISAT agreed to provide knowledge on tech-

% pod damage caused by 
Yield 

Podfly Hymenoptera Total (kg/ha) 

26.5 0.9 68.0 677 
13.8 4.9 62.3 203 

19.6 0.8 55.8 625 
14.7 1.7 62.7 574 

2.1 62.2 520 

0.71 ±4.37 ±10.5 

niques it evolved to selected officers from the 
state governments and the Government of India. 

Five groups of senior officers from the states 
of Madhya Pradesh, Maharashtra, Karnataka, 
Tamil Nadu, Gujarat, and Andhra Pradesh and 
from the Ministry of Agriculture, Government 
of India, visited ICRISAT Center 2 to 5 days 

each between 31 August and 4 December 1981, 
to become acquainted with the technology and 
its performance. 

Two I-week workshops also were conducted 
for middle-level state officials responsible for 
guiding and supervising the operational research 
or pilot studies. In January-February 1982, a 
2-week training program was organized for the 
extension officers and subject-matter specialists 
directly responsible for implementing the tech
nology by working with farmers; about 100 
visited ICRISAT Center. During the 694 man 
days the extension officers spent in training/visi

tation programs, watersheds were jointly identi

states for on-farm verificationfled in different 
tests in the 1982/83 cropping season. The work 
began in February 1982 and rainy-season crops 
were planted in June-July. Verification of the 
black soils management technology now is pro
gressing at 10 locatious in four states. 

Collaborating with Gujarat Agricultural Uni
versity, we are evaluating suitable cropping sys
tems for red soil areas of that State and, with 
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Tamil Nadu Department of Agriculture, we are 	 projects at Taddanpally and Sultanpur villages 
in Andhra Pradesh, in Bidar and Gulbarga disidentifying appropriate components of the tech-

nology for a selected watershed at Aruppukottai tricts of Karnutaka, and in Raisen district in 
Madhya Pradesh (Fig. 31). Work was begun at

in Tamil Nadu. 
those sites in February 1982. Details follow.ICRISAT is closely involved with the tcsting 
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Andhna Pradesh 

Medsk district, Taddanpally, and Sultlnpur 
villages. This project was expanded to include 
25 farmcrs as again.t ti earlir 14-and te 
land area mcrc,, i'ion 15 to 35.34 ha. Land 

was smoothed with a buck scrapr, all other 
operations used a u hecled tool carrier. 

I.ong-tcml a erage innual precipitation hrec 
(about W(X) per year) does not differ signifi-mn 
cantlyI from that at ICR SAT Ccritcr. 

(;ulbarga district, iarhatabad village. Iotal I 

project arc.i is 16.5 ha. oarned by tua far incr, 
I'0sthais St p)ws 1g sas by tractor aid u hccled 

tool a,imrr land llootlnirg,. ith a buck 

scrapc All oithc opcratio , ,cc by liccled 

tool C.; lrrcr 
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the smiriIlst lmirl e o "slit) i",knNse, ei larmrer 
IaN M st ol tl,, land P11ccirloro litr .,i th 

the slielcnd l .l .'!it 

I hc I .rli.n.riad llaN eC rielies just outsid: 

lie,rc l tij hulh r.iini.l (7 lJn l tun Ani-

is lilm ile .iritlin1 '.u1,.'sc tinia ela 

Nlmnrhnu I'adsh 
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ntl jo,lienl %.NI i% tl ii, ,<() oh the Ilaids i 1,q 
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reduced and soil mineral-N (nitrate and 
ammonium-N) increased. 

Looking Ahead 

Comidctable progress has hccn inade in refining 
methodologies to quantify moisture availability. 
I he dependability of precipitation is the basis of 
our delieation ol piomising ',reas for double 

cropping and for dry-seeding ahcd of the mon
soo(s) m tihe deep Vcrtisol area, of India. Thus. 
aie refIned metlodologies have contributed sub
rtantially to pledictiors for the deep Vcrtisols 

hich aliac p.ical potential Ior incrcacs i food 

productin. 

slcsiiruerC¢¢saluationl. We hit rcti atCd studi c
 

o)i prrincipa.l-4olmlpoint inrl'"* to identify
 

clstcrs of ha iti s itlia , lar cli tiic pro

tiles And illcontirue t crnrpl':.smi climate
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emphasis on interations between moisture and 
nutrients anti initiate detailed experiments to 
study intercropped pigeonpe., performances 
with different intensities and durations of cereal 
competition. We will strengthen our studies of 
yield stability and genotype evaluation in sor-
ghum/cowpea and sorghuni/pigeonpea inter-
cropping systems, arid disease studies the last 

in cooperation with ICR ISAI pulse 

pathologists. 
We will continue to em phasiic rcsealch onthr 

behavior of nitrogen in the soil-plant s Item. 
Studics of nitrogen-fetiliier use svili be 
exterided to deline moire closely tile curditions 
that promote cffic ietit use of nitrogen I 'yitlolls 

cerealcrops. 't ticular y important i l hs wotk 

are soil characteristics, agioclimatc. d sea-
son.Il ierat her. We will intensify won, on the 
extent to wkhicih legumiiutus clops bilogically 
fix, N; )ecause %tch N is incurporated into 

o(lgfalic rii.trl. alld because ve 1ied to iiesli 

yale the uofulnes of organic rcsidudis to SAl 

larllitr. %keaire niiiia,11ng Ilitm o k on tlhe turn-

osCl of orya.niic C 1r11 N in soil, 
Wr"hope to chara.tcll: phsphloills' [ehav-

1or il %.mnoUs Crop-%(io l C()llhl ti nr. Diltll.)inlng 

Il9HI vl- C,t Icl;tI"ss) 
V 4' n 

',unts .i 
}il,. , 

I, 

Il 'rl, ! 
lntiu m on 

lkc .. ,ail pl s) 

WkI(lSA I (li' 
! ., (mll 

' a l I - ' O 

c, "rtiods C\ ltd"II • :lb -
tJoru s Ill t 11", i'1 1101 

"\!ti',!, i '" llt,',- 
'2 I;~'. -~" u1 tc 

~lI , :h'. ~ mu'. 
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A~ ~ ~ ~ ~il ~ 
In-tJ dm ill Al-l;1, '.,l 

C" 
t;i "'J.,4airt i r- I 

I %Ii ii utI I I It I 

Ir4Ml ~it.'i til 

'Miv 11t ii, to 
, 

r'.i' ' I I t' I .,- : t- ", 

-u. iii I h r' 

suils, mm.nnni.y Sill I In V. ;i' 

Ili, ilt:c:rau l lum'- ,l r c~li i *' .. ' 1 

C! .11i 4dr ill ,.,u, ;,r csnlu., :,' 

iiu0J~p~iiy * ,riem %,for ntirri1 r u i - p mid 

-. n n ukbla inIils. antitl1,,t A !si%1 ic:r 1ih!) ('&% 

And Irrrdit lli ieloltltv-

Soil olllarngelcrlt, paltl uiaily clfcJ ,i ,I'i4'lt 

fcer t I TlICacl l stxf.in Ie(cnlsrg inC.reasing 

attention as a way to manipulate water use, 
reduce soil erosion, increase yields, and control 
weeds. 

We will monitor tile on-farm performance of 
wheeled tool carriers- -three manufacturers' 
models are now in use -to ensure quality and to 
provide feedback from users to manufacturers. 
[his will also help us in modifyingand designing 

farn implements. 
We and the kroundnut microbiologists will 

collaborate o dilsigning a rhiiobia applicator 

with a carrier suspended ill water in equipment 
that caln be attached to machinery farmers now 
ue. 

Studies that seek to exploit t lie natural compe
itiveness (if crops or cropping systems will 

receive gi cater emphasis. Ilcrbicide use for spe
cific situalions, suchas rainy-season cropping on 
deep Vetisols, will alsocontinue to be .xploted. 

Weed imcatrch .ill he stlcngthened to dvelop
 
r;inaiucinit techniques for diffictut-to-control
 
k, ceds like (C'ipn',o rtlunindni and Ct olonr 

i!, t/Vh 
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Assessment of Deep 

Vertisol Technology Options 

Research began at ICRISAT Center, Patan-

cheru, in 1974 on operational-scale, deep Ver-

tisol watersheds of Ito 5 hectares to enable crops 

to be profitably grown in both the rainy and 

postrainy seasons. The traditional practice in 

assured rainfall (>750 mm) zones with deep Ver-

tisols in India is to fallow the land in the rainy 

season and grow crops like sorghum, chickpea, 

and wheat only in the postrainy season on resid-

ual moisture. The extent of such rainy season 

fallowing, not precisely known, is estimated at 5 

to 12 milli,-.. i,ectares. Results of research at 

ICRISAT Center reported last year (ICRISAT 
28 7

Annual Report 1981. pp. -2 9 6 ) suggested that 

the following technology options would produce 

crops during the former fallow period: 

" 	 cultivating the land immediately afterthe pre-
vious postrainy season crop before the soil 

hardens; 

" 	 improving drainage by smoothing land and 

installing field and community drainage 

channels and using graded broadbeds and 
furrows, all designed with theaid ofadetailed 
topographical survey; 

rains
dry seeding crops before the monsoon" 
arrive; 

" 	 using improved seeds and moderate amounts 

of fertilizers; 

improving placement of seeds and fertilizers" 
for better crop stands; and 

improving plant protection, particularly of 
legume crops. 

To verify whether the experience we had at 

ICRISAT Center and in cooperative research 

with Indian institutions could be replicated in 

farmers' fields, we and colleagues in the Farming 

Systems Research Program early in 1981 

initiated an on-farm verification experiment in 

Taddanpally village, 42 km northwest of ICRI-

SAT (Ryan et al. 1982). The village, in Medak 

District near Sangareddy, *s representative of 

the rainy-season fallow, dt ep Vertisol region 

with assured rainfall. We cl-ose for the experi

ment a small ,itershed of 15 42 hectares involv

ing 14 farmers. 
Because the Taddanpally ,.xperiment was as 

much a test of the ability of the delivery systems 

to support the demands the improved technol

ogy options require, as it was of the technical and 

economic performance of the options, we tried 

to keep subsidies to the minimum and encour

aged farmers to use existingsources of creditand 

supplies. Officers of the Andhra Pradesh 

Department of Agriculture, the All India Coor

dinated Research Project for Dryland Agricul

ture, the Andhra Pradesh Agricultural 

University, and ICRISAT all were involved. 

The elements provided free to the 14 farmers 

which they normally would pay for in full or in 

part were: 

e 	 use of wheeled tool carriers (2) and the 

improved implements that accompany them; 

9 	 construction of a main drainage channel serv
ing the whole watershed; 

* use of power sprayers

9 	 surveying the watershed; 

9 	 rodent control. 

Fertilizers, seeds, pesticides, petrol, hired 

labor, and bullocks had to be provided or paid 

for by the cooperating farmers with either cash 

or credit. The Department of Agriculture, with 

the occasional assistance of ICRISAT, ensured 
the timely availability of those elements in Tad

danpally village or in Sangareddy, some 13 km 

away. ICRISAT also provided intensive scien

tific and technical guidance. 
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1h''p I ertisols are hard to plow when dry, and farmers often put tearns of bullocks together to provide the 

nee.saryv power for plowing each other's fields. The new technology requires thatfarmers cooperate, but offer.., 

thenz gains in return. 

Extensive discussions were held with the 

farmers of Taddanpally to ensure cooperation; 

and they visited ICR;SAT several times to 

become familiar with the technology options, 

We think those two factors were keys toconvinc-

ing farmers both of our good intentions and of 

the technology's potential, 
ICR ISAT's guarantee that participating 

wouldfarmers would earn no less than they 
expect from crops under traditional manage-

ment helped obtain their cooperation. In that 

connection, as wecll as for "control" data, we 

monitored inputs, outputs on nearby plots 

selected as representative of traditionalcropping 
patterns, 

Soil conservation engineers from ICRISAT 

and the Andhra Pradesh Department of Agri-

culture surveyed the land and planned the 

watershed, leaving existing property boundaries 

in place. TI~e farmers smoothed the land and 

made the drainageways designed in their own 

plots, using their animals and equipment. But 

they used one of the two provided tool carriers 

behind their bullocks for most other operations. 

WVeak animals and hard soils presented sonic 

difficulties with seedbed preparation. 
Development operationse xcluding construc

tion of themain drainand surv'eying, involved 2 4 

bullock pair hours/ha and 31 man hours/ha. 
The farmers were not willing to work collec

tively to install the necessary community drains 

to connect the watershed and the existing main 

drainage system, so the watershed did not drain 

properly during the very heavy, early rains, and 

lower parts of some fields flooded. After the 

farmers saw the flooding and recognized poten

tial production losses to the emerging rainy

season crops, we persuaded them to help 
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construct the community drains. The Andhra compared with Rs. 1625/ha from traditional 

Pradesh Department of Agriculture paid for the systems (dominated by rainy-season fallow and 

labor to put the community drains in place. postrainy-season sorghum). The improved sys-

Total costs of developing the watershed were tems involved an additional operating expendi

modest (Rs. 254 per hectare), somewhat less ture of Rs. 588/ ha, but they generated .ncreased 

than the Rs. 300 to Rs. 1100 per hectare needed average profits of Rs. 1434/ ha. Those data show 

to develop small watersheds in other village a 244% rate of return on the added expenditure, 
situations. Details ofdevelopment expenditures confirming the experience at ICRISAT Center 
in Taddanpally are given in Table I. (25C%), and giving us confidence about the tech-

ICRISAT and the other research ageihcies nology options on village farms. 
recommended a range of suitable crops, but the During the Taddanpally experiment several 
farmers made their own choices. The 14 farmers policy issues aiose, and require attention before 

chose nine crop combinations including those of our technology options can be regarded as a real 

one fariier who decided not to change his old potential. ICRISAT scientists have been actively 
ways. With one exception the crops did involved in dialogues with policy makers to 

extremely well and far exceeded anything else in ensure that the issues are addressed-a prerequi
the vicinity. Not surprisingly, some new prob- site for rapid transfer of technology. Major 
lems such as Striga weed developed. And as issues are as follows. 
predicted, threshing-sometimes with uncon- * Bullock power may be a problem for small 
ventional mechanization-and storage were farmers who may require loans for custom 
problems, particularly because the year was so hiring or purchase. 
wet (total rainfall 871 mm; September 241 mm) 
that sorghum heads did not diy in the field. 9 Special government programs may be neces-
Ineffective control of pod borer on pigeonpeas sary to construct community drainage when 
led to substantially reduced yields, 500 kg/ha farmers do not agree to cooperate and con
instead of 1300 kg/ha estimated at the early struct with their own or borrowed resources. 

podding stage. 0 Markets may be needed for new crops in the 
Despite those problems the technology improved system. 

options performed extremely well (Fig. 1). Aver
aged over the nine cropping systems on the 0 Credit schemes and additional bank offices 

improved watershed, profits were Rs. 3059/ha, enabling purchase and custom-hiring of 
wheeled tool carriers should be available. 
Their density in the deep Vertisol regions of 

Table I. Development costs of Taddanpally watershed. Andhra Pradesh is far less than in most other 
states. 

Cost 
ALtivity (Rs/ha) e Farmers should not be required to repay rainy 

Surveying' 50 season loans before receiving loans for post-
Land smoothing 9 rainy season crops as that delays essential 
Broadbed-and-furrow system 92 operations; one annual loan should be nego-
Private drain construction 8 tiated with t4o or more disbursements. 
Rodent control' 7 
Main drain construction and planting of 88 * More fertilizer, plant protection, and chemi

Soo-babul trees 	 cal distribution centeis are a major need. 

T 	National research and extension staff must be 
trained in the basic components of the tech

i. Borne by the Andhra Pradesh Department of Agri- nology so they can modify and adapt it to 
culture; other costs borne by farmers, local situations; perhaps the Training and 
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Visit (T and V) system could be effectively Perceptions on the adequacy of field drainage 

in the past differed sharply between continuing
used. 

participants and dropouts. Participants viewed 
project was

The relative success of theTaddanpallyexper" 	 poor field drainage (before the 
initiated) as a constraint to rainy-season crop

iment led to a further experimental area in 
ping; the dropouts said drainage was nota prob

adjoining Sultanpur village in 1982/83. It 

involves 17 farn'ers and a watershed of 35.2 	 lem. The participants' perception likely 

magnified for them the potential of the improved
hectares. 


Because only 6 of the orig~nal 14 farmers in technology to increase productivity. 

decided to continue Even the participants believed that other con-
Taddanpally in 1981/82 

straints were equally or more important than
participating in the project in 1982/83, Sarin and 

Walker (1982, Economics Program piogress field drainage. Striga in sorghum and pod borer 

report 44) studied perceptions of the 14 farmers in pigeonpeas were cited by all farmers as persist

with the ent yield reducers in rainy-season cropping.
regarding their 1981/82 experiences 

Uncertain control of those two pests made
technology options. 
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Since July 1975 we have posted resident inves-

tigators in the three "older" villages of Aurepalle 

(Mahbubnagar District), Shirapur (Sholapur), 

and Kanzara (Akola). In early 1980 we initiated 

Village-Level Studies in Gujarat to focus on an 

important groundnut- and pearl millet-

In 1981 we started Village-producing region. 
aLevel Studies in Madhya Pradesh to cover 

rainfall-assured environment where we think the 

deep Vertisol technology options are promising. 
The studies inGujarat and Madhya Pradesh are 

carried out in collaboration with state agricultu

ral universities. 

Traditional Farming Systems in Gujarat 

Jointly with collaborators from Gujarat Agri-

cultural University, we described (Singh and 

Singh 1982, Fconomics lPrugram progress 

rcport 35) so.ne of the salient agronomic and 
vil-socioeconomic features of the two (ujaait 

lages, Rainpura and Boriya. 'lhey differ 

markedly in social organiiation, access to irriga-

tion, institutions, and economic dynamism. 

Boriya. with less access to well irrigation, has a 

widerarray of cropping systens than the"older" 

study villages in Andhra P'radesh and Maha. 

rashtra. Livestock contribute heavi'y to house

hold income in both villages in Gujarat. Our 

initial findings suggest that the two Gujarat vii

lages offer fruitful sites to study groundnut aud 

pearl millet production, improved components 

in intercropping systems, crop x livestock inte,

actions, and the role of social dynamics in rural 

transformation. 

The Economics of Slowly Improving 
Crops 

Using plot and crop data from six VI.S villages, 
we evaluated constraints to increasing tie pro

duction of slowly improving crops (Jodha and 

Singh 1982) defined as crops whose production 

in recent years has not kept pace with 

expectations--sorghum, pearl millet, piyeonpca, 

and other pulses. In general they arechickpea, 
produced by poor fatrmers, arc ol low value, and 

are usually consumed by poor consumers. Corn

pared with superior cercals and c, Ii crop',, the 

slowly improving crops are woe capable of sur

viving on a proor resource base. 
I)ata in [Fable 3 ,how the pomerty of their 

resource base. Super'.)r celc:&l, like rice and 

wheat garner most of the rcsoiir ccs. Percentage 

illage

Table 3. Percentage% of total area devoted to crops receiving Irrigation, fertlinier, and manure in six VIS 

Inthree regions. 

Crop 

Sorghum 
P'ulscs 
('oarsc cereal-based mixtures 
Ptlse-b'iscd mixtures 

Paddy' 
Weiat? 
(rotnd run and mixtures 
('ollon and riiixlrl(+c 

Sugatcam 

Vegeta bks 


A 
lrri,ation 

:; I A 
i C1liter 

S M A 
Manure 

S N1 

0 
I 
I 

8 
5 
6 

4 
( 
0 

0 
0 
6 

3 
0 
3 

17 
4 
0 

0 
" 
2 

7 
4 

14 

0 
8 
6 

8 2 -. 7 I - 0 0 

0 
91 

6 

17 
82 
29 

100 
100 
94 

23 
91 
21 

35 
31, 
20 

96 
0 

74 

12 
0 

30 

I 
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10 

32 
0 
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2 -

IO , 
19 

-

-

56 
- 6 

34 -

49 93 3 32 47 2ei 35 19 8 
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shares of irrigation, fertilizer, and manure allo-

cated to coarse cereals, pulses, and their mix-

tures are disproportionately low. 

We see no easy or immediate solutions to the 

above constraints. One answer is investments in 

the development and transfer of low-cost tech-

nology; divcrsilying demand is another. Increas-

ing the total vvaila'oility of purchased inputs 

would reheve !he resource "starvation" of coarse 

grains aad piil,:es. 

Size . 2Composition 

of Rural 'AA mie 


The lev :1.rd distribution of income strongly 

influence hoth x0,'it tclinoloicis farmers adopt 

and how fast t:,y) , pread, which, in turn. condi-

tion the siic aod dist!' ution of incomes. We 

studied rUral iicoit1,- six SAT villages of India 

(Singh, Asok,:ii% and W;,Iker 1982, Economics 

Program progress report 33). 

lhe L'iningand socioeconomic .:ctiviticsofa 

parnil of 40 households have been monitored in 

each village starting in 1975. The panel is from a 

random stratified sample of small-, medium-, 

and large-sied farning and landlcs,!-labor 
once ahouseholds. Multiple interviews (at Last 

month) by a resident village investigator 

enhance the reliability of the household-ir.come 
data.
 

Ritral incomes are ctima'ed for three cro1;

ping years. 1975/76 to 1977/78, for Kaniara, 

Shiraplr, Aurepallc, and l)okur; and for two 

cropping cats, 1975/ 76 and 1970/ 77, for Kink-

hced. and Kalman. I he income concept used is 

net houchohl income, which represents returns 
to tinily labor, owned bullocks. owned capital, 

owned land, and maiagecent. Income and 
and nonfat i activitiesexpcnws Irom bot h tarm 

arc comidcrcd in etinmating net houschold 

iicole 
Rural inc.me ;sexti emely low in he six vil-

'Ilie per capit.1lay,,'. mcdian atnnual income 

avcrag,ed across the six villages was only Rs. 373 
(U.S. $412 in 1977 prices). I he all-village mean 

per capita income if I(%. 483 was less than half 

tei all.India per capita income Its. 1080 for 
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1977. Only about 8% of the 240 sampled house

holds had per capita incomes above U.S. $150 

and only one household had a net income super

ior to U.S. $2500, during any one of the three 

cropping years. 
When we divide the 240 households in the six 

villages into their respective farm-size groups 

(Table 4), the all-village median per capita 

income estimates are surprisingly close for the 

first three farm-size classes. But large-farm 
160% thanhouseholds received about more 

landless-labor, small-farm, and medium-farm 
households. Because larger farms were assc

with larger families, income differencesciated 
between farm-size classes were much sharper for 

household than for per capita comparisons. 

Most of the households derived their income 

from cropping activities and/or hiring out their 

laLor, mainly in each village's casual agricultural 

labor market (Table 5). Contributions made by 

crop production and labor to net household 

income were roughly the same across the six 

villages. Labor income was not restricted to 

landless households. The average income shares 

supplied by labor earnings to gross household 
13% for small-,income were 40, 26, and 

medium-, and large-farm size classes. Other 

of income were somewhat important insources 
some villages but not in others. 

Table 4. Median net per capita annual Income (in 

rupees)' by household size group In six SAT villages 

of India. 

Landless Household class 

Village labor Small Medium Large
 

Aurepalle 231 226 340 753 
306 575l)okur 421 461 

Shirapur 320 439 392 449 

Kalnan 195 319 307 281 

45 409 406 747Kaniara 
Kinkheda 380 416 410 543 

All- ilksg avrage 32) 328 367 540 

i. 	the simple average of the median estimates for the threr 

cropping years. 
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Table 5. Composition (in %)of net household Income by source In six SAT villages of India.
 

Village 

Aurepalle 
Dokur 
Shirapur 
Kalman 
Kanzara 
Kinkheda 

All-village average 3 

Income sources 

Crops Labor' 
Trade and 
handicraft Rental Livestock2 Others 

29.8 
46.1 
33.7 
46.0 
43.9 
43.4 

32.8 
46.3 
42.6 
42.1 
38.7 
408 

11.6 
1.1 
0.2 
4.1 
2.6 
5.3 

-0.8 
2.2 
2.2 
4.4 
1.5 
0.6 

25.5 
2.0 

15.0 
0.8 
9.0 

13.1 

1.1 
2.3 
6.3 
2.6 
4.3 
-3.2 

40.6 40.6 3.9 1.6 10.9 2.4 

i. 	Labor income includes the value of labor used for crop production and livestock maintenance as an indirect contribution 

to income from family labor. 
2. 	Livestock income includes the value of owned bullock labor used on own farm as an indirect contribution to livestock income. 

not adjusted for sampling fractions between landless laborers and cultivator 
3. Unweighted values because the estimates are 

households ineach village. 

Women contribute heavily to household labor 

income (Tabie 6). Their share in labor income 

varies considerably by village and region. In the 

irrigated paddy village of Dokur, a strong 

demand for female labor leads to higher proba-

bilities of employment aad higher wages there 

than in the other five villages. In Aurepalle, 

lahor market participation for males is 

extremely low. Women play a relatively less 

important role as contributors to household 

labor income in the four more-northern villages 

in Madh.wrashtra. 
The ,wro s-village income comparisols par-

tially confirm what other studies have suggested 

are powerful determinants of income in SAT 

India: how the agricultural labor market func-

tions, the quality of resource base. and access to 

more productive cropping technologies, 
Low incomes, especially for small- and 

medium-sized farm households, magnify the 

lack of access to credit, a constraint to adopting 

improved technologies, particularly indivisible 

technologies. Our results emphasize the need to 

understand the workings of rural 	 financial 

markets in SAT India. They also reflect the con-

sequences of underinvestment in 	 dryland 

agriculture, 

Determinants of Rural 
Villagers' Wages 

There are few empirical estimaL" in developing 

countries of labor-supply responses by rural vil

lagers to changes in daily wages. Knowledge of 

the determinants of wages and effects of wage 
and farm workvariations on market 

participation decisions is essential to assess 

likely ronsequences on employment and wages 

of technological change that increases the 

demand for labor. 
During 1982 we used 1975-78 data (from 

ICRISAT's Village-Level Studies) to determine 

whether individual human capital attributes and 

such demand factors as nutiitional status, 

health, socioeconomic status, season, and type 

of agroclimatic reg:,,n affect wages rural labor

ers receive (Ryan 1982, Economics Program 

progress report 38) During the 1975-78 study 

period, men's wages averaged Rs. 3.16 per day 

(U.S. $0.40), 70% higher than the Rs. 1.78 (U.S. 

$0.23) paid women. Wage functions were fitted 

separately for men and women and the derived 

elasticities of wages with respect to changes in 

the explanatory variables are shown in Table 7. 



Table 6. Family contributions to labor income (rupees) 
in six SAT villages of India. 

Family member category 

Men Women Children Total
Village' 

32_ 244_ 
___________58_154_ 

58 l54 	 32 244Aurepallc (24)" (63) (13) 

15 819235 569Dokur 
(29) 	 (69) (2) 

48 739507 184Shirapur 
(69) (25) 	 (6) 

351 134 	 35 520Kalman 
(67) (26) 	 (7) 

574(an0ara 328 	 46 948 
(60) (35) 	 (5) 

Kinkheda 355 257 25 637 
(56) (40) 	 (4) 

All-village average 346 279 34 659 
(53) (42) 	 (5) 

. U nweighted values because the estimates are not adjusted 
for sampling fractions betveen landless laborand cultiva-
tor households in each village. 

l ures inparentheses are pcrcentages of total labor income. 

Human capital variables such as age, educa-

tion, experience, skill, and physical and nutri-
tin xeinekladSkill 

important in explaining
tional well-being were 

men in the daily labor 
variatlons inwages paid 

market in the six villages of south India. Con

recent studies 
trary to assumptions from many 

on tenancy contracts in developing countries,
b aExcessctt 

t men may be paid a wage 
o s tennc 
our results suggest tal 
premium for abor and management skills. Indi-

vidual human capital attributes were less impor-

tant than such demand factors as type of seasoti, 
and presence of nearby

village characteristics, 
public works projects in explaining iwoallwomen's 

wages. That women are generally less geographi-

cally mobile than men hclp. explain the signifi-

demand in forming their wagecance of local 

raies. 


Villagers' Wages 319 

If men remain occupationally immobile, 
investments in imoroving nutrition appear to 
give a higher immediate payoff than investments 

in improving 	 their education. Only if this 

increased education leads to a change in the type 

men seek employment
of labor market where 
would more education likely return more than 

imrroved nutrition. But new agricultural tech

nology in the villages putting a premium on 

education could increase rates of return to edu
cation. Now the return does not exceed 2.5% for 

women who 
men, and is less than 0.6% for 

remain in the villages' daily labor markets. 

The returns (higi.er wages) to improved nutri

tion of men being as high as our weight/ height 

elasticity indicates, aid virtually nonexistent for 

women, would provide an economic rationaliza

tion for men generally receiving priority when 

food supplies are distributed at meals. Frequent 

failure of special nutrition programs, aimed at 
groups as presuch nutritionally vulnerable 

and lactatingschool children and pregnant 

women, may stem from the added food supplies 

Table 7. Elasticities of wages for males and females.' 

Wage elasticity 

Males FemalesIndicated factor 

0.06** 0.02Age 

0.05** 0.004


Education 
0.51"* -0.01

Weight/ height index I11.10'* 5.90dummy 0.70 -0.40
Experience dummy 

-42.90" -6.70"
Disability dummy 

0.08 0.09**
Foodgrain price index 

0.02** 0.02**
Proportion of kind wages 

-0.05 -0.12"*rainfall 
0.02 0.1 I**Government project intensity 

If not household head (dummy) -5.90* -1.60 

Peak-season dummy 0.50 3.0* 

i. For dummy variables the number inthe table refers to the 

percentage change in wages generated by the dummy. For 
other variables the elasticity isgiven at the arithmetic 

mean of the variable. Inaddition to variables shown inthe 

we included dummy variables representing eachtable, 

(village by year) interaction. Twelve of the 18 were signif

icant in both equations (not shown).
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going to male household members to generate 
increased income. If so, special targeted nutri-
tion programs mthy not succeed until they 
include adult males. The parameters derived in 
this study may 'ie used !omeasure productivity 
effects of improving the physical and nutritional 
well-being of adult males in an integrated pro-
gram. Including males might significantly 
enhance benefit-cost ratios of the programs, 
while ensuring that vulnerable groups receive the 
nutritional benefits intended. 

Risk inIndia's 


Semi-Arid Tropics 

This past year we finished several studies that let 
us analyze diverse dimensions of risk in SAT 
India. In the 1977/78 ICRISAT Annual Report 
(pp. 235-237), we presented initial findings on an 
experimental approach to measure the extent 
and distribution of risk aversion among SAT 
households. The experimental approach has 
given good results and two follow-up studies 
reported here have extended the earlier estimates 
in two significant directions. The studies are now 
completed, which ends our research on risk atti-
tudes in India's SAT. 

The other four studies reported here share a 
common objective of empirically documenting 
sources of risk in SAT agriculture. Such research 
lays the foundation for evaluating impacts of 
institutional and technological policies on pro-

duction and consumption instability. 

Risk Attitudes 
and Production Decisions 

This research was to determine whether risk 
attitudes-measured with experimental 
games-could account for variation in the 
actions of VLS respondents when they faced 
several "risky" decisions (Binswangeret al. 1982, 
Economics Program progress report 42). The 
decisions ranged from investing in fertilizer and 
irrigation to choosing strategies relating to fal-

low land and sowing time. Differences in risk 
aversion markedly influenced some agricultural 
decisions. Farmer-to-farmer differences in risk 
aversion were significant determinants in invest
ing in irrigation, accumulating wealth, and fal
lowing lands. Farmers less averse to risk also 
applied more fertilizer per hectare and took 
more chances on sowing with unseasonal early 
rains but not significantly (P < 0.05) more than 
their more risk-averse neighbors. 

The results show that measured attitudes 
toward risk revealed by real gambling decisions 
have operational significance on agricultural 
decisions. Still, farmer-to-farmer variation in 

risk aversion does not explain a lare proportion 
of variation in agricultural decisions in and 
across SAT villages. The effects of differential 
risk aversion on using fertilizer and fallowing are 
overwhelmed by differences in agroclimatic and 
ether regional endowments, and by differences 
in wealth, experience with fertilizers, and irriga
tion intensity. When differences in both risk 
aversion and education significantly influenced 
agricultural decisions, their impacts were about 
equal. 

The foregoing does not imply that variations 
in risk among production techniques or across 
agroclimatic regions are unimportant. Our ear
lier research showed the vast majority of farmers 
moderately averse to risk and. therefore, likely 
to respond rather similarly and significantly to 
differences in risk. 

Theoretical Implications of 
Experimental Evidence on 

Farmer Attitudes Toward Risk 

our research on risk attitudes byWe completed 
considering what the results from experimental 
measurement implied for theories of behavior 
under uncertainty (Binswanget 1981). We tested 
hypotheses on the impact of changes in house
hold wealth and income and in tile size of re;. 
gambling games on levels of risk aversi- a. We 
found that responses of participants in the 
experimental games were inconsistent 'ith pre
dictions from security-based decision theories 



featuring minimum probability levels of achiev-
target levels of income. Theing threshold or 

made participantsexperimental choices by 
agreed with the hypothesis that decision makers 

evaluate alternatives from a perspective of gains 

and losses rather than from final states of wealth. 

This contradicts the conventional expected util-

ity theory. 
onOur experimental work risk attitudes in 


India's SAT has been replicated in studies in 


and Central America, which
Southeast Asia 

confirm our earlier results in India's SAT. 


Regional Effects 

RegS aion Ptio-i 

of Stabilization Policies 


to farmers'Government attempts stabilize 
income through price support or crop insurance 

programs often are advocated on the basis of 

potential efficiency and equity impacts on poor 

farmers. To be effective, stabilization policies 

must reduce income variability, particularly 

among poor farmers who tend to be concen-

trated in disadvantaged agroclimatic zones such 

as India's SAT. 
In this study, we analyzed the extent that 

potential benefits from stabilization policies 

differ according to agroclimatic and develop-
of the different regionsment characteristics 

(Barah and Binswanger 1982, Economics Pro-

gram progress report 37). We measured the vari-

ability of total crop revenue per hectare of gross 
93 districts in four SATcropped area across 

states of India with cropping-year data from 

1956/57 to 1974/75. By simple covariance tech-

niques, we partitioned the variability into price, 

yield, and yield x price interaction components. 

Then we made interregional comparisons of the 

potential impacts of price or yield stabilization 

policies on total revenue variability, 
We divided the 93 districts into three annual 

rainfall and irrigation groups, then classified the 
where rainfall exceeded 15005 districts 

mm/year as humid tropical, and grouped the 
into 62 nonirrigatedremaining 88 districts 

(NSAT) districts and 26 irrigated (ISAT) 
of grossdistricts-less or more than 25% 


cropped area irrigated. 
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Information on the strength of yield, price, 

and yield x price interaction effects in determin

ing gross revenue variability is summarized in 

Figure 3.The overall yield and price components 

are plotted on the vertical and horizontal axes, 

respectively. The yield x price interaction is mea

sur.d as the horizontal or vertical distance 

between the point and the line (100,100). Most of 

the NSAT and ISAT districts had negative yield 

x price interaction terms, which indicates that 

the full impact of fluctuations in yields and pri

ces is not transmitted to farm income. 

The relative importance of yield versus price 
risk is measured by each di3trict's relative posi

to line OA. For points above the line, the 

yield component exceeds the price component; 

the reverse is true for points below OA. For 50 of 

the 62 NSAT districts the yield component was 

markedly larger than the price component. But 

for 21 of the 26 ISAT districts, the pric.: compo

nent exceeded the yield component, and it was 

much higher in many ISAT districts. The price 

component exceeded the yield component in all 

five of the humid tropical districts. 
Clearly, the predominant risk is yield variabil

ity for the 62 NSAT districts, but it is price 
ISAT and the 5 humidvariability for the 26 


tropical districts.
 
Complete stabilization of all prices would 

reduce the price and the yield x price interaction 
The remaining variabilitycomponents to zero. 


then would equal the yield component. For the
 

20 districts above the horizontal line at the 100
 

level (where the yield component exceeds 100%
 

of the explained variation), complete price sta

bilization would increase the revenue risk; 18 of
 

the 20 are from the poorer NSAT and would be
 

hurt by complete price stabilization. But com
revenueplete price stabilization would reduce 

risk for most districts, and would exceed 1/3 of 

the explained variation for 51 of the 93 districts. 

