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1¢) Trials and nurserles

Crop genotypes produced by ICRISAT contribute to natlona! breeding
progrems and agriculture In the semi-arid tropics on s giobal scale.
To fecliitate screening and testing, and to reduce the time required
for transfer of cultivars from experimental fleld to tarmers' fleld, @
cooperative ceresls resesrch network Is being establ ished. Three
levels of testing are [nvolved In the !dentification of promlsing
breeding lines and cultivars. flrst, International trlals and
nurseries (ITN) to screen and compare all ICRISAT ellte material
across 8 range of agro~ecosystems In the SAT of Africa, Asla and
Mesosmerica. Sacond, reglone! cooperative trials and nurserles (CTN)
to compare selected materiel from the ITN and elite |ines from
nationsl programs within reglons. Ihlrd reglonal adaptation trials
(RAT) In which breeding Ilnes and cultivers selected from CTN are
tested by nationsl programs for Incliusion In thelr breeding programs
or release to farmers., Such a resesrch network Invclves natlonal
progrems as equal partners with [CRISAT In testing, and allows them
clrect access to el ite breeding |lnas and cult!lvars produced by all
ICRISAT programs.

Brojects

M=-101(74)IC ~ International test!ng and cooperation, S5.B. King
and J.R, Witcombe. 1990,

M=-5S01(86)1S - Myltilocaticnal celection and evaluatlion:
nurseries and yleld trials, X, Anand Kymar, 1990,

M-508(86)1S - Yield tests and exchange nurserles, S.N, Lohani,
1989,

S-101(85)IC ~ !nternational testin; and cooperation. S.2. Mukuru
1990.

2. SEED PRODUCTION
2»8) Breeder seed

Breeder seel are produced by Indlvicual research sclentists and made
avaliatie to private and public Lbreecing programs onh request.
Sufficlent seed ls alsc produced by Indlvidual research units to plent
varlous yleld trlals and adaptation nurseries.

2b) Quantity seeds

The mandate of [CRISAT does not provide for research on seed produce
tion, or for the production of seed !n quantity to supply seed
Industries or farmers. The program, however, does prov!de seed of
released open-polilnated cultivars and of nybrid parents to NARS and
the seed industry when avallable,
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Avellabiiity of seed In quantity Is essentlsl for the successful
adoption of sny cultiver by farmers. The seec Industry In Indlais
well established end rapiciy multiply seed of new open-pollinated as
woll os hydrid cultivers for distridution to fermers. Seed Industrles
or poorly developed, or essentially non-existant (n several Africen
countries. To assist these countries In estabiishing quantity seed
production capabliities in thelr NARS, the ceresls program organizes
workshops through Its reglonal programs tc train sclentists in hydric
seed production and seed cert!f!cetion,

3. CROPPING SYSTEMS

Research with wheat, rice and mal:ze demonstrated that improvement of
cropping systems contributes at feast as muc* *c Increases In yleld as
does genetic Improvement of cultivars, |-deed, Irprovedcultivars
demand changes In cropping systems tc achleve thelr full yleicd
potentisl. in regional programs, agronomitts ‘orm part of the breecing
progreams.

Research by agronomists s contrinuting sutstantially tc *he
successtul adoptlon ang cultivaticn ¢f pigh ylelcing cultivars In
Indla, Africa and Mesosmerics. [t wes cemor«tratec that §triga can be
successfully contrclilec In farmers fielcs through Irproved scll fertl-
{1ty, crop rotetion, deep plowing anc weeding. In West Africa 1t was
shown that allowlng crop stubtle tc reme’non the fleld, can doutle
yleld of pear! riilet the next year, anc¢ that iimited applications of
phosphate and nitrogen can ageln double ylelc in farmers flelgs, It
was further demonstrated that Intercropping 8 cereal with a legume
produces & higher overali{ yleld uncer stress than elther crop In
monocul ture,

Important cooperative st.dies between physicloglsts and breeders
ere to breed lete-matyring (13% cay) sorghum cultlivars for the
northern Gulnea 20ne of West Africa, colc tolerant sorghum cultivars
for the highlanc¢ cropplng systems f Mesoamerice and Eastern Africa,
end early=-maturing (55-60 gays) pearti niiiet cu!tivars to fit Into
the ferming systems of the Sahel. Early metur'ng cultivars of sorghum
are being grown in Indle on resicual molsture curing the gry (rabl)
season, A project ls beling ec*abllishec Incooreation with the Al
Indle Sorghum I[mprovement Frogram (AICSIP! tu improve the ylel¢
potential of rabl sorghum.

