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INTRODUCTION

The International Crops Research Institute for the Semi-Arid
Tropics (ICRISAT) was set up in July 1972 with the followin; four

objectives :

i. To serve as 2 world center tn improve the renetic
potential for grain yield and nutritional quality
of sorghum, pearl millet, pipeonpea and chickpea.
Groundnuts will be added as a fifth crop next year.

ii. To develop farming systems which will help te
increase and stabilize agricultural production
through better use of natural and human resources
in tiie seasonally dry semi-arid tropics.

iii. To identify socio-economic and other constraints
to agricultural development in the semi-arid tropics
and to evaluate alternative means of alleviating
them through technological and institutional changes.
iv. To assist national and regional research programs
through cooperation and support and contributing
further by sponsoring conferences, operating inter-

national training programs and assisting extension
activities.

The research activities of ICRISAT can be conveniently grouped

into Crop Improvement Researches, which are seed centred researches,
Farming Systems Researches, which are resource centred researches and
Economic Researches which deal with socio-economic and other constraints
to agricultural development in the SAT. The Economic researches are

also related to farming systems and crcp production technology.



Though ICRISAT was set up in July 1972 it started its major
research activity from kharif 1973. 1In 1972 only a beginniny was made
with some preliminary agronomic experiments related to farming systems.
In 1973 the watershed management research and cereal improvement rescarch
was initiated as soon as the senior staff members in those prorrams
joined. Towards the end of 1973, the rescarch work on chickpeas was also
started as the Associate Scientist-Chickpea joined. In the the year
1974, the research activity got an impetus as more scientists joined.
During 1974-75 the research programs started taking shape as the
scientific teams for inter-disciplinary work were developing rapidly.

It was considered an opportunate hour to introduce the concept of
projects and clearly define the nbjectives, approaches and mechanism

for operation of the research activity and identify the research workers

responsible for every research pronject.

The whole research effort was divided into Proarams - Sub-
Programs - Projccts and Sub-Projects. The major programs are Sorghum,
Pearl Millet, Pigeonpea, Chickpea and Groundnut (not yct formalized),
Farming Systems and Economics. The sub-programs of the various crop
improvement programs arc Germplasm, Breedinsg, Genetics, Physiology,
Pathology, Entomology, Microbiology, Agronomy, Biochemistry and Quality.
In the Farming Systems the sub-rrograms are Climatology, Agronomy, Soil
Chemistry, Soil Physics, Land § Water, Hydrology and Aericultural
Machinery. The Economics Program is sub-divided into Production

Economics and Marketing.



In March 1975, an In-House Review was held wherein all the
research scientists participated and critically reviewed the proposed
projects. This resulted in modification and sharp definition of the
objectives of the projects and establishing interdisciplinary tcam work.
The sccond In-house Review was organised in March 1976 and in the first
week of April. It aimed at critical evaluation of the results achieved,
review of the objectives and techniques in the light of one year's

experience and to suggest necessary modifications.

This document gives the highlights of the results achieved
in various programs and summary of the projects, titles, their objec-
tives and names of the scientists responsible for implementing them
together with the time schedule. It gives a bird-eye-view of the
research activity of the institute and provides a useful reference

material.

New projects on Microbiology and Groundnut will also be added
shortly.As more scientists join, new projects will be added. Further
changes in research activities will be made as a result of recommenda-
tions of the Governing Board and the Pronram Advisory Committee nf the

Board.

Thus the research activity of ICRISAT is highly dynamic and
responsive to the needs and sugpestions from competent bodies. It
represents continued effort by the scientific faculty of ICRISAT to
achieve the goals and to serve the people in the semi-arid tropics

of the world.



Chltiie LIPOVIUE'T
(GCRCHIM)

Lighliphis of 1775-76 results

SORCHUM BuTIDING

Two trials were sent to 14 locations each, and a third, of
tropical material, to 9 locations within 10° of the equator. Material
showing up well in our trials ipeluded Kafinam x Simila, K x SB 65,

K x Lulu dwarf, Dobbs, and some 5DX, 9DX and 2KX lines from’the Serere
(East Africa) programme: and CSV 1, 4, 5, SPV 9, 13, 35, CSH 1, 6 and
SPH 6, 10, 24 from the All India programme. Pioneer hybrid 22E did

well in Senegal.

Populations made good progress, and several lines derived from
the Fast Lane populations out-yielded the local checks at both low and
high fertility levels. S; testing was done on 1946 lines in all

populations.

The grain-grass sorghum crosses segregated a wide range of very
promising material some with good grain type, synchronous tillers, and
grass like plant form. Others showed the non-senescent character and

should therefore ratoon well,

The technique for screening for Striga resistance (low
production of stimulant) at the seedling stage has been adopted, and
screening of sorghum varieties is being started. Anatomical studies

were made of types showing mechanical resistance,



The entomologist has supplied 89 shoot-fly resistant lines,
83 midge resistant lines, and 40 stem borer resistant lines. Some
of these have reasonably good agronomic characters and were crossed
to a range of parents, both for pedigree breeding and to develop

population.

In the earliness and grain mould resistance project, 30
early germplasm lines were crossed to 28 lines having some mould
resistance and to 26 high yielding lines from disease sources. 1721
single crosses and 341 double crosses were made. Three IS lines
identified by the pathologists as probably resistant (unconfirmed) were
crossed to many early and adapted parents and also to male-sterile
sources and to 6 advanced populations. 286 single crosses, 26 double

crosses, were made with 35 large glume types.

A new population for evident grain qualit was oegun, using
a wide range of segregates from our own material. Selection in the high
lysine se regates from crosses with the Ethiopian hl gene showed
promise. We believe we have obtained some 50 lines with plump seeds,

high lysine, and acceptable agronomic characters.

Selection and intercrossing in the tetraploid material is
resulting in yield improvement and much better grain quality. Successful

crosses were made with S. halepense.

A departmental newsletter was issued for cereal workers



in the SAT, in order to improve our contacts, and co-operation.
GERMPLASM

11,114 sorghum lines were maintained and evaluated for important
morphological characters. Some ten percent of the entries did not
match their published descriptions. The germplasm collection was therc-
fore obtained from Purdue, and grown in parallel with the collection here.
This will enable some entries to be corrected, and will also supply some
of those missing. We expect the number to be about 12,000 by the end
of the 1976 season. Some 5,000 remain to be obtained from Puerto Rico

or Fort Collins.

Some data on 300 lines were processed in Colorado, and data
sheets for 10,050 classified lines are being prepared for documentation

in the TAXIR system by Colorado Taximetric Laboratory.

9,777 seced samples were distributed to breeders and scientists

in ICRISAT, in India, and overseas.

A collection of rabi sorghums was made in the Khammam, Kurnool,

Nellore, and Prakasham districts of Andhra Pradesh.
PLANT PATHOLOGY

Fifteen organisms were isolated from mouldy sorghum grains
and identified at species level. Moulds seriously reduced germination

percentage, and this effect could not be diminished by using seed



dressings. Curvularia and Fusarium appeared to be the most damaging

of the pathogens. A technique for inoculating sorghum heads was
developed: the pathogens were multiplied on autoclaved sorghum grain,

and after 7 days the cultures were suspended in water. The resultant
inoculum was sprayed on sorghum heads 4-7 days after emergence from

the boot. Four .thousand germplasm lines with white or yellow grains

were screened using this technique. Three were classed as very resistant,

99 as resistant. (Scores 1 and 3 on a 1-3-5-7-9 scale).

We have not yet succeeded in obtaining consistent high levels

of sorghum downy mildew disease at Patancheru.

34 entries showing reduced susceptibility to leaf blight were

identified.

Macrophomina phascoli and a Fusarium sp. were isolated from

sorghum stalk rots.
PLANT PHYGIOLOGY

The range of variability available in the germplasm for
important physiological characters was investigated. In growth stage 1
(GS1), mean leaf number varied from 8.3 to 10.2, and rate of leaf

production from 3.0 to 4.6 days per leaf.

Duration of GS2 varied from 31 to 64 days, leaves produced
from 2.2 to 10.8, and rate of leaf production from 4.6 to 14.3 days

per leaf. The position of the largest leaf from the top varied from



2.0 to 5.8, and the node bearing the larpest leaf was, on average,
2.6 nodes above the node which had a fully expanded leaf at the time
of floral initiation. GS3 varied from 31 to 56 days, and grain
filling rate from 24,0 to 54.6 g per 1,000 seeds. Seed number per
head varied from 469 to 2,161, and seed size from 24.0 to 54.6 g per

1,000 sceds.
Nitrogen

Total nitrogen uptake per plant varied from 0.22 g to 1.14 g,
NTE varied from 57.8% to 86.6%, and was strongly positively correlated
with harvest index. Grain yield was strongly positively correlated
with total plant nitrogen (r=51 ***), grain nitrogen content (r=58 ***)

and nitrogen transfer efficiency (NTE) (r=0.33 *).

Large differences were found in root development, using brick
chambers. In the comparison of the hybrids 22E and CSH-1, adventitious
roots produced per plant upto 60 days were 37 and 27, but at 75 days
were 41 and 72. Total length of main adventitious roots at 60 days
were 794 and 545, but at 75 days were 1420 and 1934. Root/shoot ratio

at all stages was greater in 22E,

Large differences were obtained in seedling vigour, and these
appear to be heritable. Drought endurance trials using 73 genotypes

are in progress.



SORGHUM ENTOMOLOGY

Most of the work in cereals entomology was focussed on pests
of sorghum, as for a further year pest levels at Patancheru on millet

were low.

Seventy fivc insects were identified as attacking the sorghum
crop. Most of the identities of these have been checked with taxonomists
and a working reference collection built up. The most important source

of crop loss locally is Atherigona soccata, sorghum shoot-fly.

Detailed studies on this species were carried out. It was
confirmed that some cultivars are non preferred for oviposition, that
delay of sowing resulted in increased egg laying, and that usually one
or two eggs were laid per plant. Experimentation showed that oviposition
was heavier at higher plant densities, i.e. more eggs were laid per unit
area. Percentage plants bearing eggs was highest at 20 cm between plant
spacing within the row. These facts are of assistance in our screening
programme. Studies of carry of shoot-fly indicated that 13 different
grasses carried shoot-fly. Some 700 flies have been reared from
alternative hosts, and most of them were A. soccata. The main grass

species from which flies were collected was Digitaria ascendens.

Considerable progress was made on screening of sorghum germplasm
shoot-fly resistance. Stark's technique was used and found satisfactory.

Work on the attractant effect of fishmeal was initiated and valuable



information continues to be obtained. Attractant techniques will orabic
us tc monitor fly populations throughout the dry season. Tolerinc t.

shoot-fly was confirmed in several lines including IS 1054, 2269, 312,
4664, 5604, 95656. Some crosses with Wost African selections were nl-«

tolerant. Breeders material was ratod for shoot-fly levels.

Another important pest is Chilo. Work on the carryover ox
this pest as a torpid larva continued. It was observed that many
larvae (11%) collected from stubble and cut stalks after harvesting of
the head did not pupete in the period December/June. A high proportion
of the larvae reared in the laboratory were parasitised (21-29%).

Tachmids were the main parasites recorded,

Collaborative work with TP! on use of phermone for the
trapping Chilo gave interesting preliminary results and is being contimucd
Little success was achieved in a study of viruses in Chilo conducted

on conjunction with BTI.

Preliminary proposals for collaborative work with ICIPE, COPR,
CIBC and local institutions have been formulated.

Information is being gathered on the sorghum and millet pest
complexes in areas of cooperation, particularly in Africa.

SORGHUM MICROBIOLOGY

Large differences (ten fold) in nitrogen fixation associated

with different sorghum varieties were observed. CSH-1S. almm, and



S. verticilliflorium were among the most active of the lines so far

examined.
SORGHUM BIOCHEMISTRY

The technology for rapid screening of small quantities of
sorghum grains for protein and lysinc content has been perfected. We
use a '"'technicon' auto analyser for protein and UDY for lysine (Total
basic amino-acids). Over 4,100 samples were screened, and the high

lysine entries identified.

HD:nr
April 14, 1976



INR-1
CEREALS IMPROVFMENT
PEARL MIILFT

Hichlights nf 1975 results

Since the last In-House Review there has been a considerable
cxpansion in activity in the pearl millet imnrovement nrogram and a
comsequent return in terms of information and penctic advance. This
activity and results to date were presented in bricf in the project
reports* at the In-Housc Review on March 30, 1976. A few salient points

are indicated below:

Patholegy: Dr. R.J. Williams joined during the year and begun
a vigorous attack on pearl millet diseases. An additional research
associate was appointed who will work on the floral diseases - ergot and
smut. A problem requiring early resolution since it affects seed movement
is whether downy mildew can be internzlly seed transmitted. Very critical
studies at ICRISAT havc been unable to produce downy mildew in seedlings
from properly surface sterlized seed. Jnint tests are now in progress with

Indian scientists to resolve the prnblem.

Experiments to develop reliable field screening methods for downy
mildew have come up with what lonks to be a successful solution based nn
infector rows planted 3 wecks beforehand.  This will permit breeding material

to be screened in large amounts in ordinary fields prior to multilocation



testing and so we will no longer be subject to the confines of = sick
plot. A f..1d technique is 21so beino developed to ¢.ve uniform smut
infection, but more basic studies will be necessary before the same can

be realised for errot.

The Physiologists have now acquircd reference data on the genetic

viriability in growth attributes in 50 genotypes; have determined types

of drought reaction and made detailed panicle and root development studies
on two contrasting genotypes. Physiologists and breeders have together
selected 82 breeding lines for crossing which complement each other for
yicld attributes. The potentinl of upper nodal tillers which ripen
simultaneously in contributing to yield in favourable or post-stress
conditions will be further investigated. Information gained in Summer 1975
has enabled 1700 breeding lines to be currently put to test under drought

stress on red soil (where severe stress can bc quickly induced).