The major beneficiaries of reduced price vari

would be farmers in the agriculturallyability 
most advanced districts. For example, West 

Godavari in Andhra Pradesh, the district with 

the largest impact from price stabilization (No. 

47 in Fig.3), also had the highest revenue per 

hectare (Rs. 3483). 
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Normally, governments attempt to stabilize 
prices only for a few agricultural commodities. 
Similarly, crop insurance schemes normally are 
restricted to individual crops. Perfect rice-price 
stabilization would reduce revenue variability in 
the irrigated SAT by 25% (Table 8), but its 
impact would be uneven. Some districts would 
experience large reductions in variability, while 
rcvcnuc variability would increase in others. 
Benefits to the poorer NSAT would be exceed-

ingly minor. In contrast, the NSAT districts as a 
group would benefit more than the ISAT dis
tricts from a crop insurance scheme for rice 
aimed at yield stabilization (Table 8). That is 
because many NSAT districts still have fairly 
large rice areas. And the rice yields vary widely 
because rice is either r3infed (in high-rainfall 
districts) or irrigated from such relatively unreli
able water sources as small reservoirs or wells 
that depend primarily on local rainfall. 

Group Rainfall Irrigation 

x NSAT 500-1500 mm <'25% 

* 	 ISAT 500-1500 mm > 25% 
A

160 0 Humid > 1500 mm 
tropics 

35x 68 	 3 70 

140 21 18 1 

33 x67 
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Figure 3. Overall yield component versus overall price component from 93 Indian districts classified by rainfall. 
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8. Average effects of stabilization policies targeted to dominant crops in regions with high-
Table 	 est yield risks. Still our analysis does not fully 
across India's SAT districts. 

endorse crop insurance. Potential benefits of 
Stabilization Non- All such yield stabilization policies must be weighed 

their costs, 	 including administrativepolicy irrigated Irrigated districts against 

(Change ingross revenue variability in%) costs. 

Rice price -2.71 -25.35 -11.30 
Risk and Common Cropping SystemsRice yield -13.12 -10.62 -10.72 

Sorghum price -9.38 -5.07 -7.47 
-2.87 -11.11 Objectives of this research were: (a) to explain

Sorghum yield -15.21 
sources of yield variation in cropping systems 
commonly practiced in the ICRISAT VLS; (b) 
to test hypotheses on the shape of yield- and 

net-return distributions; and (c) to derive impli-
Sorghum prier stabilization and sorghum 

cations for assessing risks in generating technol
crop insurance both would provide larger bene-

ogy (Walker 	and Subba Rao 1982, Economics
fits to the NSAT than to the ISAT (Table 8). 


Program progress report 41).
Perfect crop insurance for sorghum would 
The common village cropping systems span a

reduce revenue variability in the NSAT aa aver-
wide range of technology (Table 9). Some, like 

age 15%. few, if
In summary, our analysis suggests that price 	 postrain:-season sorghum systems, use 

any, improved inputs; others, like the irrigated
stabilization 	programs likely would not benefit 

paddy systems in Dokur, use inputs intensively
farmers in poorer SAT regions and would be 

dtrimental to some of them. Yield stabilization for higher yields. 

policies like insurance would more effectively Traditional inputs appear not to substitute for 
purchased inputs. For example, proportionallyproduce crop income stability in dryland SAT 
more plots in rainy-season irrigated paddy pro

districts. The potential benefits from crop insu-
duction in Dokur receive farmyard manure than 

rance would be greatest if programs could be 

Table 9. Technical description of common village cropping systems.
 

Input use, %of total plots
 

Inorganic Farmyard Improved No. of 

Village Cropping system fertilizer manure Pesticide cultivars plots 

1.2 	 1690.6 13.0 	 0Aurepalle' 	 Cereal-pulse intercrop 
3.4 24.8 10.2 -3 177Sole castor 

Dokur 2 Rainy season IIYV paddy 87.8 43.5 4.2 100 237 
1.3 100 76Postrainy season liYV paddy 94.7 1.3 

406
Shirapur 2 Postrainy season sorghuia 0.8 2.2 0 0 

2.9 0 0 486 
Kalman2 	 Postrainy s,.,son s,3rghutn 1.9 

190
Kanzara' 	 Cotton intercrop 1 14.0 5.0 0 0 

Cotton intercrop 2 37.0 8.0 8.0 0 98 
100 78

IIYV sorghum 	 60.0 1.0 46.0 

i. Based on data for cropping years 1975/76 to 198081. 
2. Based on data for cropping years 1975/76 to 1979/80. 

Data were not collected on castor cultivar use before 198 1. Many farmers have adopted improved castor varieties, and some 
.
 

use high-yielding hybrids from Gujarat when seed isavailable.
 



Table 10. Descriptive statistics for grain yield' and net returns 2 in common village cropping systems. 
YieldNet return

Yield 
Crop components in 

intercropping Mean Range Skewness Mean Range Skewness 
Village Cropping system systems (kg/ha) (Rs/ha) 

Aurepalle Cereal/pulse intercrop 	 Sorghum 201 0- 539 0.03 
Pearl millet 124 0- 412 0.6500 387 -211-1207 0.06 

Pigeonpea 27 0- 239 5.30** 
256 0- 889 1.07"* 404 -292-1660 !.26"*Castor 

Dokur Rainy season paddy 2906 0-5693 0.24 1582 -759-4734 0.27 
3332 949-5219 0.29 1564 -492-3756 0.03Postrainy season paddy 
225 0-1384 3.44"* 332 -215-2152 2.83"*Shirapur Postrainy season sorghum 

3.68*0 323 -409-1404 1.22"*Kalman Postrminy season sorghum 	 199 0-1183 
Kanzara Cotton intercrop I 	 Cotton 135 5- 368 0.31 

Pigeonpea 40 0- 213 4.57*0 503 - 79-1695 0.5900 

Sorghum 36 0- 260 5.09-* 
Cotton intercrop 2 Cotton 178 30- 529 1.24"* 592 - 84-2059 2.070* 

Pigeonpea 59 0- 192 0.920* 
Hybrid sorghum 871 0-2649 0.16 641 -683-2116 0.02 

1 Both yield and net return data have been adjusted for significant farmer effects.
 
. Net returns to family labor, owned draft power, land, capital, and management.
 



plots of traditional crops in the other villages, 
Postrainy-season sorghum production is 
resource impoverished in both traditional and 
improved inputs, 

The cropping systems can be grouped into 
three types based on use of improved inputs, 
particularly inorganic fertilizer: (a) traditional, 
(b) semiimproved, and (c)improved. Traditional 
cropping systems embrace the rainy-season 
cereal/pulse intercrop and sole-cropped castor 
in Aurepalle and the postrainy-season sorghum 
systems in Shirapurand Kalman. Semiimproved 
applies to both cotton intercrop systems in Kan-
zara, although the cotton/ pigeonpea intercrop 
uses more inorganic fertilizer than the more tra-
ditional cotton /sorghum/pigeonpea intercrop, 
The improved systems encompass the irrigated 
paddy systems in Dokur and the rainy-season 
hybrid sorghum in Kanzara. 

Sources of yield variation were quantified by 
regression analysis. Agroclimatic variability sig
nificantly explained yield variation in the nine 
cropping systems and in most of their compo
nents. Farmer-to-farmer differences were pro-
portionally more important in determining yield 
in the improved cropping systems. The absence 
of significant farmer-to-farmer differences on 
yield determination in the traditional cropping 
systems implies that reshuffling practices and 
inputs will not increase productivity. To increase 
productivity, new technological componeats 
must be generated. Soil variation in each village 
accounted for a good share of yield variation of 
postrainy-season sorghum in Shirapur and 
Kalman. 

In general, both yield and net-return distribu-
tions in traditional and semiimproved cropping 
systems were positively skewed, while the 
improved cropping systems had normally dis-
tributed yields and net returns (Table 10). Inter-
cropping that generates multiple crop products, 
and a high-fertility, rainfall-assured production 
environment lead to normal yield- and net-
return distributions. 

The assumption of distributions beingnormal 
made by mean variance analysis and other 
methods commonly used to evaluate risky choi-
ces may not be unduly restrictive for improved 
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cropping systems and traditional intercrops. The 
cotton intercropping systems appear to be an 
exception, but both traditional and improved 
systems are dominated by cotton as it contrib
utes 70 and 80% to the total value of their 
production. 

Soil environment's role in conditioning the 
shape of yield- and net-return distributions is 
clearly illustrated in Table II with production 
data for postrainy-season sorgham in Shirapur 
and Kalman villages. Skewness ir yields and net 
returns increases as soils become t;hallower and 
less productive. Returns are still positively 
skewed on deep Vertisols but when soil variabil
ity isomitted, skewness isnot nearly so severe as 
conveyed in Table 10. 

When practitioners assess risk in traditional 
and improved sole-cropped systems, it is likely 
that the shape of the two distributions will differ. 
Conventional risk management analysis, based 

Table !1. Descriptive statistics on yield and net return 
distributions of postrainy-season sorghum cultivated 
on indicated soil types in Shirapur and Kalman. 

Descriptive statistics Number of 
Soil Median Skewness observations 
SoilMedianSkewnessobservations 

Grain yield (kg/ha) 
Deep black 319 2.15** 95 
Medium black 190 2.77** 261 
Shallow black 127 5.73** 438 
Gravely and others 64 7.38** 98 

Fodder yield (kg/ha) 
Deep black 879 0.36 95 
Medium black 694 1.26* 261 
Shallow black 696 1.00* 438 
Gravely and others 468 0.72** 98 

Net returns to own 
reurs to own 

resources (Rs/ha) 
Deep black 475 1.280* 95 
Medium black 288 2.49*0 261 
Shallow black 237 3.61"* 438 
Gravely and others 117 4.32** 98 
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on the assumption of normality, will probably 
underestimate risk in switching from traditional 
to improved cropping systems when improved
system yields are normally distributed while tra
ditional yields are positively skewed. Our results 
indicate that skewness influences the choice of 
cropping system when the estimated skewness 
coefficient exceeds 2.00 for one cropping system 
while the other is normally distributed, 

Yield Instability 
and Supply Response 

Much of ICRISAT's crop improvement 
research focuses on incorporating disease, 
insect, and environmental stress resistances into 
breeding material to enhance yield stability. Will 
improved yield stability in and of itself induce 
farmers to plant more area to a crop? We 
extended our research on risk and common 
cropping systems to look at that question for 
rainy-season cropping strategies in Kanzara vil-
lage (Walker and Stbba Rao 1982, Economics 
Program progress report 43). 

When farmers substitute hybrid sorghum for 
competing local cotton/ pigeonpea/ sorghum 
systems, net crop income increases from Rs. 500 
to 640 per hectare (Table 10) but the CV of 
income also rises from 58 to 91%. At existing 
levels of farmer risk aversion, measured by real 
gambling games, risk is a potential deterrent to 

planting more hybrid sorghum in the black-soil, 
region of Maharashtra. The

cotton-growing 
underinvestment in hybrid sorghum production 
stemming from farmer risk aversion costs 
society equivalent to about 80 kg/ha (or 10% of 

average yield). 
Relying on a portfolio analysis, we parametri

cally reduced the CV of hybrid sorghum yield to 
determine how sensitive area-supply response 
was to increased yield stability. The results 
(Fig.4) indicate that breeding for stability should 
rcturn handsome dividends. A30% reduction in 
the CV of sorghum yield, holding mean yield 
constant, would lead to an initial 46% increase in 

are; planted to sorghum-the proportional 
increase from 0.28 to 0.41. The result isparticu-

larly encouraging because sorghum hybrids 
already have a fairly high yield potential. 

Crop Failure 

Little is known empirically about the impor
tance or determinants ofcrop failure in the semi
arid tropics. It is an extreme and transparent 
consequence of interacting agroclimatic, biolog
ical, and soil factors. 

We analyzed the field-level determinants of 
crop failure for 3805 plots cultivated by 180 
farmers in six ICRISAT study villages from 
1975/76 to 1977/78 (Singh and Walker 1982, 
Economics Program progress report 40). Sown 
fields not harvested (about 10% of the plots) 
were declared failures. The majority of such 
fields were in the drought-prone Sholapur 
region, where postrainy-season sorghum iscom
monly cultivated on Vertisols. The higher inci
dence of crop failure there limits the results to 
that region. 
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Figure 4. Supply response and yield stability of 
hybrid sorghum. 



We used .'probit modtl to quantify crop fail-

ure determinants. The strength of determinant 

effects can be evaluated wth the predicted pro-

babilities of crop failure rcported in Table 12. 

Deeper soil, irrigation, cropping in the postrainy 

season, and village location in a more assured 

production environment significantly dimin-

ished crop failures. Subtle agroclimaticdifferen-

ces in tile semi-arid tropics cause sharp 
of crop failure.differences in the incidence 

Across the six villages, estimated probabilities of 

crop failure ranged from 0.03 in Kinkheda to 

0.26 in Shirapur, yet over the three cropping 

years only about 100 mm more raint fell annually 

in Kinkheda than in Shirapur. Our farm-level 

results support base data studies that point to the 

high risks associated with rainy-season cropping 
in Vertisols in a low-rainfall environment. 

We used the estimated results to measure the 

quality and stability of the resource base across 

farm-size classes and land-tenancy groups. The 

results indicated that land quality of small 

farmers was inferior to that of large farmers in 

one village, superior in two villages, and did not 

differ significantly in the three other villages. 

Evidence strongly indicated that land quality of 

sharecropped plots was inferior to owner-

operated plots in the Sholapur region. 

Agricultural Marketing 
Research at ICRISAT on agricultural market-

ing aims not only to describe the marketing 

channels of ICRISAT crops and of their inputs 

but also to evaluate the potential for improving 

agricultural marketing as an engine for agricul-

tural development. Economic theory tells us that 

better agricultural marketing should increase 

aggregate productivity. To be able to guide pol-

icy makers regarding investments for improving 

market access, we measured the magnitude and 

time lag of tile factors involved. The results show 

that agricultural marketing is important in gen-

crating and allocating capital within agriculture 

and in other sectors of the economy. 
Work completed in 1982 reflects a wide spec-

trum of research in agricultural marketing. 
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There are descriptive studies on tile marketing of 

sorghum (von Oppen and Rao 1982) and of 

chickpea; a study quantifying the efficiency of 

market channels for ICRISAT crops in India 

(Rajn and von Oppen 1982, Economics Program 

progress report 32); an overview of various ana

lyses measuring the effect market access has on 

aggregate productivity (von Oppen, Rao, and 

Subba Rao 1982, Economics Program progress 

report forthcoming); and an interpretative 

review of past and ongoing research in agricultu

ral marketing in West Africa, with a view to 

explain the "extractive" role of agricultural mar

keting (llarriss 1982, Economics Program pro

gress report 31). 

Efficiency of Marketing
 
ICRISAT Crops
 

We studied the efficiency of market channels for 

ICRISAT crops in India by looking at market 

margirs and market costs, as well as price corre

lati i coefficients. Since past research gives only 

scanty information on market channels of ICRI-

SAT's crops, we studied some 29 markets in 

SAT India and chose 3 markets in Andhra Pra

desh for a detail-d comparative evaluation of 

marketing margins and price correlations. 

Average marketing and processing margins in 

those three markets range from 13% for pearl 

for sorghum, 21% for chickpea, andmillet, M"5 
22% for pigeonpea, to 26% for groundnuts. The 

lower the requirement for processing, the higher 

the share of the consumer's rupee the farmer 

receives. 
Weekly price correlations in the 29 study 

markets showed that sorghum, pearl millet, and 

groundnut prices were generally less associated 

than prices for pigeonpea and chickpea. That 

reinforces an earlier finding that grain pulse 

trade covers longer interregional distances than 

coarse grain or groundnut trade does. 
To test the sensitivity of correlation coeffi

cients as a measure of the efficiency of trade 

between two markets, we assumed that prices 

were arbitrarily fixed so during alternate weeks 

market margins in two markets were double 

their actual values. Correlation coefficients 
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Table 12. Latlimted probit results and prcdlcted probabilltis of crop fahore.
 

Determinants of Estimated prohit licdictcd Chinge in predicted 
crop failure codfi.ients probability probability, % 

Ccnstant -I.30 (-8.69)' 

Village 
Atircpallc" 0.094 
I)okur -0.42 (-2.67)'0 0.041 .56.4 
Shirapur 0.68 (6.34)00 0.261 177.6 
Kalman 0.44 (4.21)" 0.189 101 I 
Kanrara -0.30 (.2.13)4 0.053 -43.b 
Kinkheda -0.51 (-3.21)** 0.034 -63.8 

Year 
1975/76 " 0.113 
1976/77 0.06 (0.82) 0.123 8.8 
1977/78 0.10 (1.63) 0.134 18.6 

Rainy 0.177 
Potrainy 0.36 (.8.63)" 0.068 -61.6 

Soil 
I)ecpb 0085 
Medium 0.16 (1.37) 0.113 32.9 

*Shallow 0.28 (2.40) ° 0.136 60.6 
Poor 0.48 (3.54)00 0.186 118.8 

Irrigation 
l)rland 0.147 
Irt,.ated -0.44 (-5.39)00 0.06? -53.7 

Clopping system 
"ole , 0.160 
In'ercrop -0.47 (-6.62)00 0.071 45.6 

Icnancy 
Owned 0.083 
ixed rent 0.05 (0.21) 0.091 9.6 

Sharecrop 0.16 (2.04)0 0.109 31.3 

I ikelihood ratio test 3!1 I'mXI 

A)rnpltolic I #AtiUot are in parcnithtes
 

Hef slto the binary isriable of referon(c alatinst which the IrI predited ptobal ,lit art ea,
stitruted probit CodlK 'nd 

uted I , r example, the int' a(*|of ctop f=ilure is silnifKantly lm in )ol ur than in Autrr Ile, a thifl flor Ault Palke to 
I)okur Io'.r thie i.kcihhoo of crop flure St/W 
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loser tlan from the at'uall price series, especially 

folcrops with higher corrclations, wkhich indi-

catws dhat co"Wclition coeftficients are sensitive to 
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its. .drru N; sith traitiiAtIce hliratttir. ,iutl 

.1i.stilliilil iripI(CtOi L lethr itli rcsalr 

dlqptrri Adtuplnii' tiric t lu tiA) i' attetl-

,itrs rcplianni ilrc:rnt'.il Ltt iii.tllnc adrtai-

s die% in 
irL) c.tc and 
ine sartlltult 

es 

i)'reIT"tr p llodlii-

,irsr.ais.rhfrtte 
', it l n IIrIn-

Agrict/luralMarketing 329 

did a positive analysis on food toning inIndia. 
lood /ones wel established in India during 

the past 20 yeats in different shapes and with 

variols degrees of intensity. Ily cleating food 

/ones, tile gover nnr'nt establishes tilemonopoly 

,ight lot all hoodgprai trade across thc holders of 

lod tones. Out analysi% shosd that c'lct:i 

panttim food ,troing influenct' ite, pro

duictitity \6th ;alag ot .1to 4 ,e;s,lilt;rg tiic 
food tones %souldIliotiolltlc irupos'd bN 


incrCac qgpryaete plodak tivityabout ,which
 

to tileCsult from tie nornratie-activis siluill 

rs. 
Apart forii food /tonin, other vaiiables may 

ity a ihaI 

We a Alyd a d;tA xtcon'train m:irkt- :icce's. 

our ')4 disticts or 15 yeato rlensiie effcts of
 

such Irikt. iLtcce salls l'a%iaikcLt density,
 

'olillig onap'e'i te proroad dellit%, aiid lood 


duitilt' . k-CpI)IIJ ill otht inptts Cor"itaill.
 

),lOtipSI\cly Nathe distritrs sstre diitLd i:!t) 
cICpresiltlilg' ahoe- aind hclosk-aclayc Iutd u


tisir\ per perlon Wcta.e pltidrlolrtty rindfslticis
 

ua%yrcilyi 


Ieptilid nrioll'o i '' rs I to litt'le la ilt acces
 

"thile In ditlrrt llthchm-,s \¢telrplodrlcti.ity.
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y 
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t wiLtip rrts, aid r mdeif plr ii t . 
+ s.ihifld sNVe WiiWrei,,,,il h ai ii till ket ,i'tNe 

hiid a 2-,carr laq I ti ss' l ucart lltresullt .leA)ri1 

S "islt a I ' i creiea Inl(oid ueuirtV sttilld 

tillirrirte .itcA,ep' ate plridllciftil 2''. hiltonly in 

,rIriioat-.islrac' prltltlrr itrit\ th',riiW' A r lhlnier 

umtaid litrs\ ll %wtlltl malt Iri diit li.ce il 
h)(Iii-,si. .it ,~jlitilii l\' tfnilirnts 

Iillrli tti'.Miir/td Imali t plaitsL('0 ,tiltedI )ith lirp 

"it 1'ril,ntrl n11Iurke t it a ttllpt titie tt 

fttriirlltitlr 'ith .r,,iirlIt~i h ilt ,iinil li il 
" 
 re% 'i 1 IInI snitiiaid pil t ICe ilili ! ate. n 

itrtd) ttil Iitr i.t prtt iisit\ii t l ' 

ill tl I rI tiod llies ssiittl lit.c rltrl'ts 1pp ht1 

rrip0rt ttn isndt heto-eliuttdlt 1n"tll 


ily, hil rll . punl ittiil . to 7' Ilisititl rcr y 

,ilmrn aseraI r dr rtls 
IliOfc Iallahs s%\V iCWa-When Ih." tlfLtt' if 1 

r%" %tls surld kretpii all ortr utiriti coirtint., tileltapr ., the ieitise t i t Itre i tit 	 ,tffy 

filllpodinisty air lritre pciitrinr etssllho., ed itlle clc.11i io\ irrhiwlch tir vat

ll cit indicate lons factor% that to.1Ntili inaiLtcess inlu-
Ihal nlinatiilne tallt doesnol 

1io iieaure that, e cnce aviepatle jrrnuilitiity. Among tihethe ltnr. 1 ly the hfrct 



Table 1-3. Market poScxes ai thir Ln pact on agricuiruril productitx LinIndi (_iamrnr- of results of four a, ytica; approrc ard differerat sets of data), w 

Approazh 
number 

I 

2 

3 

4 

Marke' pent) mrasu-e 
{asu ,d oOs:'n d) 

Rr.:rz-on of trd e fo~s betveen rcons 
o Ir off-ee flo sattod.feren: Irxe, 

Of thoo. 

Liftin ef trade restrictions imposed by 
food zoning (keeping all other input 
var-ables constant) 

a) 	 Inc rasing road densities by 10C-

b) 	 Doubling of market densities 

c) 	 Lifting food zoning (keeping all 
other %anables constant) 

Reduw,-on of the aseragedistance to the 
nearest market from 21 to 14 km. 

Quan At,,l i-r.pa: on produ:tixlt, 

Dec-,,.s : on , hj ' by-
a) - :h tra.....al technooies 
b) ,7- w-,, ,. : s... technologies 

Increase in pc -:tiity of foodgrains 
in t h.) b 5 , tr 2 Nears 

Prc-.uztiu,'.t in (Rs ha) is affected with 
a lag cf Nears -,, fo"os 

a) 	 in abcoe a crage regions 2- increase 
pn cdu:..:.,,. 

in bNc., , af-a:e re:ons no effect 
on oL:..: 

b) 	 in a!l eg~ , incr.te in productivity 
by ab, .5: 

c) 	 in a.o',e -.eaag regions increase in 
proL:ix:. 1- in belou average 
regions r. t o productisi' 

lncrease in Troducti%'". (Rs ha) b, 3%c at 
gien -s0an,Jn in by 9c at increased 
input uc 

Analytical method, applied data 
used, and sources of data 

Normative Lctivitv anal1sis with quadratic
prograimming for an interregional trade 
model wi:h scondary data on coefficients 

an- elasticities 

Empirical analysis with the generalized leas 
squares technique on 10 years' data for 13 
states in India; official statistics 

Empirical analysis with the ordinary least 
squares technique and 15 years'data for 94 
districts in 4 states of India. official statistics 

Empirical analysis, with the multivariatc 
rcgression technique simultaneousequations, 
and data from 300 farmers; our survey 



constraints, the "regulated market" seems to 

play a uniformly positive role, as market density 

has positive effects regardless of a district's 

above- or below-average productivity per 
person. 

how access to l market affects agricul-To see 
ture at the '.illage and farm level, did anwe 

Mail-intensive marketing study in two regions, 
where market density is relativelybubnagar, 


low, and Nagpur. wlv:re it is high. We selected 20 


village:, in each region according to distance 


from the ncarc'.t market. In each village we inter-


v.'ewed 15 fa mers drawn from three farm-sie 


classc,. iFroductivity was measured by monetary 
per unit area at constantvalue of gross prod uct 

prices. Anal'ses of the data by multivariate 
how marketrcgrcssion techniques showed 

acces, and other inputs affect prod uctivity: (a) 

dlicctl.v y ind ticiig farmers to allocztC cropping 

s,,,tor,,, tWcolliparativcly ad san taged land; an( 

b) imdilcctl y aeif.CLi rig input ue. 
Il the Ma hrhullbiapar region (where distances 

to the nc rcest mia rket as erage 21 kiin) generally 

small and mr(liumi rullers icspond to better 

nmirket access bV better input use, while large 

falncls rcspolnd mainly hv changing cropping 

In the Nagpur region (ssherc distinccspatterns. 
to the ncestric market alerayed 14 kin) lale 

farmers did not irepond to markel distance, but 

snall and medium larmer, rc,pondcd strongly 

through both cropping pattern allocations and 

iruproved input U-s. 
Ifthe findings htornl thostwo lcgions indicate 

a genc.a patterin, improving marklic access for 

villages, intially \kould be mainly to tile advan-

tagc of large ,rr.ms until t certain market density 

is leached. I hen fur thicr iruprocsnnt )Imalket 

accCss providcs notextra benefits to large 1arnis, 

bill conntinn1c to plovide dividends for rncdiu,rn 

aMi rInall lim.ri, 
I fiat finding is quite ill line wXith the gcneral 

theory of irnrnovation: incsimcnt, in improving, 

riarket aRcs%1,shoul be as, r.ipid as possible to 

,lshortcn the adoption cycle during which large 

faller, dci yc mrot of the benefits, If tuple-

meriled rapidly, iliclstrcnts in Iiarket acces, 

would not only increae agiiculturc\' efficiency 

but al,,o improve Cquity in incomeldistribution, 
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Looking Ahead 

We will continue to work with scientists in the 

Farming Systems Research Program and in 

national programs in four pilot on-farm verifica

tion tests of decp-Vertisol technology options in 

Madhya Pradesh, Karnataka, and Anidhra Pra

desh. Our objectivc will be to assist in evaluating 

the performance of the technology options, in 

designing modifications where required, and in 

identifying constraints in delivery systems that 

may impede the transfer of technology to farms. 

We expect that the availability of estimates of 
withthe elasticities of rural labor supplies 

respect to wage changes will enable us to better 

employment and income ditributionassess 
effects of technologies emerging from ICRI-

SAT's research. Our assessment will be streng

thened by the availability of res ilts from a 

scenario analysis of market-level effects of 

increasing the production of the ICRISAT man

date crops.
 
Additionally, we plan to link our assessment
 

work to a global model of world alticultrire.
 
on
Expectations by I('RISAT scientists pros

pective technologies will form the bas for esti

ri.atcs of predicted technical challye, which in 

turn will be one input to thte models being dcve

loped in tile International Institute of Applied 

Systcms, Arialy'st, (IIASA). 
With regard to risk, we plan to complete 

research in 1983 on the whole-farm evaluation of 

piospective dryland technologies, oil aspects of 

fluctuations in rural household income, on farm

level ('arics and consequences of crop and field 

diersilication, and on farm-level impact of crop 

ii,,uz:nce. We also !,hall bring together various 

rcsearcll filding', to comlprchcnsively assess crop 
we plan to startinsurancc in India's SAl. And 

all enquiry into tie for ation of price and yield 
expectations by farmers in an upland 

grolednut-arid-paddy-growing region of penin

sular India. 
Other rcsearch resiult. fort ,rnirg in 1983 

will be based on , i,,trition study in the VIS 

villages, a study of ado, tion of hybrid sorghum 

and pearl millet in tin:,,r producing districts of 
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India, and an inventory of common property 
greaterresources. We shall also undertake 

1983 in training socialresponsibilities during 
agriculturalscientists working in national 

research institutions in SAT countries. 

Two conferences are planned during 1983. An 

international conference inOctober will look at 

several dimensions of marketing in the semi-arid 

tropics. A national seminar in August is to assess 

emerging dryland technologies and how they can 

be more speedily delivered to farmers in India's 

SAT. 
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This report covers June 1981-Dec 1982, and 

includes the research results of the main growing 

seasons of 1981 and 1982 in West Africa. During 

1982, in addition to ongoing programs in West 
Africa, Mexico, and Syria, we began a regional 
groundnut program in southern Africa (Malawi) 

and placed in Kenya an eastern African coordi-

nator for sorghum and millet improvement 
financed by the Organization for African 

Unity/ Semi-Arid Food Grain Research and 

Development (OAU-SAFGRAD). ICRISAT's 

thrust in SAT Afiica is oa schedule fo. the 

decade of the eighties. 
Ph se III of the UNDP/ICRISAT Contract 

for 5 more yers in West Africa began I 

November 1981, and seven scientists remained in 

the program. USAID continued to fund the 

Mali program in cereal breeding and agronomy. 
in UpperThe IDRC-funded Siriga program 

Volta entered Phase I1on I February 1982. The 

International Development Research Centre 

(IDRC) in mid-1982 began supprting the 

regional groundnut project that serves SADCC 

countries, with a groundnut breeder posted in 

late 1982 and a pathologist expected to join the 

team in 1983. 
IDRC also provided a strengthening grant to 

the core-financed socioeconomic studies in 

Upper Volta and Niger. One of the two econo-

mists based in Upper Volta moved to the Salle
alsolian Center in Niger. The IDRC grant 

provided an aiimhropologist in Upper Volta, 

initially for 2 years. 
The ICRISAT Sahelian Center began opera-

tions in 1982 after the signing of an agreement by 

UNDIP, on behalf of ICRISAT, with the Niger 

Government providing 500 ha of land in Sador6 

for the Center.With a complement of five scien-

tists in Niamey,Niger, development of the Center 

began. The growing season of 1982 was the first 

season of research there. 
The 500 ha provided ICRISAT by the 

was a bare piece of land.Government of Niger 

COOPERATION
 

ICRISAT has fenced it, successfully drilled two 

bore holes for water, built a temporary office 

and storage-building complex. Texas A&M 

University specialists completed a detailed sur
vey and the International Livestock Center for 
Africa (ILCA), a vegetation survey. Some 56 ha 

of that land has been developed for 

experimentation. 
The Sahelian Center farm development com

mittee, in its first meeting in Niger in December 

1982, drahed a farm development plan. The 

Institute de Recherches Agronomiques Tropi

cales et des Cultures Vivri'res (I RAT) deputed a 

senior scientist to ICRISAT to serve as West 

African regional coordinator, lie arrived in late 

1982. 
The Sahelian Center will be ICRISAT's main 

base in West Africa for research in millet and 

groundnut, and on farming systems associated 

with those crops. It will also support other pro

grams in the region. 
The 1982 in-house review of ICRISAT Afri

can programs was held 1-5 March 1982 at ICRI-

SAT Center. 
Severe budget reductions placed on ICRISAT 

in 1981/82 delayed ICRISAT's long-term plan 

for Africa. Attcnpts have been made to over

come budgetary restraints with special-project 

financing. 

Upper Volta 

Sorghum Breeding 

The sorghum improvement program aims to 

identify improved varieties that will respond sig

nificantly better than local varieties to the harsh 

environment (soil and climate) under moder

ately improved and highly improved cultural 

conditions. 
We have tested several experimental lines 

identified at Kamboinse Experiment Station on 
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a north-south axis covering a range of climatic (i.e., after 12 June), E 35-1 outyielded the 
conditions, and we have identified new sclec- locals an average 38%. 
tions from crosses made at Kamboinse, in addi- 4. Under low tillage, seedling emergence of E 
tion to evaluating of finished lines and hybrids 35-1 was significantly lower than emergence 
from ICRISAT Center. of local controls. 

Toposequence studies at Kamboinse indi- 5. E 35-I's relatively short, late recommended 
cated that within a rainfall zone, sorghum-crop planting period (15-30 June) limits farmers' 

to early season rainfallp-rformance is more favorable in mid-slopes flexibility to adapt 
(medium deep soils) and lower slopes (deep non- and conflicts with timely weeding of earlier

inundated soils) than in other arid types. With sown, full-season materials. 
improved cultural practices and increased soil 6. Farmers preferred E 35-1 to local varieties 
fertility, an early-maturity sorghum can escape for ease of threshing and to quality. 

both early- and late-season drought on upper 7. Of 44 first-year participants, 39 plant,d E 
slopes (shallow soils). 	 35-1 in 198 1,and data were obtained from 37 

Research on photoperiod sensitivity isa prior- farmers' fields. E 35-1 yields were approxi
ity in order to ensure that planting dates, gov- mately 800 kg/ha compared with 630 kg/ha 
erned by rainfall, are so matched with flowering for local varieties. 
dates later in the season that the flowering occurs 
neither too early nor too late. Multilocational Trial 

Other priority characteristics include plant 
heigh, of about 2 m: resistance to foliar diseases, Promising entries identified at Kamboinse were 
grain mold, and charcoal rot; resistance to grouped into three maturity-cyclegroups-long, 

insects, especially sorghum midge and aphids; medium, and short. The long-cycle materials 

good stand establishment; drought tolerance; were tried in central Upper Volta (Kamboinse 

and grain with superior cooking quality, and Saria. 800 mm rainfall) and in the south 
(Farako-Ba, 1100 mm rainfall). The medium-

Kamboinse village. Farmers in Kamboinse vil- and short-cycle materials were tried, with rela

lage continued for the 3rd year to test E 35-1 in tively late plantings, at Ouahigouya (450 mm 

plots near family dwellings. Following the rainfall), Kamboinse, Saria, and Tiebele (950 

recommended management practices (land mm rainfall), and Farako-Ba. Population densi

preparation. fertilizer 100 kg ha fertilizer mix ties were around 93 000 plants/ha and fertilizer 

N: P20,K,O 14:23:15+22N, thinning, and weed- applications were moderate (42:23:14) at all
 

ing). 46 volunteer farmers harvested from 1100 plant sites.
 
to 3850 kg:'ha for an average of 2465 kg ha,
 
much more than from local landraces. Long-cycle trials. In the central zone, the opti-


Features noticed regarding E 35-1 in Upper mum flowering date for full-season material is 

Volta: around 90 days (for first week of June planting), 
while for the south, it isaround IOOdays or more 

I 	 Its yields were associated with plot location after planting (Table I). 

when distinguishing among dwelling, village, 
and bush fields. Ilighest yields came from Medium-cycle trials. Eleven of the 14 entries 

fields near dwellings where organic house- appeared promising (Table 2) and will be used in 

hold refuse typically is deposited. future tests; the most promising were 9C4 TN I

2. 	 It yielded significantly morethan local white 20, 193-2, 19-2, NBES, and Zongo local. 

sorghum under improved managcment only 
on such advantaged plots. Short-cycle trials. Table 3 gives data on entries 

3. 	 In five of six paired plots where local control that were superior at one or more locations. Line 

fields were planted after E 35-1 plantings 212-10 was outstanding at all five locations, but 
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I h. (rain
I pe olta. 1981. 

Saria Faroka-BaKamboinse 
1)1F, after1)	11. after I F. after 

5 6 81 Yield 26 6 81 Yield 18 6 81
itr Yield 

78 1600 783440 
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Table 2. Mean grain yields (kg/ha) and ranks of superior entries in the multilocatonal sorghum trial, medium 

cycle, Upper Volta, 198-. 

Entry Ouahigouya Kamboinse Saria Faroka-Ba Tiebele 

SRN 4841 
E35-1 
193-2 
37BK 
SPV 245 

2000 
2100 
2070 
2620 
2250 

3 
8 
9 
2 
6 

3080 
2240 
2910 
3020 
3140 

5 
15 
9 
7 
4 

4190 
3380 
4570 
3090 
4340 

9 
12 
I 

16 
2 

1680 
1300 
2700 
1730 
1380 

9 
17 
3 
8 

15 

145 
860 
410 
850 
890 

17 
2 
II 
3 
I 

19-2 
TNI-16 
NBES 
9C4 TNi-20 
9C4 TNi-4 
Zorgho local 

2350 
1630 
2420 
3390 
1980 
2170 

5 
15 
4 
I 

10 
7 

3010 
3400 
3220 
3160 
2750 
3030 

8 
I 
2 
3 

10 
6 

3680 
4310 
4320 
3330 
3470 
4010 

8 
4 
3 
13 
10 
6 

1450 
2120 
1850 
2820 
2100 
2780 

12 
4 
7 
I 
5 
2 

0 
520 

0 
600 
420 
30 

20 
8 
20 
7 
10 
16 

SE ±366 1501 ±272 ±117 

Site mean 1920 3470 1680 1680 430 

CV (%) 33 25 21 28 47 

the outstanding performance of 80W65 (from ICRISAT Center Trials 

the Striga-resistance program) in the central 
This 

zone made it rank first. Other promising selec- International Cooperative Varietal Trial. 

tions were 32-1. 27-1, and 5-2-1. trial suffered from drought at the end of the 

Table 3. Mean grain yields (kg/ha) and ranks of superior entried in the multilocational sorghum trial,short cycle, 

Upper Volta, 1981. 
Saria Farako-Ba Tiebele

Entry Ouahigouya Kamboinse 

I 350 9II 1520 7 5110 	 1 322080W65 	 1390 
0 16

Jan Jare 1060 14 980 14 3860 10 2890 3 
I9 2190 10 1060

SPV 35 1520 7 1500 9 3960 
2310 1 2160 16 	 2360 8 510 5

WAx NIG 2000 	 3 
2620 15 1600 15 	 310 10
 

IS8272 1820 	 5 1200 13 

5 540 415 4310 4 26905-2-1 1740 	 6 940 
4040 8 2300 9 0


4-2 1910 	 4 900 3 16 

1 2000 2 4740 2 2770 4 770 2 
212-10 	 2070 


490 6
II 4310 5 2380 	 7

32-1 2010 	 2 1370 


7 1930 II 540 3
9-5 1420 	 9 1830 4 4140 


160 12
SC 108-4-B x CS 541 1090 13 1600 5 4580 3 1930 12 

1430 8 1530 6 4160 6 2930 2 210 !I
27-1 

±89

SE ±243 ±111 	 ±288 


3840 2290 
 370

Site mean 1450 1480 


13 21

CV (%) 29 30 	 42 
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season: yields did not differ significantly (P > 
0.05), but four lines-M36136, M36095, 
M36056, and M36121I-appeared to bedrought 
tolerant. 
International Sorghum Drought-resistant Nur-

sery Onelin,whch apeaed tto bebe13125,sery. One Itne, D71258, which appeared 

drought tolerant, was outstanding throughout 

International Hybrid Trial-2. This trial also 
suffered from late-season drought so yields did 
not differ significantly. But hybrids 2077A x 
MR-729. 2077A x MR-730, and 296A x A608 
produced attractive yields. 

Millet Breeding 

Phase 11 of the UNDP-funded, 5-year project 
ended in 1981. Progress in the first 5 years 
enabled us to reassess breeding objectives andtharaobecvediUprVla.Ter
the area to be covered in Upper Volta. Tile pro

gram now isoriented to developing varieties for 
the 500- to 900-mm rainfall zone with emphasis 
on the Mossi Plateau, which has high concentra
tions of arable land and population (predomi
nantly Mossi ethnic) in Upper Volta. Varieties 
developed by ICRISAT for the Sahclian region 
of Upper Volta should suit that region. Broad 
objectives of the program are to select two 

An ICRISA T "orghurnin an internationalpreliminaryyield trial in Upper Volta retains t¢anding under ievcre 

drought that drusroyed other .svrghiurn in the trial. 
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groups of varieties with these growth habits and quality. Among the experimental varieties tested 

characteristics: at Kamboinse station in a 19 July 1982-sown 
trial, KEV 81-8 and KIEV 81-1 gave average 

varieties grain yields of I 180 and 1050 kg/ ha, respectivelyI. Photoperiod-scnsitive. full-,;cason 
(about 140-day maturity), preferably flower- (local control, 390 kg/ ha). Some of the notable 

ing about 7 September but not later than lines used in crossing are selections from Togo 

common cultivars, which flower around 15 germplasn, 1P242, 1'449, 11446, P213, KMI)C,
 

September. Such varieties will be suitable for M PS7936, and ICMS 8204.
 

sowing with the early rains (late May to 21
 
June) on lower slopes oif the toposequence in Germplasm Collection
 
the 500- to 900-nm rainfall zone,
 

2 Photoperiod low sensitive/ insensitive, early- A total of 1100 millet heads were selected in 

maturing varieties (80-110 da)s) for sowing farmers' fields in 1980 and 1981 seasons. A pre

in late June to the middle of July in tie 500- liminary description of Upper Volta millet culti
on collection and field observationsto 700-nmm ione and during the same period vars based 

in upper level lields ill the 700- to 900-ni was attempted; 24 S, lines were selected in 1982 

rainfall /one. Occasionally sowing early based on S, progeny results of 395 lines retained 

millet with tihe beginning of rain as intercrop from the original I 110 heads. The S, progenies 

or monocrop may also be promoted with ihel( were replicated three times as single-row plots. 

availability of superior early-maturing vari- and one replication was screened inI the do ny 

eties. We select for disease and pest resistance Aildew sick plot. Lines selcclcd represent only 

as well as for other characters higher yield those that had a better agrolOnic score in all 

and yield stability under both traditionaland three replications and lower discase scres for 

improved ma nagement practices. downy mildew and smut. We divided the 
selected lines into two sets t hoe lowering 
before 3! August and those flov cring !.ilcr. For 

Malian Introductions 	 each set a rcconbincd bulk is being dcri ,tcd by 
nass recomtbination inI the (iff-seasoin from both 

Results obtained on early-maturing material in S, and see ds. I heiewly ciiAecd population 

the pre\ions \car ndicatied that generally they will be evalinaled ill 1981. 

\%ere mstlble. Still some variability instability A total of 200 millet cultivart, collected by 

aind other Lliatacters [erinlttiteI us to select more I11t(iR in hppcl Volta ill 1981 was e ,lu.Jed ill 

stable lille, wilth superior agrornomic and 1982 for apronornic ai(l disca, reslstiiice/loler

dliseasL-tolcratCC claractcrs. I hcse hae been ance charactcrs one ieplicalion WA.s screned 
tcsted tor their potential as vaiclics fo scedilnt, ll the (1o'A'y rMildew sick fiCld. [:[)ties ('VI'59, 

late. Ihe\ are ;tlso ued ;as parcnts in the cros,' ", CV1'72. (VP8, CVI,14,. and CV1'469 had 

prop rani. I wo selectinons. P2 13KS and 114.19K.S dov ny mildew infection indexes oif less than 5.
 

foillm the Malian introductiols were noted for
 
IlatIcly gleater yield stabilily, lood
agroloric
 
clira actcr s, and resistance low su,,cept tbi!ity to Crossesi to (cnewe Ivrrsity
 

nl:iol diseases. A'cvragce grain sclds.of P213KS.
 
I1449KS and local contfol in tie 1')81 and 1982 Crtosse, and backLrosse.were made and coIpo

I:te-secded iials (June 27 to Iuly 19) at Kam- sWe po)uItlationsldclived to gcnclale new varia
boiise station wAce 915. 735. and 410 kgj ha. In bility. In11982. 33 I.,hines wer c,,elcctrd from 213 

the 1982 July-swi, farmiers' ficld trial' in the I": rosks fron clo'.c. between full-season local 

500- to 700-nini rainfall /one, yields of ',449KS cultiar; aid early-cycle exotic Irllents irle 

and 11213KS avcraged 211'i higher than local flower ing behavior of a , epr deririacc of lines 

control averages. Both selections have good /7 was that of the cally-maturing parlenl; Io, e er, 
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some were late-floweing segregates. A total of fields in Yako, Nakomtenga, and Boromo. It 

180 F plants of various maturities was selected, exhibited stable grain yield both under fairmers' 
and improved management conditions andTen experimental varieties are being derived 
across all the three ecological zof,'s in Upperby recombining selections in certain maturity 

t lasses with common head charaters. In addi- Volta. And it produced hig',hest 1-a;n yields 

tion, 260 promising selection% we'e made from (50X) kg/ha) in Nigeria. It responded favorably 

F:. populations and Cull posite populations, to fertili/ems and improved management condi-

Identifying stable sources off iesistance to tions, such as plowing. SRN 4841 will be consi

crgot, caued by ('Iaviep.s fifirnlis, to use In dered for release for areas growing red sorghtum 

bleeding varieties that maturc early has been a in Upper Voltar. 

niajor conce ro, and enrcouraying restIls have 
been achieved. Continued screening since 1979 (ood Keeping Quality 
of linc, from the West African collt'<tion and 

A handicap somewhat offsetting its excellentsepregatinrg line, ol planned cros,, underartifi-
yield potential, locil adaptation, in(l resistancecIal cpiphytotic conditions permitted us to iden-
to Stri'a is itt%. Ibis%i sced, %hich is preferred oriv inl 1982 a few s'.able lines %sith low 


susceptibility (less t ha n 5( ) to ergo, Six lines beer rather itman fof food, but the f.rine s who
 
nudc t.-' with SIL N 48,il werc ,iif.,l because itfroi the cross SCx7OO I58 and another six from 


l'2X5 had less ,han had ,ood kccping.,quality. Io im1prove its jraili
life cntries P446. 1'449 and 

i whiite graimcled palnts
5'; crgolt iIn the third ronrd of screening under 	 color. sse criscd it 


with promiing ie tilt%. Whitc-praincid selection
.intificial cpiph)totic conditions. 

8OW68 (SRN 484! x WAl( x 19-3) pioducel
 

the highest gairi yichil in niultilicatioln tcts it
 

Sor'lc ,.,iite-,raincd pro-
Striga Research 	 IJpp.-r Volta in 1981. 

genic, have rtaitwd SR N ,8,1''" resitarue and
 

produced tgid yiclds (lable 4), aft important
Sorglrmn 
achics cileit. 

SCeC.Inal hlo%.-,til ui~tl vaIrietiCes.. -Ih a', ISecscil local sorghumi varieties from Upper 

\oltt arid Niali Acre tested at Kamboinse. 7227 a d IS X785. Ii its t.rncroscd .%Ith 1 35-; 

Na'I nts rB.a'.;.aid 1-,rrako.-l. ini Striga-irlcstod to trInftcl rc'sistallc' into it hiccmto t'. r;'i 

lihdk .i'tia Iciderte %.IS" satisfactory for test- ichl nit ality ate polroo I cil M1t1a i noiit a 

A .ill n., S1011i1 ;atl..IrIL eCflne i.'si, ,it tife lhil.tio tess Voltaric sorghum I ob 'tef tiOiI pro iif'C 
su'.CltibtlitY .1id liihir yiCld'.\.irictic,. initqhing (VS 57 m.id (VS 122, h1,sC hAsskli 	 leS 

( lablc 5) Ic iresult , lo 1982khissed pmilllrI1nP resItancc ar1)(I fraill Nitehl. thi L. 15-1 

,'rrail yield, ,lod laill
Rcita,-e f N 13.id N 4841 asco r lamcid collfi d the hiiv 

if all Il9 l arid 1982 trial'. I ok.l Malian sa'ati,'s qnualitf , aind .tn't't rsiti cet. 
O ]i\ho IC',i'I;IIL Of ,onli' rriIII , ctirlac-ailed ' ue' ( ncinglly res- itn t(i)II( a 	 ili 

.%lltri) Nijiahouio arid S(;-5153 hasc to .'Ivoa /ol{moll/iiui sithl a et Of diallel 

stimol i y(O Ic I\;IILe arld jlill icld. All ;IrC ( losw ,' i-iratlall llcmai s,arid line X te"tel arl

photo'.cri'rs,. fls Ir trid-SclItCIrrln. INs as.. all cnetad t11iiiipultItC Of laddItisein arid 

has ui,,elll of irstar11. local .atlaptal- gITHC sAIl,oirttllt C ofI ilri11;IICCeitiletic rt

loll, aind graili qIllailt . ()f tile gelrlplmio lilies 	 irllm e rim(ou rollliy .lXU.i:, IC sIance. 1lii1 inithi

testcld, IS 2814 hla ,hos If less sIsCcpltiillty arId .itsC that the yeli- Ion N111.1f Irtes ;iice cati h(-. 

accmliilatcd rIh tha sele tiol1i is liot clfectisc
plnalukicd ui, he,1. 1rani yich,d rr bit tllpper 

;ri lial lllfor ow'a mie iC-0rwce. IS 9810 wasVolt.a aid M 1rrt iiil. ill 

loiaresistIlc.arie SIN 48-41 (li;rrnirda) ias shown 	 idlcltlield i a iop'plit oithi frilnl 

ari.: and gran yield. Among the lite phiotoseia-CXellentl seCedling establishniein., vigor, and 

)"iai yield potential, it wit tested on farner,' %itive locak, Seglutaria .'ii 'a'i, idlilfied ai'. 



Upper Volta 345 

Table 4. White grain sorghum --elections of crosses with SRN 4841, Upper Volta, 1981. 

Days to Striga Grain yield 
flower (no/4.5 m2) (kg/ha)

Origin Pedigree 

SRN 4841 x FLR 101 86 (23/09) 229 2660 
80W106 


SRN 4841 x G. Grain 60 (27/08) 121 2990
80W85 

23-4 x SRN 4841 86 (23/09) 110 2400
80W52 


SRN 4841 x FLR 101 78 (l'/) 148 2720
8OW118 

NJ 1515 x SRN 4841 61 (28/08) 229 3420
80W109 

SRN 4841 x SPV 105 65 (01/09) 109 2340
80W66 


82 2200
SRN 4841 x FI.R 101 67(03/09)80W114 

60 (27/08) 99 2030

80W58 	 SRN 4841 x SPV 105 
(146 x3541) x SRN 4841 80(17/09) 70 1980


80W40 

69 (05/09) 96 1960


8OWl01 SRN 4841 x FLR 101 

E 35-1 (check) 85 (22/09) 323 1960 

±296
SE 


250 1960

Mean 


Planting dates in parentheses. 

good.letron x CS 3541 v:tsthe highest-yielding less susceptible to Striga in the preliminary 

hybrid that will be advanced to F2 for desirable screening. The advanced screening trial gave 

sgregants. satisfactory results in northern Upper Volta and 

in pot tests. The selected entries were lP2627-1

19, P449-1-29, and Inbred 5258-1-19 (Table 6).
Pearl Millet 

Unfortunately the highest-yielding entries (in the 

absence of Striga) such as P2627-2-11 and
!Some of the local cultivars from Upper Volta 

P2627-2-18, were susceptible to Striga. 'Ihe tol
were identified as promising for graili yield and 

Table 5. Selections from crosses between E 35-1 and low-stimulant sorghum varieties, tpper Volta, 1981. 

Days to S;riga Graii, yield 

Origin Pedigree flower (no/4.5 m2) (kg/ha) 

78 (15/09)' 76 118080W146 	 IS 8785 x E 35-1 
IS 8785 x E 35-1 	 75 (12/09) 104 125080W144 

80W145 	 IS 8785 x E 35-1 76 (13/09) 147 1470
 

IS 7227 x E 35-1 73 (10/09) 143 1230
80W134 
SRN 4841 73 (10/09) 127 88080W313 

Checks
 
E 35-1 86 (23/09) 27 840
 

88 (25/09) 244 260
Local 
±696SE 

180 1180Mean 


a Planting dates in parentheses.
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Table 6. Performance of selected millet cultivars In advanced millet Striga trial, Upper Volta, 1981. 

Mean no. Mean no. of Killed in 
pot expt. Days to Plant heightOverall grain of Striga Striga in 

Origin Pedigree yield (kg/ha)' (Aourena) 2 pot expt.2 (%)I flower (cm) 

l.ess susceptible lines 

82S-123 
82S-129 
82S-124 

112627-1-19 
inbred 5258-1-19 
P449-1-29 

950 ( 7Y 
860 (13) 
600(10) 

3.08 (3) 
4.20 ( 8) 
2.34(2) 

1.20( I) 
1.40 ( 2) 
1.37 ( 4) 

29( 3) 
33 ( 6) 
33 ( 5) 

67 
64 
66 

157 
177 
142 

Iligh yielding lines 

82S-138 
82S-133 
82S-137 

12627-2-11 
P2627-2-18 
112661-3-7 
Local 

1360( I) 
1240 ( 2) 
1170( 3) 
1130( 5) 

5.23 (12) 
5.43 (14) 
6.85 (16) 
3.36 (4) 

3.17 (19) 
1.99 ( 5) 
3.06 (16) 
3.51 (20) 

57(14) 
67 (18) 
57(16) 
100 (20) 

68 
66 
67 
69 

165 
175 
170 
163 

SE 11.211 - 14.1 ±20.0 

Mean 2.37 66 155 

i Mean over five locations. 
transformation used. 

Numbcr of plants killed as percentag,- of total number of plaiats. 

4 If.:-es in parenttheses are ranl,ings. 

, Square root (+ I1) 

Crant lines were 1P2661-3-5 and Inbred 5237-1
to show14. Serere 2A-9-2-27 continued 

! moderate resistance. 

InternAtioral (ooperation 

'I he Strigaproject in Upper Volta has a regional 

rcsponsibility, and organi/es International 

Strpia Observation Nurscries each year. in sev

eral interested African countries, including 

Mali, Matiriiania, (,ambia, Ghana, Ni,cr, and 

in Wcst Africa and Sudan, E'thiopia,('amniciot 
and Kenya in ILast At rca. 

I'"IRISA] Siriga program has contlib

-dtw significantly to African countrics by sup

plying Striga-rc istatt so-huin varictie;. N 13 

atnd SI N 18411miae stll1 resistance, ;tili N 13 is 

bcing con lticd for icleaws in Striga-infestcd 

a;,. 0. Fth,.)pia, as arc IS 9830 in the Sudan 

an(l :1 q 48,11 inU]pper Volta. 

Agronomic iesearch
 
An l( IU.%ATI. irgliicni r,ng i li in( (Jl~'Ofri., 

nis andl
ed whose A 3-year trial compating various trcat iTIC 
a paraiiAfrica deipau evire itip'a, i 

practices to control Striga concluded( in Yako in1 
the hate o f the .orghum platit.ios,tmrit ihow at 
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1981. A pearl millet + cowpea mixture in rota- Intercropping 
tion with sorghum best reduced Striga infesta-

Our studies in 1981 on cropping systems intion and increased grain yield of sorghum. 
Good management seems to increase Striga. response to agroclimatic zones revealed that in 

In a trial that compared traditional management the high-rainfall (>850 mm/year) zone under a 

(no plowing and no fertilizer) with hand plowing long season, a cereal/cereal intercropping sys

and incorporating 100 kg of fertilizer, Striga tem, following staggered (3 or 4 weeks) plant

emergence increased with the latter practice. ings, is common on all land types. But in the 

This was confirmed in 1982. But with a resistant intermediate-rainfall (550 to 850 mm) zone, the 

variety Framida (SRN 4841), grain yields diversity in cropping systems decreases and crop 

doubled with only a moderate dose of 14 kg N. adaptation to different toposequence land types 

The same rate of N increased Siriga in a suscepti- becomes progressively more important. Never

theless, cereal/cereal intercropping can still beble variety. 
highly profitable, as shown by our results from 

Sorghum and Pearl Millet Agronomy 	 maize/sorghum intercropping at Kaiboinse, 
provided both crops are planted simultaneously. 

We carried out agronomic studies in Upper Likewise cowpeas and cereal crops are planted at 

Volta in collaboration with the Royal Tropical the same time in Central Upper Volta. 
nn) zone millet,Institute, Amsterdam. In 1981 sorghum culti- In the lowest rainfall (-550 

vars 38-3 at Kamboitise and SPV 35 at Djibo 	 with cowpea added later, often prevails. 

(Sahel) outyiclded the other varieties, confirm-	 Sorghum is grown as a minor crop on narrow 

ing our earlier observations that it should be 	 strips of land along the swamps. 

possible to transfer superior varieties (both local 
atId improved) mainly in cast-west rather than 	 Cereal/legurme intercropping. The aim of the 

north-south directiols. 	 sorghuml-/owpea intercropping experiments 

In 1982 in aIpreliminary trial, we identified has been to maintain sorghum yields at sole crop 

82S-45, 82S-47, and 82S-50 for high yields, par-	 levels while introducing the stabilizing effect ofa 

tial photosensitivity, and Striga tolerance. But 	 cowpea intercrop. 

their dense panicle type invites grain mold and Our 1981 experiments suggested that this sys

head bug problems, and their dse foliar struc- tem is particularly relevant for uplands and 

ture makes them less suitable for intercropping. 	 midslope lands, since cowpea does not respond 

Our toposequence studies in 1982 confirmed well to wetness or to increased cereal popula

the relative yiel stability across land types of tions. On tile dry and nutritionally poor upland 

SR N 4841, though it suffered some stalk rot on soils, a cowpea intercrop may have several 

lowlands and lodged somewhat on uplands. As advantages, such as erosion control, nitrogen 

in 1981, 940 S was most responsive to land types 	 fixation, and possibly fewer sorghun pests. Hut 

an( management (density), hut was also the 	 tile competitive cowpea effects on so'ghuli in 

highest yielder on the drought-prone upland the cowpea intercrop were particularly strong on 

soil. 	 upland soils, thus dictating a rather low cowpea 

Our icsults in 1982, with improved millets inteicrop devsity (2000 to 5000 plants/ ha for the 

(mostly short cycle), again is in 1981, wcre (is-	 local, spreading cultivar). 

appoiinting in both early and late planting s. It lhrough our 1982 soighum/cowpea inter

appears that millets that flower within 60 days 	 clopping studies, which were carried out along 

are o little value in tile Suldanian /one, nttless .1 tile toposequence, several intercropping factors 

suitable croppinp system can be proposwe. Scat- were condirmed. As in 1981 with maiie, a cowpea 

tered evidence indicates that pota%%i m may bea interciop with 940 S or SRN 4841 sorghum 

key element limiting millet yields and millet's increased sorghun grain yield when the 

responses to increased plant density. 	 sorghum was plantcd at high density (80)O 
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the dryplants/ha) on lower slopes. But on 

uplands, and particularly for low density, widely 

spaced sorghum plantings, cowpea intercrops of 

5000 and 20000 plants/ha decreased sorghum 

yields substantially. 

These results indi-Different plant type needed. 


cate a 
potential of sorghum/cowpea intercrop-

ping for improved (different plant type) 

sorghum varieties and the nezd to modify the 

cropping system to match cereal plant type and 

level (plant density and fertility),management 

not favor a high-density cowpea
Farmers do 

intercrop because of reduced cereal yields, main-

tenance problems, and risks of increased cowpea 

Striga. A low density (2000 to 5000 plants/ha) of 

a local spreading cowpea has satisfactorily pro-

tected tile soil and reduced soil crusting. 

yieldCereal/cereal intercropping. Consistent 
were again obtainedadvantages of about 30% 


from intercropping sorghum with early maize. 


lhe greatest advantages with SRN 4841 


sorghum and maize (45%) were on upper slpes, 


and with local sorghum and maize on low,-inds 

-

(60); 940 S sorghum was an ineffective i, 

crop because of its dense, leafy plant type. The 

showed greater yield stability, particuresults 
land types in an inter-larly of sorghum across 

crop rather than tile sole crop. 
system,With the sorghum/millet intercrop 

competition for nutrients (n;'ogen, phospho-
of both rus, and potassium' .cduced yields 

crops, with sorghum suffering most. As sug-

gested by farmers, rtlay planting immediately 

after usual earlV-season drought can be more 

a logical use of downysuccessful and providc 

mildew resistant, early-maturing, improved 

mill-ts. 
Our 1982 sorghum/cowpea intercropping 

studies, carried out along the toposequence, con-

fimed cowpca's valied influctices. As in 1981 
with maie, a cowpca intercrop increased grain 

sorghunis whenyields of 940 S and SRN 4841 

they were planted at high density (80000 plants/ 

lia) on lower slopes. But oil dry uplands, and 

particularly with widely spaced sorghum plant-

ings, cowpea intercrops of 5000 or 20000 plants/ 

ha decreased sorghum yields substantially. 

Soil Fertility Management 

To test implications of the information from 

agronomic and intercropping trials on long-term 

soil fertility under a permanent farming system, 

we initiated a long-term rotation x fertilizer trial 

in 1981 at Kamboinse. It combines four 2-year 

based cereal/cowpea interrotations (one on 
fertilizer treatments. Bothcropping) with two 

allow annual evaluation of residualrotations 
effects. 

In 1982 the largest fertilizer response again 

was recorded by sorghum. Positive residual 

effects, mainly of rock phospiate, were asso
cowpea; a negativeciated with sorghum and 


effect with millet. Millet responded more than
 

preceding crop in the
sorghum to cowpea as a 

rotation. Cowpea in rotation with cereals clearly 

reduced N-fertilizer requirements of the cereals. 

Soil analyses indicated that cereals lowered soil 

with fertilizer whereas soilpotassium even 	 a 
increased with appliedphosphorus content 


fertilizer.
 

Soil and Water Management 

water manage-Initial planning of the soil and 

ment program was completed in 1981/82. 

Research projects were initiated in four catego

ries: (1) basic research at Kamboinse Experi

mental Station with techniques for 

of water to evaluate flat plantmicrocatchment 
ings, contour ridges, tied ridges, and crop 

residues (mulching); (2) collecting soil-survey 
data at villages nearand hydrologic-survey 

Yako, I)jibo, and Iloromno to help design and 

carry out wate r harvesting a r, soil conservation 

projects; (3) acquiring anirrai traction equip
andment and designing methods to construct 

maintain hydrologic projects; and (4) collecting 

an( aralyzinri hydrologic response infor matiOn 

to devclop plans and simulations of soil and 

waler inain,-',rrit syserils. 

Straw mulch applied to the surface signili

cant ly improved yields. I lie traditional iethod 

of planting oni flat, bare sutfaces restlicts yields. 



Plowing before planting increased yields more 

than 200%, and using tied-ridges with mulch 

increased yields as much as 500%. Four varieties 

of sorghum and millet responded significantly to 

straw mulch irrespective of soil-surface treat-

sorghum responded more toment. But E 35-1 
than the local sorghum;water management 

among millets, Souna-3 responded more to 
than either Ex-Bornu orwater management 

local millet. 
During rainfall, straw mulch improved infil-

tration by reducing raindrop impact and increas-

ing termite and other biological activity. No 

or muddy water was observed inpuddling 

mulched plots. Increased biologica! activity, 


started in mulched plotsi immediately after the 


first rainfall, increased the macro-pores at the 


soil surface so infiltration increased greatly. 

was necessary when
Additionally, no weeding 

mulch was used at planting, and only one weed-

ing was needed in the tied-ridge plots. Otherwi:e, 

two weedings were necessary. The sorghum pro-

1450 kg/ha of dry mattcr and the millet,duced 
476( kgi ha. Sorghum E 35-1 had a plant index 

of 2.6: millet Souna-3, 1.6. 

Satellite Photographs 

Aerial and satellite photographs were used to 
soil classif~ca-determine drainage' basins and 

area in the hydrologic surveys.tions for each 
Soil pits were evaluated during 1981 to verify 

some of the classification maps. 
We plan to use animal traction in constructing 

water storage structures, conveyance,, trraces 
and ridiges, roads, and domestic an stock-water 

facilities. We will use the equipment in designing 

and carrying out village and field layouts to 

harvest water and for ico-runoff proj(ects. 
now is tinder wayExtensive personnel training 


with both oxen and donkey traction equipment.
 

E(quipment of the "Iropicultor" and "Nikart" 


types has been purchased an] their design is 

being imlproved so wse can construct and modify 

lidgers and Ca ith-moving equipment to harvest 

wkiater. 
iRa infall-runoff models ior coinpiter simnla-

tion of hydrologic characteristics of drainage 
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basins and village areas have been initiated, with 

plots being constructed so we may relate soil

surface treatments and crop residues to runoff 

volume and soil erosion. The data will be used to 

verify simulated hydrologiccalibrate and 
processes. 

Economics 

in the West Africa economicsSenior staffing 
program was completed in mid-1981 with the 

addition of a social anthropologist. The pro

gram also reached full geographic scope when 
the major agrocliwe expanded research into 


matic zones of the West African SAT with two
 

study villages representing each zone: northern
 

Guinean, Sudanian, and southern Sahelian.
 

We began baseline studies in the new areas in
 

farmers providing
1981 with 150 participating 
weekly information on production, marketing, 

anand food consumprion. In 1982, we initiated 
of on-farm experimentsintegrated program 

involving both researcher-managed trials and 

tests in each of the six villages.farmers' 
The farmr; managed their tests of intensified 

of improvedcereal/legume intercropping and 

sorghum and millet varieties. The Striga

resistant sorghum, SRN 4841, outyielded local 

controls 40% (average) in farmers' tests under 
improved managetraditional or moderately 

ment when rainfall exceeded 700 mm. The 

farmers were impres,,ed by SRN 4841's seedling 

emergence, wide adaptability, and response to 
It will enter stage-twoimproved management. 


farmers' tests in 1983.
 
We need data from the fi rmneis' tes to assess 

financial and economic returos in cereal produc

tion before recommending feitilizer (14:23:15) 

for cotton. '[hat fertilizer mixture is the most 

widely available in Upper Volta. 

Fertiliter Ilctiirns Vary Widely 

were highest for ferilier ap-Financial returns 
plied to sorghum in the northern Guinean zone 

in the Stidanian zone, and(80!,), down to 401,, 


negative in the sotithern Salhelian zone on taillet,
 

their dominant cereal. lelu.is on fertilizer were
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consistently higher for improved than for local 
varieties. Despite the profitable average returns 
from fertilizer in the Sudanian and northern 
Guinean zones, chances for financial losses 
exceeded 40% for local sorghum. So fertilizer is a 
high-risk investment in cereal production. 

Valuing fertilizer at its economic cost (market 
plus 49% far the government subsidy) showed 
fertilizer as a good investment only with 
improved sorghum varieties in the northern Gui-
nean zone or on lowlands in the southern Salle-
lian zone. 

We need more studies to determine the eco-
nomic levels of nutrients for cereals under var-
ious agroclimatic and management conditions. 

Cereal/ legume intercropping in farmers' tests 
required significantly more labor for planting 
and first weeding when cowpeas were increased 
from (2000-5000 plants/ha) to (5000-11 000 
plants,1ha). Potential gains from intensified cow-
pea intercropping need to be weighed against 
losses caused by delayed plantingand first weed-
ing of other crops. Our analysis showed that 
cowpea densities on farmers' intercropped fields 
approached the optimum. 

Analysis of baseline survey data obtained in 

the Sudanian rone during 1980 focused on crop 
budgets and evaluating donkey-traction sys-

terns. We drew three conclusions: (I) 'fhat 

returns per hour of family labo explain resource 
allocation better than do returns per hectare. 
Millet's return/ha is inferior to white sorghum 

and groundnut, but superior for returns per hour 

of labor. (2) Official prices had no effect on crop 
production. There was no attempt to enforce 
official prices, so raising official prices to market 
levcls would not influence production. (3) !co-
nomic return% were lower than rarkct price 

returns. ihatis,crop production in the sample 

was overv:; ued by international prices so shilft-

ing domestic prices to international prices might 

reduce production. 
Finally, we completed a study usingdccompo-

sitionl techniques to examine the effect of light 
donkey-traction systems on labor use. land ue, 

yields, ai(] cropping pattern%. llouscholds with 
traction equipment cultivated larger areas and 
had higher gross irlonice, but hand-tool farms 

produced higher gross and net income per hec
tare, and total net farm income. Due to area 
expansion alone, tractio households used 18% 
more total farm labor than did hand-tool 
households. 

Anthropology 

Anthropological studies were added inJuly 1981 
to the ongoing research of the West African 
economics program. Research begun in tile six 

Upper Volta study villages that year is being 
extended to Niger in 1982/83. 

The anthropologist's task in each village isto 
assess tile causes and rates of social and eco

nonlic change by considering ,uch large-scale 
phenomena as the effects of population growth 
and environmental deterioration, and by study

ing adoption rates of introduced technologies 
and cultivars and any resulting repercussions. 

A comparative study of land tenure and inher
itance systems is uncovering important varia

tions related to ethnicity and villaye settlement 
history. In all IIRISAI villages, despite their 
dilferences in rainfall, local history, and geo
graphy, the pattern of land tcnor c scems to be 

changing with increasing populations. I lie 
intensity and duration of soil exploitation also 

are changing as are prcfcrrct crop varieties. 

Ethnology of the farming s)stem. A Iurther 
aspect of the studies is an:ily.'ing status and 

wcalth difflerencs among houswholds, and how 

the differences influence ianagct, decision 
making, and acceptance of innovatioms on f1:i
ily fariv. I he research, with the work on ,ocio

econorilic change. i, ptoviding insighls on 

ado ptig ox-drMAwn pl s. donkCy c;ts,. alld 

bicycles in turil comuniutties. 
lFach far lias sexCral intensively cultivatel
 

lields a few imoilmnclts' walk from the habilttion
 
fly colntla., "hll's" liclds, up to 10km aaly, ale
 

characterli/d by long-fallowk arid 0hifting c1lti
vation wilh iliit r rio .ppliel fCliliuer. ( 'I.-

SAI'S sample ainers in Kojn villagC. In 

example, harse adopted ixcn, ph:sss, arld animnial 
traction rathcl apidly smoteLf at differelri197s htl 

rates: oxelri sooncI Ihan 1lms. ploss% .,Mlr 



than animal traction. The remaining time lag is 

to learn to manage the plows and oxen together. 

In sonic areas donkey carts make it possible to 

apply manure to the more distant fields, thus 

maintaining fertility and yields. In other regions, 

where less manure is available, farmers have 

begun to use chemical fettiliters. More intensive 

cultivation on the bush fields is further aided by 

another introduction - the bicycle. By reducing 

trasel time. bicycles permit farmers to spend 

more time tending distant fields, 
Adding an ox-drawn plow permits a farmer to 

incrcase the area cultivated. As competition for 

the remaining land increases. farncrs wvho can 

alord plos,.carts. bicy'cles. and li estock may 

control iiolc an1d m11ore land to the detrimntc1 of 

poor la1rmers. lBy dceloping less e.xpCnsiSC, 

uole ersatile farm cqtuipnlcnt, and pCrhal+ 

. -,, i. - and a d a d t. .r 

-- j 

. 4, 

I g .A orgnrio aiy otati pr+ 

Upper Volta 351 

to increasealternative agronomic techniques 
yields, ICRISAT may help the poorer farmers 

catch up with the entrepreneurs. 

)eterminants of labor availability. Labor 

shortages during peak agricultural periods may 

be a major constraint on crop production in 

West Africa. where family members (Fig. I) 

rather than hired labor. do the crop work on 

most farnis. To discover factors responsible for 

labor shotages, the ICR ISAl anthi opologist is 

as,esilng: (I) malnutrition and disease (luring 

the "hungry season" (Fig. 2). (2) seasonal and 

pcliiaicnt out-nigrtation , and ,3) the demands 

of economic activities other than crop work. 

lo supplement the reseaich on labor supply. 

and to balance the econorn.st's study of farrit 
a study on patterns ofpr(,duction, %%C launtched 

,r'.
. .. 


,tJ
 

~ot rfni ao ~p d •rnn Crp lai 

i Y 

tpper V4?lta ,"hif,fo ill)Ilow hrlps determine ctcoI plateld.
I Ilure 1. A r'out-Itneration faily poritsit In 

and halft¢sl dates and. thus, influences floo sioition oil ]mpr ,tirdinclhds.
voieodial limes. 
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likely. 80 to 9). of t cereals consumed were 

Y./ home-grown and 94 to 91(" were sorghum or 

. 'millet ( Fables 7 ,ind 8). 
I lie food consumptiln stiudies %01l help aslsess 

the palatahility. milli'p. and baking quallities ol 

n elccal alld legiun- sli'itie's deieloped by 

ICR ISA I .iiidlit dl lCodceiII Liillies tcslt, 

Table 7. Percentages biy origin of cereals consurned 

during the dry sexton In two I(1RISAT' study villages 

in Upper Volta, 1982. 