Tha germplasm was utilized early in the prop-am in variety crosses
and in the formation of composites. The IP collection upto No. 2117 was
found to be incomplete and to contain some impuritics. Howcver what was
there has been resrown and sced renewed. From this and newer introductions
" Working Collection of 340 entries from mostly Africa + India has been
assembled. This is beine catalogued in different environments and will represent
a 90od range of source material for breeders. Breeding staff participated
in 2 permplasm collection expedition in West Africa. A research associate

for millet germplasm will soon be appointed.



On the nutrition side a further 1380 grain samplcs were analysced
£.r nrotein content and some for ly-~ine (UDY valuec). Effectiveness of
er"cction for these traits depends in mart o their environmental stability

131re w2 are evaluating the considerable variation apparent. However
turee grouns of moterial have been identifie® where the range of nrotein
content between individual lines is large, these being the Working Cellectien
(6.0 - 14.50%) the Sencgal hwarf Synthetic (8.1 - 15.2%) and the 'World'
Composite (7.5 - 15.0%). The progeny of last the mo~ulation have shown good

visual grain and head characteristics, and have also given pood yield

and disease performances in 1975 tests.

There are fortunately less entomeclogy problems current in pearl
millet. Marsalia, an ear head larva is serious in snme years and some parts
nf West Africa and it is clear t'.at +'~ TCPTISAT entomolopist there will have to
work on this pest. Shnot-fly and midge have caused localised damage.
Essentially entomolooy activities at present are those nf surveillance to

detect any ntoward change in the m'1llet pest nicture

Agronomy and Farming Systems: Existing Indian hybrids and
synthetics have been tested in rontatinn and intercron natterns. The
potentialities nf inteccroppine early maturine pearl millet with slow
establishing medium ant late duration nireon pens (180 days) appear to be
excellent. The combincd rupee value of cronping these in 1lternate rows
ranged from 40 to 83% more than the “sharet” crop system where each species

was nlanted to half of the area as a pure cron. However, the Indian hybrids



used had limitations (at Hyderabad) in terms of erant susceptibility

and ponr 1o sistance to head moulds thich created harve st difficulties.
“uitible types have now been idontified from the 1975 tests on ICRISAT
w~terial to enable ~bservations on the intercropping potential ~f different

nillct penotynes to commence in 1976.

Breeding: DNrs.S.0. Okiror and B.W. Hare joined the breedine
team prior to going to West African locations. Results of the International
Observation Nursery so far to hand (10 out of a2 pnssible 16 sites) indicate
that in India several ICRISAT exverimental hybrids, PHB-14 from AICMIP,
and two populatinns have given comparable yields at 4 locations, where they
were equal or better than the local check. Only at Bambey in Africa did

hybrids give better yields than the lncal populations.

During 1975 the breeders put much effort into conductina extensive
breeding nurseries at two contrasting centres apart from Hyderabal. These
were at Hissar (29°N) and Coimbatore (11°N) in co-operation with Agricultural
Universitics. A limited ranee nf breeding material was sent to the ICRISAT
breeder at Saria in Unper Velta. The reason for this activity was to
comprehensively select in much »f the material penerated earlier in the
program  for wider adaptation, ant for field resistance to diseases not
found at ICRISAT. A large part of the material was population progeny,
totalling (including replications) some 19,600 nlots. As expected, downy
mildew incidence was good at both Hissar and Coimbatore, very high at Saria

but low at Hyderabad where both low and high fertility conditions were used.



Smut was moderate at Hissar and severe at Saria; rust was absent at 111
sites exce™* Coimbatore where it was severe, and leaf blast was moderate

'
ot Sarin, Heal moulds were moderate at Hyderabad where er~ot was severe
(v late nlanted hybrids. Therefore in ad'ition to genntyne reaction tr
environmental differences between lncations such as day leneth, lay and
nicht temperatures, moisture and soil differences, it was nossible alse to
intcorate selection for field reaction to a number of diseases. The outcome
of these activities in terms of the more advanced material has been the
assembly of the following grouns which we think have good promise. These

are available for distribution and will be multi-locationally tested in

1976:

50 inbred lines of diverse parentage

12 pollen parents which have given the best hybrids
3 new A/B line pairs (seed narents)
3 hybrid combinations (one an inbred x population cross)
' Synthetic

8 groups of 'experimental varietics' penerated from the
composite progeny tests

1 Working Collection catalog of 340 entries (data being
processed)



* Project reports containing results summaries presente at the Millet

Tn-House Review, March 30, 1976

i) PM-12 Pearl Millet Breedinc and Nutritinn Pr-jcct Renorts
1974-75

ii) Cereal Improvement Prongrams - Pathology, Revised Research
Projects

iii) Sorghum and Millet Physinlogy Project Report 1974-75.
iv) Project No. M-ENT-1 Pearl Millet Entomology

v) Agronomy Program with pearl millet

New Projects prorosed:

M-br1-9 Comparison of Population breeding metheds

M-micro-1 Nitrosen Fixation assncinted with Millet

DJA:nr
April 9,76
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Gernp.ias occ 1gions in c.cess ol 4,L00  ve veen lissified for
coys tu flowering, flower color, poc color, seec color, sceu size, Hslaat
vel b, plast vidbt., ¢a s to iaturit , 1d cdelo o roror an Slaatings
wasisti. | ol ©..le rowe o1 _es.)das. collccuicn vath  rerjuent reoctit-
wa of a chieck varicts. wocreening uas revealed soric lianes res-stant

to ster'liuv osaic virus Screcnin Jor rill resist. 1ce aac 1nsect
tcaction has been initiated. The breedia sectiona lLas inicrated cvaluat-
ion of ermplasn _rovps, selected ermnmlasn lines, ~rd has wtn orocess a
to» crossan;, test w.ich will vrther evaloate tne genetic civersity in
teue e nplas . collection. ew collections werc r.ade in . ,P., arnata a,

Crissa, a'd Dihar. Two Atylosie spp. fron 5. Inclia rere acd~C o the

collection.

Pigeonpea 1s a Huotosensitive crop aad rcacts ciffercatlt at
different latituces., .ontilly plaatin s have :llusirated tuat at
ayder. vad carly aad ediuw. waturity trpes will watluv.e before Juie if
they are plancec in ovewber OT Lecember. llantin. in I'eb.vary ,ives
a Lrpical photoperiocdic r.sponse witih tne lacer .awrin; varictics,
vhich vhen jlaated in 'covmary/itarch or April, will aot slover until
Septaenber. Prelirinary stad .s on uwi¢ inhevitance of Jliotoeriod indicate
8 single najo - peae ei’ect, altiaou, I it has act veen deter incd if tlds
is actuall«v inlicritance os n oloperiod resjonse or th.e inhcritance of

maturitv differences.

Crowth stucies lLave s.own at there is a very large propos,ton
of the biological growti. going iato ste. s. Ti.e initial growth phase
has lhe hiihest roilative rowth rate waile the crand period ol growth
nas a lover rclative growth rate because of the lar:e basc. Observat-

ions on waterlogging aid reaction to hi l soil pH indicate distinct



cenetic Jifferences witain %o germplasm material, [iirhly sorecific iron
voxicity syuptoms liave been Jound in a very few culbivars when frown on

) .

Aply pH.

Flouer and pod crop is nich in Higeionpeas in ; caoral. bservations
lnddcate that tie suurce is adequale and wne plants could sup ort a
larzer nuuber of poas than actrally osroducecd. Deloliation ~xocriacats
indicated that 504 cefrliation at the tiwc of ilouerins sli:litly cecrcases
seed yicld, while 100)) cefoliation reduces yielc ahout COg. On the otaer
hand, calculations indicate that all of the flowes Hrocducec could ot
Jossibly mature éeed, becauce the seed wiedd in that case would be ;rcater
than the total biological production. Flower drop is also rcleted to in-
scct damage and studies on blac: and red soils have shown a c¢i{fcrential
response on the two soils. Inscct damage was generally higher on the
blac™ soils and the dropped nods showed a hiher percentace of insect

damagc .

Cutcrossing in pigeconpea has lead to a study of the pollen vectors.
Bec cxperts from Nothausted made obscrvations at ISRIGAT during the past
season, aid the results oi their studics ace to be puhlished. Selfing
studies have indiceated that wuslin cloth permits cnough light penetration
for pod setting, and a goneral practice of selfing indivicual branches
hies been adopted in orcer that the rest of plant can cCevelop under a
natural cnvironment. Studies simulating insect activities on flowers
nave indicated that a hi ier percentase pod set is obtained vhen the
Tlowers are manipuwlated than when they are permitted to develop without

disturbances.



l'ale sterility was “owad in bac gernplasm materiel, and roecuced o6
set was foun¢ to be due to several couscs. One cmpty- anthar {,mec is of
nosé interest aad is being transferrced to other genotypes. ncanwhilc an
investigation ol the heterostles is in progress. There was sone indicat-
ion that incompatabilit - misht be a ‘actor in low poc sct in somc lincs
but no investigation o~ tiis has boewn initiated. Uffcctive ¢ istance of
inscect cross pollination is bein studicd in bloci.s swuparated by varying

céistances wiere the ccatral bloc' ias a dominant ;cenctic marlcr.

Response o diffcerent laat tvopes to spacing 1s being investinated
in fan plantings. Sprcading plant type compensates for additional space
provided, whilc an extireuc aon-spreading type with limitec branching,
[I[Y-3C, does not compeisate Lor additional space and couwld oc Jlanted at
& lizher plant nopulation. Investisation of »ipeonpeas as a rabi crop
is in prorress, and indications are uhat o lote naturing varict: is more

satisfactory ior llovember >lanting.

Observations on tie growth responsc of pigeonpoas crowm on a medius
black soil the secoad wcar has lead to the conclusion tlaat therc may be

sone toxic effect of the crop. This is beinc investirated urther.

Intercropping with .igeonpcas as the base crop and Wifferent cercals
and legumes as the intercrop indicate that full yiclds of pigeonpcas
can be obtainced when grown with mung beans or sctaria millet. With
sorghum as an intercrop the yield of pigconpcas is reduced to some
cxtent. Different pigconpea plant typcs were tested in combiaation with
sorghun and the results of this experiment are being sumiarized. Qbscr-

vations of inscct dasege in intercrops indicates that tnerc is a definite



vations of inscct Caiage in intercrops incicates that lhere is a difin o
wmflacace of tue intereron, althouch conclusive cata ar: vet to be
obtainzd. Ulth a soybeau intcrcropn il incicence o0 usariwu «wilt in

igeonjpuas was considoeadly higher.

Liscasc s.rveys in Ancars orodesh end hacarasiitra aave shown lhat
wilt is ll.c most important discase, anc that therc are rc ional differ-
ences in the sceveritr ol attac-. Ianciacnce of sterilily nosaic virus
was generally low but distr.cts diffired in thapperceatage daage. An
cfficient and siaplce ™1 -af-stapling tecimique® has been developed to
screcn for resistence to sterility wosaic. uver 2,300 cecwessions were
screcnediusing this tecimique and 5 irmunc lines have been identificed.
Loboratory scrcening tochaiques for wilt arc being duveloped ond it has
bcen found possible to incuce wilt in voung scedlings. In addition the
wilt sickk plot is being developed for confirmation ot luboratory r:sults
in the ficld. 71ilt incidence his Leen increascd b cwloliation of plants

at [lowecring stace.

Insect surveys were made in conjunction wita thic discasc surveys.
Total dama,c to pods varied from 17.6 to 6l.34 in different cistricts.

The main pod borer was Heliothis ormigera. lore pod dulage was found

in ceterminate cultivars.

In 2 limited nuwiber of cultivars studied, yield componcnts ucre
found to compcnsatc, for example, large sceded IIY~3C with a much lower
pod number and much larqcr sced size produced yiclds comparzble to

JCRISAT-1. Drecding progrcss to datc has resulted primarily in the



(2%

development of bulk populations, pedigree sclected material, and somc
vackcross and triple anc double-cross mcoterial. Uithin the past jrar

bé Fots, 230 Fy's, 375 T3 lincs werc furnished to a total of 10 breeders
in India, and 8 Fy's and 1 Fy were furnished to four brecders outside

of Tndia. Selections werc nade in approxinately 32 Fp's during the past
scason and ¢valvations of 378 cultiver Fy's and 45 group Iy 's were com-
loted. Mew crosses consisted of L29 ton crosses ior further cvaluation

of parent material.

The need fer study of storage Zactors was cmphasized, Preliminary
data with vegetable oil tr.atment of sced indicetes that this old
ncthod does have an cffuct on Jruchius. Factors influcacing price in
the markcet are being investigated. Within a limited number of markets

sced color anc. seod size were found to be factors that influcnce price.

Investigations ol quality have indiceated a range of 13 to 287
proteia in the germplasin, and limited investipations on methionine and
cystine indicate tuaat tiwre arc significant cwultivar ciffcerences for
ticse two amino acids. There is a ncgative corrclation between nrotcin
content and rethionine and cystine, but mcthioninc and cystine contents

arc not corrclatcd with cach other. Somc high nrotein lincs have been

found in the intergeacric matcerial.

Laboratory invcstipations arc going forward on the non-protein
nitrogen content of pigeonpeas, nasurcments of methionine :nd cystinc,

carbohydratc measurciicnts, and coternination of protein fractions.



iiicroviological investiravions, recceatly begun, will incluce the

3 o

v::o.rpinc.tion ot tne populations of

ahizobiwe nedulating pigconpe in
ciffercnt soils and wider ciilcrent cropping scquences as ~n aid to
redicuing where sced inoculation will L of wenefit. A woild collcct-
For ol fhizobiwm straias isolating pigconpuoa will be acld at ICRISAT.
Strains, and cultivers x strain inleractioas in nocdulntion and nitrogen
fixation will be tested. Development of Rhizobium inoculants and train-

ing in techniques of »nroduction will bc uncertalien.