,
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floral drought. Unfortunately its seed is red and 

its panicle is small and compact, but we are using 

it extensively in our crossing program. 
Using selected exotic and local parents, we 

made 58 crosses from which we evaluated 208 

selected F3 lines in 1982. Ifone parent issuscepti-

ble to sooty stripe, the susceptibility is additive. 

Then under severe disease pressure all F3 pro-

geny from a susceptible parent are infected, 

except for crosses made with BT x 378. It is 

resistant, so with a disease-resistant Malian par-

ent we have both parents resistant. 

Using a "male-sterile facilitated recurrent 


selection" scheme, we have made rapid progress 


with our sorghum breeding populations, which 

sorghums, a
now include Malian Guinean 


Senegalese
Senegalese liegari (Iladien kori), a 

variety (CE 90), and much elite breeding stock 

ICRISAT Center. After the first selectionfrom 
cycle, we generated 550 F4 lines, evaluated them 

three locations in 1982, and identified fourat 
lines %kithresistance to both leaf disease and long 

had only a restricted lesion-smut. One line 
flecking reaction to sooty stripe so perhaps it can 

be used for horizontal resistance. In addition one 

line had uniform long cylindrical panicles and 
was susceptibleexcellent grain quality. Since it 

to leat disease, it is being crossed onto its disease-

esistant sibs. 
In addition to the base population, we have a 

derivatis e population with N-13 (Striga resist-

ant) as the male parent. The second cycle of the 

population was grown in a farmer's field heavily 
weinfested with Siri ,a in 1982. From his field 

showed no stress or%elected 25 plants that 

Striga. 

Sorghun Agronomy 

We used 'ctorial experiment to compare 

CSII -5. (S 3)4 1 (male parent of CSII-5), and a 

While apparentlyselected local. CSII-5 was 

more agronomically responsive than the local 

th rougm'hout much of the cropping season, late-

season drought stress caused extensive lodging 

and poor grain fill by CS11-5. Grain yields did 
and 2020not diffcr (2090 kgiha fo CSII-5 

kg, ha for the local) but grain quality of the local 

Was supeiior. 

Cereal/cereal intercropping. Sorghum and 

millet were compared as intercrops with maize. 

Both systems are practiced t some extent 

locally. In a factorial experiment, we varied 

intercrop density, intercrop seeding period, and 

nitrogen application rates at three locations: 

Cinzana, Sotuba, and Sikasso. Rainfall ranged 

from just over 500 mm at Cinzana to about 1200 

mm at Sikasso. 
While response patterns varied from site to 

site, some situations gave large yield advantages 

without compromising the main cereal crops, 

particularly in the higher rainfall regions. In 

Sikasso, millet averaged 860 kg/ha with 1800 

kg/ha of maize, a potentially re' arding combi

nation. We will continue this experiment.
 

with cowpea.Sorghum/millet inteeropped 
Modifying the sorghum/millet cropping systems 

remained elusive. Our factorial experiment this 

year compared effects of two cowpea varieties 

on sorghum or millet. We planted the cow

peas (I) the same time as the millet or sorghum. 

(2) about 2 weeks later, and (3) about 4 weeks 

later, at three densities (12 500, 25000, and 50000 

plants/ ha). Cowpea harvests were after 60 days, 

80 	days, and the end of the season. 

Wfien cowpea hay yields went up, cereal yields 
Early cowgenerally went down and vice versa. 

pea harvest tended to mamnize cowpea hay 

yields and minimize los-,es in cereal yield. In 

some cases, cowpeas harvested carly stimulated 

cereal yield. That is encouraging, even though 

satisfactory harvest and storage technologies are 

not yet available for an early cowpea hay 

harvest. 

Topographic sequen . A new experimental 

design allowed us to compare crop performance 

at several densities and fertility levels in several 

soil type; along the catna at Cinzana and Bar

crop density,mendougou. Crop x lerfility, x 

crop x ,oil type interactions, and 3rd order inter

actions gave us a clear pic.,ire of crop pcifor

mance across and within soil types, and effects of 

agronomic treatments within and across soil 

tIYF. . 
We thus compared several cowpea varieties. 
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The noteworthy result, other than the statistical strategies to intensify millet production, N

was lack of response to fertility x density, technical and economicmethodology working, 
phosphorous on most of the soil types at both aspects of intercropping, cereal intercropping, 

weeding methods, a herbicide x weeding tool,locations, 
We shall test the stability across and witnin criteria for selecting millet, and characteristics of 

soil types of new sorghum and millet varieties guinea sorghums. Their studies create an impor
tant link between our research and the Malianfrom tile breeding program. 
university community for long-term research 

Semi-arid zone research station development benefits in Mali. 

(Cinzana). After more than 5 years, tile Cin

zana Research Station was formally inaugurated Graduate studies. ICRISAT/USAID/ Mali is 

in July 1982. About two-third of the stition's 100 funding three Malian graduate students in the 

ha was either in crops or plowed for next year's U.S. We attempt to dovetail graduate students' 
activities with Title XII activities. Thesisprogram. 


Soil samples taken last year were analyzed at research is oriented toward Malian problems.
 

the S( tuba laboratory, with a subsample sent to
 
Texas A&M University for analysis. Sorghum Physiology
 

We are using aerial photo mosaics to make
 

soil and topographic maps after the Institut Geo- Because photoperiod sensitivity permits a range 

graphique National (IGN) photographic mis- of planting date; while maintaining flowering at 

sion in )ecember 1981: the 3-band data taken tile end of the rainy season, we are breeding 

during the mission permit us to make false-color photoperiod-sensitive sorghums. In 1981 and 

images. Using the 3-band data and existing Lom- 1982 we studied photoperiod sensitivity by cov

puter programs, we arc planning extrapolations ering seedlings (starting 15 days postemergence) 

from existing and future soil and other ecologi- 11.2, 11.4, 11.8 and 12.0 hours daily, and left the 

cal and crop production data. control uncovered. So long summer days would 

not induce flowering in a "short day" species like 

Training sorghum, we planted the nursery in May. Malian 
varieties (CSM varieties), all photoperiod sensi-

National ('enter for Agricultural Mechaniza- tive, differ in sensitivity. Those from U.S. seed 

tion. Training programs on operating animal parent-line AT x 623 are sensitive but interme

traction and motori/cd farm equipment are diatc between the parents. 

under was at the National Center foi Agricuhu- With a wheel or spoke-design experiment and 
a 3000-watt light at the hub, we determined theral Mcchani/ation. lhe training includes animal 

husbandry, smithing. and welding. A simplified relationship between light intensity and pho

toolbar is being built by the trainees. We are toperiod response. The design will let us detect 

thoroughly testikig the Nikart tool carrier and and screen for photoperiod-sensitive sorghums, 

rebuilding ou loyer tractors. Prototype tool- and the additive inheritance of photoperod sen

bars and clamps are being fabricated as a part of sitivity will let us select for any response we want 

the training. froi., full-sib combinations. 

The training program is carried out jointly
 

with staff of Machinisme Agricole, the II LVE- Millet Breeding
 
TAS training team, and ICRISAT.
 

Failure of introduced pearl millets has exceeded 

Thesis students. Several Malian universities that of introduced sorghums. The millets are 
require final-year student, to write a thesis, and highly susccptlibk to mildew and have spindly 

students from several instituti(os have written stems. 

thses based on wc,-k with us. reporting on In 1981 we made many full-sib crosses 
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between 12 selected Malian local millets, CIVT 
from Niger. Souna ill from Senegal, and 
INIADI from Togo. 'Uhen we grew the F, 
hybrids in 1982 at four locations. The FIs indi-
cate that the largest heterotic responses come 
from Souna Sud, Toromio, Sanio, and CIVT as 
observed in other West African programs. 

Future selection will be more efficient as we 
screen materials for seedling vigor and downy 
mildew resistance at our new, irrigated, screen-
ing nursery at Koporo-Keniepe. 

Millet Physiology. At Kopori in 1982 we mod-
ified a high-1, ,perature screening procedure 

high temperature and drought. The local 
Koporo variety, NBB, performed best. 

As blowing sand hinders seedling establish
ment, we devised a "burial" technique of plant
ing seedlings 2cm deep, adding I cm of sand the 
day they emerge and another 4 cm of sand 7days 
later. Plant survival at 18 days was like that in 
the high temperature experiment, but with much 
wider differences. We plan to use the "burial" 
technique routinely as we select segregating 
progeny.
 

Millet Pathology. The Senon Plain area of 
Mali, where Koporo is located, isone of the most 

worked out ; RISAT Center. We raised :.,AI important millet-producing regions of West 
severetemperatures irom 35.50 at 1400 h to 57.50C Africa, but downy mildew is a perennial, 

with a covering of charcaal dust, which gave problem. We estimated yield losses to downy 
clear varietal differences ii. ability to withstand mildew in farmers' fields at 30% in 1982. Our 

- **U, : _ 

-r 4 1mt f, ant17 th ivi Lrtr. Ii'ide2 t i deep, adding I (rni Jf .jandthe tit v r¢€lhng izopitge,w id anolif'indilrt 


iIvahiale tn 1 rerr]tnglit i qora t P i 'gregati" Itruon .diffevrmtrs in reip)onjej /o the Igtliniqw it krioe 



estimate was based on surveys in four farmers' 
fields, downy mildew evolution, grain harvest 
from each plant hill studied, and a regression 
equation. 

The 30% corresponds with 35 to 42% yield loss 
to downy mildew in our earlier field trials. 

Niger 
Pearl Millet Breeding (Maradi) 

Our experimental varieties showed stability dur-


ing the 1981/87 crop year across African coun-

were
tries. ITV 8004, ITV 8002, and ITV 8001 


stable in Niger, Nigeria, Senegaland ranked 

tead Millet African
first, lourth,and sixth in'.I 

Regional Trial (PMART). In an initial field eval-

uation of 25 e ,-rimental varieties, 8 of them 

N'ielded from 6.3 to 28.5% than CIV F, themore 
improved variety recomr'ended for Niger. and 

"sc kill further improve their potential in the 

future. 
we contributed 16 experimentalIDuring 1981 

,aicics and lines for testing across countries in 

tle peail millet exchange nursery. 
Although 1981 rainfall started late anrid totaled 

les, than nornal, its distribution through tile 

was in Niameycropping season good, except 
and in the castern and northern parts of Niger 

shere the season ended in drought, 
I)espite late, inadcquate rainfall in 1982, 

exper imental varieties that wAedeveloped wre 

ssidely tested in regional and national trials: in 

Senegal. Mali. ipper Volta, Nigeria, ('ane-
inthe Peal Millet Aftl.inroon, Sudan. and 

Regional Irial coordinated by ICRISAI. IV 

8()I and I I V 8(X)3 ssere widely ested inrultilo-

Callon trials coordinated by the Institute of 

Sahel in se eral Sahelian countries. 

In another rultilocation trial tl.at included 
six places in Niger and one each in Sencgal, 

Mali, Upper Volta. Ni eria. ('rneroon, and 

Sudan. eight of our expcrilmental valieties were 

cornp.i red will CIV I and tire bcst local cuniol 

at triost location% I lree of our entries II V 

8002, II V 8004. II V 8001 proved sup rior. 

'IV 8202 averaged 130) kg/ha over nine 

Iocation. 
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In addition to our organizing millet breeding 
work and trials at Maradi and other locations in 
Niger, ICRISAT-Niger's cooperative program 
coordinated the Pearl Millet African Regional 

and the Pearl Millet ExchangeTrial (PMART) 

Nursery (PMXN) in 18 locations in the major
 

millet-growing countries of Africa.
 

Pearl Millet Breeding (Niarney) 

The primary objective of tile breeding program 

at ICRISAT Sahelian Center, Niamey, is to gen

erate and disseminate genetic material to 

national programs to ensure higher and stable 

yields in the region.
 
Important factors that prevent high yields in
 

uneven plant
the southern Sahelian ione are 


stands due largely to sand storms and high
 
downy miltemperatures when plants emerge, 


dew. shibras (a ,Nlid relative of millet with weedy
 
insect lRaghtiva and
growth), and two pests, 

Acigoa. Identified disease and inse,.t lesistailce
 

can be incorporitel into the breeding material.
 

Photope iod response, an essential component.
 

probably interacts with potential available soil
 

moisture to provide the needed resistance until
 

millet matures.
 
During 1982 more than 900 gpermplasmn acces

sions representing African collections were eval

uatcd and seed sAcrc inuliplied as Sl bulks for 
African320 accessions. .xprcsion of West 

gerniplasim was good at Sador , v,hece 40 aces

sionis Wele identilied for possible e ;!,, palental 

rnwterial. 
A wrle range of parental rnatcrial for exotic x 

local croses aid [,,, ,eg egatiig populatioi, 
and backcross F,%(>I9() e)tris) wia, grown. 

Sevcral slpetiol comlbiinations were ildeitificd 
Irom owrnyfor agronomic woirth and freedo 

mildew. 1hrsuperior combinations will be bae 

naterial for syniheCtiL! ail pp)ulatio,',. Il,)ring 

thu year, materials originatirng from Niger ii, 

Niger, Mah, and Sencgal cre outstanding 
Potential cytoplasmlic male-sterile linc at a t

iou% backcros% stages and geoglaphic origins 

indicated five group%with potential to be bred 

into seed parentw, 
With the idea of eliminating the ,ecdy ,librac 
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Table 9. Mean, variance, and range for five characters of half-ib families of Sadori Local pearl millet, 1982.
 

Character Mean 

Days to 50% bloor- 68 

Plant height (cm) 251 

Ear length (cm) 73 
Downy mildew (%) 10 
Shibras (%) 6 

and downy mildew, we evaluated 3(0 half-sib 
progenies arid selected 63 S, plants to grow S, 

progenies to generate experimental varieties ;,nd 
half-sibs for the next ,-" NM ,f4-. an incidences 

shibras and d<,si inrlo, ' were 6% (maximiirn i 

37,'';) and (maxiuiumI),,' 58%). respectively 

(yable 9). 

Ten international and regional trials (462 test 

entries) and two exchange nurseries were esalu-

atcd to identify high-yield potential and resist-

aorce to dicases; 33 entries from tile trials and 10 

from exchange nurseries were retained for rceval-

rIation in 1983. We hope to improve (owny raiu-

dew tesitp, .c and retain earliness using 

I(RISAI' varieties and S, sdcctions. 

Ilaircst index ctilmations in 1982 shoscd 

Sadae loc.i at 2t ' comparied %,ilh around 27' 

lir (1IV I arid I I V 8002 ar'd nre than 30% for 

I(' SA I aictics and tlibid%, 

Pearl Millet Patltolo-,y 

Ill19X I th. palthohy lo'lall concentiated at 

the \(iR IIY I I s tc o, tile banks of the river 

Niger in NiarrmeV, Material plantcd iiicludd tile 

Inteliallntia hllI'CII MilletI )o.nv Mildew 

Nur,,cry (I'.M I)M N). the Intrinatiollal Pearl 

N,i t niut Nur,,cry (II'MSNI. the Inteina-

tia, il Pcarl Millet l Nrut cry(ll'MIN).and 

thre West African Mt"',, l)if Crti:u Iria 

(WA NII )I) In +di;i i, , %c monit ored dcNsclop-

rltCo)ldi1 ,oil olherscw, rlilllct Ialterial planted 

at A(iRIIYMi: I and in fariimrs' fieids. 

Dksca Sursey% 

:sUrsys of' millet ficlds were conducted toward 

the end of the 1981 cropping season, principally 

SE Variance Minimum Maximum 

±0.2 20.7 58 75 

11.2 406.8 185 307 
±0.4 48.2 53 92 
±0.5 90.9 0 58 
xU.4 43.3 0 37 

along roads radiating Iroi Nia mey and on tile 
ICRISAT cxperiment station at Sadore'. We 

also recorded stae of growth, stand dIcAsity, use 
of manurc, inteicropping, and incidence of other 

diseases a rd Striga. 
I he inca n incidecc of dov.'ny mildew for all 

samplcs was 19.6,+ ; thc mean for the Sadaor site 

was 35.5r*(, so it should be a satisfictory .nvilOll

inieit for scrcellin' ,igaitt downy mildew. 

S11ut infections Wsclc rro0(leate to low adll 
' 
e low illthe ilcas tirl\cyed.blast and clot 

No rList w ts ohbrvcd in any crop. 

Stii a infestations wcc low in tlie Niancy 

arca hut hig,,hcr in areas it) Iie cast, nit blv 

bt(v.ecii ltirii Nknorii and I At otauand betc\,.1 

MNitiadi and /indei. A notabl: eiature %%as tihe 

mary slihal, in plantins.p, 

One West African iil] se,.n intcr ii.tioial 

millet di,,-asc nurscrics %kcic planted witlt 571 

ritlies i )1982. 

Other plantin, inclld(l I Iliili-iiitcnsity. 
disCa.,/,-eclCChirIJ 1rrely, t o trials an hirliici

dil Caont.ol d hck,do x'y iilhlcw."and b<",cal 

of diec i u,,'lihtC hlne, tar ,tedrIiultIplic.i

tiai and spCad of disise. I'oli of 111rilct 

."ccd 'd""ilh It \(J,rlCd ao'.poic rIittrial .Clr

grl rl is li,o 'c. p:p,ildels. 
,
On't ot lail iii ll98 %%asiitieladlate. WC 

usedl the first s nall shosscrs 17 arid 20 Itle 1tai 

limited trial platililys.If, rroimin' rodcnts, over

night, ruil-d ,arnt 3.01) at ,() pacets of ri'ly 
planted plain. I hrecalltr, dally baitill %,ilh 

grain trted sstll aIanitiila!rlliirt (Ca(rrrli

lerie) pr otc tCd lie"; pI lnitiilry. 

Inlctor in;tcrial ";I% pI.. , .. 1 .1lt.arid I 

July. as see the fingicirde tials. AItcr an 8.7

rnim shos eIII .July,IIMtI N, Mil, I'NIAR I, 

and part of the I'rc-II'MI)AIN cr e plailcd 17 

http:Caont.ol
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July. Then we ceased planting for more than 3 

weeks, waiting for moisture until 3 August. 

Plantings were completed 6 August, and fungi-

cide trials were replanted as the first ones had 

failed. 
The West African Regional Disease Evalua-

tion Nursery (WARDEN), which assembles 

West African material thought to be disease re-

sistant, had the following entries: Maradi, 18; 
10; Kamboinse, 3;Samaru, 31; Bambey, 

Bamako, 3; and Niamey, 3. 

Development of Diseases 

Downy mildew. Susceptible millet planted in 

pots at Sador6 28 May showed downy mildew 

(Scero.pora graminiwola) infection 24 June. 

Symptoms disappeared and reappeared several 

times as climatic conditions changed but the 

plants were free of downy mildew at the end of 

the season. Growth of infector material was rea

sonably satisfactory but with gaps. Plants that 

died did so because of inadequate rainfall, sand 

blasting and burying, and grasshoppers. There 

was no evidence of fungal problems at the seed-

ling stage. 

The same pattern was reflected elsewhere in 

Niger. Crops generally were thin; downy mildew 

late and damage slight.development was 

Smut at the Sador6 station was moder-Smut. 

ate as elsewhere in Niger, but tile disease did not
 

reach damaging levels.
 
with methods to inoculateWe experimented 

with smut, especially in the 'sick plot,' and tried 

eight methods of establishing a satisfactory 
for smut. The one chosenscreening technique 

to direct a jet of spore suspensionfor 1983 is 
(24-hr old) inside the boot leaf and then cover 

with a selfing bag. Bagging the developing heads 

to exclude external inoculumextremely early 

did not prevent infection.
 

Ergot. Levels of ergot in the Niamey area were 
this likely is the generalentremely low in 1981, 


rule under dry conditions.
 

Striga 

We are planning research on Striga (S. Iwrmon-

Ihica) which affects millet as part of the bleeding 

program. Two areas of tile Sadore site (about I 

JAa, -drtV rr tpzuil rd If goatt.im the rigl.ton au,,S"i a material rom fatJpiAttcnimli to Iollc(t 
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ha each) that bore a crop of volunteer millet, 
were selected for their highprimarily shibras, 


Stri,,a infestation 'n 1982. Siriga inflorescence 


was collected froin the Sadore' site to increase 
to collect similarStriga infestatio.i. Attempts 

Striga material from neighboring farms were 

frustrated by goats. 
Moderately severe attacks of a crown rot, 

i,:'mbly caused by a species of Fusarium,and a 

gall-forming insect Smiit'rotyx sp.) were seen on 

the Striga at Sador. 

Cowpes 

In addition to the more prevalent diseases of 

cowpea, plantings at Sadore were attacked by 

Macwophoinia phascolina, which apparently is 

widespread and damaging inNiger. It attacked 

and almost completely destroyed late plantings 

on infertile soil. 

Pearl Millet Agronomy 

An aginnn)mist joined our Sahelian Center staff 

in April 1981. ano we initiated work on cultivar 

and basic crop agronomy, withadaptability 
emphasis on variety adaptation, #.ultivarx den

sity interactions, intercropping, and crop estab
planted inlishment. A range of genotypes were 

and local varietysix international, regional 
trials. Four genotypes (ICIl 412, MIIi 110, ITV 

8113, ITV 8003) yielded as well as, if not better 

than, a localimproved variety, CIVT. With rains 

ending early (total rainfall 395 nrim), higher 

yields were associated with earliness. ihin
werestemmed, high-tillering genotypes most
 

su,ceptible to lodging and drought stress.
 
studies in 1981,
Preliminary plant density 
110, lx llornu,using four genotypes (Mliii 


ICMS 7703, 3/4 IlK) showed laige intcractions
 

between varieties and plant densities for both
 

morphological and yield characteristics. 1arly
 

110, ICMS 7703) this dry )c>ar
genotypes (MIll 

higher densities than normaintained yields at 


meally used in Nigcr. l)ccreasing with inciea,.ed
 
per
plant density "Cie single-grain sseight, g erails 

infloreccnce, illorccencelength. inlor ,-ccnce 

number per pocket. and plant heiglhi. In con

ifnlor ce rice number per unit
 

area increased with plant density. IJsciul insights

trast, lodginga 1l 

v 4 

rd 411,,1cr, pattit ularlh Intor' lii iw phialm
il ri, t ,h ,,di' t" ' atIt fttlolit?1tngA wt'li'i4,1 jIlh't fllafrioaPr.ihn 


ld ill%'rf.
 
dtr iear, i/tar! I, tha Irpal g IalNwrtlol dra illti O'fm I) il li h /

sooi 

http:inciea,.ed


were gained from the plant-density tests; follow-
up trials will include both improved local and 

farmers' varieties, as well as thinningand fertility 

regimes, 
Plant stands were poor on Niger farmers' 

fields and research plots in 1981/82. Replanting 
two or three times was normal. Then on average 

16% of tile pockets were missing in a sample of 
nine farmers' fields between Niamey and 
Maradi, and only 55% (average) of the pockets 

produced productive tillers in the widely spaced 

plantings (Table 10). Reasons for poor stands 
lie not clear but may be early moisture stress, 
high soil temperatures, poor seeding techniques, 

sand blasting, and low germination seed. 
Ilhe flist plantingof 1982 expciimental fields 3 

.litle pavc an averae 521'j' stand with traditional 

':' d planting, 31) sedts per pocket. In early 

pl',ntings, the local cultivar appeared niore 
NigorI oIs than the improved varieties. In thetic lustI 

plantinl, of tile combined agronoly trial, local 

stands avcriged W; CI'i varieties,4 VI, Poor 


stands appear to result Lorin early diought annlJt 

soil-tcmperature stresses. Soil temperatures 2 

Table 10. Millet stands between Niamey and Maradi, 
Niger, 1981/92 survey. 

Millet hill% 

Farm 	 Non
field Productive producti.e Shibra% Missing 

I 	 74 3 14 

6 4 :,1 6
2 

3 	 58 21 6 13 

4 	 56 9 20 15 

5 	 52 27 9 II 
6 	 51 20 22 8 
7 	 51 14 4 31 
8 	 46 9 14 30 

9 	 37 24 13 20 

Mean 55 is 14 16 
. .. . . .. . .. - ....--. .... - . . . . . . . 

llodutii --prido ig io'tt lni 
Nonprucive - pilliulngl i ifltlhliC'ii ( u iu dIitall 

or sok&tI dianage 

.%tibras wCCidy unpr(iu(tiive /'nntill 

Miiinsi no planil cilihtithet in hitll 

e 
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Figure 3. Soil temperatures 2 mm deep in June and 
July 1982, recorded from one day after a rain, ICRI-

SAT Sahellan Center, Niger. 

111111 1I.ul fate lose quickly in June to 45bhlow the 

or 50(' alterla raiin, arid 5 cill below the surface, 

to hiovc -10( ,o replanting was necessary 30 

June and 3 July (Ili,.). I lien %tandsuviival sas 

beier. Stalid ile h rclplaltc comlbllnhined aglon
olnly itial, %hich contiined only local material, 

,c)leftd,hien itliio ille 5%ii il10e phl'nti
lu1l andil terlpClitilCe Iec ltcler sowill. 

AliL the 30)11 lnC iwiiig, telnl elattires 5 cll 

IWIow tOW %illlIt, lImla'edi froint 30) to 4511' and 
l n-tO i lel4 5 a n d 5 01 ( , Lit e ill Jilly . 

i( ilte inl t h cdirngi r il% piro

(huced polr %tlind,ticcaime they are riot adapted 
t Il igh soil ternperiatires, ihiougt; Stlics%, or said 

la:,ling aiind 	 bu iiil. 

I lie t tiC llIhl ile 

10 
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We started a project to determine cultivardif-
ferences in seedling emergence and establish

ment, and to develop selection techniques that 

permit us to evaluate differences in stand estah

lishmcnt. Scqucntial plantings of 30 genotypes 

after a rain differentiated their abilities to 

emerge and establish. With refinement, sequen-

tial plantings may be a u,eltl selection tech-

nique. Varietal differences in emergence and 

(,lahli'hnient largely reflected original seed via-

hility, except that the local improved varieties. 

('IVI and IKP, performed better than their
 
%Nhile W11
germination percentages indicated, 

226 and Mi 0IIIIpe rformed markedly poorer. 

I i t two, along ith W C-C75, ICM .S7703,
Ilie 

ICNIS 	 7909, had higher mortalities ofand 
other genotypc,,emerged seedling, than the 

Iigh %oilteMpelat tires. xcecding,450Cat times, 
phenolellon. :sociatcd ;Icommnion early season 

%kith drought strs, probably killed tlie 

Seedlings. 

,11mullet I I')'Oi I. 

1t roil thrl iiigth ,,si"llf/i dtorh ij,! hog/rtotr,lr ,,,s llri ulit/!' .++oh/rhotIddl uIl no r:rn ulifu'n 

area. to itg/-grr ,1tunlltori'rldd and proaIcr iriltiLg 

Ihniqnnr ar rrdrd. atd are dtoighl, and icat. 

tnvitant citiviir. Ieplanting ha nertrart in lit 

field. 

60 1 6-13 May 1982 

40 
/ 

C) 

u 10
 

o 4 
0 6 12 18 24 

Tillie (r) 

Figure 4. Soil surface temperature at 2, 4, 6, and 8 

days aftr planting for a crop establlisment trial 

with 20 ni n Irrigatlon at ACIII1''MET ('enter. 

Niger. 

io tes scrccnn lor teinpelatlir an] drotght
',,+
stres,,s during tihe Apt iI-Ma.' Irtriny,acii.{m 

planted a genolypV sIccrIing' trial in 1982 in 

Meteorologyassociation Nktlh IIwII)CI, of the 


l)epaltmncrnt, ltcading, ,llzs ([uyglamId).
eis.y 


%kho [IIonitorICtd the CtnsIfonIelrI lint. ( "liflati Con
, "CCefiditiorns strio ideal lot Iem p)Cratire stlIc

i as!, 'oil tenpcrattlc, cxtccdcd 50(C;I% 	 ,lillace 
u 4) 1 mone II Valtcr plailtillm(Fl, L i)flic intly 

8201, IIV i205. and Sounia Mali than1 local Lill-
tl%.If%, ((IV 1.11K P, I19 Kok), Alnkotc,', anid 

31 IlK) cniecd anid smii .ixt-d 15 daN, alt 

W itlhbl ttcrtolill(l (itIl1ol"ltlft .1rid|,oil((t)ll

appea1l1x C'l',ol idctl forditllons, tile pleIIiN. 
ie I a iIlilCI-I IwIitI IICsI.I ClCII I C,'en po'Il 

Cn ,n~l~llit.
 

hli, rcmlp|)ing . B I P V,,1111110 1%,J'IoPl ;k%illl 

al IC1 ionI, it isiitert top Ill lictsoitli cill .;li 1 

t) MNot1.ihlt I%% Iolp , to:'CtieI.i porlail l)in this Ii t1ite 11.101w 5%it t((1W

l i I982 to clucidate\Ve ',taitld a 'oJpeas ritag'es or dit,,;Ila}'es, of initicr~Oppingatls,, 


nillct arid o0pas, hp ing.1 to (dtCmine opti

inumttl iitii i ol the two flop(, ini 61aC 

e-on aid to umle rltalml sMht Iactors Cont rib

tied to succes. 



Increasing cowpeas in the mixture decreased 
millet grain yields. The local cowpea cultivar was 

more competitive with millet than the improved 
grain cultivar TN88-63 (Table II). The local 

millet cultivar yielded more grain than CIVT. 
both yielded moie %kitha plant density of 10 

O)ha Omin with 4400:ha). 
('us' pea hay yields were generally the reverse 

of the millet gmatin yields for the various tiIt-

mfnts. Itighe r proportioms of cowpea in the 

intcrop gasc higher ha% yields, and the loc.mI 

,:tltr.;tr produccd mote k thaOwdid I N88-03. 

I he local culliar %%sts mole competitisce %ith 

W. a th1;mr1ss (IV I . Millet density did not 

.t1ilteetcopca hay Yields No cos pea grain %as 

pmtoduccd i 1 182 becaulls o d1llght aid insect 

,tt, k, 

I Colloluic ctulus incleased %, ibl increa ing 

'tiportionsIoll Co p'a in the inteicrop, putic-

1,11m%I ,ibhthe local cos pea 

ul..lr. (IV I. 

I able II. YldJ and economIc 

I rc.'trcnt 

M I rnillyld 
I x I m 

I S ! 5 ill 


SI 


ox)pr'a llrety 

IN 8 All 
I (,l 

I21
S." 


Millct sirlcty 
(IV I 

I ,cal 


SI 


Ilpenillct 
I 
1:2 
1.1 
2.1 
3:1 

SI 
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For all treatments, land equivalent ratios indi

cated definite advantages to intercropping with 

cowpea. To obtain more cowpea hay, CIVT var

iety should be used in high cowpea-to-nillet pro

portions. To obtain more millet grain, the local 

cu'tivar should be used with low cowpea 
proportions. 

Sorghunitand Pearl Millet Entonmology 

()ir entonologist in Niger worked also in Upper 

Volta. 

Insect pe,,ts inNiger. Results trom pest surveys 

in Niger are pmelimniay I)ecause surveys "ere 

less iltIent illNiger ill 1981 than in Upper 

Volta in 197'.)', 0andleer fat rs were ,amplcd. 

I he hilghest I'ughtiva infcstation ( 81r';)was 

rccoidcd in a fil in I )opon ID)outchi. Iighest 

%,tem borer infestation ( l00; ) %%as at larnaske 

Iahou:r district) Raflahul' infest;tion in 1981 

return of mlletl/coipea lnttrcrupping %tudy,Nier, 1982. 

C'Ar pr.1 Millet 
'Iotalhay yield I otal IR I.FR 

tkgi ha) (kg/ ha) value Coy,pCa Millet I.ER 

540 470 72.3 0.58 0.80 1.38 

560 340 63.4 0.58 0.57 1.15 
13.9 10.03 ±0.07 I0,0O'158 ±5 

360 460 60.2 0.43 0.78 1.21 

740 340 75.5 0.73 0.59 1.32 
31 ±3.5 ±0.06 10111 ±0,15 

600 390 69.9 0,64 0.72 1.36 
500 420 65.8 0.52 0.65 1.17 
t29 ±32 3,8 ±0.08 ±0.03 10.10 

200 480 51.3 0.22 0.81 1.03 
410 470 63.9 0.43 0.79 1,21 

450 370 58.9 0.50 0.64 1,13 
820 390 84.3 0.85 0.66 1.51 
860 310 80.8 0.92 0.52 1.44 

168 j43 5.7 ±0.08 ±0.07 ±0.11 
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appeared to be highest in the central region 
b tween Dosso and Madaoua. 

Pest population dynamics. Adull emergence 
of Raghuva altiptnctella correlated highly with 
the first major rains. Infestation was more 
closely related to the date that heads emerged 
than to flowering (late. 

A%in preceding years, we recorded three larval 
peaks of Acigona ignifisalis at Karnboine ill 
1981, confiirmingthreegenetations tseason. lie 
third generation, usually the highest, caused 
major crop infestation iii Lite August and in 
September. It undcrgoes diapamue durinrg the 6-
to 8-month dry period, I at-val %vinvivalis high 
during the dry period, espec:lly in tiillet stalks, 
preserved at, piles, under shade, or is animal 
bedding 

A. ignd'fmali, the ped orina (it stemi borer of 

Millet it K; lriboinIse , is epl;,ced hy .Sramia,a-

a,,irrtr ;nd l-ldaho A(dcihrina dring Ie (ry 

season. Inlfetatioris of sorghtili by Acigofua 

I)ecote plrcdoltiiirt iiiOctobcrarid Novcbnhe. 

Borer preferrrices for variefies. V;,rielPis Nige-
rian composite. Ex- horn i, and Son tnaIll were 
the 'lost susceplible to borths Initially the hor-
er', prelci red Niger'im ,omposite, tio the Kan-

boirse iocal. ly initid v.rritcal prefeienccs the 

varietics tanked Nl:crian corrpoite -S,iui;i Ill 

and Fx ornu .( IV II I Katnhoiise local. 

Spittle buL. Spittle bug (P''onph l wilam 

infestation i, eased in Nier as tIecrop'c;ts( , 
advanced, and itee i%evidence that i.cr 
rubta did riot co ri1 ite t(: t;ll', inlestation 

(Table 12). 
Ithe chlro.ic symiolm anti, intll P. tar il-

Us infestation did not develop in plants attacked 
by fewer than six larvae. Infestations were high
est in September. 

Latvae developed to adults in 23 days. Aver
age adult longevity in captivity was 3.5 days. 
L.arval mortality was higher in the first two than 
in later nymphal stagcs. 

Research Results 

No pest surveys %crc conducted in Niger dIring 
1982 cropping season, and vdult populations of 
Raghmd/ and Ahigorla cle Iiot surveyed. 

Results, from yea r-rou nd iuoiithly plantings of 

millet at Kantioirl,. Upper Volta, conflim for 
the 31d ear that A. ignecfra/ is the predorri
ant stem hoier in rnillct. Infestation of iryiittcd 

millet d ur igz the d ry ,sason i' low ,ind I. igu1/ti. 

stl/l is replaced pm inarilv by S'amia a/mitt t. 

I uairc ft., ccl,k11 ).tem-,plittingl ob,,r ' 

tionis shimiod tmo( distill ,.ltjola gC.IItWfi 

at Karnrhoirisc 1111'82 itllh the first nClrtiClon 

llulch smaller Ilall Ili ,l earlls.ls, 

S.illborcrs si;illlv attc;itk olglll't Illno1e 

thall 1nilt. 

italu ,f-planting trial, Kariloin'e. Hlot(ci 

lai:,age on youl niiitc, r .o'ddC! ,s dcohlllt 

tillerI, as o%% ith diffl armon! ,,r-I l%,. lnc 
tIit
ties or planting d;,tes', s,hithi tnIr.rt' I 

1980 and 198I I.N,,lt,. I)tiled .irnla,, of lIen

centalges ofinlfCtCd stclns,. ,,ircd d:'tInri .rl
 
,

I 'ae per ,- i, ,hs\cd te Na,:ine itnid , in 

1981. I lie local %airlcty ssas ic tiA:lalit than 
I xlormt i Nil'cniih citnllp,,si~e. Iniilal h)cl 
attack %kashigher I tIneIite clop. II - low terill 

hoiwr dmiaie i elith first c,,p V.- ilIco hI1054, 

firlst-genelratiol larval popltlions in Jliy. 

Table 12. I'ooplilu contalis and Locrh rubra in:c,,tkn%on fa rs'nfleld in Nlgtr, 19111. 

Fields Adult plart, Adu" 1'. wtal, Admut I.. rubra 

Month ,amnp:-d (no.) ine,' ". ) (rio./5X) plant') (no, / . plants) 

July 
August 
September 

16 
24 
25 

5 
17 
27 

5 
20 
48 

.I 
I 
1' 
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Thus., the quantity of pli)sphOrus 
and grain yield relations, depth.

!ntemode damage 	 a stlandaid concentlaltion 
of tile required to maintain 

Kabnbolins. Although morc than 20% 
of 0.2 ppm 1 in an cquilibrium soil solution i, 10 

riot infeistcd by A. ignefii-
stalks examined were 	

ppm I' for the soil surface sampIC 10-15 cm) iad 
' , had from I to 4 intr nodes destroyed, 	 cm)..%alis. 57( 96 ppm P for the subsoil sample (120-150 

with no Ipalor diilcience,.i~mong %atictic. UNei 
retults obtained during the year

Ilelimninamyof Intel-numlber,though d ifcrlences illlong 	 +Showthat feltilrer is one of the mosit ilportant 
ktoed [let S ll vC %ignuitcanit, 1painlilt~ti,.d+, 	 " lol t that tile

I ,-r inctr,'llg Ct Op p1' It 
" 


yields incrLased ,ith incrcascd internoie dinill-
cl is Ilo% asi hi.hlightcd by ; nonrtr

. fertility l of the
 
age for At thre iatictics of millet vilding only IT,', 


tililrd plot 
the Ilmot illiportalit

In genctal te tmhiXillntlll I'll ospholrs is 
ilatcof.IpanIi trial, Sador . 

idctiotll. plosphilrl'.lactol to colll pl
arllirl ctop ,ultclcd les %cI hom dailligr blt 1llniltg 

'+ ,iCld inaslilxillun.ilhic hiltl s m ~llet tol 8h, 
hi gher IaA114vuil Il" ilsttiol thall th lteml Clrop. 

ti t.kct alidii In the tritIll olm l of phoisplIIoI, the best 
c g iot itklif[ettcst .iiilll tiies, 


tl ntIek see iipiC ', lil li ItC inil p.11
cillertdat, 


t,ilt 00110') ;miduliitd mokk phlplhatc Paitially
 

W- s.iv. ritoidult p 1 iilitllo 	 asi AllittitSorghurnlitirde. 	 SO) ) t Idulatc(I phi'ph.it" lt.l k 
l i I nor/i1t(,,)(t 	 ii' i''

(it i l %ollhoiill l ioliC (( .oj 	
p t"'pho Sinc therei 

ill lint I%5IlIpIC SupCll
l l 

'x om I .ilako-I.1, 
.,W 'llust at coluit Katil	 flltt mtCit- Y1 l l tc t|,II . 'ii

i gil n it l i 
\'t, shi iI plIl)pl ltilt-, pc 	 rfinll1-fiiih (_,on lo ms 

pi il h.t til Nllyllifi t lic on tjintict 


NMlkyc po pul.itiir,
lw c.4id ii 
tlc itl d iI lT)I 

o h 1+	 tll |ihu .up'2I~h .ii 1(1,1 
c L ' iiri th l serll- +i,.Ihf t '%pi" iliiiCitt til l 

'Cp"r t a t orll,(I '1 t 32. I'NI.9t)?2).l.t, itall it it +' at",, csISt tiil' s!lt'.i + I 
-that .ipiplttg t 

1 rost, tlviait lItcli 11C.1 In,of litolpl sliNsulh+,.d d ttltc Inl q, ior mcitlolS 11111Itlpp11i tw ,i .. , 
id1 I'Mi 901' sc r , to 

cir 'ti.,l o'o p-imc h 
Sjilt.iphIc.itIif"cl~ h.I (i.t~l]' ,~lc v 

S oii hcn islr l,arndn ].tO ,ri f ,tiA iii .1li t, I, 1hit 'lli tt .11li 1Fertility .+11, hly s i i llo ,t 
Ill(.l (( h f 

~t~ t I,, ' l~ {lplw l t olca 
1,t l lllll 

Owr ,, lls, L.1l illl
)[11{Htl III11 111l 1w hi 

11)"Al<llln (itl f~ i fop }tll 	 lml l O'clotlv;'mtal'+, 
Pq~ll llllt, ,Ib.llt,h "'.,l1 Ilth o+lil " i,

(tl th( .tlrlkolii -A 

hill IIhIt soilIIt 
l t i ti.i i ill 2prlli I' i ni ll 

,ilt 0(1 )7 
h s i l- Il ituc ai

ri .i l l f-
14 i, il , t i. tcuId it I'i' ? 	 of tit tIi.ii

,.Ad i to at pi.titini j iodil el'w 
itll, I4+-, ht ( ,:Iitcr 1 I ( irid I( 'Id .
 

th ti, I Ct I It Itom o.icA I|
 
, I t s oj

t 	 A I I lir i t 
t Ili th" ti 1,il Ill 1I.111it dlltr, il ttIi'iII I CiAr " 

1 s tI C 't "()io l ( i o1 lio . 
pr iii is t'1' d 	

f ,I('i t 11 hills I,[. ltls.c.ll Ilf 
;, niiUi t . 

kll l tIito .tint in,oif| lctct tic li ti 	
atitiul .rIIl i , 	

l I ltm)C i|ll morc( CiiiL y
10 01 ,1)., n-

of ;6ill 11111iitp.tii to 
0 ll11t I nctihi .l 0i 


t( d l j-1t.111 Ic ahont 1Q,
ohlh ,itc lp pl htlt II .i t fr115lln 
' 	 ~l lll\i.ltI oh"f[" ic r. t III"+.21t~n I l .t,m akoI

+l I lhato mI'ii'il,, h vl +noth, .tlVrd<.,l~tlllltll 
["Co i~tc% 

,(It it1 tli ilit ttadofo t h 'imsiiil N01iet tII 

-


11cltitiilt ss.is k.niid ,iit. stiss 1fth t1 	
Niger iilsti sulked il IlpperIll( hit' lioilillt1

I , "t' i , c,it ld (W hi~ V ltI I I 
(),ic I'alti't,ilI' 	 Il0%ia, ..l'tc (il ll Ill klvtl .1 (p). .11ii(*.,ii110 . 'It ill 

1 ppiil) ili1
ilh" ljim~l ilthii. 0l1,ii s - I ' 

N larimit il aind NabahitrirmN illag% il IUpp-rr 
11.iv, (I ii ' ii,.1itiii1tll) p.ll Vlll)	 i

c.\I lii,1 ct,ulc (t il t", 4dl pholi rm obi , il i lill tIhl " I'oilt'llll 	 Itll i i uS 
I I i ' i " itt ict , Slle ShCt. t i l 

thw I oo.and1
ion ss ic ~t~lthii at conifig to 	

I eirfit of trad:tirial pir ixluctiol.
(oWt" and(1If 1' absolpllolli isInctilou i llio#liii tlith 	 id to tihe gereril patt l
Out results confom

is tlliiiciClt'il wiii
hlos iii the s1ltfatilac 
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oflWeIt Atrican scitui-,,zlid trlopics farming. 

I hcic i littlek ctii' CXi)lcet IcCdilg until fhe 

I.I-t taii it.all) i II it May or early June atou 


O(llyagdolgotl'N latitude. ntense platntingl (a rd 

IIc
IcphaltintI (4f the piin) ip il cetah ( illet, %% 

soighn. :rd(%IrFIuln) follow the llst l:lns 

1 lofIlien.'iltcr .'-'t, peltod, tncms'a thellrtune 

Intense "C-iriplii Is neC.il tso-thiids. of"110 
tiotal. i it t tlhe I ittic money l I%-spent on Inputs, 

(ictilh/eN,. cyccialh ) and %IChlds ;ic ncarl 

lr%I I>.tt 5(m) 1,Y 1i.i 1 ahiti F'olig )Ii 

tailm 'eiri I ctirri'> lesN (bN o()%t(if toot 

M 

7 1I~l 

PI 
.tfi. .1lE11t"iiti, 44d 

ittti ~'tflihfIl'' h AC ~tif~I ?i( I/ / 

!, .1.r.,rrn~r.hih t,,,l ,,..lr 


'. ii~iijf'itlil)idiriii~ilI..'.1 iti'4 (1 ,a (ue. 

ira.! 14,t) ih illti 

fini314,4,i-i 

77e5I e. loUplpler " lilt. a1 . 44aht'14a i/lar ttJu. 

produced) than the satne labor would return in 

wa lg . 

Cropping I)atterlr. Ihi rrpping pattern i% 

1 (tlidiC iicd %%,III,illtc t il 10) C0p.CIing 

mole than tbthord%of the cilpd ;i'.i n both 

hWitl ainid ainimal 1l.0. tiol (A I R) cluti%t.tion. 

Soilitti are next it) iiiipomt'licc. aieaii of the 

I lntttt.ir "'S l U. hZliiill[ 

h.i1%v,'tiinatd 0 20 

tol 0) 1I li.1 of crop .me' per fhiitik 11einIIwr 
,i,i ll tit) Miud Iiiii/C l\Vc" 

Silrs for \\rstril Niger Vill".r Silldire 

P6110111111n site %Vletioii. I~k L.i11ItCtp ' J i11.il 

(11 lil tI l ll CfI '( l l' lc.I .1fidI l 11.1110 I.14)c It It %kuIc C ItCIh ill'I ItI I I 

. I I I~II1 io i I' II I I s h.1 ,itIi III-. I 

i ,i lIII. I.SiltI ,.rh4IiO p thc" l )l l 1,vI.I,.k I .
 

C'i UT ( ki .1(it)' .1 A,4,k 1,4 c
I lv ["as .ii [n' , LAM M bf -

Sitei %diti (?o n i the I alolIlows -eion. I 1r 

V ll.,r s(-tcm h¢i)Ihdto Ihll(. r¢.111in.mc (I 

i h'p us I 

, Iit 1tit I t 'I tlne stih Illifll 

ntttos 

iSPIiiiiut[ t dil' i% .iy -hillild i crop,. 

:ial
pingy patter81s. r.nfll iq'inirs, .d Smnc 

I 
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Ioo little animal traction was found for it to 

bc studied here. I he villages chosen. Fabirgui 

and Gobery, had herders or a nearby carmp of 

herdeis. and ate 15 to 25 kin from the main 

cast-west road of the country, at the edge of the 

i)allol about 20 kil sooth of tihe paved road, not 
isolated froin commerce. Ihe villages arc close 
cnoujgh together so rainfall should not vary sig-

nilt cantls' betsscn them, oier time or during a 

sea i~ 

SIte ,selec inm i rflhgltdfl. La rtn:.ganda is 

Niamey eteenrenorth of 
irlct fossil ainsN.Iti N

the 
Nil r 	 riwer and tic / 

%itil i.inl l flo t 2(g) too 50 1rumnpr
1111111 

(l t 5 l e\:.Ittilld ;lit ullllol 
at.l .Soi,' ireCfairly ui itorr sandv wsitht irb-

uilir ropogiap11 Much of iliC ioi istrasecd 

b\, r1\ f etiselmtI'oplationbutatics oit ile Ni 

lkii it5 .tIllls sl dl'ifr I to . tp il ,q 

with the agronomy and millet improvement pro

grams, analyiesecononic and agronomiceffects 
of millet production packages in Niger, rather 

than recommending them to participating 

farmers. 

Ihscription of Tests 
lhe test includes four treatments. each in a 500

tn blot-k. In the first, frmners were instructed to 

.sced the local millet at the local rate as i control 
and to thin and weed as usual. In the improved 
lcltta et 1) arei s r ntutdt 

intructed tolubcraiot 
plant the local millet at 10 (0 ) pockets/ hw with 

kg, ha Aisim ple superphosplaltc (SSP) and
I0 

1 lie third (13) was30 units ol N/ha ;is urea. 
idjntic~al v itlli 12 except that the introduced cul

tisar (IV I irplaccd (lie local millet. Ihe fourth 
( 14) \,,;% identical ssith '13 except that cowpea 

ariety I N ho3 \as addrd a%;ai intercrop with 

kill ii Itilitl ,Itcas, but lise~tock .fcnvt\ i-, ighl 
, 

,1ant the /one I' crotwxd ly lF ,hisIuiiall! iI Id 

' 
I x/. itaari'.i1hdi \ illia.e1 (S ,idII/ K idIt l 

.'Nu1i1 i) tc e ill the lillo t ditll cult pillIt, trI lle 

.il i lt', .idt'iic K r. I" rclliglhl\ M kill 

(oI Siliii i%.ib tlll 55 kill nlr-

thuc.-i o Ni.ii1ns %ist ill the r e 
1ii4lh lt i 

lcil Irlid Ill 

Ih tv, % is olit ,llacv oils. sstt1h hill arela 

wed l1t1" 1lt ( llltl' 
11ii, Ntllhlct'iti i%dti(tiitilhed fromll th I ),il-

lt t tt' .1iiitfl. liimr i tlit o,,Il . po ulitti 

giitr i l*Aiol"k iliiirii.siii , oili., aid 

;ni ,| (( t , 

N ilhit s 

;ilriiinil llti 

ii is tw. ,i 
topqeut .cti. 

,a 

ieii Knot | til ii ill . 

bun, li tyllhtviy i.l lo e llp Ill, 

i trlli 	 l t 

I . t i1ti.il liid lt Cpiitfefd1

()Ill p11i1tilrl , it itn l') 7 vis to tlifihfi 
-

folli, ettii t Uiti ill tIhe /wot ,,ie\id t lhe I(lI 

\ 1%.ltehtiti ("tiitel ItSildltf I lie low rainfall 

t 1,ftol r(i 1turn , ar isl iighly",iiliable. l'rodi ic-, 
Iii *,yItii,, Iirei eld alilit Cltiti k on ritillet 

.lld i,( tlitiiniMAl ait oodl \ ilt aIIlot n1o 

Aht iifl ICtlihcls, 

Iiriir \* Ir%1% .A1 I.Alension Il'ckrgli'e 

Ill t i ofIthe illag'es, ((ihI)Cmy and Sillel/C[ 

Kotia) 	 the ecoioittici itogrili, collaborilting 

(I V I 

lst Ihsults 

I \city'-eil.: farners in (obcry (100 	 km south-

May afteresit of Niatucy) planted the tests 23 

.1( 1111t lll, anid 20latmicr ili Sadci/c Kolia (80 

kill north of Niamley) 3 Jine after ,10 ,,ili rain. 

MC.iti ellelgence I seCCk alter IlIanting as,rol 

741'; ( 13) it) I1 ; (I I) ift Go it .iniil tll X",' 

( I?) to 9)2' ; (14 ili Sadc/c Koira. Rainfall in 
2401turn; in (ohbcrv.Sadtie: Kiiia iti 1982 va 

rllill to p mIilll ll i icatlitly 
I I 

5,10 rut1 1 ()llrotn its 

alc 'ted cillgtil"ic tIn bolt 'illat: l01 

d,i\ clipcd itt Sadci,'e Koira aid Il ii (inibcry. 

Addilt, telliltiel iriCrc;icd total labor wldctl in 
all Ifils buit did ntl ierca'.,, wsetditg Ilabor used. 

Ailii i ,pea,, (to 13 to C itic 1,1) ilCtCised , 

lotal labol ucd iii villa 116ds onlly, rot in b ush 

field,, ai not %%cediig Lior in any field. In 

Sadcli" K lira ICItili/cr IIe did rlot %ig'iiilicailly 

alccl lotal labor uscl at ally fiel tItlprI wcd 

ii clrlloplllitii iiicit-il total labollr tli.ed only in 

Ilh liar collrupoillid . 

SI cat lilteilI oitailinltg the ilii oIhccd cultivar 

(IV I yielded ilificanittly lc% (' 0I.) ) than 

the Iclill local ini (obey. but at Smadci.c 
' 

Koli, die (lV I cultisar silnill aily(I' 0.05) 

outyielded the feitili/ed local. 'I lie itmiproved 
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local yielded significantly (P < 0.01) more at 

Gobery than at Sadeize Koira. 
to test hypothes--sProduction budgets used 

about returns to farmers' labor, with official 

prices of fertilizers and millet, showed that in 

T2 (the fertiliied local) gave(iobery, only 
returns superior to those from the unfertilized 


local (T I), then only with fertili7er prices heavily 


I he other improved treatments ('13
subsidi/ed. 
orand 14) were either not significantly better 

not so go)d as the local with subsidiied fet tiliter. 


In Sadeiie Koiwa differences among treatments 


per hour to farmers' labor at official

in return 
prices (lid not differ signilicantly. 

Budgets with market prices of millet and fertil-

gave the highest returns,i/ers showed that I 

lowc.,t variation, and financial !osss least often 

In Sadeizc Koira. conclusions withi (iobery. 
economic 1wices, SNcic similar. 

Sadei.e Koita and('omparisons betsscen 

G(obery dxleonstrated that, for a gi' cii treat

to labor in Sadctiir Koirana,:nt, retutns were 

thmci and varied mote widely and fi nan-always 
cial losses were more frequent. 

ibution that dcnsitylie apparent small cont 

makes to yicld or yield variation indicates that 

lice has been overestimated for
density's mipita 
tils arleal. 

Nigeria 

orghum Breeding 

1he primary objective is to breed sorghum cul-

tivars for production systems with higher yields 

a tange of West Africanand stability across 
pest-resistant cutl-

environments. Short -season, 

tia rs adaptable across a range of ewironments 
be useful in the drierand planting dates ciil(l 

areas oftthe north. An assuw rcd high-yielding crop 

when rainfall is mostis needed for the period 
in the moderately hcavy-aintall, northstable 

one and an eaily-natuting, late-sownGuine.'., 
crop if, the lowg-season, heavy-rainfall, south 

(;iniean ole. Such cultivars would help in 

designing and developing stable and productive 
toi thle subsistencecropping systems replace 

mixed/intercropping traditionally practiced. 

Adapting Tropical Cultivars 

During 1981, potentialities and problems 

involved in introducing tropical cultivars were 

assessed. Studies with two commercial hybrids 

(CSII-5, CSII-6) and two improved varieties 

(SlIV-221, SPV-245) across a range of environ

ments showed possibilities for adaptation as 

normally sown crops in low-rainfall areas and 

late-sown, showt-season crops where rainfall is 

high and the growing season long. )c~pite poor 

managemen'. low populations, and an abnormal 

season, yields ran,;ed from 1200 to 3400 kg/ ha. 

with superior 	 cultivarsBetter management 

could rapidly increase yields. SPV-245 was iden

tified as a useful introduction, and Kano and
 

Bauchi state governments launched seed multi

plication of S1V- 245. 

Insect and Disase Resistance 

Ilost plan, resistance is particulawly significant 

in adapting cultivars to diverse environments. 

Both stem borers and
Seedling deadhearts. 

shoot flies cause 
seedlinig, deadhearts. During 

deadhcarts resultwio mal-season 	 plawtings 
stewn borers (mainly .wolaflhMprimarily fron 

flca), with shoot flies occasionally attacking 
late plantings. 

Kano and SaimaruStudies during 1981 a' 
varietal differences related 

revealed significant
to sce(llng d(cadhcarts, mainly from stem bowers. 

Increasing applied nitrogen increased deadheart 

percentages, which were high under low popula

tions at both Kano and Sarnaru. Both nitrogen x 

cultivar and population x cultivar studies indi

that borers prefer vigorous plants, but
catcd 

I lie interactionsshoot flies prefer weak ,rues. 
for ,,electing vigorouw seedlingsindicate scope 


that lesist stewm 
 boict attacks. 

Ilorty days after we planted ,orgllnl in 1982, 

we studied seedliwig deadheat' (prinaily from 

stem borers) at Samnarn, K.rLiva, MNrkwa, and 
icor (cd deadlheartYandele. At Samatu we .Io 

percentages in a late-July plantiwig under seri(ols 
svrc rcplicated.shoot fly attack. All the trial, 


The varietal dlillcrences resulting hm 48 entries
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The performances of the promising lines are were statistically significant (P < 0.05). 
Entries that showed lowest deadheart percen- summarized inTable 13. The trials cleat ly separ

tages were S 36, S 40 and S 2. We have analyzed ated high-yielding from the low-yielding lines. 

shootfly resistance from five environments. The We also recorded their reactions to insects and 
of plantingdiseases and yields under a rangestablest varieties were S 40, S 36. S 35, and S 2. 

dates and locations. The yields reported are at 

constant populations of 50 000 to 55 000 plants/
Mature plant resistance to stem borer. During 

was heavy ha, the optimum for localfarafara and availa
1981, stem borer tunneling at 


ble improved varieties. But populations of short,

Samaru. Because we could not estimate tunnel-

early maturing varieties may go to 150 000/ha.
ing percentges in all entries, we shook the plants 

Lines S 40, S 35, S 19/20, and K 4 were
vigorously at harvest time and estimated percen-

range
tages of plants that did not break. We identified promising under August plantings and a 

entries with moderate resistance and found SPV- of planting dates. 

314. 	 SPV-315, and some of their selections Striga-resistant SRN-4841 could provide the
 

basis for improving West African sorghums.
promising. 

Stem borer damage was less in 1982 than in
 

Evaluating Sorghum Collections
1981. Stem borer tunneling seemed not to affect 

grain yields. Apparently selected entries have 
Wt found 60 collections from Africa were not

reasonable tolerance. 
useful, but IS8245, a late line with panicles like 

not attacked by leaf diseases.
Disease resistance. l)uring 1981 we identified 	 broom corn, was 

l)uring 1982, a sorghum collection of 203
lines highly tolerant to gray leaf spot (Cercox-

entries from northern Nigeria was criticallyeval
pora sorghi), anthracnoe (Colhtotr,chumt gra-

mi ola). and sooty stripe (Ramuli.spora uated for adequate variability and advantages of 

hybrid races. [he collection provided little varia-
Ahrghi). lecaf disease incidence was lower in 	1982 

1981 bility for leaf spot resistance. [wenty-two collec
than 1981, but reactions recorded during 

tio is i,:sistance to stern borers.
%%erc maitained. Octobe' 1982 rains caused offered some 

(irain yields ranged from 13.7 to 172.7 g/plant
molds to develop so wAe scored all entries for 

mold incidence. Eighteen entries were [)lost with a mean of 98.1 g and standard deviation 

plomisi ng for mold resista nce and agronomic 35.7. Using one standard deviation as the class 

interval, we divided yield cla,,,es into five
traits. 

groups. 'I I,.frequency distribution for grain 

wasDurable resistance. Ily seening breeding yield near nornial. 
I.ines with an average single plant yield of

material froni dry to wct locations tinder various 
more than 135 g/ plant were the highest yielding.

planting dates, we identified lines resistant to 
stem borer tolerancepotential pests. We will use them in fuittie 	 Fourteen lines comibincd 

witi high grain yield.studies. 

,lecting Tropical (ultisairs for Adaptationi Sorlhurn pathology. ICRISAT sorghum
pathology research in Nigeria was carried out at 

We used 1981/82 rainy ,eason and oil-season Sama v ly in 1981. Of 26 entries in field and 

evalual ions to select about 50 lines for yield laboratoi studies of sorghum grain mold, four 

(M 907j)' M 62522, M 63935, and M 36190)at Kano and Maroua,evalation during 1982 
Cameroon, (dry iones), Samaru (moderately were most promising. 

None of the entries in the Sorghum )ownywet North (iuinean /one), and Mokwaand Yan-
Mildew Nursery, except the susceptible controls,dcv (long-,eason South (iuinean ione). Addi-

tionally a West African regional trial was 	 was infected by downy mildew. Amonlg sorghum 

downy-mildew differentials tested, FSIPR local,conducted at Samaru. 
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Table 13. Fourteen prouwltng srghum selections ranked by grain yield, Nigeria, 1912.
 

Initial No. ofhcads 
Selection/ stand at harvest 
entry Pedigree (x 000) (x 000) 

SRN-4841 53 66 
S40 Eth. 12089 57 51 

K4 M 36037 67 61 
S34 Sepon 103 57 55 

(1980 nurscry) 
S32 A 6213 57 53 
S17 SPV-314 56 57 
S35 M 91019 58 52 


S 19/20 SPV-315 60 58 


SPV-245 54 49 


S38 If 166 59 61 

S37 M 36170 60 55 
SI0 SPV-301 55 59 

S36 M 90411 59 56 

S13 SPV-313 57 61 

I)MS 652,IS8283, IS 643, and Sorghun suda-

netse were infected, 
Many entries in the Sorghum Leaf Disease 

Nursery resisted major leaf spot diseases. And 
promising local entries were identified. 

Sorghumn Entomology 

Stem Borers 

[he predoiminant stern borer at Samaru in 1981 
was Ih.s.colafitca. ,vlich accounted for 90% of 

the borers, while Aigoni ignefusalis made up 

most of the remaining, I O,0. Infestations reached 
100% in some plots with up to four larvae pci 

stalk. Mid-July plantings of two local cultivars, 
IL-1499 and L-187, had more stem borer inft:,ta-
tion than late-June plantings. T[here was no 

correlation between stern borer infestation and 
grain yield. 

Percentages of plants infested by stemi borers 
in the International Sorghum Stem Borer 

Nursery varied from 63 to 100, with 28 to69% of 

the stalks tunneled. Entry IS-18810, with the 

least stalk tunneling, also yie!ded the lowest, 
while the highest grain yielding entries, IS-10711 

% mean 
deadhcarts 

Plant height 
(cm) Days to flower 

Grain yield 
(kg/ha) 

200 64 5470 
1A 230 77 5090 
28 180 70 4780 
31 180 76 4730 

39 170 76 4620 
27 150 70 4590 
26 190 62 4490 

27 ISO 73 4410 
27 150 76 4300 

190 69 4160 
30 210 81 4110 
29 ISO 71 4080 
22 160 71 4040 

28 140 71 3810 

and IS-18427, had the highest stem borer dam
age (87% and 100% of the plants infested, 50% of 

the stalks tunneled). 
Peicentages of plants infested in the 

ICRISAT-Sudan Sorghum Stem Borer Nursery 
wert lower (0-30) and stalk tunneling ranged 

13 to 65% but grain yield was very low,from 
highest in S-95, which h d 55% of the stalks 

tunneled. The ICRISAT-Nigeria Sorghum Stem 

Borer Nursery had 15 to 65% plant in festations 

and II to 41% of the stalks tunnc.:d. Again, 
stalks tunneled '-nd grain yield', failed to corre

late in any nursery. l)ifferences in infestation 
may l.attributed to planting dates. ICRISAT-
Nigeria and l(iISAT-Sudan Nurseries were 
planted in mid-Jne; the International Nursery, 
about 10 days later. 

llead Bugs 

All sorghum plots were sampled weekly for 
insects in sorghum heads. The most abundant 
head bugs were mrids (80%), Lygaeidae, Penta

tomidae, and Coreidae. In all, 14 species of head 

bugs were tentatively identified from sorghum 
heads at Sanaru. 



Eleven entries of the International Sorghum 

Head-Bug Nursery did not flower; of those that 

did, IS-16572 and )J-6514, had the lowest head 

bug score (averaging less than I per plant). 

Again one of the highest yieldingcntries. CSII-I, 

had thc highest head bug score, 1.6 per plant. 
Head hug NurseryThe Preliminary Sorghum 

provided five entries with scores averaging less 

tihan one: P 111-795. 11111-931, PI111-926, PItII-

902, andiPI11-161. 

Shoot Fly 

Main sten deadhearts ranged from 38 to 86%/', 

(nean , ) in the International Sorghum Shoot 

Fly Nursery (ISSFN) and 4V'( in the Pteliin-

nary Sorhumn Shoot Fly Nur,ery (l3SSFN). Tlhe 

same two tAlrie in both nut. I'SF-14103 

and 'S1-12545, yielded highest despite 501'( 

main stei deadhcarts. In the International 

Nursery. entt PSi:-14435 had the lewest dead-

hearts (381,'i) but raiked 1,1th in grain yield; in 

the Prelininary Nursery it had 43' deadliea, 

and tanked I7th ingrain yield. Entry iS.-113703 

in hoth nisies had t4(,'(deadhalrl (tilllkcd 

2nd in ISSiN and Ilith in PSS IN), vihile in 

grain yil it ranked 7th in the Intemnational 

Nursery aid .1th in the Pieliminary Nursery. 
, inWe iclaied 1982 stera hotel poption 


Sarllilll to date of plantinlg to detetlnine the hCst 


lime to plant olrlltln hen evaluiating stel 


hloler leistlance ithllital pOluliltiOl. I Ihe 


Inteinationil Sorglhuin Shoot ly Nursety wa 


evaluitied for stein borer resistance. 

t l i l
ans 

on ,valious date indicate that plantilig in cally 
I)ata frotm planting valiols so',ht cu 

July c.alnicu% i higllThive1la hficstata huilt ('enter, conistcntly provided useftl progeny inI 

only by tile CnlerltoJa.third 
Blb colh inIcstations inthe Sorgim lliced-

ing Soighim Steit llcr Nuirsey ranged |roin 

13 to 92I,, t eIll 4,'; wlile ilntClnodsC bored 
S-19,ranged ron 3 to 29,',, tnean I I Ei. St 

S-,, K-I, S-3, K-2, -,1, S-44, and S-6 had the 

lowe t sten bore tralings%. Only K-2 and -41 

had low ratins,in hoth the entoiology lrial and 

%orghinyield tniakIs. 
Stern borcr infestation in tile Wevst African 

Sorghum Yield Trial ranged from 47 to 100%, 
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mean 73%; and internodes bored ranged from 12 

to 48%, mean 25%. [he Striga-resistant cntry 

had the highest stem borer rating. 
Stem borer infestation in tale International 

Sorghum Ster. Borer Nursery varied from 37 to 

90(,, mean 661;,; and internodes bored ranged 

from 9 to 42, ,,nican 22(. 
The material from gernplasm collcction had 

sten borer infestations from ')to 100% , mean 

99.6%,, and infestation was 100%, in 190 of the 

195 eitricl. Internodes bored varied from 12 to 
80%, ean 40, 

Sorghum head bug; collected from a medium

maturity sorghumii (S-19) reached maximum 5 

weeks after tile bo t stage (130 adults and 750 

ininialures per satl.ple of 5 hcads). 1heydeclined 

sharply tie fina' 2 weeks before hatsc.,:. 

Main sten deadheats in the International 

Sorghum Shoot Fly Nut ,ery in 1982 ranged 

froin 26 to 066':,, incan 431,'X' Enities with less 

than 30(,( deadlcatr s %%ereI5-4063, Pl1-2131I8, 
Il1-14103., and IS-5,1481. 

Pearl Millet reeding 

In1981/82 wc locusd our work oildeveloping 

inptoe(d inillet cUltiis with wideadaptability 
and hih, stible grain yield poteinial. 

We conducted thicc tilals at Samarti and 

Kano in 198 I to comparc 22 of the 69 liprosed 

selections (i31d year) "ith Nilerian ('omnposite 

and A-tlrlin, both itnproved local sarnetnes. 

Grain yield%rianged ftoin 11,10 to 2610 kg/lha at 

Sainarii :and from 2680 to 4320) kg/ha at Kano. 

Six of the 183 Aftican x Aticami e,,cniplasim 

paient F, progenies irceived fron ICRISAT 

CrossC. 
We yield testcd 44 improved genetic selections 

in thice advanced millet yield tials in and out

%ide Nigeria during 1982. Results from outside 
Ni, eria are to provide tuidalicac on the adapta

bility of prog tatn-develope'l niateriiaI in other 

millet-growing ,ones in AfricI lhrough the 

trials w' fuinishcd our materials to other 

rccarchers in tile region. 
A prelini naty tmillet yield trial of 16 entries 

was conducted at Kino and Samaru. 
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Our 12 best lines were yield tested at 10 loca-

tions in African countries in all four major millet 

7ones. The entries generally showed good adap-

tation; several performed sirmil;ir to or better 

thad tile local controls in N; er. Upper Volta, 
lhe most prom-Cameroon, Sudan, and Nigeria. 


ising nine entries ,,erc: INMII-12, INMBl-70, 

INMIB-33.INMlt-4. INMt-32, INMt-40, 

IN M 11-72. IN M 11-40, and IN M 11-20. 
Most of the selections matured earlie aind 

were shorter than local controls. All had fewer 

stem borer attacks than the local control at 

Samaru. Ihei r rc' ction to dowfny mildew was 


comparable to that Of th COtIHoh,, but the con-


trols showed more ieistance to , and smut. 


An additional set of 32 a(hanced improved 


selections was evaluated at Nianmcy, Ka no, and 


Samaru with Nigerian ('oniposite and [\-BIorou 

[ lie results s, rc
controls at Kano and Saruam. 

ilnd-encouraging In regard to grain yield, downy 

and Yeduccd
dew resistance, early matulity, 


plant height. licscn crce selectcd for hqh 


potential in Niyeil. At Niarmey, eight sclectliom 


shossed ,onie potential, I lie entries gencrally 

stem borer attack and downy llildcwresisted 
ditcase but stifert (I i)re fron smut anid eflot 

disease IlI. it tire local c,,itrols at Kan , and 

Samar . 
We ejuoated 27" s, lectirs r: iging Irt,iii 

to ire-line .1,ucratior, (i inbzIC artiy aiel 1 
downy rtill,!w disa, :-sick plni. I ',-%e incl 

dence in theinii :, ' as increaic d by ail "ili 

inoculation. A ,-' of ?53 .iiie pui'mi ,! pinl 

agronol-ic type icr-, as b,,e fmalesn,ele'ed ler 

a crossing block; 268 sirir!c plants werf, sclkc:!td 

as male parents in the ciossin,. block. 

Pearl Idllet Entomology 

11,: millet ciutoitnvlog, progra,,a started durin, 

the 1981 cropping sca!,.r with observ.::ion plot, 
plantcd Ii late .itrie at Sataru, of two local 

improved cultis,uns. Ni,,elin ('Cinl.,,ite itd 
igom' igne-Ex-Ilotiu. 'Iw nliil! ct stern bo er. A 

fis.salis, was tile most fmpo :nnt insect in that 

late-planted millet; 100% of Nigerian Composite 

was infested and about 85% of the heads were 

blasted. Dissected stalks were completely tun

neled with more than 50 larvae per stem. 
The 1982 millet entomology piogiru :it 

Samaru consisted of stem borer population stud

ies in relation to date of planting, and evaluating 

millet cultivars from the millet breeding 

pIogrami for stem borer resistancC. 
iMillet cultivars Nigerian Composite, Ex-

Ilornu, and Farmer Local, had fewer stem borer 

attacks (50-8(% infestation 'rid 8-10% inter

nodes bored at harvest) when planted in mid-

June rather than in mid-.luly (1010% infestation 

anid (, internodes bored). Nigerian Composite 

was .ioie susceptible to stem borer attack than 

the other two cultivails. L.ate pihiting decreased 
grain Aciglit Irob 2 (lin Nig,-rian Composite to 

5(,' in Fa rier I ocal, but I'iO-seed %%eight 

(Icrcecad only in Niyeian Coripositc and lx

lontnu and inrCeC;red ii I:a iicr Local. I lie data 

IndIicated carlv lu;y as the hest 6iCle to plant 

millct cultisars for ,IetnI borer e alluation by nat-

I ral popultaliois. 