CHICKPEA IMPROVEMENT PROGRAMME

Highlights of 1975-76 Chickpea season:

'In the 1975 Programme Review Committee the Committee were
QeQuested to consider the estabiishment of a second site for chickpea
improvement in Northern India to cater for the main chickpea belt of
the Indian sub-continent where chickpeas mature from 160-170 days,
in comparison to Hyderabads approx. 110 day maturity period. The
Committee agreed to this and a cooperative chickpea programme was
established at the Haryana Agricultural University, Hissar. Most of
the disciplines working on chickpea improvement took advantage of
this extra location and while harvesting of this years crop is only
just beginning it already appears that the establishment of this site
was justified. For instance most F4 lines rated as good in Hyderabad
appear to be poor in Hissar and vice versa, though it is possible that
we may detect cultivars adapted to both environments. The growth
of the crop is particularly lush at Hissar and the results from the
physiologists population x genotype studies may be different from

those obtained in Hyderabad.

Probably the most important advances of the year were made
in the pathology section, with the identification of the pathogens
of the Wilt Complex and the development of techniques for screening.
The development of a laboratcry technique for screening Ascochyta
blight is a major advance, for the disease does not occur in the field

at Hyderabad. The breeding section this year tested F4 progeny lines
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from the first crosses made in 1973 and some lines were producing

up to 42% more yield than the standard southern cultivar JG 62, but
replicated trials are called for in 1976-77 to verify these apparent
advances. It nevertheless appears that we are at a stage where we
can start a worthwhile inter-disciplinary breeding pathology project

for the ddvelopment of high yielding, disease resistant cultivars.

Geggplasm:

The collection of the cultivated Cicer arietinum now

consists of 10381 lines and serves as a constant source of variability
for the breeding programme. 2724 exotic lines were grown at Hissar
with Indian checks. Sample data on 300 lines were processed in Colorado

as a start to the future issue of a germplasm catalogue.

Thirteen of the Wild Cicer species have now been collected
and attempts at interspecific crossing are being made. This work
could be of particular value for the breeding programme as recent

Israeli work suggests that Cicer reticulatum is the progenitor of the

cultivated Cicer arietinum and that crosses between C. reticulatum 5

and desi cultivars of C..arietinum are fertile. C. reticilatum could be

& source of disease or pest resistance and possibly yield increase.

Pathologz:

Extensive studies of chickpea wilting (drying) have been

carried out at ICRISAT sites and throughout India, Three diseases seem



to predominate. These are chickpea stunt (now re-named phloem
necrosis), probably caused by a virus, wilt caused by Fusarium

oxysporum f. sp. ciceri, and root rot caused by Rhizoctonia bataticola.

Sufficient knowledge has been obtained to diagnose stunt, wilt and
root rot and it is intended to publish a broohure with coloured
pictures of the different diseases. A laboratory technique(' water

culture") for screening germplasm against Fusarium oxysporum

and F. solani have been standardized and current work using Isolation

Plant Propagator is almost perfected for screening Ascochyta rabiei.

Two "sick plots'" are being developed at Patancheru; one

for screening breeding populations for Fusarium oxysporum only and

the other for screening several pathogens. This will be a joint

pathology/breeding project.

Entomologz:

Helicopvera (Heliothis) armigera is the major pest of

chickpea and at Patancheru the percentage of pods lost on unsprayed
chickpeas could be as high as 37%. Surveys carried out within Andhra
Pradesh indicated that in 1974 damage ranged from 3% to 24% and in
1975 from 1 to 20%. Spraying trials indicated that the pod number
and yields were significantly reduced on unsprayed pjots and loss

in yield amounted to the equivelent of 433 kgs/ha for the cultivar

C 235,



Various cultivars, selected on the basis of growth habit,
flower colour, seed size and seed colour were screened for resistance
to Helicopvera. There appeared to be little effect of plant habit
on resistance. In general, the Kabuli types (white flowered and large
seeded) were far more heavily attacked at the pod stage; levels
ranged from 15 to 33% in these types with an average of 21%. In the
local Desi cultivars (red flowered, small seeded) the attack ranged
from 2 to 14% with an average of 8%. These differences are important
for the breeders, and the actual cause of susceptibility and

resistance will be further investigated.

Physiology:

In the 1974-75 season a great deal of effort was put into
the analysis of growth and yield, using five cultivars for study.
The results provided a sound basis for future physiological studies of
the crop. The effects of different geometries of planting and plant
population on growth and yield were investigated at Patancheru. The
highest yields were obtained with the highest populations used (100
PlantS/mz). There was no advantage of the square method of planting
over rectangular planting at high populations and a significant
disadvantage at lower populations. These results suggest that
competition for water and nutrients is more important than competition
for light. The population studies have been extended to Hissar in

the 1975-.76 season and it will be interesting to see if there are



:5:
differential responses between our northern and southern sites.

In the 1975-76 season detailed studies on source-sink
relationships were initiated. These studies should provide a deeper
understanding of genotype x environment effects on the growth,
development and yield of chickpeas and could lead to the identification
of morphological characteristics which can be used as selection
indices by the Plant Breeders. The advantages, if any, of the double-
podded character have been investigated by converting double-podded
to single podded cultivars by clipping off the second flower produced
at each node. An upright-pod mutant is available and possible
advantages of this character for photosynthesis in the pod are being
investigated by shifting the pods on a normal cultivar to an exposed

position above the leaves.
Biochemistry:

The biochemistry section have continued their analysis
of the germplasm collection and the cultivars used in the breeding
programme. This work is important for the breeders if they are to
produce cultivars with higher protein content and good amino-acid

profiles per unit area per day.

The protein percentage of desi cultivars ranged from 14.5
to 25.2 with a mean of 18.5. The protein % of Kabuli cultivars ranged
from 13.9 to 26.2 with a mean of 18.2. Further investigations are

to be undertaken to investigate genotype x environment interaction

on % protein.



Microbiology:

»

This is a new discipline and future investigations will

be as follows:

1) Study of Rhizobium populations in soil
2) Response to innoculation andplant N. supply.
3) Rhizobium strain selection and inoculant production

4) Screening germplasm § crosses for nodulation characters

5) Nutritional effects on nodulation and N2 - fixation

Agronomy:

Marked seedling growth response and significant yield
response to phosphorous appnlication was obtained in red soils but in

the black soils there was no significant yield response.

Date of planting studies on an early, a medium and late
cultivars showed that yields of the medium and late cultivars were
greatly reduced at later plantings. While no significant yield

reduction was obtained by late planting the early cultivar,

Extensive studies are now being undertaken on weed
research and herbicide treatments which could be of great value as

weeds are a great problem early in the chickpea growing season.

More than 6000 crosses have been made to date and during



the 1975-76 season to Patancheru and Hissar F1, F2 and F3 populations
and F3 and F4 progeny rows from various types of crosses were growing.
The early crosses were largely desi x desi but the main emphasis

is now being placed on various desi x kabuli cross combinations in

which transgressive segregation is greater.

It is difficult to estimate the genetic gain being made
during the early generations of a breeding programme and the F4
progeny rows grown this year at Patancheru and Hissar are the first
indications of progfess. Many of the F4 progeny lines (grown on
black precision fields and the Manmool basin) appear to be out
yielding the standard cultivars. The F4 1line 7341-12-1 from the
cross H-208 x No. 59 (both Indian desi cultivars) gave the highest yield
recorded so far among these progenies in the 1975-76 season: 2677
kg/ha, representing a 42% increase over the 1884 kg/ha yield of
the standard southern cultivar JG-62. The northern cultivar G-130
yielded 1229 kg/ha in Hyderabad. We feel that thesc results are
most encouraging considering that the F4 progenies came from crosses
made in 1973 when there was limited germplasm available. We know
from the earlier generation material grown this year (F2's and F3's)

that future yield advances can be expected to be of greater magnitude.

An off-season (for India) crop was grown in the Lebanon during
the 1975 summer. Thisprovided some evidence (and we are now accumu-

lating more) that desi types adapted to East Asia can only be



selected within populations grown in East Asia and that Kabuli types
1dqptéd to Western Asia can only be selected from populations grown in
West Asia., Further more, co-adaptation appears to be important in
chickpeas and results indicate that a (Kabuli x Desi) x Desi backcross
will produce superior cultivars for East Asia and the reciprocal
(Kabuli x Desi) x Kabuli backcross produce superior cultivars for

West Asia. This has important implications for breeding strategy

and the Programme Review Committee are asked to consider the necessity
for a breeding site in Western Asia to cater for the production of
Kabuli cultivars adapted to Summer plantings. An ICRISAT/ICARDA

cooperative project is suggested.

International Cooperation:

During the 1975-76 winter season we made available the
following materials for chickpea breeders:
1) An International Chickpea Cooperative Trial (49
cultivars, mostly desi)
2) 200 Elite germplasm lines

3) 10 F3 segregating bulk populations

These were sent to various cooperators in India, Pakistan,
Thailand, Chile, Ethiopia, Sudan, Burma, Mexico, Bangladesh, Phillipines
Yemen Arab Republic and Nepal. The results of these are just coming
in. Reports from Ethiopia and Sudan indicate that 3 of our F3 populations

are producing plants higher yielding than hitherto recorded in these

countries,
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During March 1976 we made available:
1) One International Chickpea Cultivar Trial (36 kabuli
cultivars)
2) One International Chickpea Cultivar Trial (25 desi
cultivars)
3) 100 Elite germplasm lines

4) 15 F3 segregating bulk populations of Kabuli x desi crosses

These have been sent to cooperators in Iran, Iraq, Afghanistan,
Jordon, Algeria, Tunisia, Liberia, Tanzania, Lebanon, Spain, Greece and
Turkey. An International Disease Nursery was also sent by the
pathologists to sites in Iran, Lebanon, Spain, Greece and Turkey. It
is very difficult to get seed from Hyderabad to these summer planting
areas on time, as our Hyderabad harvest overlaps the optimum planting
dates for most countries of western Asia. These difficulties would

not arise if we had a breeding programme based in Western Asia.



PROJECT HIGHLIGHTS OF ECONOMICS PROGRAM

1975-76

PRODUCTION ECONOMICS

1. Studies of Traditional Cultivation Practices
and Resource Availabilities in SAT India

Investigators have been living in each of six villages of
Andhra Pradesh and Maharashtra since May, 1975. They have been collecting
biological, physical, climatic and socio-economic data and making obser-
vations. To date approximately 12 rounds of data have been collected
and tabulated for computer analysis for the 240 households. An

interim report is under preparation.

2, Implications of Human Nutritional Status

in the SAT for Research Strategies and

Government Policies

An analysis of the gre n revolution in wheat in the six

major wheatgrowing states of Punjab, Haryana, U.P., M.P., Rajasthan
and Bihar was completed. Aim was to determine if the overall effect
of the reduction in pulse production results in deterioration in per
caput availability of proteins, calories, lysine, methionine, cystine,
tryptophan, leucine and isoleucine. Preliminary results suggest per
capita availability of all nutrients increased substantially after the
green revolution compared with what they would have been had pre-green

revolution trends continued.



3. Risk and Uncertainty in SAT agriculture

The major emphasis in this project was on a review of the
literature on the effect of risk on farmers' adoption of modern
techniques and on methods to reduce riskiness of farming. This review
has resulted in the formulation of various sub-projects in this area
which will address the following questions: (i) How is adaptability
of varieties across locations correlated with stability over time in a
given location ? (ii) How is soil moisture variability translated
into yield variability ? (iii) How is income risk related to yield
and price risks and are there strongly offsetting negative covariances
between yields of different crops, between prices of different crops

and between yield and prices ?

4. Economic Comparison of Human, Animal
and fechanical Power Sources in the SAT

A review of the Indian literature of mechanization in
agriculture and the role of the agricultural machinery industry and
publicly funded research institutes as suppliers of mechanical
innovation was undertaken. The design work of Agricultural Engineering
Department in Universities and Research Institutes does not seem to
have contributed much to the mechanization process in India (nor anywhere
in the world). This suggests that lack of design has not been the

primary constraint to the use of improved implements in the SAT. It



further suvggests substantial emphasis in our own efforts in this area
necds to be given to cbtaining a clear understanding of the nature of

~anstraints to the adoption of improved implements.

S, Economics of Prospective Technolopies
in the SAT
Benefit-cost analyses of various trcatments on catchment
experiments at ICRISAT, Patancheru, were completed for 1973-74 and
1974-75. The 1975-76 data are being analysed and will be completed by

end of May.

Regression equations with runoff as dependent variables
and rainfall, rainfall intensity, vegctative cover, slope, land
condition and soil moisture as explanatory variables have been fitted
using ICRISAT and Ludhiana data. Data from Sholapur is being analysed.
Results suvgest that it may be possible to derive ruroff prediction
equations which will allow us to generate runoff probability estimates
with some degree of accuracy relying primarily on daily rainfall as
the explanatory variable. Accuracy may improve when one has data
on the other explanatory variables but often the latter data are not
available in time series. In these cases we may be able to utilize

daily rainfall and arrive at reasonably good runoff predictions.
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6. History and Economics of Existing
Tank Irrigation in India

A survey of the hist wry of tank irriga.ion systems revealed
that some of the tank irripation systems still in use are several hundred,
and sometimes more than one thousand years nld. Historically tanks have
been located predominantly in red soil areas. Tank irrigation systems
existed nrimarily under feudal land tenurc systems controlled nrimarily
by rulers of the Princely States who built and maintained tanks and

controlled water allocation.

To study the economics of existing tanks under present
conditions, 33 tanks were selected in six different districts in Andhra
Pradesh and Maharashtra. For each tank, data were collected on size of
the tank bund, water levels, inundated area, rainfall from the nearest
weather station and area irrigated over the last 10 years. In addition,
eight randomly selected farmers per tank were interviewed. Data
analysis is in progress.

7. Approaches to Group Action and Organisation

for Improved Land and Water Resource Utilization
in the SAT.

This has only recently commenced and a research proposal was

prepared, circulated and discussed with Farming Systems research staff.

MARKETING ECONOMICS

1. Evaluation of Relevant Economic Characteristics
of Legumes and Cereals in the SAT.

First results for pigeonpeas indicated that for five different
markets in Andhra Pradesh 100-seed-weight and colour mix consistently

explained up to 70 per cent of the variation in prices.
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For chickpeas results from two Andhra Pradesh markets show that 100
seod-wei ht consistently cexplair.d price variation® however, colour
preferences differ significantly between the two markets indicating,
as expected, regional differences in consumer preferences. The study

continues on all crops and in markets of other regions in India.