,Vilona iritestation iI the M illet lrcedinp and 

Stem Ilotre NuirCly varied from 93 to I(X),i 

holed satcd floill(Ilreall 99"'), %liil" intueioIc 

.47 r ) 7Y (onlue ., 031,'). I hif,, entries. IN NI -22, 

I16, and INNIII- 7 h;d tlhe lo est inlcslta-

I) Isu each e1 

.ns'r 'Oe o 9 .' r a -icter iass' plot. IN NI It

,I:ll hirdi!. t k%,uci!,lii(11!5 ')brit it 

iiankcd 21r ,1 21 curries lot steil horels. lhe 

'.,C i ii trialtile millet yield tri;i! had lower 

iw! lils ( 13 to 85(,l tican 001"i ) aiild fewer 

inle[nodes b)i, d (7 to .1n , ean 23 ,; ). Eintries 

KNiI)(' arid INNI11-53 had lyw stein blorer rat

it,, hut only ItN N,-16, INNII-31 :,'rd KMDC 
had low lailll, inboth the cnltonology trial and 
millet yield tial. 

tiol s :111d ir,;I , t of s ,a the 

Pe:-r 'Jilil! Patlol,) 

Many Imill, genctic rlleliails xseie scree ted in 

tile loci'l, rcgional, and inltcrlati,nl iiseries 

for thie hluc major diseases doss ny mildew, 

smut, and ergot-- at Samaruand Ka no loc ,,ions 

during 1981. 
Among tile 150 entries evaluated in the Pre
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International Pearl Aillet Downy Mildew (IMPS 8002, 8011, and 8036) continued to be 
Nursery at Samaru (Pre-IPMDMN), 14 were free from downy mildew and the rest showed 
highly resistant to downy mildew up to the high resistance; IMPS 8009 also was highly re

dough stage (about 60 days). Of 45 entries in the sistant to ergot. 
International Pearl Millet Downy Mildew Most piogenies from the IMPS lines x Ex-
Nursery (IM7DMN), 10 showed good resis- Bornu crosses remained highly resistant to 
tance up to dough stage at both locations with downy mildew but not to ergot. 
minor variations by D-4 and ICII 226. Eleven of 15 entries in the West Africa Disease 

It the International Pearl Millet Smut Resistant Elite Varietal Trial (WADREVT) 
Nursery (IPMSN), four entries showed satisfac- were highly resistant (infection less than 5%) to 
tory resistance (severity < 10%). downy mildew. And incidence in the rest was less 

None of the 30 test entries in the International than 10%. All were moderately resistant to ergot 
Pearl Millet Ergot Nursery (IPMEN) resisted and smut diseases. 
ergot; ICMIPE 34-1-10 had the lowe';t infection Most of tile 25 test entriesin the Experimental 
(12.5%). Additionally, most of the entries (23 af Varietal Trial (EVI) were highly resistant to 
30) were heavily infected with downy mildew. downy mildew. 

Six of 33 test entries in the Elite Variety Ti ial 
(EVT) were highly resistant to downy inilcew 
(infection,; from 2.2 to 9.4%). None, however, Pearl Millet Agronomy 
was highly resistant to ergot. By their overall 
performances, entries MC-P 8001, IVC-P 8001, Four pearl millet projectsduring the 1981 season 
IVC-P 8002, and SSC-A 80appeared promiking. were: (I) collecting germplasm from local 

Most of the 23 test entries in the Pearl Iillet markets and farmers in p-rts of northern Nigeria 
Advanced Synthetic Trial (PMAST) were mod- to increase variability in 1L 1I millet germplasm, 
ieately resistant to downy mildew, and these five (2) evaluating the collected ,ermplasm samples 
had low incidences of ergot disease under natu- for local adaptive characte, stics and selecting 
ral lield conditions: ICMS 8034 (3%), WC-C75 some for improvement, (3) ut,rmining relative 
(5%) and ICMS 8025, ICMS 7916, and ICMS responsesoflocaland n,:wlydevelopedcultivars 
8019 (each 8%). Smut infection was low in 7 to nitrogen levels, ana (4) studying intrarow 
entries: WC-C75 (1%), ICMS 8034 (3%), 1CII- plant spacing of local and improved cultivars. 
165 (5%), ICMS 7916 (8%), and ICMS 8024, Ninety germplasm samples were collected and 
ICMS 8010, and ICMS 8014 (each 10%). given to the national program and to ICRISAT 
On the other hand, only three entries, ICMS Center. In the agronomic evaluation of samples, 
8139, ICII 165, and ICMS 8138, showed high many individual plants were selected for 
resistance to downy mildew in the Pearl Millet improvement. 
Initial Synthetic Trial (PMIST). Some of the In none of six agronomic characteristics mea
entries (ICMS 8102, 8148, 8147, 83150, and 8152) sured (days to flower, plant height, ear length, 
showed only I to 5% ergot infection, ear weight/ha, ear number/ha, downy mildew 

Most of the 16 entries in the Disease Observa- incidence) was the cultivar x N-level interaction 
tion Nuisery for Improvement of Advanced significant. Differences in responses between 
Ilybrids (DONIAII) resisted downy mildew but local and newly developed cultivars to 20, 40, 80 
none resisted ergot or smut. kg of N/ha were not significant. Except for 

In the VCi, progeny nursery, entries i, 4, 6, downy mildew disease incidence, intrarow plant 
12, and 13 had acceptable disease resistance, spacing did not seem important in selecting for 
Only two of the F1 crosses, (700651 x[J 260-1 x the six agronomic plant characteristics. As in the 
700557-1-4-10-5]-1 and EB 237-3-1xP 7x[P 7x millet variety x N-level fertilizer study, grain 

- °SC-I($ 4)27-2-1]-I) were promising. yield was not measured because of seve - bird 
Three of the 30 local collections made in 1977 damage. 
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Senegal 

Pearl Millet Breeding 

The material generated by our breeding pro-

gram, along with introductions, was used to 

develop synthetics IBV 8001 and IBV 8004 and a 

few inbreds, such as 1111 8108, and to use in 

further crossing to generate new breeding mate-

rial. Recently we have been using more Senega-

lese landrace material in crosses with 

non-Senegalese palents to generate new varia-

bility, which will provide progeny for new syn-

thetics and other purposes; 260 of 1719 such 

crosses grown in 1982 were selected for genera-
tion advance. 

l)uring 1982, synthetic 1BV 8001 gave signifi-

cantly higher grain yields in advanced trials than 

either the standard (Souna 111), or farmers' local. 
Over 3 years both IBV 8001 and IBV 8004 aver

aged 22% more grain yield than Souna 11,and 
had better downy mildew resistance, but both 

have shorter heads and still require further 

improvement for uniformity. Both have been 

rccommenud for pretelease demonstrations 
and are being evaluated by independent exten
sion agencies. 

Souna Ill and I1V 8004 were in the SI pro

geny selection program for tl,'! first time in 1982. 

The selected progenies are being recombined 
during the off-season. Synthetic 1BV 8001 is 

being impr(ved, through a gridded mass selec

tion, mainly for uniformity and head 

characteristics. 
Breeding fo- resistance to diseases and pests 

w..s initiated in collaboration with Institut Sen

oisielde" Souna /I/ andfariners' localICRISA T-de veloped .)nthetic inullet IlV 8001 (ahove), has consisten.l' 

fir 3 years in Senegal. Itis being recommended for prerelease dernonstration.s and is being evaluated by
 

independent extension agencies. 



Sudan 375
 

galais de Recherche Agricole (ISRA) millet Breeding nurseries. We have been intercross

pathologist and a cooperating entomologist. We ing exotic and local sorghum germplasm since 
attempted to develop an artificial disease the ICRISAT-Sudan Cooperative Program 

started in 1977. Our objective is to diversify localnursery for screening against downy mildew at 

Bambey but succeeded only partially, for lack of germplasm and improve local varieties for earli

ness, grain quality, and high yield potential.perforated-pipe irrigation. 
A small project on development of hybrids Multilocational evaluating and selecting early 

crosses during 1979-1982 has begun to yieldand male-sterile lines was begun. 
end of the 1982 crop seasons,A multidisciplinary project involving millet 	 good results. At tile 

C2 diverse pure lines combining earliness, goodphysiologists from ICRISAT Sahelian Center, 
grain quality, and high yield potential wereand an ISRA soilchemist was started in 1982 to 

determine fertilizer dose, spacing, ind plant selected. About 80% of them were better in all 

population for newly developed synthetics. Pre- aspects than tile best local variety, Dabar 1/1. 

limirary results indicated that the optimum 

plant population for different va,ieties ranged Local sorghums-collection, evaluation, and 

froni 18 000 (Souna I1l) to 40 000 (117-66) maintenance. We collected 373 local sorghum 

plants/ ha. types during the 1979, 1980, and 1981 crop sea-

In another experiment on fertilizer dose and sons, and grew them all for characterization,
 

spacing, high fertility (61-31-31 kg/ha) ind 90 x evaluation, and maintenance. The collections
 
areas, through
30) cm spacing (I plant/hill) produced signifi- came from previously collected 


ca,,tly more grain thatn low fertility (31-21-21 expeditions or cooperation with INTSORMIL,
 

kg/ha) and 90 x 90 cm spacing (3 plants/hill). and USAID/ Harvard colleagues in other devel

'Ihough the results are preliminary, they indicate opment projects in the Sudan. Using the list of
 

that such experiments are useful. plant characteristics in the Sorghum Descrip-


IBV 8004 was contributed to two regional tors, we charactei ized each cultivar during 1982 

trials; IBV 8001, to one. for 22 morphological characters. We have also 

In coming years, our major emphasis will be identified outstanding local sorghums to use in 

exploiting crosses made during 1981 and testing crosses.
 

new sythetics in farmers' fields. 
Variety trials. To identify elite varieties with 

good adaptation, we routinely conduct multilo

cational variety trials each season, both locallySudan organized and introduced. 
In the locally organized yield trials, called 

Sorghum Breeding Elite Sorghum Varieties Yield Trial (ESVYT) 
and Selected Sorghum Varieties Preliminary 

'orghum research during the 1981 and 1982 Yield 'rial (SSVPYT), some elite entries per

crop seascns was carried out at five locations- - formed well across locations in both 1981 and 

Wad Medani (Gezira Province), Gadambalia 1982. Entries M90950, M90393, P-967083, SPV

(Kassalla Province), Agadi (Blue Nile Province), 138, and M-62641 were particularly promising 

El Obe;d (northern Kordafan Province), and under irrigated or rainfed conditions. 

Kadugli (southern Kordofan Province). Those In ICRISAT's Sorghum Varicty Adaptation 

stations represent the cnvitonments of the major rrial (ISVAT) during 1981 and 1982, six entries 

sorghum-growing zones in the northern two- (M-36136, M-39335, SPV-138, M-36178, S

thirds of the country. 	 6250, and A6102) performed well in 1981 both at 

Considerable progress has been made in Gadambalia and Wad Medani. In the 1982 trial, 

sorghum improvement research in the Sudan highest yielding entrieswere M-60252, M-60262, 

duri"g the last two seasons. and SPV-245. 
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In the 1982 African Regional Sorghum Varie-
ties Yield Trial, the highest yielding entries were 
from Sudan. Su.Cr.3575 and Dabar !/I ranked 
first and second, and M-62641 from Wad 
Medani ranked third. 

seasonsIn tile last four 
Hybrid program. 

(1979-82) we have synthesized and evaluated 

more than 3000 new experimental hybrids under 

both irrigated and rainfed conditions. The tests 

under irrigated and rainfed conditions in 14 

locations have led to our identifying three elite 

hybrids with a combined mean average yield of 

50% more than open pollinated local varieties. 

Experimental seed production of these elite 

hybrids, each on a 0.42 ha area, during 1982, 

gave 4570 kg of EEli-I and 4170 kg of EEH-3 

per hectare (Table 14). 
The results of 4 years' yield trial data and 

experimental seed production testing (Tables 14 

and 15) were presented by the Gezira Research 

Station to tile Sudan Plant Propagation and 

Variety Release Committee; the Committee offi-

cially released experimental hybrid EErl-3asthe 

first commercial sorghum hybrid in the Sudan 

and gave it the Arabic name "ltageen-Durra-l" 
(Sorghum hlybrid I). 

Breeding for drought resistance. Our research 

on breeding for drought resistance was limited to 

screening sources considered drought resistant 

under droughty field conditions and using 
crosses.drought-tolerant local sorghums in 

Germplasm materials for screening have been 

received from ICRISAT Center, Purdue Univer-

sity, Texas A&M University, University of 

Table 14. Seed yield (kg/ha) of experimental seed 
production testing of three promising elite experimen
tal sorghum hybrids and their female parent, GRS 
farm, Sudan, 1982. 

Seed yield
Seed field Pedigree (kg/ha)' 

EEH-I TX 623A x Su.Cr. 54: 18/17 4570 

EEH-2 TX 623A x Su.Cr. 36: 80/70 3630 

EEH-3 TX 623A x Karper 1497 4170 

TX 613A x TX 623B 5460A x B 

i. Planting arrangement was 2 rows of pollen parent and 4 

rows of seed parent. The recorded yield isfrom 0.28 ha. 

Nebraska, and the Ethiopian Sorghum 

Improvemcnt Project. Two locations, Gadam

balia and El Obeid, with mean annual rainfall of 

approximately 550 mm and 350 mm, rcspec

tively, are the testing sites for drought work. 

Progress made is encouraging; drought

tolerant selections 11-898912, P-967083. Karper 

886, IS 2321, DJ 1195, and D 71245 performed 

well in both 1981 and 1982, as in previous :'mars. 

Breeding for Strigaresistance. A valuable dis

covery we made during the 1981 crop season 

resulted purely from serendipity. A set of elite 

varieties in the yield trial at Kadugli was inadver

tantly planted in a Striga-infested field. Yields 

from the set showed good tolerance to Striga 

with neighboringplotsshowinghighsusceptibil
ity. 

In 1982, those Striga-resistant varieties and 

other selections identified from previous years' 

screening at Wad Medani were tested with a 

Table 15. Summary of yields (kg/ha) of three promising experimental sorghum hybrids over four crop seasons 

(1979.1982) under Irrigated and rainfed situations (21 yield trials), Sudan. 

Pedigree 

T x 623A x S;u.Cr.54: 18/17 
T x 623A x Su.Cr.36:80/70 
1 x 623A x Karper 1597 

Mean 


TotalIrrigated Rainfed 

Yield %Local Yield %Local kg/ha %Local 

4110 1575820 178 2410 123 
4780 146 2210 113 3490 134 

152 4080 1565190 158 2970 

129 3890 149
5260 161 2530 
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A , tL I t din Suhm" its hicl t'dcrua' i 5h(f more ihan opnpI-polltaid hot a va jri'iv%over 4 1iart 

tit4 loatio hd io/ VIi-3 (a/tc) thing rehi'a di athe/ir t onitmrcial ib'hridin Sudan, nider Ihe/i rahic 

mm!,,' "Ilula.rn-lOrra- I' (Sorghut i /l'rid I). 

(WSA R 1). International Dcvelopmentttceplible control. Ihl rcsult, confirmed that 
Centre (li) RC), ar FthiopiaI'-96i7083. letron, and NI-90360 hac much 	 Resca rch 


Soighum Improvement Prog',in ([SIP).
,,lItnger StlriKi' i sistantie than N-I 3 or IS-8686. 

hoth identified s Siri,,a-rcsistantin many other
 

Pearl Millet BreedingI,, I 

\Mullidiciplinary research. Collaborating 

kilh Colleagues in the Agricultural Rcsearch 	 I lie pearl millet breeding work was carricd out 

at Wad Medani and El ()beid. Wad Medani's( rporation (ARC), '%c have developed an inte-
,a ted. multidisciplinary research team for 302 min rainfall in the 1981 season was 61 mm 

rfeca h on sorghvlin breeding, pathology. ento- below the long-term acragc Fl Obeid's 312.3lr 
nolog, agrononv. Striga resistance, and food rmm. 83.7 mi below. 

quality. We also are strengthening inter

institutional cooperation with IN'ISORMI;.. Collection and selection. During 1980 91, we 
added to oiur collection 386 new germplasmWest Sudan Agricultural Rcscatch Programn 

http:Ilula.rn
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accessions from Northern Kordofan, west of the 

Jebel Marra Mountains and eastern Sudan. To 

create new genetic variability, we made 405 new 

variety crosses between exotic and local geno-

types, selecting exotic gerunplasm for early 

maturity, semi dwarfness, synchronous tillering, 

good head exertion, and yield potential. Local 

germplasm was to contribute lodging resistance 
ere
crosses c 

selected to study their F 2 populations. Fifty-one 

showed high heterosis in the F, generation; a'l 

we selected 16 hybrids to make synthetics. From 

the 217 F2 populations studied, we selected 439 

single plants to study their F, progenies. Serere 

composites and Nigerian and Sudanese mate-

rials contributed most to the 1:2 populations. 

[lie 245 F, progenies, 302 !4 progenies, and 45 

[I Frogcnies we studied contributed, respec

tively. 26 F s, 16 F4%, and I F,progenies to the 

national ),eld testing program. 

and adaptability; 281 of the 405 

New population development. We now are 

deeloping three populations, Intervariety Pop-

ulation (IVIP), lristled Population, and F2 Bulk 
Population, and have ,jmnpleted the second 

cycle ot full-sibs pro.,eny selection for IVP. Of 

the ILio [u: ,iJ. tested, 24 were selected at Wad 

Mcdani and 13 at i1Obeid. Average grain yield 

of the 24 Wad Mcdani entries was 3836 kg/ha, 

about 18,''
higher than the average of tile 136 

progenies. At llObeid the 1080 kg/ha mean 

of the trial by 4((". 

lhie bristled population, through the third 

random mating, will be mass selected for lodging 

and drought resistance at El Ob-id. 
Ilhe I-, bulk population was constituted from 

60 heads selected from Fs at Wad Mcdani and 

FlIObeid. Expected to have wider gcnetic varia-

hility, it will be improved initially by mass 
'.ele'ion. 

exceedLd the eican 

National yield trial. A national yield trial with 

16 entries (13 ICRISAT selections, 2 controls, 

and one IV PCI bulk) was carried out at five 

locations. Oni the basis of performanc esti

mates, we selected scvcn gcriotypes(I(MS 7817, 

1CMS 7819, IR/III 7901, SSC A79, SCI K79, 

SSC K78, and IVS 8206) for retesting in 1982. 

Synthetic ICMS 78i7, in the n tional trials 

since 1979, has averaged 678 kg/ha, about 22% 

more than Kordofani (local control) and 14% 

more than Ugandi (a released variety). Farmer

level trials to study ICMS 7817 against a local 

cultivar and Ugandi are planned. 

In the Initial Yield -valuation Trials (IYET-I, 
IYET-2), selections from the 1980 breeding nur

series and from regional and international trials 

and nurseries were tested at Wad Medani, !L 

Obeid, and Dlimsu. The test entries consisted of 

21 selections from the national program, 2 from 

Niger, and 2 controls. Iwenty-four elite geno

types of tile international trials were tested 

against Ugandi. In these trintds, 13 genotypes 

appeared promising at one or miore locations 

and v,erc chosen for the 1982 national trials. 

Niger and Senegal improvements. When we
 

evaluated 17 Niger i,rd 15 Senegalese selections,
 

v.e found II V'8103 of Niger and IIIV 7815, IIIV 

8103. and lilY 8107 of Senegal useful. INIPS 

8020 of the Wet-African I iseawe-Resitant 

Elite-Variety Trial vas uniform and ,gronoiui

cally desirable.
 
We supplied seed of 19 elite selections to 

I('tlSAl brecdcrs inAfrica, andireceled 9 

ICRIUSAI trials and breedin nurserie, from 

ICRISAi Center to evaluate. Of these, SM F, 

populations 'Acre olst useful and ssc selected 09 

plant% to study their I, progenics. I he cr %e, 

PIII 228 x P1339 and 1' 242 x 3/4 IlK veie 

proiiising at both Wad Mcdariiand 11 Obeid. 

We selected single plants in threc lines of tile IF 

Progenies Nursery, and kept Fntry 9(231)BEFI-20 
x Sercre 101.11-89-1) of 1981 Itniform Progeny 

Nursery (UPN II) for future use. 
1 lie millet bleeder at Ilays, USA, supplied 20 

I.,hybrids, their parents, and six population,. 
We kept two populations, Senegal Bulk Cross 

and lIMIl 559, for further evaluation. 
Using 	tile ilrigateo sumniiier n rse ry, 'e 

newincreased seed of selected lines -A nnlale 


variety crosses and synthetics.
 

lie 1982 crop seasonIlybriditaton program. 'I 

was drier than 1981. Rainfall at Wad Medani 

and EI Obeid was 56 and 33%, respectively, 
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maturing variety at liabanosa. The yield advsn-
tage of Ugandi over the early and late local 
varieties was 18% and 21%, respectively. 

Thirteen genotypes developed in Nigeria were 
evaluated in Advance Millet Yield Trial 1-82. 
Two cultivars, INMIT 83 and KMDC, were 
selected for testing in the national program. We 

supplied seed of 15 elite lines of our program to 
ICRISAT breeders in Africa. 

We completed three international yield trials 

and evaluated six breeding nurseries and new 

rt.ale sterile lines along with their maintainers 

this year. In the Advanced Population Variety 
1'8001 and SCI 118008 were promi.-Trial, SCI 

ing. [-lite Variety Trial contributed WC P8(X)4 

and IVP ['8001 for use inthe national program. 
'I\%o synthetics 1CMS 8146and lCMS 8135 

"eie "elected from the Peal Millet Advanced 

Synthetics iial. Is,enty-five dwarf genotypes 
\see tested in the I),I)warf Va i s Observa-

tiol Nursery and ICMS 8212 was retained. 

A lotal of 571 new variety cro,ses "sere made 

at ICR ISA I ('enter for is by crossing 40 local 
accc,foi, of Sudan \sith elite lines of Came-

roon, Niger, Nigeria, ipper Volta, Tanzania, 
S,,la.ri. Kenya. Zam bia, and iinproved varieties 

of African origin. l h brids were evaluated this 

Near and 48 crosses Were selected to grow in the 

1983 crop season. 
Among the breeding nurseries six entries .11 

I)owny Mildew and S',rut Nursery. four lines of 

I)rmght ribred Nursery, and an F, population 
ofa cros IionICM ,7835 and ICNiS 7703 were 

pr'unising Oneexperirnentalv;iriety SSC 1'8101 

s,as aIso selected from tile I.at- Maturity Lines 

Nutv,cry Six entries of male-sterile Ix-lornu 

s,crc uniform and agronomically acceptable. 
I he coituning ability of the selected lines will be 
studied to identify the best line for future use in 

the program. 
lBayuuda. Kori, and Wad lhilu were 

obta iied fron the southerri I)a fur region ofthe 

Sudan. 'Ihese entries will be used in our crossing 

we will eliminate unproductive andprogram; 
wild type plant% tby producing Ss. Screening 

apainst Striga hermnontima and downy mildew 

diseases will be initiated in collanoration witi 

the Weterr, Savanna leveloprment Corpora-

tion, from material grown during the 1983 crop 

season. 

Eastern and Southern Africa 

ICRISAT Regional Groundnut 
Program 

The ICRISAT Regional Groundnut Improve
menrit Program for southera Africa. established 
with the Government of Malawi in February 

1982. is located at the Cii ted/e Agricultural 
Research Station, L.ilongwe Malawi. 

The ICRISAT groundnut breeder arrived in 

Seitember and ,,tarted plantings in November 
1982, using breeding material from ICRISAT 
Center. 

Ihe 5-ha plantings include about 500 germ

plasm lines, I(X) elite parents with disease and 

insect resistance, 10W breeding populations (F. 

to .,,generations), and 300 breeding lines %,Wth 
leal spot and rust in eight repliresistance to lat,: 

cared yield trials. 
A cooperative trial in the Malawi national 

program was planted to quantify Iosse, to var

ious diseases. 
We planted three line x tester sets to breed for 

increased si/e. multiple disease resistance, high 

yield, quality, and earliness 
An it ISA I ('enter pathologist. poted to 

work inrour Malas,i proprain for a season, is 

combining ust and leaf spot resistance with re

sistance to rosette virus. 
Rcsults of our research and tests in Malawi 

shoutl' be valuable in 'Ianiania, Moiarnbique, 
Zimbabwe,and Zan,bia, where also groundnut 
production i',inlportrlilt. 

Latin America 

I lie prirna ry objective of ICRISAT's program at 

C NM headquarters in Mexico isto delopMY 

sor.zhum varietieshigh-altitude, cold-tolerant 

a global scale witi good grain quality. Aon 
sccom ary bIjective iarecent years is to iimprovc 

genetic material adapted toi low and interrne

diate elevatiots in I atin America. 

http:S,,la.ri
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general recognition from 10 coun'ries in the 
region for training, making breed ng stocks 
available to national progiams, and p; riodic vis-
its by ICR ISAT scientists to natior,', progra ins. 
The other was a certificate for releasing two 
varieties, CENTA SS-A I and San Miguel No.1, 
in EI Salvador. 

Food quality sorghu~ia lines suitable for wortil
las have been identified and are being improsed 
in cooperation with INIA's grain quality
laboratory. 

An agronomist joined the ICRIAT team for 
Mexico, Cctit-rl America, and the Ca, bbcan I 
September 1982 and was named coordinator of 
agronomy for the Latin American Commission 
of Sorghum Investigators (CLAIS), a regional 
body recently formed in (uattemala by ICRI-
SATl staff wkitli tie help of national sorghum 
coordinitors and scienti,.ts ol the region. Ile 
traseled throughout the sorghtim-growing areas 
of the regior; to become amiliar with res,!axch 
need!, and with arniers, scientists, and adminis-
tratos. Coptat% were made with INISORNIII. 
and CAI! for ,ututt collaborative research. 

[uriag 1983 tihe agronomist will concentrate 
on sorghum-based. croppin g-systern investipa-
tions in farmers' fields in eight couitris. lUsing 

1c%% sorghum cultivars developed in NMxico, he 
will initiate field testing in differcit .tgro-
ccological lones under different farrnin.,S",tchis 
as i prerequisite for :troducing the culiars to 
farmerNi Maraging sorghum in drouglity areas 
and tin steep slopes of ('citral America's rugged 
mtulintirs also will receive attentio)n. 

ICRISAT's breeder and agronomist together 
will train young scientists at ICRISAT's CIM-
NIYT base and supervise in-service country 
nahring. Our agronomist also will advise 
national programs on sorghum production at 
the farmer level. 

Cooperation with ICARDA 

Plant Improvement 

The objectives of the breeling program remain: 
to incorporate ascochyta blight resistance, cold 
tolerance, and near-insensitivity to pl.,)toperiod 
into high-yielding kabuli background! cf varia 
ble stature an(i seed suie (or spring ai d winter 
sowing in the Medtitemarcan region of western 
Asia, northern Africa, soulthenn lurope, arid tie 
Americas. 

On-farni trials and cultivars' release. For tihe 
third season, the on-farm trials demonstrated 
superior yields fron ,sinter sowing. Yields of 
I1(('-182 sown in winter were 74's better than 
yields t rom its spring sowing, and double those 
of a sprimg-sosn .qSylial Local (lable 16). lhe 
data on 11,C-182 led the Syrian NMinistry oftA'ri
culturc to release it for gcneral cultivation in the 
drier /ones of Syria tlat icccic less than 400 rm 
of annual precipitatirn. 

Also 2 yca:s of on-larn trials in .Jird,n led to 
prercleawse, large-scale nltiplication ofa sccond 
cultivir, II.'-,84. 

Table 16. Seedyields(kg/ha) of Il.C 482 and:.ydanLocalchilckpeas In on-farm trialsIn Syria for three cropyears. 
Seed yields (kg/ha)l %',increate of IILC 482 over 

II.C-482 

Season Winter Spring 

19,!9/80 1840 
1981/81 1690 960 
1981/82 1260 880 

Mean 1600 920 

Means of 18, 24 aid 20 locations in the three crop years. 
a lied on two cror years, 1980/81 and 1981/82 only. 

Syrian Local spring-sown Syrian Local-

Sown in spring 

970 

650 

630 


750 

Winter Spring 

90
 
160 48
 
100 40
 

110 44'
 

i 
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On-farm trials in .ebanon and Morocco have 
been encouraging and will bo:continued ir, 

1982/83. 

Internatlonal nurm-rles and trials. I n 1981/ 82. 

302 sets of nine types of nursery covering eld, 

segregating material, and di.ease were drib-

uted to 13 countries, a marked increase over 

previous yea rs. I)Ata received thus far indicte 

pioriountced interactions bcis ecu entries and 

locations, 
In the 1981)/81 spring-sown Chickpea Interna-

tional Yield Trial(CIYT). 11-C-570 wasthe high-

est yielder overall and ranked anmorig the top five 

entries in 0nof 20 tests. Ir,the winter-sown trial 

(('IYl'-W),lI.('-4and lI.(-42again -Aere the 

highest yicldens, with 1I1.'-2 among the top 

five entries in 9 of 12 courtlies. In ie large-

seeded ctllivars (('IYI-I.) trial, II.('-1 - amid 

II.C-6- appealed lotlitop 7 ofiIll cintrties at 


17 locationr. Ihe I , and ,crering nur,,cries 


"c to provide early alld adanced Ccgratinig 


l to the nallional prgrlarm s for lectioli 

irdeil their corlditCoIls. Ihe icrlts od the awco-

chrta bl"hit nulr,,cry ale decribcd il a liter 
,,t . 

ruattcrie 


' 	l rI 


lybridization. To develop materials for win
tcr and spring sowing and large-seedcd and tall 

types, we madel8ciosses, including 319 two-way, 
32 three-way, and 34 lackcro, es. Additionally, 

we made a few ci%e specially for the Jordan 

arid Pakistan national programs to inicorporate 

A.scochi'la resistance intode'si materials fo r Pak

itan. India, Iran, and I tliopMi. 

t Ita res stanceBreeding strategy. Since At-of 

is fow consideled iiardatory, 5,C,0wcaly gen

crations of all hieding materials in vinter for 

motr clcctle ,ctening. Winier ",osilg also 

enables ,isto sClc:l for cold toielluce and facili

lates offH-season (sullmmrc) advarice freit. Off

scawini oving also helps climirate highly 

photosensitis we'Iel tits,
 

Irloi l on, piO(CirYpeioSms arc ,irrrer- and
 

n ait fItliat ,tandl Ic bol, while
spriilg-i,,,o 


sirgle-plmn ,,crtonairc l ,ltiiga-cc"Iiet
 

i all tour csitonimCr Aftm rirthcrcplicatcd
 
-in. 1atetests iIl tie smile cns,iolnrmieIItN, pololrlllglllb 

irludied ultloll.Iirlial.;aie i1llIlite Il le% 
.'tNirlihels of I to I, 1'rlClatiorll ll4 iIcs Slll 

nbulk,g'run ill tills N,',tct during 191 82 arc 

,liwm, | I .th 17, ii 

"rable17. The numurts of F, anj more ad~anced chiti,pra protenlre and bulks [ro *nfor ,rinter (Wk)and sprint 

(S) sowing and for large-seedrd (I.) and tall types (1) inI the main and off-,,talont in S)ria, 1981/82. 

(eneration 


i:1 

-, Populations 

I1 Populations 
Progenies 

I4 S * W 
1. 
T 

F,	W 

S 

L 

T 


F4	W 

S 

L 

T 


No of populaton/progenme 

Main seaSon Off-season 
(Iei Iladya) (lrlhol) 

45 349 

269 9 
51 0 

351 1595 
1281 653 


1 16 
9 0 

1987 1765 

532 0 

122 I 

17 2 


2484 4 

2324 0 


4 0 

12 7 


Itotal 

394 
278 
51 


1946 
1935 


17 

9 

3752 

532 

123 

19 


2488 

2324 


4 

19 


rl
No of plants rletl No il I'74kCIrI t;julkrd 

Main ,ea'on ( )fi-,.e.aon 
( Il IId)a) (I CIbol) 

0 0 

2'1t0 0 
0 0 

10(1 910 
1355 450 

6 6,9 
31 0 

2945 0 

0 0 


61 4 

24 0 


2212 0 

0 0 

0 0 

24 0 


Main ., O)l*srson 
I t:t(I ClhIid)a) 

0 0 
2940 0 

0 0 
21) 1 0 
1805 1H 
75 I 
)1 6 

2945 148 
0 23 

65 18 
24 7 

2232 132 
0 36 
0 0 

24 ( 

(I ribol) I"iaI 

0 0 
0 0 
0 0 
0 0 

23 41 
0 I 
0 6) 

170 318 
0 23 
I 19 
2 9 
I 1H3 
0 R, 
0 0 
7 13 
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Table 18. Seed yields (kgl/ha) of chickpta exceeding the yields of the best check in preliminary yield trials In the 
spring at Tel Iladya, Syria, 1981/82. 

Trial I 'Trial2 'Trial3 Trial 4 

Entry Seed yicl Fntry Seed yield lEntry Seed yield Entry Seed yield 

Fil'+ 81096 1990 I 8119 2190 1.I1 81146 2200 FI.P 81166 2120 
81095 1970 81131 2180 81149 2100
 
81097 1910 81130 2170
 
81093 1I90
 
81104 1740
 
81105 1690
 
81102 16-10
 

Ill" 263 1630 ItIC 26' 2030 IlC 263 1640 ILC 263 2000 
1931] 1610 1930 1840 1930 1650 1930 1430 
1929 1340 1929 1780 1929 7030 1929 1870 

SI 1167 1195 t221 t177
 

15SV 20 22 18
 

Irial6 tfrial 'Trial t0Irirl 7 9 


Fatry Sed )ield Enity Seed yield Eintry Seed yield Inir) Seed yield 

I-II1'12(;, 2020 1iII11 1229 2190 11.11' 81251 2210 1I.Ii' 81296 2380 
81218 19,0 H1230 2030 81254 2150 
1204 1940 81225 2w0 8125. 2070 

M12V) 2(X) 
81252 1840 
i2 1840 

I1.('261 1920 II.C 263 1970 I1C 261 1820 ILC 263 1170 
19'0 1170 1930 1530 1930 128O 1930 1930 
191, 11O 1929 1840 1929 1360 1929 2230 

I t177 1l38 tl85 1166 

C V 20 14 19 16 

lirrrdlri fOr lIwrifig ,Iiing. WC tcted 2"11 lirredin for v inter ',wivng. Wec .riu;ard 126 
,irccJink.' 1111C.iI II prtchii 'Ielh bircilqy' IIr, .t icl Il '.1arl KfIardain in "ixnalya t1.1% avrrl 

4? tritric'. IhI llL Ixi hltri;i.Itt l ci II. v,ir'iter | ,'hltrial,, %.t11 ce 
;Arld K1.ird.1l1. ivmly)ti.,oh()(.I! II('+ IIC -W ,3arnd II('*-1921 ,\t 

2 'd t ,uira iimir th 
kill',,N.11 ,. Ifc,I ( -1271) 

"
1'9) fruil ,fr,;t II (+1910 Irmll i .i 0, ir Inure tla.n the lct.111d I et'.i Icl lh I. tril , 'iehle'l 

, li d 'ujt,.,irl II ( -70l. ti1.k 2'10 (i 'i 1 ], a
iir t . , -hr(, I (-1' lflr /, t1ch) IhliIhlt 

At In II Ld ai. 24 l h1irld-i rliur tha1 II Lil C1( i 1.2'trim i II 1 1'- f 1.1i ! I i'81- 147)icuhled 
!he ptClinaliiIy (I .11'17 IX.O h;it, itr ¢r1 tlded'6 1 Inll ylit fit IIf i 18), ky lifi ret it Irl Ifan1t . 

,tIll II (.2(>! sir the tlhIcr eernI aitKt itditan pi)e~illed nImuelt trillN e~.u-eI t1nriprrdte tl 

t i tc Ilih ie il tiyht ieh1 1 kr'ia) ",I%!(21W liu illial.inIIIIL! I-c 
hl the iIcit t h1er nhickki. d 6374' 1'het t thtn Ili l 1lJ 1ititthe ".IrIcIlrc .li Ithe *idi itl tnltl 

I)lchld tli.1trilv %i 'iltiw% llInlilC Ih in hft hfirctdl li iir in) thwir, %initelr'ldir ii1 ucdirixi 
Oic(k ( I ihl 19) CeCllet cvtcld ll.l.th,it I lkiclnexpeIcd pr yield trili t Iel thkia.1rid l 

h rvn',l Six lhnel at iki. an11 . tItKfitdallti 1-1 Ihl)d.i. 1t0 .4tI allli 35 

http:kill',,N.11
http:1111C.iI
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materials with II.C-1929 in a spring-sown ,reli
eTcaed n9 the yieldf fthe checktndvnc yiesld minary yield trial a( Tel Iladya. Seseral entries 

trials at Tel lhladya, Syria. 191/82. c(mbined greatly inproved seed si/e with yields 
equalling those i om lhecks (I a hc 22). TIhey 

"tial h~inl2 will be included inI intelnational trials ill 

j:ntty Gain yield ltniry (iain yield 1982/83. 

FIIl' 81395 1690 II,1' H1003 1670 Breeding for lull-plhinl t ie. In ill advaiincedI1(, 31 10 1690 
I1C 657 169M yield trial ,i1 24 tll typcs at le il adya. ll.('-72. 

I.C-202. and il ('-3.!79 conibine Ihigh yieldsILC 3110 1690 
I1C 3119 1670 with high recrstancc tp Cold and a,ochyla 

blight. We idertiticd several prarii.ing lines, 
IIC 261 1540 IILC 263 1640 from 32 entrics ila iciflicated low trial. 
It( 1930 1640 II.C 482 1W) I 

ItUC lVzl) 15.",0 1LC 1929 1'-lob 
Acoch)la hlljht rrkislLiunc in de.i t)i)es. In 

S.' IN5 181 collabotation sitIh ICARI)A, "! li nihecd I! 

12 [, l)4l)liti(l. to tom loc.tliorll ill I1 kista ,lllldCV (I) II 
We ,.iloateld 17 I,, [rlin (I(nI-;S I at Iel 
Iladya All the V,l' plnts \ crc trhc, |)111 

I elhol had .'ood A ln,u, a Iesist;Iltcc anid Cold 420 o"t'|it int", %ncie-Icttd in tour popula

tolcankii. ,iiul sld ed niore tlllrr thre lestb ckli¢k lionsl toilo',c(- Ilid" atl(R )AASoil" ',Ccilo 

All I1(.l. hirdt li1- iad olorc .iet.('p ile" eri Ihc mi-Ic ickcis I(R ISA I tirdilits %%i,,, l t 

ijtliit1 ha.n ti tre t eliekk,II ('-.27'9 Ilietie peramnhlill li i't',; irc IrIralide! %%Ill tc 

hrlylirj t N'irldi y rtil lics are hirrrvci I.htIe 21 M reeied tI (ill Ni(.ilii 11Iiilsi tIp iikiliIll lresistlirt 

iilil kni ri dridc , Ilie ',slJ Iy h ii ld o I 11.I' puui yitenI1e 

I *b(t\A .it I .iht.ikiai I, thc liijhr t r% l repoited 
Ii Cethirr ,je.ia I rtiee rillidIlikpie h..c txNin t ... . .. 1(r. )uhr/.Io 1knirpc. 1ilCI c ,'ec 

thie 1i) A rorcmed 1e1Il w.itiyii..l II .al lcl 11id.1.rrrrietides iiiyhsitiririr2 
Ili c IV)M 111C willlit0 1.1ili l' Ihe 1)1.111 

" citl %, 11rl (ldb 

*Crrded hitir., t11ia ill( )y rrfilitl'I' ll mid tireihrrrk' .111(c IN 1Is %N.I tI ; r u 41. % 
Ireeding f lii Lr redu. WVr ( :rri1.lfrd l.ll e iol t.ii clilpl i h'll (11ran11t lolclt 

Iabit ID. Stid lldd (kgl/ha) of itliclipt enIries extcrint the iI if the heit hr;. in Plirllmtnary Yield 

rltaill-%intce at lel fIrtay. %)tli. 1931/81. 

triail tIrt 2 i l l I I lt 4 Iill 6I 

(rain (,10ri ('141rn (fill) (i oiln 

I nnryfiuly )ld I rl) 1 idmt I )eol I urtu )Icld I rilly "icht 

Ii Il 111293 5k40 It I1'I 1312 27(g) I I Ii' M1.47 1 40I I I1'11162 3050 I I1' 1172 2410 

K I (M
H1292 

30110 
2 ,0 

M1141 
8 1-M1 

11(X) 
I(I W 

I - 141 41,10 

I.C 4112 911("IC 42 1210I11U 4112 I011(" 4C12 710 l.( 482 1250 

3279 27(.0 3279 2f.10 31279 2700 1279 2610 3279 2210 

,%: 1147 3269 t179 1204 t297 

CV (r) 15 27 lII 29 40 

0 
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Table 21. Seed yields, disease resistance, and colJ tolerance characteristics of chickpea lines in winter-sown 
advanced triAls at Tel Hadya, Lattakia, and Terbol, Syria, 1981/82. 

Seed yie!d (kg/ha) Asco. blight' 

Trial No. Entries Tel Hadya Lattakia Terbol Mean Veg. Pod Cold Tol.2 

I FLIP 81-lOW 2270 3650 2430 2780 3.3 5.3 4.3 
FLIP 81-3W 2300 3310 2700 2770 3.8 6.0 4.3 
FLIP 81-1IW 1710 3490 2850 2680 4.5 6.8 5.0 
FLIP 81-12W 1240 3820 2800 2620 4.3 7.3 5.5 
FLIP 81-15W 1630 3980 2190 2600 4.0 6.0 6.0 

Checks ILC 482 620 3110 2660 2130 4.8 7.5 5.5 
ILC 3279 2280 2860 1690 2610 2.0 2.0 4.8 
ILC 1929 0 0 2140 - 9.0 - 8.5 

SE 1161 t408 1189 

Trial mean 1000 2860 2450 2100 

CV (%) 29 29 15 

2 FLIP 81.41W 2180 4520 2790 3190 3.0 3.3 4.8 
FLIP 81-37W 1720 4910 2160 2930 3.5 5.8 5.3 
FLIP 81-27W 1690 4230 2630 2850 3.3 4.0 6.3 
FLIP 81-35W 1550 4450 2480 2830 4.0 6.3 5.8 
FLIP 81-24W 1310 4610 2490 2810 5.3 7.0 6.3 

Checks ILC 482 480 4580 2390 2480 5.7 8.0 6.7 
ILC 3279 1840 2890 2310 2350 2.0 2.0 4.8 
ILC 1929 0 0 2410 9.0 8.0 

SE ±129 ±424 ±126 

Trial mean 1430 4000 2370 

CV (%) 18 21 II 

3 	 FLIP 81-60W 1360 5890 2920 3350 4.5 7.0 4.8 
FLIP 81-56W 2690 4130 2810 3210 3.0 4.3 4.3 
FLIP 81-43W 1490 5180 2550 3070 4.0 7.0 6.3 
FLIP 81-57W 1900 4950 . 80 3040 3.0 4.8 5.5 

Checks 	 ILC 482 490 4680 217r 2450 4.8 7.7 6.2 
ILC 3279 2430 4540 2670 3210 2.0 2.0 4.5 
ILC 1929 0 0 2260 - 9.0 - 8.0 

SE ±158 t369 *±207 

Trial mean 1240 4480 2250 

CV (%) 25.5 16.5 18.4 

r Aco. blight " Ascochlta blight disease, scoring done on 1-9 scale where I free and 9 complete mortality. 
2.Cold tolerance, scoring done on 1-9 scale where I = free and 9 =complete mortality. 
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Table 22. Seed yields and seed weight of the five top 

yielding entries in the Preliminary Yield Trial oflarge 
seeded t)pes at Tel Hadya, Syria, 1981/82. 

Entry 
Secd yield 

(kg/ha) 
100-seed 
wt. (g) 

ILC 1795 2340 48 
FLIP 81-181 2270 43 
FLIP 81-176 2250 41 
ILC 76 2180 45 
FLIP 81-178 2160 41 
Check ILC 1929 2060 3low 

SE ±198 

CV 17 

More than 10 000 lines (5484 desi and 1286 
kabuli accessions, 387 entries in yield trials, and 
3643 advanced breeding lines) were screened for 
cold tolerance. The results are presented in Table 
23. Desi types appeared to be more cold tolerant 
!han kabuli types. 

Genetic Resources 

Evaluated data and passport information for 

3300 kabuli germplasm accessions have been 

corputerized, and a catalog is ready to be 

printed and distributed, 
In 1981/82, we evaluatcd 1000 accessions 

under winter-sown conditions, and screened the 

accessions for resista!-,: to leaf miner, Oro-

,a'lw, Bruchus sp., ascochyta blight, and for 

cold tolerance. 

Diseases 
Ascochyta Blight 

Ascochyta blight caused considerable damage to 
commercial crops of Syria, Tunisia, and 
Morocco. We have observed sclerotinia stem rot 

and fusarium and rhizoctonia root rots but only 
at low incidence, probably due to low tempera
tures. Stunt, caused by pea leaf-roll virus, was 
observed in most chickpea-producing areas and 
a complex, possibly of pea streak and bean yel

mosaic viruses, severely damaged winter

sown chickpea at Beja, Tunisia. 

Screening for resistance. During the past four 

seasons, we screened 13 410 desi and kabuli 

germplasm accessions at Iel Hadya, using the 
debris method of inoculation. Lines that showed 
resistance during the vegetative phase later deve
loped severe pod infection. Ten kabuli acces
sions (ILC-72, -196, -201, -202, -2506, -2956, 
-3274, -3279, and -3246; and PCh-128) had 

vegetative-phase ratings of 1-4 (less than 15% 

pod infection). Seven desi accessions (ILC-3034 , 

-4200,-4248,-4368,-5124, -6202, and -6981) also 
were resistant (less than 15% pod infection) dur

ing the vegetative phase. 

International nurseries. During the past four 

seasons, chickpea international ascochyta blight 

nurseries (CIABN) have helped identify resist

ance to Ascochyta in several countries, and the 

data indicate several strains of the pathogen. 
Isolates from western Asia and northern Africa, 

where both Kabuli and desi genotypes remain 

resistant, seem to.be less susceptible than those 

Table 23. Results from screening chickpea germplasm accessions, cultivars, and advanced breeding lines for cold 

tolerance at Tel Iladya, Syria, 1981/92. 

Germplasm acc. Yield nursery Breeding line 

Scale Desi Kabuli Kabuli % of total No. % of total 

iliphly tolerant 
Tolerant 
httermediate 

1778 
1428 
1399 

30 
365 
687 

0 
13 

220 

25.3 
25.7 
32.3 

0 
114 

3088 

0.0 
3.1 

84.8 

Susceptible 
hfighly susceptible 

624 
255 

198 
6 

121 
33 

13.2 
4.1 

410 
31 

11.2 
0.9 
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Three isolates that we
from the Indian subcontinent, where only the Variability In A. rablel. 

collected at Tel Hadya vary in pathogenicity.
kabuli types are resistant. Six kabuli types(ILC-

72, -202, -2380, -2956, and -3279 and PCh-128) TH-l, isolated in 1978/79, appears less patho

maintained high resistance ir most genic thanTH-2, isolated in 1979/ 80 (Table 24). 

ILC-3279 and other lines that resist TH-l and
environments. 

TH-2 are susceptible to the TH-3 we collected 

from infected ILC-482 in 1980/81. ILC-194 and
Chemical control. Seed dressing with Calixin-

moderately resistant to TIt-3.
M 8 (11% tridemorph +36% maneb, alone or in ICC-3996 were 

combination with benomyl), at 0.3% eradicated 

the pathogen from seed of susceptible and toler- Cultural practices. Sowing infected seed 10cm 

lesions. Higher doses or deeper eradicated seedling infection, and 
ant cultivars with deep 
(0.6%) were more effective but caused delayed burying diseased debris 10 cm below soil surface 

germination and initial leaf malformation and prevented disease transmission. But applying 

NPK did not affect disease development.reduced growth. 
The foliar application ofchlorothalonil, alone
 

or alternating with Calixin M ®(:7 sprays at 1.5
 

g/liter at 7- to 10-day intervals) almost com- Training
 
pletely protected a highly susceptible cultivar 

sown in winter under artificial epiphytotic con- A total of 126 agricultural scientists and techni

cal assistants from 35 countries participated in
ditions, indicating excellent potential for that 

training programs at ICRISAT Center during
foliar funpicide. Calixin M ®also gave satisfac-


1982 (Table 25).
tory control. 

Epidemiology. Artificial inoculation studies
 

indicated that Pisun sativuin, Phaseolus vulga

ris, and Vigna unguiculata can be infected by the
 

pathogen.
 
We observed chlamydospore-like structures
 

in A. rai*iei cultures maintained :n ambient .A 


temperatures, also saprophytic colonization of
 

food and forage legume straw, including faba.
 

beans and letitils.
 

Table 24. Reactions of chickpea cultivars to three
 
Isolates of Ascochyta rabiel collected at Tel Iladya,
 
Syria.
 

. ...
 
Blight scorea 

Cultivar TH-I TH-2 TH-3 

ILC 194 4 4 4-6 
ILC 249 3 8 8 
ILC 482 3 6 8 %40 

ILC 3279 3 3 8 
ICC 3996 2 2 4 Equipment (esigned and developed by a research 

feliow (left)-in consultation with ICRISAT 
engineers-to improve plant stands infarmers'fields.SI =free; 9 complete mortality, 
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'All 

4.;.0 

Jt'rli. un-larm research onducted /hv an international interm.1(RllS+ AV i'nti.-'; (hc.l)). 

-- prcad genc.%of wihildmilh'tI a Ph.I). ttv.si.s a rcA(ardh .holar(Ic/U--uatc'd hy IC RISA '7micni.t,prolh'nm. 

NIfic itt twIh g'n' compl'x of ultivated varielie.% to identi.v ip rove'd plam I itarac ler. . 

It ( 



The post-doctoratePost-doctorate programs. 
programs provided 78 man-months of research 

training for international interns and 69 man-

months for research fellows. Their research 

Table25. Numberofparticipants-bycountry-who 

compreted a long-term training program In 1982. 
NumberCountry 

Bangladesh 
Benin 
Botswna 
Brazil 
Cameroon 

Chile 
China 
Ethiopia 
Fiji 
Gambia 

Ghana 
Guinea 
India 
Indonesia 
Japan 

Jordan 
Kenya 
Lesotho 
Malawi 
Mali 

Nepal 
Netherlands 
Niger 
Nigeria 
Pdkistan 

Senegal 
Sudan 
Tanzania 
Thailand 
Turkey 

Uganda 
Upper Volta 
USA 
Zambia 
Zimbabwe 

Total 

5 
4 
3 
2 

Training 391 

problems related to breeding and selectinggeno

types with increased yield potentials to stabilize 

production under adverse soil and environmen

tal conditions. They studied genotype-by

environmenta! interactions to identify selections 

with wider adaptation-also inheritance of grain 

mold resistance and drought tolerance. On-farm 

research was conducted to evaluate methods 

suitable for transfering technology to farmers. 
Post-doctoral scholars used the electron mic

roscope in research to identify and study legume 
viruses. 

Thesis research. Thirty-two students from 12 
universities and I I countries participated in 237 

3man-,months of thesis research for PhD and 

I 

5 

2 

2 

4 


4 
4 

17 
3 
I
 

I 
5 
2 

4 

7 

I 

I 

I 
2 
5 

6 
7 
I 
3 
3 

3 
5 
7 
I 
I 

-nursery 

126 

MSc degrees under the guidance of ICRISAT 
scientists. Studeats studied the potential use of 
wild species of sorghum and millet in an intro
gression program to increase resistance to dis

ease and insects and yield potentials of selected 

cultivated varieties. Other thesis research 
included studies of iron chlorosis in groundnuts 
and breeding for resistance to wilt in pigeonpeas 
and chickpeas. 

The fellow program. The in-service fellow pro

gram was initiated to provide opportunities for 

employed research scientists with experience in 
tile semi-arid countries to obtain intensive train
ing in their research specialities. Seven fe,'ows 

from four countries participated in 10 m. i

months of this specialized skill development. 

In-service training. The annual six-month in
service training program for scientists and tech

nical assistants accommodated 91 persons from 

29 countries in more than 494 man-months of 

research and extension-methods training. Mere 

than 90 ICRISAT research scientists assisted in 

the training programs. Subjects covered were 

crop improvement, crop production, experi

mental design and methods, agronomy, ento

mology, pathology, microbiology, physiology, 

soil fertility, land and water management, crop

ping system-s, economics, agroclimatology, 
management, research management, 

and extension methods training. 
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inwtermf IuP ijinii IIU/I ii In-Ncrvil A' (gfii%(righ tit ICl(RISA 7 T1r a of intive 1 A tud.il/ observ.%gront'u vIait 

R( /S.I luilthhi),qi~. 

I able 26 lists by Category those tin training Our alumni. %1anN pe'rsons%%~ho hawc comn

diuring 19S2. pleted training since 1974 are nio%% serxing a% 
station research managers. leadc, of research 

Short-term training pro- tcalfl%. rescatch tarinniaages field techniShori-lerm traininig. 
And m1an11Liani'. ()n ho'.% to inmpro~e dcep-Vertisol crop- ciaiN~. anld extensioni agents. ha~e 

pinig luring the rain% \%Ci~iyw ~Clconducted for 

PoicL\ uAkCI' N~Cieii,ts. and bank agriciltural 

aic \%ith 

i ~xi.>dcl Ill IndiaI. I hicse 2-day ito 3-\%cek p.ro- during 1982. 
(mttd Cniun 

i'llicr %k2'.'~ho to be assoc(iajted1 Iiin-lal Table 26. Number in training at I( RISAT Center 

1,1,1l11N in1\il\cd Nelcctiig anid (Icgnlihig cropping 
_____________Continuing 

N\ st,111"\. t 1w proccd i ie lor de\ cloping a 

\ atct-llcdl. and ho~k to liclp Iarmie thcir In-serr ice -1raiinces 91I 2 

ic"10111ii cc to0 icrea1 crop production and Reseairch Scholar% 16 16 

impi o~ thi~r ia re. A special 1-%%cik trnainling In-%crr ice VCIlom4N 7 0 
'.w 

0 5
a11id planning priogran l i gronietcoriilogy ot Rcsearch lctllo\s 

and itilct in tlie sciiii-arid tropics ",is International Intern% 5 5
NIipi.hini 

I) the I-a i ng S\'stenis Rese.a rch Apprentices 1 0 
iLlldiict d 


l'rogra ii staffI and I hie World Mieteorological 'Total 126 28
 
)ig.ni/atlon for 17 cientists fronti I I countries. ______________________________________
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hi-em'cr Ictrain'l lee elp %At//%itt rtewarth/1chniquecI ai~ded bv all ICRISA 7 training offit'r. 

heen selected for add it ional academnic tra ininrg . \L hange informna ion gained in tihe v:irica. onl-

Requests tar recent pubhircat ions hin om farin %eriticalion trials cond ucted or uuder wayur 
aluiiini. isits from themn. andi reports by ICR I- in the states ol' Andhira P'radiesh. Karnataka. 

SA\I scliitists retuiring tram coopecrating coon- Madhya Pradesh, and Mahiarashtra ats part of' 

(ics all indicate that toiiner traint-es are acti~e Phai~se-I (I9 -X3)oflte action plan aiipproxed at 

and siiccessliill% participating in responsihkL Ithe [ irsi IPolicyiakers' Seminar held in I)ethi onl 

po ionS for xxhich tlne receiw d tiaining at 21 May 19A~ I. I hie sevi':nar %Nasalso intended to 
. Iorrte Speed ic ptpoils for Phase 11 ol the 

pre\iously proposed] aciion plan trIle l9X3-96 
period. Prartiipat ingtigenegX tiitcrs a id repre-

Workshops, Conferences, sentaMes ofi the Ministry ot \gniculture. 

(in\ir omentot India the stateso Madhnira
and Sem s 

Aesh. Karnataka. Andia hraclesht. and Mata-

Sccodml 1ie, Paker'Sertinar to rcsiew tle rlirtra. cryrdit Inist'itintons, and I'AR and 

Program o I le hihpi(d Vertisol%t anige- IC RI;a I . I lheseminal included tield viits IO 

ci ii rlati n oAsred Rainfall Region%oif tihe operational expe rinits on t ile Vcrtisols 

India. I his seminar conduted at ICR I- ,a at ISA I C'enter and to on-farmIwaershed IR 
SA I ('enter 10-11 September to compare and research trials at -laddanally ;ulta ir, ir, about 
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42 km northwest of Patancheru. The summary 
of proceedings of the seminar is available from 
the Farming Systems Research Program, 
ICRISAT. 

Working Group Meeting on Control ofStrigain 
Sorghum. This meeting was jointly sponsored 
by the All India Coordinated Sorghum 
Improvement Project and ICRISAT, 30 Sep-
tember to I October, at ICRISAT Center. The 
meeting was attended by 31 scientists involved in 
Striga research in India, to review the present 
status and decide the thrust of work required to 
solve the problem. 

The meeting was divided into five sessions: 
problems of Striga were outlined; available 
information in respect of breeding, agronomy, 
and biological control measures was reviewed; 
presentations were made on location-specific 
studies conducted on Striga control, on the 
iiilchanlsm and genetics of Striva resistance, and 
on screening technique and host-parasite inter-
action, b9reeding and agronomy groups sepat-
atc.y discussed future course of work and 
formulated suitable proposals; atd in a conclud-
ing session, future research needs and goals were 
outlint (1, keeping in view the r:conmiendations 
from the breedingand agronomy groups. Partic-
ipants visited the ICRISAT Striga laboratory 
"1od fields and also fields of the All India Coordi-
nated Research Project for Di yland Agriculture 
at ltayatiiagar on I October. 

Salient points from the presentations in the 
meeting are summarized in the proceedings 
available from the Sorghum Improvement Pro-
grain, iCRISAT. 

Joint ICRISAT/WMO Symposium and Plan-
ning Meeting on the Agrometeurology of 
Sorghum and Millet in the Semi-Arid Tropics. 
Agriculturists and climatologists from IFcoun-
tries joined ICRISAT scientists to discuss how 
climatology can be put to better use in irmiproving 
sorghum and millet production. 

The planning meeting and international svm 
posiurn were sponsored mainly by I(-'RISAT 
*nd the World Meteorological Organization 
(WMO), an agency of the United Nations. Other 

co-sponsors were the Food and the Agric :ltural 
Organization of the U N (FAO), !NTSORMIL, 
a program of international research on sorghum 
and miliet sponsored by the U S Government, 
and Texas A&M University, USA. 

There were ! 12 participants in the sessions, 
which began with a series of planning meetings 8 
November and ended with a 5-day symposium 
15-19 November at ICRISAT ,tnter. 

Participants reviewed the present state of 
knowledge regarding agroclimatological factors 
influencing the growth and development of 
sorghum and millet, and identified the gaps, cur
rent needs, and future perspectives in research 
on how weather affects these crops. 

The proceedings of the symposium are in 
preparation and will be available from Informa
tion Services, ICRISAT. 

Second Village-Level Studies Workshop. The 
Second Village-Level Studies Workshop,jointly 
spon',,orcd by ICRISAT and Gujarat Agricultu
ral University, was held at Anand Campus of 
6wiarat Adriculttural University 26-29 Aprit. A 
tot; I of 32 participants from Gujarat Agricultu
ral University, Agro-Economic Research Cet
tre, Vallabh Vidyn'agar, Gujarat, Jawaharlal 
Nehru Kiishi Vishwa Vidyalay, Jabalpur. Mad
hya Pradesh, and ICRISAi took part in this 
workshop. 

The works'i,p provided an opportunity to 
participating scientists to understand major 
problems in he semi-arid tropical (SAT) areas 
of Gujarat. It should help in designing a new 
technology acceptable to farmers and in explor
ing new areas for research. 

Chickpea Pi-eders' Meet. The annual Chick
pea Breeders' Meet ssas held from 4 to 6 Febru
aryal ICRISA'I Center, and 13 Indian scientists 
participated. A field tour was organized to show 
themi the exieriimental plots of various chickpea 
subprograms f'timin,, systems, and germplasm 
at the Center. [oints of common interest :o 
ICRISAT and Indian national chickpea nro
grams svere Iissed. The Indian scientists also 
selected materialsfrom ICRISAT breeding plots 
for use in their own programs. 
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taken on field visit to Dindi Agricultural Farm, 
Satara, and Chandrapur Agricultural Research 
Stations in Maharashtra during November and 
December. This gove them an understanding of 
the ciopping patturns used at these reseach 
stations. 

Visitors' Services 

We received 8935 visitors to ICRISAT Center in 
551 groups averaging about 10 groups a week 
dui ing 1982. Farmers continued to be the largest 
numiler (2982) of visitors as in previous years. 
They were enthusiastic about technological 
advances made here and many expressed hope 
for great change in their traditional agriculture. 
A farmers' day was organized 3 October 1982, 
when 1600 farmers visited the ICRISAT Center; 
67 blind traiee-farmers among the visitors 
examined the crops using their strong sense of 
touch. 

The next biggest group (2345) was comprised 
of studer.ts, mostly agriculture students. The 
otl er groups consisted of emincnt scientists, 
diplomats, extension perso, el, administrators, 
represcntatives of vw'rious communications 
media and the general public. 

Publications 

Conference Paper 

SINGH, K.B., and ERSKINE, W. 1982. Breed
ing of food legume with particular reference to 
chickpea and lentil. Paper presented at the sym
posium: The Interfaces between Agriculture, 
Food Science, and Human Nutrition in the Mid
dle East, sponsored by ICARDA and UNU at 
ICARDA, 21-25 Feb 1982, Aleppo, Syria. 

http:studer.ts
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Plant Quarantine 
Export of Plant Material 

Owring the" year, 60 220 seed samples of 
sorghum, pearl millet, pigeonpea. chckpea. 
grounminut, and monor millets werc examined. 
Healthy -+circted -,:ed were treated with appiop-
ilate insecticides and fungiclcs in IR ISAV'is 
Qualantine Laboramtory as required by import-
uII, countrics. 

All seed material cctilied as lrce from pcts 
and diseascs by the plAnt quarantinle authoritics 
of the GoirnCrit of India; %Acreexported to 
%cient.',t",an other cooperators ill86ttoultric, 
I he ,atcrial exportc. included seeds flo) 

breeding nurseries, yield trials, pest and disease 
nurseries, genotypes for chemical analysis, and 
gcrmplasn accessions from ICRISAT"s gene 
bank. We also s.jbjccted the following samples 
to thorough quarantine ex;mination forcxport: 
195 seed samples of II'te1,Iopgon. maizc, and 
A tIoiia; 237 of soighurn for ci gotrol cst ima
hton. 5 4Xof iground ntrghul" plant tIaterial; 8 of 
sor plrhmn flour, 51 unrooled cutlgs of wild /1ra
cIrim spelcs., and 01:olum 'ultures of115 1 wp 
cliickl".a, pigycorlpa, arnd groundltl. 

In addition, three s',lnplcs of 1lur1l1y. beat) mcre 
clated by the National liurean of1 Plant (;enetic 
ltesourtt (NlIl'(il(), New I)clhi, for export , 
thc Peoples' Republic of (hinai. lull details a[, 
prcsentcd in Jable I. 

able I. P-n m-teial elportl during 1982. 

(,,untzr Suryhum Plarl Milk. l'igcoripci ('hi kpci (iioundnut Minor P.illctls Othcrl 

AITI(A 

l ,I 
ftimrhtl 54 

23 
19 20 19 25 

14 

(+r, 
1I"p 
Iuhiopla 

148 
199 

1036 

438 23 52 
224 
372 

108 
18 

212 14 
(1-,tw'u 
(,1:ri, 

lk.ory ('o-tt 
Ker)a 
ltiotho 

69 

47 
487 
44 

4 
9 
I( 
5 

109 

4 

436 

64 
33 
43 

14 

Libya 
Malawi 272 

S 
3 170 2193 7 

Co0maed. 
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Table 1. Continued. 

Country Sorghum Pearl Millet Pigeonpca Chickpea Groundnut Minor Millets Others 

Mali 
Morc,'co 
Moziambique 

1100 

354 

57 162 

3 
48 

215 

33 28 

Niger 
Nigeria 
Rep. du !knin 
Randa 

976 
239 

138 

5788 
474 

70 
35 31 

45 

84 
18 25 

I 

Senegal 
Sieria I cone 
Soma lia 
South Africa 
S.adan 

1150 

2367 

518 

257 

1082 

23 

23 
226 230 

67 

250 4 

I r1tania 
lU111Ol 

U~ganida 
tppwr Volta 
lit 

325 

11% 
1584 

24 

49 

4 
334 

29 

64 
187 

660 

41 
598 
20 

14 

28 

/ l'lht)a 
,' i hk C 

719 
793 

101 165 80 
I 3 

AN,IA 

11ahiin 

I1tflad rh 

liuro69 

20 

12 92 823 
1,34 

79 3 

I. .66 
4419 20 86 27 

60 6 

Iraq 
ja 1"111671 
ii inr 

K11155I As 

58 
7 

34 
20 

224 
9
6 

6 8 

1i Arabia 

69 
566 
14 

25 

59 
32 
I 

22 
20 

5338 
227 

24 

42 
353 

1967 
282 

39 
23 

334 
168 
90 

?,wilh Kolrr 
!1r) I 1Ani 

-,lt.ln,+te of Oman 
"),(ia 
I ', tj 

69 
69 5 

17 

20 
120 
119 
20 

62 

44 

44 

199 

Continued. 
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Country 

Thailand 
Turkey 
USSR 
Yemen Arab Republic 

AMERICA 

Argt:ntiiia 
Belize 
Brazil 
Canada 

Chile 

Colombia 

Costa Rica 

Ecuador 

El Salvador 

Guatemala 


Honduras 
Mexico 
Nicaragua 

Peru 

Surinam 


Ur.guay 
USA 

Venciucla 

West Indies 


EUROI'F 

Bulgaria 
Denmark 
Frdcral Rep. of Germany 
FranL: 
Gri,cc 


Ilungary 

Italy 

Rumania 

Spain 

Switierlan'i 

IlK 

AUISTRI ALIA
 

Australia 


Total 


Sorghum 

831 


301 

357 


725 

69 


493 

25 


69
 

240
 
165
 

283
 
1386 


69
 

146
 

246
 
5012 

257 


2 


120 

2 


15 


3 

331 

127
 

3 

51 


4 


31649 


Pearl Millet Pigeonpea 

32 62 


213
 
48
 

2 


60 40 


5
 

16 


218 299 

12 

83 


50 

3 5 


15 10 


26
 
18 121 


4
 
21 49 


196 


9428 2910 


Chickpea 

17 


224 

361
 

64 

467 


10
 

478
 

224
 

1174 


64
 
49
 

4 

48 


224
 

15 


224
 

38 


125 


9837 
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Groundnut Minor Millets Others 

14
 
24
 

227 


28
 

28
 
10
 

2
 

159 10 602
 
14
 

31 4
 

13 10
 
18
 

20
 

78
 

57 46
 

5802 882 911
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Import of Plant Material 

A total of 3111 seed and plant samples of 
sorghum, pearl millet, pigeonpea, chickpea, 
ground.:ut, minor millets, Atylosia, Rhyncho-
sia, and herbarium specimens were received 

Taule 2. Plant material Imports during 1982. 

Country Sorghum Pearl Millet 

AFRICA 

llotswa.,a 6 
BIuruirdi 2 

thliopia 
Kcnya 15 
Malaw. 

Mali 98 168 
Mozambique 
titter 41 

Nit eria 193 is 
Rwanda 
Scnegdl 130 
Sudan 70 376 
lanian~a 
Upper Volta 29 12 
zit'm')dbWC 36 

A'SIA 

la ngladeh 
Japan 
iJS V'R 

A 'E It"A 

Mexico 
Suri.iam 
US A 32 280 
Vcn-mucla 31 

EIlROE ,PF, 

Italy 85 105 
UK 

AUSI RALIA 

Australia 

'iotal 544 1180 

from 25 countries, (Table 2) and released to 
ICRISAT after thorough examination and 
treatment as necessary by the National Plant 
Quarantine Service at the Central Plant Protec
tion Training Institute (CPPTI), Hyderabad, 
and NBPGR, New Delhi. The imported ground-

Pigeonpea Chickpea Groundnut Minor Millets Others 

186 6 1 
4 
8 

4 

3 2 

52 43 19 2 

113 

3 
17 188 

2 

148 
2 

5 397 

95 44 
10 

14 18 

86 191 679 409 22 
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nut seeds were first grown in the net house at fields and laboratories for better understanding 
CPPTI and only healthy, virus-free plants were of research problems and to discuss proposed 
released to ICRISAT. experiments with scientists. 

Discussions with scientists prompted the fol
lowing studies:Postentry Quarantine 
1. A procedure to test the preference of 

Plant quarantine regulations of the Government 
or

of India require the first generation ofall incom- Trichogramma brasiliensisfor sorghum 

ing seed and plant samples for IKRISAT to be pigeonpea leaves using a linear model with a 
error structure. 

grown in the Postentry Quarantine Isolation correlated 

Area (PEQIA). In all, 2665 samples of the five 2. Developing Genstat Computer procedures 
mandate crops were planted in the PEQIA. to deal with multilocation varietal data. 
Throughout the growth period, the plants were 3. Developing a procedure to use the theory of 
closely mnonitored jointly for exotic diseases by 
the National Plant Quarantine officials posted at least squares to estimate components of 
CPPTI and by quarantine staff of ICRISAT. mean when some generation variances are 
Any suspect plants were rogued and burned, zero in ant breeding experiments. 
Only seeds from healthy plants were released to 4. Developing checkerboard layout to assess 
ICRISAT scientists. the response of sorghum varieties to Striga 

with test varieties on 'white' plots and a sus-
Meetings ceptible control to monitor Striga pressure 

on the remaining plots. 
ICRISAT actively participated in "International 
Consultation on a System for Safe and Efficient A member of the Rothamsted statistical unit 
Movement of Materials in Global Germplasm gave a series of talks on the Genstat computer 
Exchange Networks," in cooperation with FAO package. 
ano IBPGR, held in June 1982 at CIAT, Cali, ICRISAT statisticians gave a series ofasemin-
Colombia, where modalities for safe, smooth, ars, participated inscientific meetings, and pre
expcditious exchange of germplasm betweent. pared technical reports for staff members 
International Agricultural Research Centers (Technical reports I-Il, 1982). 
and different countries were discussed. 

Training and Visitors Computer Services 
The Computer Services Unit provides time-

The Plant Quarantine Unit gave 5 days' training sharing to ICRISAT personnel through the 
to in-service personnel from Senegal, Gambia and VMS operating system on a DEC VAX-I 1/780 
Sudan in August 1982. Practical and theoretical computer system. We develop interactive sys
aspects of plant quarantine were emphasized tems, provide data-entry services, install compu
with special reference to exchange of ter packages, and conduct seminars on using the 
germplasi. computer for daily routines of ICRISAT scien

tists, administrators, and service departments. 

Statistics Unit State of Development 

The Unit provided an advisory service to ICRI- Transition from the old computer system (PI)P-
SAT scientists in planning experiments and ana- If /45) to the new VAX-l! / 780, was nearlycom
lyzing of data. Requests for advice averaged pleted by January 1982. Almost all major 
more than 50 per month. We frequently visited applications previously available are now avail
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able in art improved form on the new computer. 
The increased capacity and capability of the 

new system now permit us to support adminis-
trative functions. A computerized payroll sys-
tern has already been developed, tested, and used 
(November 1982). 

A system for managing particulars of confer-
ence delegates was developed as an outgrowth of 

a system to manage details of ICR ISAT's Tenth 
Anniversary. Another administrative system 
developed permits physical plant managers to 
track work orders. 

Although errphasis has been on administra-
still developing soft

we aretive applications, 
ware to support research. Specialized programs 
for clustering and diallel analysis were added to 
our locally developed statistical analysis collec-
tion. Also, an on-line system for pedigree man
agement has been developed and is being tested 
in two plant breeding programs. We are actively 
encouraging use of word processing software 
available with the VAX system, and several staff 
members routinely use word processing to pro-
duce reports and papers. Specialized software 
has been developed locally to enhance the VAX's 
word processing capability, 

Despite the new computer, we were plagued 
by hardware failures and power problems-the 
most serious in April when a combination of 
disk-drive and Uninterruptible Power System 
failures caused us to lose more than half the 

available computing time. Visits by computer 
experts from both the computer company and 

powe, company resulted in increased computer-
system availability the last quarter of 1982. 

The program head attended the National 
Computer Conference in Houston, Texas, in 
June 1982; the U.S. Fall DECUS Symposium in 
Anaheirn, California, in December 1982, and a 
meeting of Computer Center Directors of Inter-
national Agricultural Research Centers in Cairo 
in December 1982. Another staff member 
attended the annual meeting of the Computer 
Society of India at Madras in January 1982. 