2. Study of Market Channels for SAT Crops

A case study of the rural market system in Mahbubnagar
District is underway, where Dr.F. Pesneaud, Visiting Scientist from
the University of Strasbourg, during a first visit of three months,
has initiated data collection on villagewise cropping patterns, market
arrivals, origin of arrivals, and market prices. Preliminary data
analysis shows that regional specialization within the district is
considerable and that market catchments and market arrivals differ

among markets.

Literature reviews ¢ existing studies on the efficiency
of rural markets in India have shown that they differ considerably in
efficiency of pricing and of operations. AlsO, marketed surplus of
foodgrains varies considerably among crops and regions. In order to
explain these variations and to derive policy implicatinns to improve
marketing systems, a study of three markets in Andhra Pradesh is under-
way, where market prices and costs of marketing are studied in
relation to amount, origin and flows of commodities; number and size
distribution of traders; organization of the market committee and

services supplied to farmers and traders.



3. , Estimation of Elasticities »f Supnly
and Demand of ICRISAT Crops

Presently available estimates of the elasticities of supply
and demand are contradictory and inconsistent. A model for regirnal
supnly analysis has been develoned, which is based on the duality
between profit, cost and productinon functions. Collection of district-
wise data on area, yield, production, rainfall and input supnlies
has been started for Andhra Pradesh.

4. Market Efficiency, Inter-regional Trade,

Specialization and Aggregate Productivity
in SAT agriculture

Preliminary investigations clearly show that regional
specialization and shifts in production patterns among regions are
underway in India; but it is not known to which extent these shifts

follow and make full use of the principle of comparative advantage.



HIGHLIGHTS OF RESULTS OF ICRISAT'S FARMING SYSTEMS RESEARCH PROGRAM*

Agroclimatology:

On the basis of probability analyses of rainfall and water balance
stddies, the lengths of growing periods in three types of soil situations
have been estimated, at different levels of probability, using 70 years of
Hyderabad data for a sample calculation, The results show that the mean
agricultural growing period in a shallow red soil is 17 weeks, in a deep

red or medium black soil 21 weeks and in a deep black soil 25 weeks.

The inter-seasonal drought probabilities are relatively high through
out the growing season in shallow red soil, while in medium black or deep
red soils the water availability to crops is likely to be deficient only
towards the end of the growing season; this conclusion has implications for
research on the use of supplemental water. The deep black soils offer an
excellent crop-water environment throughout the growing season in 7 or 8
out of 10 years. This quantitative information and knowledge of the durati
and moisture requirements of crops, make it feasible to fit single crops or
combinations of intercropping and double cropping to make the best use of
the environment for each of the simulated climate-soil conditions; such

models also provide guidelines to the Crop Improvement Program.

Preliminary estimates on climatologically excess water (excluding
rainfall intensity considerations) which is expected as runoff or deep
percolation have likewise been made. In soils with low water storage

capacity (50 mm) the calculated excess water quantity varied from 24 to

* Prepared by B.A. Krantz, J. Kampen & Associates as requested by
J.S.Kanwar for distribution to the Program Committee of Governing
Board April 1976.
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257 mm. Probabilities of having three consecutive working days for
harvesting crops in the late monsoon period under red and black soil
conditions were likewise developed; these indicate serious problens

for short duration crops.

With the present simulation models, it would be feasible to
quickly analyse climatic and soils data from any given area and then to
use this information in determining the range of most promising crops
and cropping systems given the quantified moisture environment. It-is
recognised that this approach will only give first approximations, it
will, however, reduce the amount of experimentation required to develop

economically viable cropping systems and crop varieties.

Hydrology:

Catchment~based studies on the hydrology and crop production
potentials of presently applied land and water management practices have
indicated low rainfall use efficiencies (about 30%) as well as associated
drair-ge and erosion problems. In testing alternative soil conservation
and land and water management techniques it has been found that, on black
soils, ridged cultivation systems at a range of slopes (.4 ~ .8%) result
in increased infiltration and reduced runoff and soil erosion. Preliminary
data for red soils indicate the effectiveness of raised beds for soil
and water conservation. The hydrologic data seem to support the
contention that rainfall use efficiencies can be raised substantially
(e.g. to 60 - 752) by improved land and water management practices and

more suitable and productive cropping systems.
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Catchment-based research on systems of runoff collection and use
indic tes that particularly on light red soils, but probably also on shall-w
and,medium deep black soils, a very substantial stabilising effect can be
contributed by runoff utilization. A dramatic response to one small sup;ic
nental watering (5 cm) was obtained during a 30~day drought in 1974 on red
goils with maize, sorghum and pearl millet, while small water applications
on tomato during the post-monsoon season of 1975 also resulted in large yielc
increases, in monetary terms amounting to Rs.2835/ha (with 2.5 cm supplement:

water) and Rs.5984/ha (with 2 times 2.5 cm). Substantial responses to

supplemental water were also obtained on sorghum in the post-monsoon season.

Soil Physics:
Studies on bulk density on ICRISAT soils showed values of 1.25

to 1.63 g/cm3. Red soils seem to be characterised by relatively high bulk
densities, while intermediate and relatively low values were found for
shallow and medium depth black soils and deep black soils respectively.
Bulk c:nsity was found to generally increcase in "murranm” layers. The
available moisture in a 150 cm profile on a deep red goils was found to
be about 220 mm and on deep black soils about 290 mm. (assuming ideal

rooting patterns extracting all available moisture in this depth).

Infiltration studies on black soils showed final rates of 5, 2
and 1.5 mm/hr under cropped ridged, cropped flat and monsoon-fallow
conditions, respectively. On red soils final infiltration rates of 15, 18
and 20 mm/hr were measured under flat, ridged and raised bed conditions

respectively.
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Preliminary indications from studies on rooting patterns and
rootir.e depths with sorghum and pigeonpea show distinct differences between

different varieties of crops; there is also some evidence of correlations

between rooting patterns and cultivation practices.

Soil Fertility and Chemistry:

Fertilisation trials, conducted during the past 4 years, indicate
a marked response to phosphorus application, particularly on red soils.
Since the experiments on various crops were conducted in close proximity
to each other it was possible to compare the magnitude of response of
several ICRISAT crops. These data indicate that sorgﬁum 18 the most
respousive, followed closely by pearl millet. Sunflower and safflower
were moderately responsive and chick pea and pigeon pee were the least
responsive to phosphorus application. This information will be helpful in
planning sound soil fertility management programs for a given cropping

system.

Zinc deficiencies were observed on both red and black soils in
areas where soil had been removed either by severe erosion or soil movement
during the land levelling process. No potassium deficiencies have been
observed and no growth or yield response to potassium application has been
found on any crop during any season at ICRISAT. Preliminary studies with
slow-release sulphur coated urea on ‘N-serve (a nitrification inhibitor)
showed no positive response over that of ordinary urea under either red or
black soil conditions. Preliminary studies were initiated to study seasonal

variations in the nutrient status of soils under different management systems.



Farm Equipment and Tools:

The main emphasis h+s been on adaptation and minor modifications
of existing animal-drawn implements. The objective is to identify or
develop low-cost implements which have the potential of achieving adequatc
precision and efficiency, so that the farmers of the Semi-Arid Tropics
can benefit from the application of scientific agriculture using their

available power sources.

Equipment modified and used includes the following: Seed-cum-fertiliser

drill, versatool, ridger, plow, cultivator and land scraper.

Land and Water Management:

Studies of alternative land and water management techniques on
replicated trials involving medium scale fields of .3 to .4 ha (because
the studied phenomena, runoff, erosion and drainage are not expressed on
small plots) are establishing the superiority of ridged or bedded systems
of cultivation in terms of controlling water from the place where it
occurs as rainfall, the feasibility of early land preparation, the
application of small quantities of supplemental water, weed management etc.
In 1975, several instances of "atmospheric drought"” were observed; although
the available moisture status was still relatively favorable, extremely high

evapotranspiration intensities resulted in wilting.

A 15 ha catchment (watershed), BC7 was developed by the exclusive
use of animal power and human labor. The average land development cost
was Rs.575/ha. Since this catchment contained many gulleys and large
field bunds, it may be presumed that this is a realistic cost estimate.

Four small inter-connected tanks were constructed in this catchment by
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use of animals and human labor. The major cost component in the tank
construction consisted of charges for labor, animals and equipment which,
at ICRISAT rates, resulted in a cost of about Rs.2/cu.m. of storage cap~-
city. Substantial progress has been made in arriving at tank desirns
with larger (2-3) excavation to storage ratios; this has resulted in

considerably lower costs per unit of storage.

Preliminary seepage studies on small pits have indicated that
clay sediments from red soil tanks combined with sodium carbonate proved
to be effective for seepage reduction., Seepage has been found to be one

of the most serious problems associated with small deep tanks.

High density polyethylene pipes (4" in diameter) are being tested
for feasibility and economic viability in a closed system for water
conveyance. These pipes are low-cast (Rs.12 per meter), flexible, light-
weight, rodent-proof, almost dent-proof, and have a low flow resistance.
However, the presently available coupling 1s too costly. A prototype
of a low-cost, leak-proof coupiing has been fabricated at ICRISAT: this
coupling requires a marginally larger labor input. The developed system
will result in an overall cost reduction of about 50% compared to similar
available conveyance system. These findings provide encouragements to
the development of low-cost, closed systems for water conveyance which
is desirable for the efficient use of small quantities of scarce supple-

mental water to back stop rainfed agriculture.
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Intercropping and Relay Cropping Investigations:

, Intercropping investigations have been conducted during the
past & years involving various crop geometries. In all cases the alternate-
row intercropping system has been superior tc the '"shared cropping” system
in which each crop 1s planted as 2 purc crop on 50% of the area. The most
favorablec intercrop combination has been a spreading type medium to late
duration (about 180 days) pigeon pea with cereal crops such as setaria. In
a study of the effect of 1light and moisture competition between pigeonpea
and various intercrops, pigeonpea and setaria were found to be only slightly
competitive with each other on black soils. Setaria grown as an intercrop in
pigeon pea produced over 35 q/ha, either as an intercrop or as a pure crop.
Likewise, pigeon pea produced 25 q/ha, either as a pure crop or as an inter-
crop with setaria. In red soils the general yield was lower and the
setaria intercrop decreased the yield of pigeon pea slightly, but not
significantly. Other crops such as pearl millet, soybean and sorghum were
more competitive but still resulted in a positive effect from intercrop~ing

over that of the shared croppi..g system.

The effect of different levels of light and moisture competition
upon the performance of relay crops was studied in an experiment involving
monsoon~fallow (no shade) Vs kharif maize in which 3 treatments were allowed
to mature to grain (full shade). In 3 additional treatments, every second
maize plant was removed at the green cob stage (24 days before grain harvest)
thus providing partial shade. In each of the 3 monsoon-crop conditions,

3 dates of planting relay crops were carried out at 24, 12 and 0 days before
maize grain harvest. Anm excellent crop of maize was grown, producing an

average of 74 q/ha of grain. However, the greatest economic value was
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produced when half of the plants were removed at green cob stage and the

remaining plants allowed to produce grain.

Sorghum, sunflower and safflower all produced well as relay
crops with the second planting date generally being the optimum date.
The monsoon-fallow, rabi crops produced only slightly more than the rabi
crop following maize. The potential for double cropping appears to be
very high compared to thet of rabi cropping only, which is commonly
practised in many of the deep black soils in India. The highest gross
value attained under the double crop system was Rs.9,703 compared to the
highest value of only 2,655 in the monsoon-fallowed, rabi cropping
system. Additional basic studies are planned to more fully exploit the

apparent potential of intercropping and relay cropping systems.

Weed Research:

ICRISAT's weed research project was started in 1975 with the
appointment of a Research Associate in Weed Science. In recognition of
the fact that the farmers havc low capital resources, emphasis is being
placed on developing low-cost, weed management systems for the major
crops and cropping systems of the SAT. It was found that the uncontrolled
weed growth reduced yields as much as 70% in sorghum, pearl millet and
groundnut. It was also found that maximum crop yields were obtained
when these crops were kept "weed free" for 3 to 6 weeks after sowing. A
herbicide screening trial was conducted in both the kharif and rabi season
to determine the effect of a wide range of herbicides on a range of SAT
crops and associated weeds. Several herbicides were found to be promising

and will be studied further. Weed monitoring investigations were initiated
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in different soil and crop management systems in the catchment areas. This
study will be continued to determine any shifts in the composition of the
weed ,population or in the amount of weeds. Similar studies are being initin

ted on insects and diseases by the Pathology and Entomology units of ICRISAT.

Steps in Technology:

Experiments were conducted on red scils to study the effect of
stepwise additions of various facets of improved technology upon sorghum
yields. In this experiment an attempt was made to simulate local soil and
crop management systems from the standpoint of timing of tillage, implements
used for seeding énd fertilization and row and plant spacing. Local ferti-

lisation consisted of 50 cart loads of manure/ha.

With local fertilisation and local soil and crop management
practices there was no difference between the local varieties and the impreved
(CSH5) variety. With improved fertilisation the yields of both varieties
improved significantly. However,by far the greatest improvement occurred
when im;roved fertilisation and improved manageme: : practices were combined
with the improved (CSHS5) variety. In comparing local technology with
improved technology, the grain yield of the local variety was increased by
85%, while the grain yield of the improved variety was increased by 245%.
These preliminary data indicate the ability of high yielding varieties to
manifest their superiority over local varieties when a full system of

improved technology is adapted.




LIST OF RESEARCH PROJECTS APPROVED FOR 1976-77

Project
Title

3

SORGHUM
Sorghum Breeding

International
testing of
breeding
material

Introgression
of exotic
germplasm and
development
of source
populations

Advanced popu-
lation improve-
ment.

Development of
hybrids

Objectives in brief

Evaluation of breed-
ing material at all
stages of develop-
ment over wide

environments

1.

To utilisc new
germplasm by
introgressing

into adapted
breeding material
To develop random
mating populations
from progeny deri-
ved from introgres-
sion crosses

To maintain and
improve populations
by simple recurrent
selection.

To devclop and im-

prove advanced popu-

lations for diff-
erent agroclimatic
regions

. To extract elite

lines from popula-
tions.

To test the best
elite lines for
their suitability
as parents for
hybrids

To develop new
cytoplasmic male
sterile lines

Project

Leader

§ others
5

P.Lawrence
H.Doggett
Associates

P.Lawrence

K.E.Prasada

Rao

Bhola Nath

P. Lawrence

Date of Datc of
start comple-
tion
6 7
1974 Annual
Review
1974 Annual
Revicw
1974 Annual
Review

K.V.Seshureddy

K.N.Rao

Bhola Nath
H. Doggett

Kept in abeyance
till new elite
material is
available.



6.

S-brd-6

S-brd-10

3 4
"Exploitation To develop short,
of grain early grain grass
grass sorghums with a
sorghums plant resembling

wheat or Eleusine
millet with ratoon-
ability character-

istics.
Development To develop tetra-
of tetra- ploid grain sorghums
ploid grain and with better
sorghums grain size and

quality. To use
polyhaploids from
tetraploids to
introgress germ-
plasm from the
highly successful
grass S.halepense
into the cultivated
crop.

Merged together in S-brd-11

Development To develop striga

nf Striga resistant cultivars
resistant with good yield
cultivars and quality
Development To develop sorghums
of cultivars adapted to high alti-
for high tude locations which
altitude combine high yield
conditions and photoperiod

insensitivity with
good grain quality.

K.V. Ramaiah 1974 Anmitl

H.Doggett Review
K.V.Ramaiah 1974 Annual
H. Doggett Revicw
K.V.Ramaiah 1975 Annual
H.Doggett Review
D.S.Murthy Will start after
H. Doggett suitable sit.

is selected.



9, S-trd-11
("IEN)

Development
of source
and back-

up popula-
tions,

0. S-brd-phy-1 Dc -elopment
of sorghum
ideotypes
for SAT

1. S-brd-ent-1 Breeding for
resistance
to pests

1.

. Resistance to shootfly P.Lawrence

Tc develop random B.Balaramircddy 1974
mating source po- Peter Lawrence
pulations from
accessions derived

from the germplasm
collections, or

from prrpeny derived
from the introgres-

sion cresses:

To maintain and

slowly improve

these nonulations by
simple recurrent
selection procedures,

so that this wide
genetic variation is

in a useful form for
breeders in the
national progranms,

or for the advenced

and back-up populations;
To maintain populations
similar to the advanced
populations, but only
improve them slowly so
as not to lose any use-
ful genetic variability.

To develop cultivars N. Seetharama 1976
which establish well, H. Doggett

grow quickly and have A. H. Kassam

a long duration of

grain filling.

Drought resistant

cultivars

Cultivars for making

optimum use of

available nutrients.

1975
Resistance to stem
borer
Resistance to midge
Resistance to storage
pests

Seshu Reddy

Annual
Review

Annuzl
Review

Annual
Review



2 3 4 5 6 7

32, S-brd- International To disserinate scien- P.Lawrence 1975  Annual

info-1  dissemination tific information cn J.W.Spaven Review
of information  various aspects of
on sorghum sorghum improvement
improvement to scientists through-
out the SAT.

13, S-brd- Nitrogen Fix- 1. To evaluate nitro- P.J.Dart 1976  Annual
micro-1 ation Asso- gen fixation in K, Doggett Review
(NEW) ciated with sorghum by making Associates

Sorghum measurement of
nitrogenase acti-
vities

2. To detcrmine the
heritability of
nitrogenase acti-
vity associated
with the roots

3. To determine
the amount of
nitrogen fixed
and transferred
to sorghum plants
and the effect of
agronomic factors,

4, S-brd- Breeding and 1. To select sorghums H. Doggett 1974  Annual
qén-1 evaluation with white, plump, Umaid Singh Review

of high well-filled grains,R.Jambunathan

quaiity, hard fiinty endos-

nutritious perm starch and

sorghum pericarp with low

grain types

fibre content.

. To select sorghums

with low prolamine,
high lysine and
low leucine,
compatible with
optimum protein
and yield and pro-
tein matrix giv-
ing casily diges-
tible endosperm
starch

. To select sorghum

with good cooking
quality.



5.

S

S-brd-
r¢h- 1

-y-"rosran

3
Dev. topment
of short-

term sorghums
with quality

grains resis-
tant to prain
mould or pro-
tected from it

: Sorghum Physiology

To develop short-term
sorghums with rood
quality and mould
resistance grains

-,

1.

S-phy-1

S-phy-2

Identification
of superior
carbohydrate
source-sink
relationships

Identification
of superior
nitrogen
uptake and
distribution

1. To define the car-
bohydrate source-
sink relationships
in space and time
in GS1, GS2 and
GS3 for production

of high yield, (i.e.

high seed number
per unit area and

grain filling rate)

within a given
number of days
to maturity.

2. To develop techniques

and indices to

evaluate and screen

genotypes with
cither superior
source (Carbohy-
drate production)
characters and/or
superior sink

(panicle) characters.

1. Tc define nitrogen
uptake and distri-
bution pattern in
the plant required
for production of
high yield within
a given number of
days tomaturity.

2. To develop techniques

and indices to

evaluate and screen

genotypes for

superior uptake and

distribution
attributes.

D.S. Murthy 1974
K.N.Rao

N.Seetharama 1974
A.H.Kassam
G.Alaparswamy

R.K.Maiti

N.Seetharama 1975
A.H.Kassam
G.Alagarswamy

R.K.Maiti

Annunl
Review

1977

1977



2

3

4 5 6

S-Phy-3

S-Phy-4

Identification
of genotypes
with superior
drought endu-
rance and con-
tributing plant
characters

Identification
of superior
attributes
related to se-
edling, root
and panicle
development

U-Program: Sorghum Pathology:

S-Path-1,1

Basic investi-
gations on Sor-
ghum grain moulds

1.

3.

To identify geno- 1975
types including
breeding material
with superior ahi-
lity to endure
drought stress in
the field, and to
develop an effec-
tive evaluation
rrocedure,

To identify plant
characters such as
root system, tis-
sue water poten-
tial characterstics,
leaf diffusive resis-
tance, and heat anl
desiccation toler-
ance, associated
with drought endu-
rance.

A.H.Kassam
N.Seetharama
R.K.Maiti

To study the rela-
tinonships between

seed characters and
seedling development

in a range of geno-
types, and to deve-

lop technique for
evaluating genotypes
for scedling vigour.

To develop a method of
studying root develop-
ment and to collect
hasic information on
the favourable varia-
bility in root develop-
nent in different genc=
types.

To study the developmen-
tal changes to obtain
basic information in
order to identify supe-
rior developmental rele~
tinnship between panicle
characters

R.K.Maiti
A.H.Kassam
N,Seetharama
G,Alagarswamy

1975

To determine the etio- K.N. Rao 1975
logy of sorghum grain R.J.Williams
moulds and their effect

on grain quality and

1977

1977



1 2 3 4 5 6 7
S-Pzth-  Idenvification To develop clite sorshum  K.M.Rao 1975 [mnunl
1.2 and utiliza- lines resistant to grain R.J.Williams Review
(NEW) tion of sorghum moulds
grain mould
resistance
S-Path- Cvaluation of  To evaluate the offects K.N. Rao 1975 1978
1.3 potential of various physical/ R.J.Williams
(NEW) resistance con- chemical parameters on
ferred by such the suscentibility to
factors as prain moulds in sorghum
large papery
plumes, deep
coloured
grains, etc.
S-Path-  Identification To develop elite lines K.N. Rao 1975 Annual
2.0 and utiliza- with high degrec of R.J.Williams Review
(NEW) tion of sour- stable effective SDM
ces of resis-  resistance
tance to
sorghum downy
mildew
S-Path-  Identification To develop methods to K.N.Rao 1976 Annual
3.0 of sources of  promote leaf diseases R.J.Williams Review
(NEW) resistance to  and to find out resis-
sorghum leaf tance sources for
dise~ses various leaf diseases
. S-Path-  Investigations To determine the causal  K.N. Rao 1976 Annual
4.1 on sorghum agents of sorghum stalk  R.J.Williams Review
(NEW) stalk rot rots and to develop
diseases suitable efficient
screening techniques
5. S-Path-  Identification To develop elite lines K.N.Rao 1976 Annual
4.2 and utiliza- with high degree of R.J.Williams Review
(NEW) tion of sour-  stable effective

ces of resis-
tance to
sorghum
stalk rots.

resistance to stalk
rots.,



o

wWe-"TNTTAL

Sorghum Entomology

S-Fnt-2

S-Ent-3

S-Ent-4

S-Ent-5

S-Ent-6

Pest inci-
dence on
hybrid
and local
varieties
uf sor-
ghum and
millets

Pest Carry-
over studies

Screening
of sorghum
varieties
for pest

resistance

Testing of
granular
insecticides
for shootfly
and stem

borer control.

Shootfly
attractant
studies

Chilo pher-
mone studies

To identify the pests
and the dmage to the
crops of sorghum and
millets

To study the mechanism
of carryover of shoot-
fly and shoot borer in
sorghum

To screen lines pro-
duced by breeders for
pest resistance

To find out most eco-
nomical dose and me-
thod of use of granu-
lar insecticide.

To develop suitable
trapping procedures
for shootfly sampling.
To ascertain, if
possible, which che-
mical is the active
principle in attract-
ing shootfly.

To test the use of
phermones as attactant
and sampling roots.

K.V.Seshurcddy
J.C.Davies

eshureddy
avies

cain

n

V.Seshureddy
.C.Davies
K.Lawrence

K.V.Seshureddy
J.C.Davies

.Skinner
avies

OU
(ﬂ

f—af-a
U

©n

J.D.Skinner
J.C.Davies

1974

1974

1974

1975

1975

1975

1976

1977

Annual
Review

1977

1977

1977



dut-Yrorram - Sorghum Germplasm

33, S-im-l Germplasm
evaluation
and main-
tenance

34, S-gp-2 Collection
(NEW) of Sorghum
germplasm
and taxo-
nomic clasi-
fication

>

To maintain, cvaluate
and document and dis-
tribute germplasm

1. To fill the gaps
in the collection

2. To obtain new
genetic resources
in wild sorghum spp.

3. To document and pub-
lish collections

4, To test the suita-
bility of various
classification
systems

Sub-Program : Sorghum Quality § Nutrition

35. S-Q6N-1 To improve
the protein
quality of
sorghum

36. S-Q&N-2 To study some
of the fac-
tors affect-
ing the nutri-
tional quality
of sorghum

To select for low pro-
lamine, high lysine
sorghum with optimum
protein content

To assay the variation
in digestability of
sorghum, fractionate
proteins and amino-
acids and determine
the starch content

of selected sorghum

samples.

K.E.Prasadarao 1974
LJG van der
Maesen

K.E.Prasadarao 1975
van der Maesen

Research 1974
Associate

R. Jambunathan

H, Doggett

R.Jambunathan 1975
H. Doggett

Annual
Review

Annual
Review

Annunl
Review

Annual
Review
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Project  Project Objectives Project Date Date
in, Title in brief Leader of Com i
& others start tirn
2 3 4 5 6 7
0GRS . MILLET
' D.orran @ Millet Breeding

¥-brd-1 Advanced To breed widely adonted S.C.Gupta 1973 Annuzl
Composites I-  high yiclding popula- Review
Int -popula-  tions of several maturi-
tion improve- ties with good seed
ment, quality.

M-brd-2 Advanced com- To breed widely adapted S.C.Gupta 1974 Annual
posites II- nonulations of several Vacant Review
Inter-popula-  maturities with good
tion improve-  seed quality which,
ment, between pairs of popu-

lations, produce good
variety or single cross
hybrids.

M-brd-3  Source com- K.Anandkumar 1973 Annual
posites 1. To form composites D.J.Andrews Review

where sources with R.J.Williams
valuable character- R.Jambunathan
istics may not be in
generally adapted
backgrounds
2. To maintain compo-
sites, usually of
exotic origin which
may require mild
selection and time
for recombination.

M-brd-4  Variety 1. To create variabil- R.P.Jain 1974 Annual
crosses and ity by crossing D.J.Andrews Review
synthetics specific parents, J.V.Majmudar

and to sclect pro- R.J.Williams
geny under several A.H.Kassam
environments. R.Jambunathan

2. To identify suitable
parents for creating

synthetic popula-
tions

3, To provide coopera-
tors with segrega-
ting material.
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3 4 5 6 7
5 M-brd-5 Hybi ids To breed hich yiclding J.V. lajmudar 1973 Annual
stable hybrids, which R.P.Jain Revi w
’ may be single cross, D.J.. \ndrcws
variety ton cross or R.J.William;
variety cross hybrids AH.Kassam
R.J~mbunthan
. M-brd-6 Merped with M-brd-3
6. M-brd-7  Yield To conduct trials on K./ Anandkumar 1974 Annual
Testing materials emerging from D.J.Andrews Review
the breeding program J.V.Majmudar
both at Hyderabad and R.J.Williams
cooperating centres to
determine performance
and stability and
adaptability.
7. M-brd-8 Internation- 1. To channel seed and D.J.Andrews 1974 Annual
(NEW) al coopera- information in both J.V.Majmudar Review
tion directions between K.Anandkumar
ICRISAT and breeders
in the SAT.
2. To conduct coordina-
ted trials in the
SAT countries.
M-brd-9 Comparison To compare the efficiency R.A. 1976 Annual
(NEW) of nopula- of different methods S.C.Gupta Review
tion breed- (Gridded Mass Selection, D.J.Andrews
ing methods Recurrent restricted H.Doggett
parental selection, full
sib selection and S
sclection) of population
improvement in pearl millet.
M-brd- Nitrogen 1. To evaluate nitrcgen P.J. Dart 1976 - Annual
Micro-1 fixation fixation in millets D.J. Andrews Review
(NEW) assnciated by making mcasurement
with of nitrogenase acti-
millets vities

2. To determine the
heritability of the
nitropgenase activity
association

3. To determine the amount

of nitrogen fixed and
transferred to millet
plants and the effect
of agronomic factors.
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1 2 3 4 5 6 7
1L ti-brd- Agrrnomy Te determine the range  D.J.Andrews 1975 Amnual
Afr-i and optimum cultivation M.R.Rao Review
' requirements and inter- B.A.Krantz
croppine characteristics
for new millet genotypes
M-brd- Breeding T» select and breed NOT STARTED
Ent-1 frr pest resistance for millet
resistance shoot fly, stem borer
and midge
11. M-brd- Breeding The identification and R.P. Jain 1974  Annual
Path-1 for disease incorporation of resis- §.C. Gupta " Review
resistance tance to Downy Mildew, R.J. Williams
Ergot and Grain smut is
fundamental to all parts
of the breeding program
12. M-brd- Physiology Identifying and utiliz- A.H.Kassam 1974  Annual
Phy-1 ing genotypes with Anand Kumar Review
desirable physiological S.C.Gupta
traits such as high R.P.Jain
yield composites,
( efficiency of nutrient
utilization and ability
to eridure water stress.
“3. M-brd- Grain 1. To select grain with K.Anandkumar 1974  Annual
Q&N-1 Quality good visual apnea- R.Jambunathan Review
rance. Umaid Singh
2. To select for nutri-
tional quality
3. Preparation, cooking
and taste
Sub-Propram : Millet Physiology
14, M-Phy-1 Identifi- 1. To define the carbo- G.Alagarswamy 1974 1977
cation of hydrate source-sink A.H.Kassam
superior relationships in N.Seetharama
carbohydrate space and time in R.K.Maiti

source-sink

relationships.