Looking Ahead 
Adding more terminals in early 1983 will provide 

computer access to more people. Emphasis in 

1983 will be on developing and acquiring soft
ware to support administrative functions. All 
remaining aspects of fiscal accounting support 
will be developed to complement the payroll 
system; purchase order and inventory control 
will be computerized; and an interface between 
the phototypesetting equipment and the compu
ter system will be developed to strengthen and 
extend our word processing capabilities. 

Library and Documentation 

Services 

Acquisition 

ICRISAT's Library and Documentation servi
ces vere consolidated during 1982. Although 
budgetary constraints held book purchase down 
during the year, our improved exchange pro
gram permitted us to maintain the tempo of 
acquisitions (Table 3). The library committce 
reviewed the journals we subscribed to, deleted 
some, and recommended for some new 
subscriptions. 

Reprography 

The reprographic unit was reorganized to oper

ate more efficiently with the available facilities. 
Efforts are now being made to improve photoc
opying facilities to cope with increasing 
demands. 

Table 3. Status of acquisitions, ICRISAT Library, 
1982. 

Additions Totalholdings 

D 
Books and reports 
Bound volumes 

1028 
815 

16696 
10582 

of periodicals 
Annual reports 
Reprints, photocopies, 

171 
449 

667 
1950 

etc 
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The Directory ofSorghum and Millets Research
Sorghum and Millets 

Workers was published in May 1982. 
Information Center (SMIC) 

SMIC Phase Iactivity ended in March 1982, and 

Phase 11 began IApril. Most of the objectives of 

Phase I,except some printing, were reached. In Publications 
Phase II, the main emphasis has been on compu

terizing the Information Retrieval (IR) service, 

compiling annual annotated bibliographies, and Journal Article 
preparing status reports. 

DUTTA, S. 1982. Synopsis journals-the communi

activ- cation media for the transition period. Annals of 
Computerization. The computerization 

Library Science and Documentation 29(2): 45-50. 
ity started in October when a terminal was 

installed and hooked up with the ICRISAT Vax 

I 1/ 780. Computer programs to produce author 

and suoject indexes have already been written 
Work is in progress to Conference Papers

and iuccessfully tested. 

proJuce author and subject indexes of Sorghum
 

DUTTA, S.1982. Information systems and networks
Bihliograph.- 1977-1980. Design work on a com-
puter based IR system isprogressing,and suita-	 with special reference to agricultural information. 

Presented at the Seminar on Library and Communi
ble software soon will be developed, 	 cation, 18-20 Mar 1982, Osmania University, Hyde

rabad, Andhra Pradesh, India. 
Annotated Annul Bibliographies. Compiling 

SDI service of ICRISAT. Pres
annual annotated bibliographies from 1981 on 	 DUTTA, S.1982. 

ented at the Workshop on Information Services for 
(part of Phase Ii) has started. For Sorghum 

nearly 800 references and Agriculture, 7-8 Aug 1982, Bidhan Chandra Krishi 
Bil'liography 1981, 

Viswa Vidyalaya, Mohanpur, West Bengal, India. 
450 reprints have been collected, for the Millets 

references and 335 DUTTA, S. 1982. SMIC: a resume of achievementsBibliography 1981, 450 
reprints. A newly designed input sheet facilitates and aspirations. Presented at the Meeting of Special

transfer of data to the computer. ized Information Analysis Centres, 4-8 Oct 1982, 

Montebello, IDRC, Ottawa. Canada. 

The first status report entitled DUTTA, S. 1982. Planning for agricultural informa-Status reports. 
"Soil Fertility'i and Fertilizer Use Research on tion system in India. Presented at the XXVIII ILA 

Sorghum in hidia-A Review," was prepared Conference, 20-23 Oct 1982. Lucknow, Uttar Pra

jointly by an ICRISAT scientist and a scientist desh, India. 

from the European Nitrogen Service Program, 	 GILLIVER, B. 1982. Biometricians' role inagricultu-

New Delhi. The Sorghum and Millets Informa- ral research in the Third World. Presented at the XI 

tion Center (SM IC) collected nearly 700 referen- International Biometrics Conference, 6-11 September 

cos, and supplied photocopies to reviewers. 1982, Toulouse, France. 
Work also started on "AgrometeorologicalStu-

KUMAR, R.P., and DUTTA, S.1982. Selective dis-
Wieso aSorgstart d Mieoroogc" 

semination of information (SDI) service of ICRISAT:
dies on Sorghum and Milicts." 

an evaluation. Pages 59-65 in Information services in 

India: papers presented at 'the Tenth NationalSMIC Services. SMIC suppl d 642 reprints 
1982, liT, Kanpur,on specific requests from scientists, and comn- Seminar of IASLIC, 21-24 Dec 

piled 27 ad hoc bibliographies on demand. We Uttar Pradesh, India (eds. A.K. Roy, and S.K. 

also published II Selective Dissemination of Kapoor). IASLIC Special Publication No. 22. Cal
cutta, West Bengal, India: Indian Association of Spe-Information (SDI) services, and 3 SMIC New-
cial Libraries and Information Centres.sletters (in English and French) during the year. 
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SINGH, M. 1982. A robust method of estimating 
components of means from plant breeding data. In 
Proccedings, International Conference on Frontiers 
of Research in Agriculture, 27 September-I October 
1982, Indian Statistical Institute, Calcutta, India. 



ICRISAT Governing B.jard-1982
 

D-. C. F. Bentley, Chairman 
(until Oct 19F2) 

13103-66 Avnuc 
Edmonton, Alberta 
Canada T6H IY6 

Dr. J. L. Dillon, Chairman 
(from Oct 19b2) 

Pro-Vice-Chancellor 
Univrsity of New England 
Armidale, N.S.W. 2351 
Australia 

Dr. 0. j). Gautam. Vice Chairman 

Director Gencral, Indian Council of 

Agricultual Research (ICAR) andAgretral t o) IndiatoRtesGvearnSecretary to the Government of India 

Dcartment of Agricultural Research 

and Educa'ion 
Krishi Bhavan, Dr. Rajendra Prasad Road 
New Delhi 110 001 
India 

Dr. L. D. Swindale, Ex-Officio Member 

Director General, ICRISAT 

ICRISAT Patancheru P.O. 
Andhra Pradesh 502 324 
India 

Dr. Eliseu Roberto de Andrade Alves 

President, 
Empresa Brasileira de Pesquisa 

Agrapecuaria (EMBRAPA) 
SRTS-Edi'icio Super Center Venancio 2,000 
90 andar - Caiza Postal 11-1316 
70.333 -- Brasilia, D.F. 

Brazil 


Dr. A. Hagberg 
The Swedish Secd Association 
S-26800 Sval(Yv 
Sweden 

Dr. F. E. Hutchinson* 
(until Oct 1982) 

Vice-President for Research 
and Public Service 

University of Maine 
21 Coburn Hall 
Orono, Maine 04469 
USA 

Dr. N. L. Innes 
(from Mar 1982) 

Deputy Director and Head 

of Plant BreedingNational Vegetable Research Station, 
N VS) 

(NVRS)
Wellesbourne, Warwickshire CV35 9EFUnited Kingdom 

Dr. J. Kabore 
Director of Agricultural Services 
Government of Upper Volta 
B. P. 7028 
Ouagadougou
upprdolta 

Dr. 1. Koboai 
Department of Geography, Faculty of Science 
University of Tokyo 
Hongo-7-3-1, Bunkyo-ku
Tokyo 
Tokyo 
Japan 

Dr. F. V. MacHardy 
(from Oct 1982)
 

7818 Saskatchewan Drive
 

Edmonton, Alberta
 
Canada T6G 2L3
 

*Presently Exec. Director, BIFAD 
U.S. Agency for International Development
 
Washington, DC 20523, USA
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Dr. J. H. Monyo 
Food and Agriculture Organization 

of the United Nations (FAO) 
Via .lelle a'erme di Caracalla 
Room C 512 
RomeO0 100 
Italy 

Dr. P. Muller 
Deutsche -esellschaft filr Technische 

Zusaramenarbeit (GTZ) 
Abteilung 15 
Postfach 5180 
D-6236 Eschborn I 
Federal Republic of Germany 

Mr. S. P. Mukerji 
Secretary to the Government of India 
Ministry of Agriculture 
Krish; 3havan 
New Delhi 
India 

Mr. S. R. Ramamurthy 
Chief Secretary to the Government 

of Andhra Pradesh
 
Hyderabad 500 002
 
India
 

Dr. G. J. Vallaeys 
Deputy Director General 
Institut de Recherches Agronomiques 

Tropicales et des Cultures Vivrieres, 
(IRAT)
 

110 rue de lUniversite
 
Paris 7
 
France
 



ICRISAT Senior Staff-as of Dec 1982
 

Administration 

L. D. Swindale, Director General 
J. 	S. Kanwar, Director of Research (on sabbatic 

leave from Apr 1982) 
R. 	 W. Gibbons, Director of Research 

(from Apr 1982) 
J. 	C. Davies, Director for International Cooperation 

(until Aug 1982) 
M. G. Wedeman, Principal Administrator 
S. S. Dhanoa, Speial Assistant to Director 

General and Principal Government Liaison Officer 
B. C. G. Gunasekera, Principa! Soil and Water 

Scientist., International Cooperation 
N. Patterson. Special Assistant 

to Director General for Educational Affairs 
V. Balasubramanian, Executive Assistat' 

to Director General 
Joyce Gay, Administrative Secretary 

to Diretor General 
Sunet;a 	Sagar, Administrative Secretary 

to Director of Research 
S. 	Krishnn, Executive Assistant 

(International Cooperation) 
D. Mitra, Fiscal Manager 
A. Bancrji, Assistant Manager (Fiscal) 
V. S. Swaminathan, Accounts Officer 

A N. Vcnkaswamy, Accounts Officer 

B. K. Johri, lK'rsonnel Manager 
P. Survanaraya,,a, Personnel Officer 
N. S. L. Kumar, Personnel Officer 
R. Vaidyanathin, Purchase and Stores Manager 
R. 	Seshadri, As.stant Manager, Purchase and 


Stores (until Mar 1982) 

K. P. Nair, Purchase Officer 
D. K. Mehta, Stores Officer 
D. V. Rama Raju, Purchase Officer 
K. C. Saxena, Stores Officer 
S. K. Dasgtpta, Scientific Liaison Officer 


(Visitors' Services) 

A. Lakshminarayana, Scientific Liaison Officer 


(Visitors' Services) 

N. Rajamani, Travel Officer 
R. Narsing Reddy, Transport Officer 
K. K. Sood, Security Officer 
K. K. Vij, Executive Assistant (Liaison), Delhi Office 
V. Lakshmanan, Executive Assistant 

N.Suryaprakash Rao, Resident Medical Officer 
P. Subrahmanyam, Administrative Assistant 

Intci'uational Cooperation 
M. 	rardieu, Coordinator of Programs, 

West Africa (from Nov 1982) 
K. F. Nwanze, Principal Millet Entomologist 

and Acting Team Leader, Niger 
K. Anand Kumar, Principal Millet Breeder, Niger 

(from Feb 1982) 
B. B. Singh, Principal Millet Breeder, Niger (Maradi) 
L. K. Fussell, Principal Millet Agronomist, Niger 
E. J. Guthrie, Principal Millet Pathologist, Niger 
J. Mclntire, Principil Economist, Niger 
C. M. Pattanayak, Principal Sorghum Breeder/ 

Team Leader, Upper Volta (on sabbatic leave 
until Sept 1982) 

A. J. Dagenais, Administrative Officer, Upper Volta 
K. V. Ramaiah, Striga Physiologist, Upper Volta 
S. N. Lohani, Principal Millet Breeder, Upper Volta 
E. R. Perrier, Principal Agronomist, Soil and
 

Water Management, Upper Volta
 
P. 	J. Mation, Principal Production Economist
 

and Acting Team Leader, Upper Volta
 
Helga 	Vierich, Principal Social Anthropologist,
 

Upper Volta
 
S. C. Gupta, Principal Millet Breeder, Senegal 
J. F. Scheuring, Principal Cereals Breeder, Mali 
P. G. Serafini, Principal Cereals Agronomist, Mali 
S. 0. Okiror, Principal Millet Breeder, Team Leader, 

Nigeria 
N. G. P. Rao, Regional Sorghum Breeder, Nigeria 
J. 	 H. MacFarlane, Principal Cereals Entomologist. 

Nigeria 
Brhane Gebrekidan, ICRISAT/SAFGRAD
 

Coordinator for Sorghum and Millet, Eastern
 
and Southern Africa, Kenya (from Sept 1982)
 

R. P. Jain, Principal Millet Breeder, Sudan
 
Gebisa Ejeta, Principal Sorghum Breeder, Sudan
 
S. N. Nigam, Principal Groundnut Breeder,
 

Malawi (from Aug 1982)
 
V. Y. Guiragossian, Principal Sorghura Breeder,
 

Mexico
 
C. 	 Paul, Principal Sorghum Agronomist, Mexico
 

(from Sept 1982)
 
K. B. Singh, Principal Chickpea Breeder, Syria 
M. V. Reddy, Principal Chickpea Pathologist, Syria 
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Research Programs 

Sorghum 

L. R. House, Principal Plant Breeder and Leader 
S. Z. Mul'uru, Principal Plant Breeder 
L. K. Mughogho, Principal Plant Pathologist 
J. M, Peacock, Principal Plant Physiologist 
K. Leuschner, Principal Cereal Entomologist 
T. Onori, Principal Sorghum Breeder, 

Visiting Scientist 

Bhola Nath Verma, Plant Breeder 

D. S. Murty, Plant Breeder 
B. L. Agfawal, Plant Breeder 
B. V. S. Reddy, Plant Breeder 
M. J. Vasudeva Rao, Plant Breeder 
N. Seetharama, Plant Physiologist 
R. K. Maiti, Plant Physiologist 

Suresh Pande, Plant Pathologist 

R. Bandopadhyay. Plant Pathologist 
S. L. Taneja, Entomologist 
H. C. Sharma, Entomologist 
S. P. Jaya Kumar, Administrative Assistant 

Pearl Millet 

D. J. Andrews, Principal Plant Breeder and Leader 

L. A. Hunt, Principal Plant Breeder (from Sept 1982) 
F. R. Ridinger, Principal Plant Physiologist 
R. J. Williams, Principal Plant Pathologist 
P. J. Dart, Principal Cereal Micrcbin!ogist 
K. N. Rai, Plant Breeder 
B. S. Talukdar, Plant Breeder 

Pheru Singh, Plant Breeder 

S. B. Chavan, Plant Breeder 
G. Alagarswamy, Plant Physiologist 
V. Mahalakshmi, Plan P, siologist 
P. Soman, Plant Phy aolog A 
S. D. Singh, Plant Pathologist 
R. P. Thakur, Plant Pathologist 
S. P. Wad, Microbiologist 
D. B. Gods, Microbiologist (until Feb 1982) 
K. R. Krishna, Microbiologist 

Nirmala Kumar, Administrative Secretary 


Pulses 

Y. 	L. Nene, Principal Plant Pathologist and Leader 
(on sabbatic leave from Apr 1982) 

D. 	 G. Faris, Principal Plant Breeder, Pigeonpea 
and Leader (Apr-Oct 1982) 

W. Reed, Principal Entomologist and Leader 

(from Oct 1982) 

J. B.Smithson, Principal Plant Breeder, Chickpea 
J. A. Thompson, Principal Pulse Microbiologist 
D. Sharma, Senior Plant Breeder, Pigeonpea 
K. C. Jain, Plant Breeder, Pigeonpea 
K. B. Saxena, Plant Breeder, Pigeonpea 
L. 	J. Reddy, Plant Breeder, Pigeonpea 

(until Oct 1982) 
S. C. Gupta, Plant Breeder, Pigeonpea 
G. K. Bhatia, Plant Breeder, Pigeonpea 

(until May 1982) 
Onkar Singh, Plant Breeder, Chickpea 
C. L. L. Gowda, Plant Breeder, Chickpea 
S. C. Sethi, Plant Breeder, Chickpea 
Jagdish Kumar, Plant Breeder, Chickpea 
N. P. Saxena, Plant Physiologist 
Y. S. Chauhan, Plant Physiologist 
S. S. Lateef, Entomologist 
S. Sithanantham, Entomologist 
C. S. Pawar, Entomologist 
S. P. S. Beniwal, Senior Plant Pathologist 
M. P. Haware, Plant Pathologist 
J. Kannaiyan, Plant Pathologist 
0. P. Rupela, Microbiologist 
J. 	V. D. K. Kumar Rao, Microbiologist 
D. M. Pawar, Senior Supervisor 
M. 	D. Gupta, Senior Research Technician/
 

Senior Supervisor
 

Groundnut 

R. 	 W. Gibbons, Principal Plant Breeder
 
and Leader (until May 1982)
 

D. 	 McDonald, Principal Plant Pathologist
 
and Leader (from May 1982)
 

0. V. R. Reddy, Principal Plant Virologist 
J. H. Williams, Principal Plant Physiologist
J. P. Moss, Principal Cytogcneticist 
K. Tanaka, Principal Plant Pathologist,
 

Visiting Scientist
 

A. M. Ghanekar, Plant Virologist 
L. J. Reddy, Plant Breeder (from Nov 1982) 
P. Subrahmanyam, Plant Pathologist 
V. K. Mehan, Plant Pathologist 
P. T. C. Nambiar, Microbiologist 
P. W.Amin, Entomologist 
A. K. Singh, Cytogeneticist 
D. C. Sastry, Cyt )geneticist 
S. L. Dwive'i, Plant Breeder 
S. N. Nigam, Plant Breeder (until Aug 1982) 
R. C. Nageswar Rao, Plant Physiologist 



A. B. Mohammed, Entomologist 
Mohinder Pal, Plant Physiologist 
Y. Bhaskar, Assistant Engineer 

Farming Systems 


S. NI. Virmani, Principal Agroclimatologist 
and Lead-r 


R. W. Wily, Principal Agronomist 
(on Sabbat:c leave from Mar 1982) 

J. T. Moragha, Principal Soil Scientist 
(until Mar 1982) 

C. W. itong, Principal Soil Scientist 
(from May 1982) 

S. A. EI-Swaify, Principal Soil s;cientist 
(frmni July 1982) 

G. E. Thierstein, Principal Agriculiral Engineer 
J.R. Burford, Principal Soil Chem:st 
S. M. Miranda, Principal Soil and Water Engineer 
M V. K. Sivakumar, Principal Agroclimatologist 
Y.Nishimira, Principal Assistant Agrovomist 
It.Buch. Piincipal Soil Scientist 
M. Wurier, Principal Assistant Soil Scien ist 
S. V. R. Shetty, Agronomist 
Piara Singh, Soil Scientist 
Sardai Singh, Soil Scientist 
T.J. Rego, Soil Scientist 
K. I..Sahrawat, Soil Chemist 

A K. S. Iluda, Agroclimatologist 

M. It. Rao, Agronomist 
M. S. Reddy, Agronomist 
M. Natarajan, Agronomist 
V.S. lihatnagar, Entomologist (until Oct 1982) 
R. C. Sachan. Agricultural Engineer 
P. Patnak. Atiicultural Engineer 
P. N. Shzrma, Agricultural Engineer
 

(until Apr 1982) 

K. L. Srivastava, Agricultural Engineer 
R. K. Bansal, Agricultural Engineer 
J. llari Krishna, Agricultural Engineer 


(until Feb 1982) 

Ranjodl, Singh, National Research Fellow
 

(until Mar 1982)
 
S. K. Sharn a, Senior Research Technician 

Siloo Naia. Executive Assistant
 
Surendri Muh'n, Administrative Assistant 


Economics 

.. G. Ryan, Principal Economist and Leader 

(until Mar 1982) 
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M. 	 von Oppen, Principal Ecunomist and Leader 
(from Mar 1982) 

V. S. Doherty, Principal Social Anthropologist 
(until Nov 1982) 

T. S.Walker, Principal Economist 
N. S. Jodha, Senior Economist 
R. D. Ghodake, Economuist 
R. P. 3ingh, Economist 
K P. M urt,Economist
 

K N. Murthy, Economist 
K. 0. Kshirsagar, Senior Research Technician 
R. S. Aiyer, Administrative Assistant 

Support Programs 

Biochemistry 

R. Jambunathan, Principal Biochemist 
Umaid Singh, Biochemist 
V. Subramanian, Biochemist 

Genetic Resources 

M. H. Mengesha. Principal Germplasm Botanist 
and Leader
 

L. 	J. G. van der Maesen, Principal Germplasm
 
Botani, t
 

K. E. Prasada Rao, Botanist 
S. Appa Rao, Botai ist 
R. P. S.Pundir. B tanist 
P. Remanandan. Botanist 
V. Ramanatha Rao, Botanist 

Plant Quarintine
 

B. K. Varma, Plant Quarantine Officer 
(from Jun 1982)
 

Upendra Ravi, Semior Technician
 

Fellowships and Training 

D. L. Oswalt, Principal Training Officer 
A. S. Murthy, Senio: Training Officer 
B.Diwakar, Training Officer 
T. Nagur, Tr,.ining Officer 
A. 	Prakash Rao, Training Officer
 

(from Mar 1982)
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Information Servikes 

H. L. Thompson, Ilead 
Gloria Rosenberg, Research Editor 
J. B. Wills, Research Editor 
C. A. Giroux, French Writer/Editor 
T. A. Krishnamurthi, Executive Assistant 
S. M. Sinha, Art and Production Supervisor 
S. Varma, Editor/Writer 
II. S. Duggal, Chief Photographer 
G. K. Guglani, Senior Artist 
T. R. Kapoor, Senior Compositor 
P. E. :;tephen, Printshop Supervisor 

Statistlcs 

B. Gilliver. Principal Statistician 
StatisticianB. Gilliver, rincial 	 ((eavy

Murari Singh, Statistician (rom Mar 9C. 

Computer Services 

J. W. Estes, Computer Services Officer 
S. M. Luthra, Assistant Computer
 

Services Officer 

T. 	 It. R. N. Gupta, Computer Programmer/ 


Analyst 

J. Sai Prasad, Computer Programmer/Analyst 

Library and Docu nentation 

Services 


S. lDutta, 	 ILibrarian 

P. 1'. Sinha, )ocumentation Officer 
P. S. Jadhav, Assistant Librarian 
S. Prasannalakshrmi, Assistant l.ibrarian 

1lolsing and Food Services 

A. G. Fagot, lanacer 
S. 	Mazumdar, Assistant Manager (Food
 

Set vices)
 
11.R. RevatHi Rao, Assistant Manager (htousing) 
1). V. Subba Rao, Officer in Charge (Warehouse) 

Physical Plant Services 

E. W. Nunn, Station Manager 
F. J. ilonhage. Construction Supervising Officer 
P. M. Menon, Executive Assistant 

B.K.Sharma, Senior Engineer (Mechanical) 
Sudhir Rakhra, Senior Engineer (Civil) 
D. Subramanyam, Senior Engineer (Electrical) 
U. B. Culas, Manager (Workshop) (from 

Oct 1982) 
S. 	K. V. K. Chari, Senior Engineer 

(Electronics and Instrumentation) 
A. 	R. Das Gupta, Engineer 

(Communication) 
D. 	 C. Raizada, Engineer 

(Airconditioning) 
N. 	V. Subba Reddy, Senior Supervisor 

(Landscaping) 
D. V. S. Verma. Senior Supervis, r 

(Machineshop) 
R. Thiyagarajan, Senior Supervisor (Auto) 

A. 	N. Singh, Senior Supervisor 
Equipment and Tractors)

P. Rajagopalan, Accounts Officer 

Farm Development 

and Operations 

1). S. ltisht, Farm Manager 
S. N. Kapoor, Senior Engineer 

(Fariu Operations) 
S. K. Pal, Plant Protection Officer 

K. Ravindranath, Lnginccr (Farm Mach;nery) 
M.Prabhakar Reddy, Senior Supervisor
 

(Irrigation)
 
M. C. Ranganatha Hao, Assitant Engineer 
K. Santhanam, Executive Assistant 



Acronyms and Abbreviations Used in this Annual Report
 

Acronyms 

ACT 
'.CT-I 
ACT-2 
ACT-3 
AGRIIYMFI 
AICMIP 
AICO' 
AI( it, 
AICRPDA 
AICSI P 
APAU 
ARC 
ART 
CAT IIE 
CLNARGlIN 
CFIR I 
CGIAR 
CIA IIN 
CIAl 
CI M IY F 
CIV I 
CL.AIS 
CP I, I I 
Cl1SAN 
IFI 


I)EICUS 

l)ONIIIAII 
i[ACi 
lI. ISA 

lI .VT 
IMIHI APA 
i' AY 

1SI1P 
tSVYi 
IVT 
IXACI 
FMI.1]-I)1. 
F2MI i'-I)S 
l:MI.'-l)I. 
FM I.I -I)S 

FAO 
ISRiP 
(il-NSFAT 

Arhar Coordinated Trial 
Early Maturity Arhar Coordinated Trial 
Medium Maturity Arhar Coordinated Trial 
Late Maturity Arhar Coordinated Trial 
Center for Applied Research and Training in Agrometeorology and Hydrology (Niger) 

All India Coordinated Millet Improvement Project 
All India Coordinated Research Project on Oilseeds 
All India Coordinated Iulses Improvement lroject 
All India Coordinated Research Iroj,'o for Dryland Agriculture 
All India Coordinated Sorghum Impro.'cment Project 
Andhra lPradesh Agricultural University (India) 
Agricultural Research Corporation (Sudan) 
Arhar Regional Trial 
Centro Agronomico Tropical de Investigacion y Insefiania (Costa Rica) 
Centro Nacional dIc Rcursos (kneticos (Iraill) 
Central lood Tiechnologi:al Rcscaich 1nqtitcut (india) 
Consultatise (iroup on International Agricultural Research 
Chickpca Intcrnational Ascochyta Might Nurseries 
Centro Intcnacional de Agricultura Tropical (('olurnhia) 
Centto Internacional dc Mejoraniento de Mart y 'Ii ago (Mexico) 
Cowpca International Variety 'Irial 
('orniion ILatinoarnericarna de In~cstigadorcs en Sorgo (Guatemala) 
Central Plant Protection Training Institute (India) 
Cold 'lolcrant Sorghum Adaptation Nu r ry 
)igaal Iquipment ('orporation 

Digital lYquipment ([orporation tlJ.ers' Society 
l)iseae ()b.,eration Nurery for Improvcmcnt of Advanced Hlybrids 
i xtra-early rnaturity Arhar ('oordiitcd Ii ial 

nnyme-linked I irbenturnnuno Assay 
Hlite Varieties lcst 
Itnprca lrasilicra de I'csqui Agrop'cu.iria (Braid) 
Early-mat uing i'igeonpca Adaptaion Yield ' ral 
Ethiopia Sorghumn Improvnient irogram 
Elite Sorghum Varieties Yield Irial 
Experimental Varietal 'rIa I 
!xtra-exira-early Arhar Cooi diratrd I rial 
1:1 Multilocation rial-l)csi, Long duration 
I:, MulticKation Jiijal-Ii)s, Short duration
 
!:, Multilocalion I ra-D)esi. long duration
 
I. Multiloation 'I rtalI- c i, Short duration 
Food and Agriculture Organiation of the United Nations
 
ia rming Syiterms Reicarch Program
 
General Statiitical Package (UK)
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GRU 	 Genetic Resources Unit 
Deutsche Gesellschaft fUr Tcchnische Zusammenarbeit (West Germany)GTZ 


HAU Ilaryana Agricultural University (India)
 

IARC International Agriculture Research Centres (Australia)
 

IARI Indian Agricultural Research Institute
 
lIII'GR International Board for Plant Genetic Resourccs (Ital))
 

1CAIR Indian Council of Agricultural Research
 

ICARI)A International Center for Agri-ultural Research in Dry Areas (Syria)
 

ICAT International Chickpea Adaptation Trial
 

(I( ICRISAT Grouna nut Synthetic 
ICM II ICRISAi Millet llyhid 
ICM I'!I ICR ISA]l Millet Pathology IFrgot 

I('MS ICRISA I Milk Synthetic 
ItMV ICRISAT MilkIe Vaiierty 

I('i(R +,N International Chickpea Root Rots and Wilt Nusery 

?1M V+; ICR IS/.i Data Mu nacgment and Retrieval System
 

Il)Rt" Inteinational )evelopment Recatch Centre (Canada)
 

II' ) International lertilitcr lc)eclopmeit ('enter (USA)
 

I(;.N Itnititut (oaruphique National (Scncg'al)
 
Analysis (/,ustria)
II A-. Iitrinational tiitute of Applied S)Ntemcn 


(Nigcri i)
II IA Intertcnatil lntIttutc of 'IropIc'al A rrciuIrIi,ex 


[itI PSNIK I'AI(-('R INA I Lnifoirn I rial for I'tj,,onpc.i Sicilitv Mosaic Resistancc
 
Wilt R-\istance
III!1I' ,'Wl I(AR-ll(lISAl tJnfoin lI rm for l':r'conipca 


II('A Intcn.tional I iuwstod. ('enter for Afric. (I thiol .
 

SiIA Ivitutc Nacuon.ul dc Ii t.cu¢oe
.. Ay toie ( N',c 4k 

' II. 1.1SAI1) I aId X1(1C!b,' ,':uRrc.tr, hSuppoo Ii uoanilSorghum and Pearl MilltINI SO IC 

I.'\IAN Intern.tion.i l'-.+r Nhillct Ad.ipta~tion Nuixr.N
 

II',. Iritci :.iInural l'cIazl NI l):,uy ldev Nuri-ety
IuI moN 

i Nf >N Itteinational 
II'N I( iN Iitcll}ationai

,;Inlcrrtmoorial 

I I \M"N IPrrtuuaul 

i' t 

Nori 

l'C.:rl illct ()',,cr',,tuon Nnrt'y 
i'Pcrl Nullt I 'u.'rt N 

1'c.t rl Milt t Itu.,-t Nui,,xiN 

I'rIl Miuit Sinut Nunw ', 

IIA I Iwntitut de Il- he:l hes Ayloutqimie.. II,WI LICs ct des Cultures Vivritres (France) 

II(Il( l Iriter utniolu aI I(uk lc I(,C.r h Institute (I'hl pincs) 

i'., I Iriatcd Scrmi-Arid I rwnp
Ilter litional sorl.hun D)o;%n'N Mlldc..k +ImclyIklIM N 

I rualISIIA I IntelnationlAl Surium llNh)iti AtLipaltion 

I.,! 1 )N lcrnallorul Sorghumu I (tf I ),,. '.t Nur'ery 
ISN.": Internatuiooal Solihui Meydlar Ndry.r 

i IJi.ISI'11 I Intcrn.ktinlal Surfohuri II'tCi:ii.uf\ ',w'ehI 

ISItA IuS"4lA.IIudII I Wtu ur VLCk of f he A yr i(W'e (Senegal) 
JI,}I Intirnational %oilfhtnl Yhout Ih Nuutsei) 

IY'(,(*) Intcrnational Npruo, itro or) .uuij''.urn (I rain ()Uality 

ISVA I Intiernatiolal Sorgluin Vrie'ty +'.d.apt.ition I lial 

IYI I Inltlal Yield I ,Iha wruhI laM 
latin Atincr iarl SorFhnzn I)lr tuElI oletail Yield IliAlI AkI I Y I 

I A I \'Y i I atln Anruurian Sorghum I lite Valicl) Yirl I tral 
awn SOlhUrTI ()bh.crsatoii N iir1ClYI AkON 	 Latin Ainer 

http:S"4lA.II
http:II'tCi:ii.uf
http:Nacuon.ul
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LPAY 
MPAY 
NARC 
N.BPGR 
NBSS & LUP 
NIN 
NSAT 
NVkS 
OAIJ 
ODA 
OPSTOM 
PAU 
PEQIA 
PMi,-RT 
PMIST 
PMXN 
PON 
PSSFN 
PTPMT 
PVT 
SADCC 
SAFGRAD 
SAT 
SEPON 
SMIC 
SMIN 
S.RGF 
SSVPYT 
UNDP 
UNEtP 
UNU 
UPN 
USAID 
VMS 
WADREVT 
WAMI)T 
WA:? DEN 
WMO 
WSARP 

Late-maturity Pigeonpea Adaptation Yield Trial
 

Medium-maturity Pigeonpea Adaptation Yield Trial
 

National Agricultural Research Centre (Pakistan)
 

National Bureau of Plant Genetic Resources (India)
 

National Bureau of Soil Survey and Lanu Use Planning
 

National Institute of Nutrition (India)
 

Nonirrigated Semi-Arid Tropics
 
National Vegetable Research Station (UK)
 

Organization for African Unity
 
Overseas Development Administration (UK)
 

Office de la Recherche Scientifique et Technique d'Outre-Mer (France)
 

Punjab Agricultural University (India)
 

Postentry Quarantine Isolation Area
 

Pearl Millet African Regional Trial
 
Pearl Millet Initial Synthetics Trial
 

Pearl Millet Exchange Nursery
 
Pigeonpea Obsenation Nursery
 
Preliminary Sorghum Shoot Fly Nursery
 
Plant Type Multilocation Trial
 
Preliminary Variety Trial
 
Southern African Development Coordinated Conference
 

Semi-Arid Food Grain Research and Development
 

Semi-isrid Tropics
 
Sorghum Elite Progeny Observation Nursery
 
Sorghum and Millets Information Center (India)
 

Source Material Inbied Nursery
 
Sorghum Simulation Model
 
Selected Sorghum Varieties P:eliminary Yield Trial
 

United Nations l)evelopincn Programme
 
United Nations Environmental Programme
 
United Nations University (Japan)
 
Uniform Progeny Nursery
 
United States Agency for Inteinational Development
 
Virtual Memory System
 
West African Disease Resistant Elite Varietal Trial
 

West African Mildew Differcntial Trial
 
West African Regional Disease Evaluation Nursery
 

World Meteorological Organization of the U.aited Nations
 

West Sudan Agricultural Research Program
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Abbreviations 

ATR Animal traction 
BBF Broadbed and furrow 
BHC Benzene hexachloride 
BY!,IV Bean Yellow Mosaic Virus 
CP Critical Difference 
CDA Controlled droplet applicator 
CGR Crop growth rate 
CMMv Cowpea Mild Mottle Virus 

CMV Cucumber Mosaic Virus 
CV Coefficient of variation 
cv Cultivar 
DAE Days after emergence 
DAP Days after planting 
DAS Days after sowing 
DAY EM Day length at emergence 
PM Downy mildew 
DSCO Drought stress coefficientr 
EMS Ethyl methane sulfonate 
Fl Fodder incorporated 
FYM Farmyard manure 
GCA General combining ability 
GDD Growing degree days 
GS Growth stage 
1tF ttigh fertility 
IAA Indole i-etic acid 
IR lnf;rration retrieval 
IS EM ;mmunosorb'.w, lectron microscorF 
ITCZ Intertropical convergence zone 
IVC Inter-varietal composite 
IVP Intcrv'.riety population 
LAl Leaf area index 
.ER Land equivalent ratio
 
LI Low fertility
 
.SD Least significant difference
 
A P Low-viability pollen 

MAI Moisture availability index 
MC Medium composite 
NEC New early composite 
I'CV Peanut Clump Virus 
!I)M Pod dry matter 
P,' Partitioning factor 
PG6( Po/.growth .atc 
I'1 V anicle initiation 
lPMV Pcarut Mottle Virus 
PI:FD Photosynth,:tic photon flux density 
PVA Polyvinyl alcohol 

RMSE 
SCA 
SDD 
SDI 
SDM 

SE 
SMD 
SRC 
SSC 
SSP 
TDM 
TMV 
TSWV 
VAM 
VLS 
VP 
WAE 
WC 

Root mean square error 
Specific combining ability 
Stress degree days 
Selective disseminatin of information 
Sorghum downy mildew 
Standard error 
Sterility mosaic disease 
Smut-resistant composite 
Super serere composite 
Simple superphosphate 
Total dry matter 
Tomato Mottle Virus 
Tomato Spotted Wilt Virus 
Vesicular arbuscular mychorrhiza 
Village-Level Study
 
Viable pollen
 
West African early
 
World composite
 