GS1, GS2 and GS3 for
production of high
yield (i.e.,high
seed number per unit

area and grain filling

rate) within a given
number of days to
maturity.
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1 2 3 4 5 6 7

14 (contd) 2, To devclop techniques

' and indices to eva-
luate and screen geno-
types with either
superior source
(carbohydrate pro-
duction) characters
and/or superior sink
(panicle) characters.

15. M-Phy-2  Identifi- 1. To defifle nitrogei  G.Alagarswamy 1975 1977
cation uptake dnd distribu-  A.H.Kassam
of supe- tion pattern in the N.Seetharafia
rior plant required for R.K.Maiti
nitrogen production of high
uptake yield within a
and given number of days
distribu- to maturity.
tion. 2. To develop techniques

and indices to eva-
luate and screen
genotynes for supe-
rior uptake and
distribution attributes,

16. M-Phy-3  Identifi- 1. To identify genotypes A.H.Kassam 1975 1977
cation of including breeding G.Alagarswamy
genotypes material with superior R.K.Maiti
with ability to endure
superior drought stress in the
drought field, and to develop
endurance an effective evaluation
and con- procedure.
tributing
plant 2. To identify plant charac-
characters ters such as root system,

tissue water potential
characters, leaf diffusive
resistance, and heat and
desiccation tolerance,
associated with drought
endurance.



17 M-Phy-4

Sub-Program:

Identifi-
cation of
superior
attributes
related

to seed-
ling, rnot
and panicle
development,

Pathology:

18, M-Path-’

1.1

19. M-Path-
1.2
(NEW)

20, M-Path-

(NEW)

Studies on
the biology
and epide-
miology of
pearl millet
downy mildew

Studies on the

promotion of
Bajra downy
mildew

Studies on
seed trans-
mission

14

1. To study the relation-
ships between seed
characters and seedling
development in a range
of genotypes, and to
develop techniques for
evaluating genotypes
for seedling vigour.

To develop a method of
studying root develop-
ment and to collect
basic information on
the favourable varia-
bility in root develop-
ment in different geno-
types.

To study the develop-
ment changes in the
panicle in selected
genotypes to obtain
basic information in
order to identify
superior develop-
mental relationship
between nanicle
characters.

To determine bagjc know-
ledge of the biology and
epidemiology of pearl
millet downy mildew to
enable the development
of logical effective
control measures.

To find out an cffective
inoculation technique

To determine whether the
pathogen is internally
seedborne, and if so under
what circumstances; and
to determine if the dise-
ase is internally seed
transmitted and if so what
treatments can be used to

R.K. Maiti
A.H. Kassam
G.Alagarswamy
N. Scetharama

1975

$.D.Singh 1975
R

J.Williams

.D.Singh 1975

S.D
R.J.Williams

.D.Singh 1975

S
R.J.Williams

1977

1977

Annual
Review

1976



™)

22,

23.

2,

—

}i-Path-
1.4
(NEW)

M-Path-
1.5

M-Path-
2.1

M-Path-
2.2

Studi2s on
the via-
bility and
pathogeni-
city of
Sclerospora
graminicola
00SpCTes,

Identifica-
tion and
utilization
of sources
of resis-
tance to
downy mildew

Studies on the
biology and
epidomiology
of ergot.

Studies on
different
inoculation
methods for
screening lines
against ergot
and smut.

15

To determin: the efficien- 1975
cy of oospores in infec-
tion and to determine the
effects of various physical
and chemical treatments on
the viability and pathoge-
nicity of oospores.

5.0.Singh
R.J.Williams

To identify sources of 1975
stable resistance to downy
mildew, and incornorate the
resistance into elite high

yielding materials,

S.D. Singh
R.J.Williams
D.J.Andrews
Associates

1. To determine the relation- R,P.Thakur 1975
ship between physiological R,J.Williams
stages of flowering and
susceptibility to ergot.

2. To understand whether
fertilization and/or age
of stigmas prevent(s)
infection by the ergot
pathogen.

3. To study the role of
differentpropagules-
macroconidia, microco-
nidia, sclerotia and
ascospores in epidemio-
logy as source(s) of
inoculum, and

4. To study the host-range
of the pathogen, colla-
teral and alternate hosts
and their role in epi-
demiology.

1975

Pt
-

To determine the best inocu-R.P.Thakur
lation method for efficient-R.J.Williams
ly screening large number

of lines for ergot and smut

resistance

. To determine the usefulness

of infector (donor) lines

in the screening program.

N

1977

Annual
Review

Annual
Review

Annual
Review



25, M-Pat Iden*ification
and utilisa-
tion of sources
of resistance
to ergot and

smut.

~y
(S IS

26. M-Path-
3'0

Tdentification
of sources of
Tust resis-
tance,

Sub-Program : Millet Entomology

27, M-Ent-1

(NEW)

Pest incidence
on HB-3

16

1. To identify sources of 1.P. Thakur 1975
resistance, tolerance R.J.¥illiams
or escane to erpot and D.J.Andrews
smut. Associates
2. To utilize the resis-
tance in the breeding
propram tec produce
elite high yieldins
resistant lincs.
To identify effective and -do- 1975

stable sources of rust
resistance,

—
-

To determine the range
of pests found on
pearl millet.

To obtain valid inde-
tifications of the
species involved

To characterise the
damage caused and to
obtain an idea of
their relative impor-
tance.

To comprre the spe-
cies present with
those of other areas
in SAT.

To accumulate infor-
mation on the seasonal
abundance, behaviour
patterns and plant pre-
ferences to the various pests.
To accumulatc informa-

tion on the seasonal
abundance, behaviour

patterns and plant
prcferences to the

various pests.

K.V.Seshureddy 1974
J.C.Davies

Annua)
Roview

Annual
Review

Annual
Review
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Sub-Program : Millet Germplasm

28. M-gp-1 Germplasm To maintain, evaluate,
Evaluation document and distri-
and bute germplasm
maintenance

Sub-Program : Millet Quality & Nutrition

29. M-Q§N-1 To improve 1. To select for high
the nutri- lysine
tional 2. To study protein frac-
quality of tons

pearl millet 3. To study variation in

starch in some selected

millet samples.

van der Maesen 1973

R.Jambunathan 1975
K.Anandkumar
D.J.Andrews
J.V.Majmudar

Annual
Review

Annual
Review
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S1 Project Project Objectives in brief Project Date Datc of
No MNo. title Leader of Comple-
and others start tion
S 6 7
PROGRAM: PIGEONPEA:
Sub-Program: Pigeonpea Breeding:
1. PP-brd-1 Development To develop early maturing high D. Sharma 1974 1978
of early yielding cultivars for pure J .M,GREEN
maturing stands and mixed cropping JC Davies
cultivars Y.L.Nene
AR Sheldrake
L.J.Reddy
K.B.Saxena
BVS Reddy
R.Jamhunathan
2, PP-brd-2 Development To develop high yielding cul- JM.Green 1975 1978
of interme- tivars with acceptable grain n.Sharma
diate to and suited for companion crop- and Associates
late matur- ping
ing cultivars
3. PP-brd-3 Germplasm To improve breeding techniques  J.M. Green 1975 1978
Utilisation in pigeonpea by using material D. Sharma
technique in projects 1 & 2 on studies and Associates
of methodology of hybridization
selection and population impro-
vement.
4, PP-brd-4 International To develop international programs J.M, Green 1975 1978
cooperation to strengthen and assist existing D. Sharma
programs in SAT,
5. PP-brd-5 Intergeneric To increasc genetic variability LJ Reddy 1975 1978
hybridization  in Cajanus from wild species of LJG van der
Atylosia and to explore the Maesen
possibilities of finding cyto- JM Green
plasmic sterility and derived D,Sharma
aneuploids
6. PP-brd-6 Study of Pel-  To determine the extent and JM Green 1978 1977
lination of factors affecting cross pol- D. Sharma
pigeonpea lination and to determine the J.C.Davies
best means of artificial self and Asso-
pollination and to determine ciates

the nature of self sterility
in non-podding plants



ul -Progran: Pigeonpea Physiology:

PP-phy-1  Comparison of
pigeonpea
genotypes

e PP-phy-2  Responses of
pigecnpea to
environment
and cultural
practices

), PP-Phy-3  Source-sink
relationships

in pigeonpea

Sub-Program: Pigeonpea Pathology:

10, PP-Path-1 Studies on

pigeonpea wilt

PP-Path-2 Studies on
sterility
mosaic of

pigeonpea

11.

12, PP-Path-3 Screening for

resistance to

pigeonpea wilt
and storility

mosaic

13, PP-Path-4 Survey of
pigeonpea
diseases

19

Comparative study of desirable
and undesirable characteristics J.M. Green

D, Sharma

1. To study the effect of day

length and temperaturc

(locations)

Spacing and planting geo-

netry cffect

3. Intercropping relations

4. NP nutrition and root no-
dule and mycorrhizal ace
tivity

5. Seed grading and sced size
effect

6. Water rclations in red
and black soils

J.M.Green
D. Sharma

N
-

Study of photosynthetic pro-
duction of assimilates

A.Narayanan

Y.L.Nene
J.Kannaiyan
M.V.Reddy

1. Development of technique
to screen varieties for
wilt resistance

2. Detecting and characteri-

sing physiologic races of

wilt pathogen

Factors influencing wilt

w

1 Y.L.Nene

M.V.Reddy

Study of the naturc of
casual agent, survival of
mite vector and its rela- J.M.Green
tionship to casual agent J.C.Davies
2. Development of tech.forscreening

Screening of germplasm and Y.L.Nene
early generations of bre- M.V.Reddy
eding material J.Kanniyan
To determine relative inci- Y.L.Nene
dence of various diseases in  J.Kannaiyan
pigeonpea growing areas M.V.Reddy

A.R.Sheldrake

A.Narayanan 1975

A.Narayanan 1975

1975

1975

1975

1975

1975

1977

1977

1977

1977

1977

1977

1977



14. Pp-Path-% Studies on the
microflora asso-
ciated with

pigeonpea seed

Sul-Program: Pigeonpea Entomology:

15.  7P-Ent-5
CP-Ent-5

Pest assessment
on stanlard
varieties of
legumes grown
at ICRISAT
(initially pi-
geonpea and
chickpea)

16. PP-Ent-6 Biology of
legume Pests

Pigeonpea

17.  PP-Ent-7
CP-Ent-7

Nevelopment of
screening tech-
niques for as-
sessing resis-
tance of pigeon-
pea and chickpea

Insecticide
Trials on

Legumes

18,  PP-Ent-8

Sub-Program: Pigeonpea-Germplasm

19, PP-gp-1(72) Maintcnance and
evaluation of
pigeonpea germ-
plasm

20

Y.L.Nene 1975
J.Xannriyan

To study the nature and
extent of microflora
associated with pigeon-
nea seed

To determine the range of 5.S.Latecef 1974
pests found on the legume J Davics
crops, to obtain an idea

of their relative import-

ance, to characterise the

damage caused by indivi-

dual species, to obtain

valid identification

of insects involved and

to obtain ohservations

on behaviour of pest

species and their seaso-

nal population fluctua-

tions

Study of biological im- S.S.Lateef 1974
portant pests of pigeon- JC Davies

pea for developing of

suitable pest manage-

ment technique

S.S.Lateef 1975
JC Davies

To develop screen house
technique for chickpea
and a means of ensuring
high pest attack on pi-
geonpea

To assess desirability S
of applying insectici-  J.C.Davies
des in solid stands

To maintain, evaluate, LJG van der 1972

document, publish and Maesen

distribute genetic JM Green

material D.Sharma
YL Nene
JC Davies

AR Sheldrake

.S.Lateef 1975°

LI

Annu 3
Revicy

1976

1577

1977

Annual
Review



i1 -Prozram: Figconpea Quality R Nutrition:

rollection of Cajanus
and Aty! germplasm and
preparation of taxo-
romical revision

1

?

PP-06N-1

PP-Q&N-2

Screening of germplasm
and breeding material
for protein and limit-
ing amino-acids

To study some of the
factors affecting
nutritional quali-
ty of pigeonpea

21

T6 collect hew gene-  LJG van dar 1975 19 ©

tic resoutces in Caj- esen
anus and Atylosia and M Creen

document and publish D,
the collection

To screen the germplasm R.
and breceting material

for their protein con-
tent and limiting amino-
acids such as Methionine,
Cystine etc.

To test by assay varia- R.
tion in pigeonpea diges-
tibility; Fractionation
of proteins of mature

and immature pigeonpea;
Screening for protease
inhibitors

Sharma

Jambunathan1975 197¢

Jambunathan 1975 1676



PROGRAM : CHICKPEA
“rogram : Chickpea Breeding

22

Project No,  Project Objectives in Project Date of Date »°
Title brief Leader start  comnletin
) & nthers
M™abrd-1  Breedinq ‘desi' Breeding for high K.B.Singh 1973 Annunl
type with high  yield and stability A.K.Auckland Revi
yield and sta-  of performance and  OnkarSinsh
bility of ner-  ccod consumer S.C.Sethi
fornance nceentance
2, CP-bzd-2  Breeding -do- A.K.Auckland 1973 Annua2l
'kebuli® type K.B.Singh Review
with high K.C.Jain
yield and G.C.L.Gowda
stability of
performance
3. CP-brd-3  Breeding for Breeding for resis- A.X.Auckland 1975  Anaual
disease resis-  tance to wilt and Y.L.Nene Review
tance Ascoch¥3a blight Associates
consistent with
high yleld and
stability of
performance
4. CP-brd-4  Breeding for Resistance to Helio A.K.Auckland 1975  Annual
insect resis- this sp. J.C.Davies Review
tance - Associates
5. CP-brd-5  Breeding 1. To identify K.B.Singh 1974  Annual
varieties existing strains A,K.Auckland Review
Tesponsive for responsive-  S.C.Sethi
to high ness to phos- A.R,Sheldrake
levels of nhate application P.J.Dart
phosphate 2, To use them for
application development of
high yielding
varieties
6. CP-brd-6  Breeding for Development of K.B.Singh 1976  Annual
higher pro- varicties high in A.K.Auckland Review
tein content protein quantity R.Jambunathan

and good
amino acid
profiles per
unit area per
day.

and quality without
reduction in yield
and stability.



10,

11,

12.

or-prl-7

CP-brd-8

CP-brd-9

CP-brd-10

CP-brd-11

CP-brd-12

'"T' otype’
Breeding

Recurrent i,
selection
breeding 2.

Breeding
Methodology

Plot Tech-
nique Inves-
tigation

International 1,

Cooperation
2.
3.
4'
Genetic
studies of
qualitative
and quanti-
tative

characters

23

To study .lant charac-
teristics in various
segrerating popula-
tions for ideal ideo-

tyne.

Production of new high
yielding varicties
Creation of 'diverse
mene nools’'.

To develop techniques
for chickpea breeding

Investigation of most
efficient plot sizes
for new genotype test-
ing.

To introduce varicties
to other countries

To supply sepregating
populations

To identify penotypes
with wide range adap-
tability

To release varieties
with special charac-
ters

To study the modes of
inheritance of various
nlant characteristics.
Results of valuet all
plant breeders.

A.K.Auckland  1974/75 Annuy’
K.B.Sineh Rovi v
A.R.Shelcrake

S.C.Setud

¥.C.Jain

Onkar Sinch

GCL Gowd.

K.B.Singh
GCL Gowd3

1974775 Anny
Review

A.X.Auckland
K.B.Singh
K.C.Jain
S.C.Sethi
Onkar Singh
GCL Gowda

1975 1980

K.B.Singh 1975 1980
A.X.Auckland

and Associates

Auckland 1975
ngh

Si
Nene

Annuni

AC KC
K.B. Review
Y.L.

1974 Annuat

Roview

K.B.Sinch
A.X.Auckland
Y.L.Nene
Associates
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Suk: “rogrom ;- Chickpea Physinlogy

Comparison
of chickpca
genctynes

3. CP-nhv-]

Responses
of chickreas
to environ-
ment and
cultaoral
rractices

14. CP-yav-2

15. Source-sink
relationships

in chickpeas

CP-phy-3

1€. PP-CP-phy-1 Anatomical
studies on
Chickpea
and Pigeon
pea.

17. PP-CP-phy-2 Root nodule
development
and physio-
logy

Sub-Prisram : Chicknea Pathology

18. CP-Path-1 Investiga-
tion on
dicknea
diseases of
unknnwn etio-

logies

Disease resis-
tance in chick-
pea

19, CP-Path-2

Comnarison of rmenoty,«s
for desirable and un
desirable characteristics

Study ~f interactions of
chickpea and agronomic
environments

Study of photosynthetic
assimilates, their forma-
tion and distribution in
chickpea

Anatomy of organs and
tissues of the shoot aud
root systems in different
varieties.

Initiation, development,
structure and functions
of root nodules in
pigeconnea and chickpea

To investigate chickpea
wiit, virus, mycoplasma
and their causes and
remedies.

1. To develop remedies
efficient techniques
for resistance to
Fusarium, Rhizocto-
nia, Sclerotium and
other diseases

2. To screen germplasm
and breeding material
for resistance to dif-
ferent pathogens.

N.P.Saxna 1975

ARS8 1drake

N.P.Saxena 1975
A.R.Shcldrake
N.P., Saxena 1975

A.R. Sheldrake

A.R.Sheldrake 1975
N.P.Saxena
A.Narayanan

A.R.Sheldrake 1975
P.J.Dart

Y.L.Nene 1975
M.P. Haw~re

M.V. Peddy

Y.L. Nene 1975
M.P. Haware

1977

1977

1977

1977

1977

1977

1977



CP-Path-3

Studies on
Microflora
associated
with chick-
pea seed.

N
e

Tn identify the microflora
associated with chickpea
seed and to develop tech-
niques for their eradica-
tion,

Sub-Prorran : Chickpea Entomolorcy

21,

22.

CP-Ent-5

CP-Ent-7

Pest Assess-
ment

Development
of screen-
ing tech-
niques and
screening
of chicknea
cultivars
for pest
resistance

1.

2.

To determine thc range
of pests found on chick-
pea

To obtain an idea of
their relative impor-
tance

. To characterise the

damage caused

. To obtain valid identi-

fications of the species
involved
To accumulate information

on the scasonal abundance,

behaviour patterns and
plant nreferences of the
various pests.

To develop suitable methods

for screening chickped culti-

vars for pest resistance and
to determine pest tolerance

of chickpea cultivars inclu-

ded in the Natiocnal program

(AICPIP) under pesticide free

conditions. To observe pest
levels on a range of culti-
vars.

Y.L.Nen=2 1975
MUP Mawnre
K.M. ihmed

S.S.Lateef 1974
J.C.Davies

S.S.Lateef 1975
J.C.Davies

Annual
Review

1977
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N 2. 3 4, 5 6. 7.
Sab-2r rram : Chiskoce Germplasm
23 C-gp-1 Pairterance Maintiin, ovalote, LJC van 1972 Annut’
(772 ~ad evaluation document and Jistribute der Macsen Revicw
nf cliickpea chickpea rermplasn
germplasm
24 CP-gp-2 Collection of To conilect, document LJG van 1975 1978
(74) Cicer germpla- and classify the new der Maesen
sm and up- germplasm
dating Cicer
taxonomy
Sub-Program : Chickpea Quality & Nutrition
25 CP-Q§N-1  To improve the 1. To select for chick- Umaid Singh 1974 1978
protein quality pea having higher R. Jambuna-
of chickpea concentration of than.
methionine, cystine
and tryptophane
without reducing
protein.
2. To study the genetic
inheritance of the
material.
26 CP-Q§N-2  To study 1. To assay divestibi- | Umaid Singh 1975 1978

factors affectin
nutritional qua-
lity of chickpea

¢ lity of chickpea.
2. Fractionation of

proteins of chickpea

3. Screen for protease
which may be resis-
tant to various
proteolytic enzymes.

R. Jambuna-
than.
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S1.  Project No, Project Objectives in brief Project Date Date of

Yo, Title leader & of comnle-
Others start tio

1. 2, ' 3. 4, 5. b, 7.

PRO TRAM : ECONOMICS

(ub-Program : warketing Economics

i, EC-Mark-1 Evaluation Determination of M.von 1974 1976
(74) of relevant economically relevant Oppen
economic consumer preference V.T.Raju
characteri- characteristics of C.Picha-
stics of sorghum, millet, iah

legumes and pigeonpea, chickpea
cereals in  and groundnuts,
the SAT,

2, EC-Mark-2 Study of Determination of res- M, von 1975 1977
(75)a Market trittions to agri. Oppen
Channels of development imposed V.T.Raju
SAT crops by agri. markets

3. EC-Mark-2 Study of  To explain the spatial F, Pesneaudld75 1976
(75)b market differentiation and Visiting
channels of efficiencies of marke-  Scientist
SAT crops - ting services in rural M, Von
A case study areas; to determine the Oppen
of the Rural relationship between
Marketing  small, medium, and
System in  large farmers' market
Mahbubnagar participation and their
District.  adoption of new techno-
logies; to evaluate the
possibilities of
commercial cropping and
specialisation and the
limitations set by home
consumption requirements,
agronomic constraints
and risk.



5-
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6‘

2, o3, 4, 5, 6. 7
£r-Mark-3 Estimation of  To estimate rgpional M, von (mpen 1375 1377
(75) Elasticities and aggregate nrice

of Supply and  responses of produc-
Demand of tion, area of supply,
ICRISAT crops  on-farm consumption
and market sunplies
and demands for
crops grown in the
SAT with particular
emphasis on sorghum,
pearl-millet, pigeon-
peas, chickpeas and
groundnuts,
EC-Mark-4  Agricultural To separate the effect M, von Oppen 1976 3 years
(76) Marketing, of improvements in S.L. Bapna
Regional agricultural marketing  V.T. Raju
specialisation on agricultural develo- F. Pesneaud
and aggregate  pment from other deve-
productivity.  lopment - determining
factors such as new
technologies, applica-
tion of fertilisers
and extension services,
to determine the poten-
tial contribytion that
increased efficiency of
marketing chdnnels could
have on commercialisation
regional specialisation
and aggregate producti-
vity.

Sub-Progrea : Production Economics
EC-Prod-1 Studies of To understand the causes J.G. Ryan 1974 1977
(74) traditional responsible for present N.S. Jodha

cultivation farming practices and H.P.Binswanger
practices identify the physical,

and resource biological and econcmic

availabilities conmstraints in SAT

in SAT. farming systems, to

develop approaches for
influencing policies for
removing constraints.
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2.

3'

’

4, 5. €.

7.

8.

EC-Prod-2
(74)

EC-Prod-3
(74)

Implications of
Human Nutritional
Status in the SAT
for Research
Strategies and
Govt. Policies.

Effect of Risk
and Uncertainty
on Farmmers'
Behaviour in
the SAT.

1.

(5]
.

—
-

3

.

To determine existing J.G. Ryan 1574
availability of Umaid Singh
nutrients in the diet A,R.Sheldrake

of people living in  R.Jambunathan

SAT by utilising

primary and secondary

data.

To study the effect of
nutritional status of
farmers on labour
utilisation and farming
systems,

To compare the nutri-
tional status of
subsistence farmers
with non-farmers.

To understand the H.P. Binswanger 1975
relationship between B.C. Barah
adapatability of

varieties across

regions and stability

over time;

To understand how

soil moisture variabi-
lity translates into
yield variability at
an aggregate level,

To characterise the
extent of farm income
variability in diffe-
rent repions of the SAT,
and break it down into
yield and price
components,

To analyse the joint
influence of risk and
opportunity cost of
credit on farmers'
crop mix and input
level decisions,

To understand farmers'
adaption behaviour
to risk.

1977

1977
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2. 3. 4, S. 6. 7.
*C-Prod-} EBconomic compa- 1. Assessment of econo- H,P.Binswanger 1975 1977
(74) rison of human, mic studies in B.C. Barah

animal and mechanization in SAT
mechanical
poWer sources 2, Historical study of
efforts at introdu-
cing immroved bullock
drawn equipment.
3. Assessment of major
constraints to mecha-
nization in SAT.
10, EC-Prod-5 Economics of To conduct economic J.G. Ryan 1974 1977
(74) Prospective analysis of experiments K,V.Subrah-
Technologies conducted at ICRISAT manyam
for SAT with a view to identify
promising technologies.
11, EC-Prod-  Assessing the To formulate the empiri- J.G. Ryan 1975 1977
5.2(75) potential for cal model from the K.V,Subrah-
water harves- results of agronomic manyam
ting and and hydrologic experi- S.M, Virmani
supplementing ments and crop yield
irrigation data in SAT, India.
using empiri-
cal models,
12, EC-Prod-6 His‘ory and Economic Evaluation of M, Von Oppen 1974 Concluded
(74) economics of tank irrigation systems Report is
existing tank and determination of being
irrigation in potential for improve- prepared.
India, ment.
13, EC-Prod-7 Approaches to Examine the feasibility N.S. Jodha 1975 1977
(75) Group Action and and means of implementa- J,G. Ryan

Organisation for
improved land
and water
resource utili-
zation in the
SAT,

tion of group action and H.P.Binswanger
organization for improved
catchment-based farm tech-

nology in SAT areas, with

special reference to India.

To identify those components

of prospective catchment-based
system which require group

action and those which do not.

To identify the elements for
incorporation in the prospective
technology which can induce

group action. To identify
technological and institutional
alternatives to voluntary group
action if the latter's transac-
tions costs prove to be excessive.
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S1. Project No. Project Objectives in brief Project Date Date of
No. Title Leader § of completion
\ Others  start
1. 2. 3. 4. S. 6, 7.
PROGRAM : FARMING SYSTEMS
Sub-Program : Agroclimatology
1, FS-C1-1 Collection The collection, analy- Agroclima "1975 4 years
and inter- sis and interpretation tologist
pretation  of climatic data to (S.M,
of climatic classify the agrocli- Virmani)
data matic zones of the SAT, J.Hari
Krishna
J. Kampen
2, FS-C1-2 The moistu- Determination of the  Climatologist 1976 Annual
re environ- moisture environment & Associates Review
ment for for crop growth in
crop grown major regions of the
SATs from climatic
and soils data
3. FS-CL-3 Microclima- To investigatevarious Climatologist 1976 Annual
tic elements microclimatic elements § Associates Review
influencing which significantly
production  influence production
potentials potentiali*y of vari-
ous Crops.
Sub-Program : Hydrology
4, FS-hyd-1 Runoff To quantify the runoff J, Kampen 1976 Annual
probabiliti- probabilities and erd- M. von Oppen Review
es and erosi-sion hazards in the (1980)
on hazards various agroclimatic
in various zones of the SAT.
agroclimatic
zones
5. FS-hyd-2 Hydrologic To compare the runoff J,Hari 1975 3 years
behaviour of infiltration, deep per- Krishna
catchments colation and soil loss J. Kampen
under dif- characteristics of B.A.Krantz
ferent mana- widely varying land H.P.Binswanger
gement trea- management systems on
tments, both red and black

soils.



Sub-Program

: Hydrology (contd.)

6.

7S-hyd-3

Hydrologic models
and simulation
programs

Sub-Program: Soil Physics

8.

9.

FS-SP-1

FS-SP-2

FS-SP-3

Cenpilation of
physical charac-
teristics data
in red and black
soils of ICRISAT
& SAT

Water infiltration
studies on red and
black soils in
various land and
crop management
practices

Time and depth
pattern of water
use by important
crops and cropping

patterns of the SAT patterns under optimum

in both red and
black soils

32

To develop hydrologic J. Kampen 1975
models and simulation J.G. Ryan
programs for the inter-

pretation and extra-

polation of research

findings in the major

agroclimatic zones of

the SAT

1.Determination of the Piara Singh 1975

physical properties such B,A, Krantz
as mechanical composi- J, Kampen
tion bulk density, Sardar Singh
moisture retension

characteristics etc. of

surface and sub-surface

soils of ICRISAT and

major soil groups of SAT

2.50il depth studies in

relation to land and
water management and crop
production

1.Determination of soil Sardar Singh 1975

moisture characteris- J. Kampen
tics of all the devel- Piara Singh
oped fields at ICRISAT

and the major soil groups

of SAT

2.To study the infiltra-

tion of water into the
soil under different soil
and crop management
practices

3.To study the deep per-

colation losses in the
watersheds during the
rainy season

To determine the diffe- Piara Singh 1975
rence in the moisture B.A. Krantz
extraction patterns of J. Kampen

various crops § cropping Sardar Singh

fertility and rainfed
conditions. Also to
identify the stages of
greatest water require-
ment of crops

Annu¢
revie

Annual
review

Annua i
review

Annual

Soil Physicist (Vacant)
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3 4

10. Fs-5pP-4

Sub-Program :

Rooting patterns 1.A search would be nade to
of important find still 4 better méthod
crops of sampling and analykls of
roots particuldrly fotr
lateral roots.
2.Root developtent of vdriolis
crops wolild be studied ih
relation to dther patd-
meters such as temperdtute,
moisture, and nutrient
regimes.
3.Root interaction would be
studied in different inter-
cropping systems.
4,Root development studies
would be carried out in
different soil and water
management treatments in
red and black soil water-
sheds.

Soil Chemistry & Plant Nutrition

11. FS-Soil-
Ch.1

12, FS-Soil-
Ch-2

13. FS-Soil-
Ch-3

Characterization of the
chemical properties of the
major soil groups of the
various regions of the SAT
grouping of the soils accord-
ing to their fertility status
based on soil analysis

Chemical Proper-
ties of the major
soil groups

Investigations of
seasonal changes
in nutrient status

Monitoring of the seasonal
nutrient status (with spl.
reference to N), in relation
to transformations, utilisa-
tion and recycling under
different management prac-
tices of the watershed based
research program and under
varied conditions of the
major regions in the SAT,

Soil fertility
management and
fertilization

Answers would be sought to

the following questions,

1.How best the crop resi-
dues and organic waste
can reduce the need for
chemical fertilizers in
SAT?

2 .How legumes help non-
legumes when grown in
association?

Sardar Singh 1975 Annual
B,A, Krantz Teview
A.H. Kassam

A.R. Sheldrake

T.J. Rego 1975 1978
B.A. Krantz

Sardar Singh

Rego 1975 1978
Krantz

T.J.
B.A.
P.J. Dart

1975 Annual

review

. Rego
Krantz

. Dart

. Sheldrake
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13. (Contd,)

3.What are the ways to achieve

maximum utilisation of soil N

or P and obtain maximum
efficiency of applied ferti-
lizer N and P in SAT?

4.What is the optimum placement

for efficient use of
fertilizers?

5.%hat improved land and water
management practices help in
improving the fertilizer use
efficiency?

6.What are the differential
nutrient requirements of new
pre-release genotypes of the
ICRISAT five target crops.

14, FS-Soil- Nutrient losses 1,Investigations of nutrient losses 1976
Ch-4 from runoff, due to runoff, leaching and T.J. Rego
leaching and water logging management J. Kampen
waterlogging regimes in watershed B.A, Krantz
based research program J, Harikrishna
2.To utilize the information
gathered for minimising the
losses of nutrients by
different cultural practices
and use of chemicals
Sub-Program : Farm M-chinery § Power
15, FS-FMGP  Available power Evaluation of the power INACTIVE 1976
(fmp)-1 and machinery and machinery resources
resources; available to traditional
requirements for farmers and the power and
improved farming implement requirements for
systems improved systems of farming
in the SAT.
16, FS-fmp-2 Development of The following projects have Harbans Lal

improved farm
implements

been taken up on priority J. Kampen

basis:
1. Design and Development
of a seed cum fertilizer

B.A. Krantz
S.K. Sharma
S.N. Kapoor

drill suitable for ridge, H.P.Binswanger

flat and inter-row plant-
ings.

2.Development of a tool
carrier suited to water-
shed based technology

3.Development of a Mould
Board plow for black and
red soils,

B.K. Sharma

Annual
review

Annual
review
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17. FS-fmp-3 Effective utiliza- To improve efficiency of

12, FS-fin-4

Sub-Program :

tion of available
power and genera-

of power

Harvest and post-
harvest techno-

logy

utilisation of available

power and wherc necessary to
tion of new sources generate new cconomically
and sociologically viable

power sources

To develop harvesting tech-

niques and to provide for

optimum moisture utilization

as well as generation of

INACTIVE

INACTIVE

improved and viable post-harvest

technology

19. FS-LW-1

20, FS-LW-2

21, FS-LW-3

Land § Water Management

Resource utiliza-
tion under present
management prac-
tices

Improv-d soil
conservation and
land management
technology

Runoff collec- 1
tion and stor-
age, ground

water

2.

3.To improve upon the use and

1.To establish the condi-
tions under which tra-
ditional conservation
measures have signifi-
cant production effects
and to determine these
effects in a quantita-
tive manner,

2.To evaluate the effects
of traditional water
storage facilities

The infiltration, reten-
tion and runoff charac-
teristics arc different
for red and black soils,
Efforts will be made to
identify the land manage-
ment practices for each
of these soils with the
objective of creating the
optimum soil and moisture

conditions for plant growth

.To develop technically and

economically superior
designs for runoff collec-
tion and storage.

To study different types
of materials and methods
for controlling water

losses from surface storage

units,

development of the ground

water resource on a watershed

basis.,

P.N. Sharma
J. Kampen

1976 Annual
review

1976  Annual
review

1975  Annua
revie

J. Harikrishna 1973 1978

J. Kampen
B.A. Krantz
R.C. Sachan

P.N. Sharma
J. Kampen

1975 Annua.
reviel



22, FS-LW-4

23, FS-LW-§

24, FS-LW-6

25, FS-LW-7

Techniques for
cqnveyance and
application of
supplemental
water

Optimum use of
supplemental
water

Tillage and
residue manage-
ment

Studies on
evapotrans-
piration and
leaching

36

The development of tech-
nically and economically
viable techniques for the
withdrawal and conveyance
of collected runoff water
and available ground water
supplies and thc applica-
tion of water to agricul-
tural crops under con-
ditions of limited water
supplies

1.The determination of yield-
water response curves under
conditions of limited water
supplies,

2.The determination of single
criteria for the optimum
timing of life saving irri-
gations,

3.The determination of the
quantities of water to be
applied under conditions
of limited supply and
weather uncertainty

Determination of the effects
of tillage and residue
management systems upon the
physical characteristics

and moisture status of soil
in relation to plant growth

1.To measure actual evapo-

transpiration for several

rainfed crops:

a.To determine evapotrans-
piration at different
growth stages of crops
as one factor in water-
balance studies

b.Studies to measure actual

avapotranspiration and soil

moisture status to derive

reliable relationships

between these two factors

and the evaporative demand
.To determine nutrient losses
in the leached water

R.C. Sachan 1975
J. Kampen

P.N. Sharma

R,C. Sachan 1975

J. Kampen

J.Harikrishna 1975
J. Kampen

Piara Singh
Harbans Lal

P,N. Sharma
J. Kampen
B.A. Krantz
Sardar Singh
Piara Singh

1975

1978

1978

r
Annual
review

1980



Sub-Program :

Agroncmy

26. FS-Agron- Crépping

1

27 ,FS-Agron-
2

Systems
Investigations

Steps in
Technology

37

1,Determination of crop compe- M.R. Rao 1975
tition and shading upon inter-R.W. Wiley
crop seedlings; B.A, Krant:z

2.Determination of canopy Sardar Singh
density, rooting patterns, V. Bhatnagar
moisture competition, dry M.V. Reddy
matter accumulation,
nutrient uptake of crops
at different physiological
stages.,

3.Investigations on geometry
of planting and direction
of rows,

4.Screening of potential post-
monsoon relay crops for
sensitivity to shading.

5.Investigations of the optimum
soil management and tillage
operations necessary to reduce
weed population and stubble
competition with the relay
crop seeding,

6.Screening of sorghum and

pearl millet germplasm for
very high level of ratoon-
ability for ratoon cropping
and very low level of re-
growth for sequential
cropping.

7 .Maintain occasional contact
with breeders and/or coordi-
nators of improvement programs
of crops other than ICRISAT
five for use in intercropping
and relay cropping investiga-
tions,

1.To study the effect of step- S.K. Sharma 1975
wise increments of various B.A, Krantz
facets of improved techno-  J.G. Ryan
logy upon crop yields in Piara Singh
red and black soils. T.J. Rego

2.To perform a complete

economic analyses on the
practices inputs and out-
puts involved in the imple-
mentation of various steps
in technology in red and
black soils,

Annua
Revie

Annua
revie



27, (Contd.)

28, FS-Agron-
3

29, FS-Agron-
4

38

3,To explore new production prac-
tices for possible inclusion in
, improved technology for the SAT,

Agronomy of new 1.To select in cooperation (Vacant) 1976 Annu
genotypes of with the breeders and B.A. Krantz (acting) revi
pigeonpea, pearl physiological pre-released  S.K. Sharma

millet, ground-  cultivars for basic agro-

nut, chickpea nomic studies

and sorghum 2.To assist breeders, physio-

logists, entomologists and
pathologists in evaluation
of genotypes of the five
ICRISAT target crops under
intercropping and/or relay
cropping conditions.

3.In cooperation with the Agro-
climatologist assist ICRISAT
breeders and physiologists in
determining the most desir-
able crop duration, growth
patterns, and plant morpho-
logy for the various agro-
climatic regions of the SAT,

Development of 1.Developing effective alter- S.V.R. Shetty 1975 Amnu..

Effective Weed nate weed-management systems B,A, Krantz Teview-
Management for the major SAT crops and J, Kampen

Systems for the  cropping systems. A.R. Sheldrake

Semi-Arid 2,Studies on the nature, S.N, Kapoor

Tropics extent and critical period

of crop-weed competition in
ICRISAT's five major crops.

3.Investigations on weed ecology
and management under different
water, soil and crop manage-
ment systems in red and black
soil catchments

4.To study the possibilities of
the use of herbicides in com-
bination with other weed
management systems

5.Survey of major weed flora of
the semi-arid tropics

6.Studies on the biology of some
noxious SAT weeds
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30. FS-Agron- Weed competi-  1.To determine the competi- S.V.R, Shetty 1976 Annurl
5 tiveness and tiveness with weeds of the  B,A, Krantz review
Herbicide cultivars of sorghum, pearl D.J. Andrews
tolerance of millet, pigeonpeas, chick-  A.K, Auckland
different peas and groundnuts H. Doggett
genotypes of 2,To identify the plant R.W. Gibbons
ICRISAT's characteristics respon- J.M. Green
five target sible for the competitive- LJG van der Maesen
Ccrops ness with weeds K.E. Prasada Rao

3.To study the tolerance of
these cultivars to commonly
used herbicides in different

soil types
31. FS-Agron- Evaluation of 1.To screen a wide range of Forage Agro- 1976 Annual
6 forage grasses forage legumes and grasses nomist review
and legumes, for longevity, rapidity of  B.A. Krantz
crop residues regrowth, soil erosion J. Kampen
and trees control and production of P.J. Dart
palatable forage. S.K. Sharma

2,Screening of annual forages
as catch crops following
monsoon season crops on red
soils and black soils during
conditions or years of low
moisture reserves

3.To determine the biological
and cconomic feed value of
crop residues from various
crops genotypes under varying
farming systems

4.To determine the place of
fodder and fuel tree species
on non-crop land in the
Farming Systems,

Sub-Program : Farming Systems Entomology

32, FS-Ent-9 Intercropping To ascertain the pest numbers V.S. Bhatnagar 1975 1977
Entomology and damage caused to pigeon- J.C. Davies
peas under different inter-
cropping and agronomic

systems
33, FS-Ent-10 Heliothis To study the biology and V.S. Bhatnagar 1974 1977
incidence and obtain information on crop  J.C, Davies
specific and alternative hosts of

identity heliothis
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1. 2, 3. 4. 5. 6. 7.
3%, FS-Ent-11 Influence of To study the incidence of V.S.Bhatnagar 1975 1977
special distri- dynamics of pest species J.C. Davies

bution and on pigeonpea

intercropping on
insect pests,
with special
reference to
Heliothis on

pigeonpea.

35. FS-Ent-12 Pest incidence in To ascribe some order of J.C. Davies
target crops priority to the pests in All Entomolo-
in the SAT. different countries on gists

these crops. To make up
pest lists and reference
lists on the various
species.

Sub program : Farming System Pathology : Projects form part of Pulses & Cereals

Sub-Program : Farming System Microbiology: Projects yet to be formulated,
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