Projacts

M-512(86)1S - Eveliaticn anc intens!flica*tion of mlllet
production systems In the Sanelian 20ne. L.¥. Fussell. 1990,

N=-5313(86)1S - Eveluation of Intercropping systems tased on pear|
mlllet as maln cereal. ..X. Fusseil, 1389,

RN-145(87)IC - Cheracterlzaticn anc grouping of the different
sots of sorghum jrowing environments In Eastern Africa based on
agroc!imatic dats. S.M. Virmeni end Ver+an Guiragossian, 1989,
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S-123(86)IC - Study the existing and {mproved sorghum based

cropping systems sulteble tor Mexican, Central American and
Cerribeen situations. Compton L. Paul. 1991,

S-124(86)I1C - Study of sorghum based cropping systems suiltable
for smell fermers In Lat!in America. Compton L. Paul. 1991,

$-130(87)IC - Improvement of locsl crecie photosensitive
sorghums for Intercropring systems used by small farmers In
Mssoemer!ca. Rene Clara. 1992.

$-130(87)IC - Improvement of local crecle photosensitive
sorghums for intercropping systems used by small farmers In
Mesoamer ica. Rene Clara. 1992,

$~308(86) IS - Design and evel.ation of Improved sorghum based
cropping systems and soll tert!lllty management practices. S.V.R
Shetty. 1989,

4, PLANT PRCTECT ION
4a) Pathology

The number of pathogenic funyl that Infect sorghum and pear! mlillet Is
large. They cause severe crop losses when environmental conditions
fevour thelr development, and susceptible cultivars are grown and
tungicides are not applled. Use of ftunglcides for diseese cortrol In
sorghum and pear! mlilet ls nut economical, except when used as seed
treatments.

The more Important, wide spread fungsl sor;hum diseases, In order
of importance, are graln molds caused by speclas of several geners
such as Fusarjum, Qucxulacla ancd Phoma, root and stalk rots caused by
species of genera such as Macrophomlna and Fusarium, anthracnose
(Callistotrichum gramlnicola), downy miidew (Paroncsclarospora aarghl)
and rust (Puccinla purpurea). Leafblight (Exssroh!ium turcicum) and
ergot (Sphaecili[a sacghi) ere sorghum dlseases In southern and eastern
Africa, and sooty stripe (Bamullspora sorghl) and gray leaf spot
(Caccaspora sacghl) are wlidespread In West Africa,

Downy milcev (Sclarcspors gramlinlcola) !s by far the most

serlous fungal clsease of pear| millet across 1ts range of cultlive-
tion. Ergot (Claxicaps fusiformls) sporoacically reaches epldenmic
proportions In both Indla and Africa. Smut (Ipolyposporlum
penlciliariag) is common !'n West Africa and North Indls, Rust
(Pucclnla pennlset]) !s common In indla and Scuthern Africe. False
mildev (Banlowskla sphaergldea) is of relatively minor Importance and

Is Iimlted to parts of eastern and southern Africa.

The dblology and epldemiology of ¢these pethogens are being
Investigated at IC to provide Information on screening techniques that
can be used effectively to ldentify resistant genotypes. Effective
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screening techniques have been developel for resistance to grainmolds,
downy miidew, anthrecnose, and root and stes rots In sorghus, and
downy miigew, ergot and smyt In pear! millet. Screening of germplass
or breeding Iines for resistance to these fungsl pathogens Is
becoming routine anc technical staff rather than resesrch sclentlists
should be able to conduct this Important resesrch activity,

in order to incresse yleld and avold terminal drought stress,
sorghum breeders are developing photoperiod Insensitive cultivers that
meture before the end of the rains, anc the Inflorescences are there-
fore |lable to Infection by & serles of tungal specles. Studles on
the blology of greln mol¢ lnfocflon, an¢ +the genetics of resistance to
this pathogen wlil be 8 ma_ or research thrusts In the sorghum
psthology unit during the next Severs| years.,

Res|stance to gralnmoic¢ 1s geneticaily complex, Several factors
contribute to resistance. These Inciude high tanrin and phenollic acic
content, open psnicle, and hard ;rains, Reslstant, low tannin
genotypes contaln significartly more flavan-é=-ol than susceptitio
genotypes. Several sorghum genotypes wlth acceptable resistance have
been ldenti|fled. Reslstar:e to ;rein molcds In ;enotypes wlith
coloured=-grain, anc high tanrin have successfully been transferrec tc
white-greined genotypes with lcw tannin cortent. These breecing |lnes
fack ylelc potentiel, anc pathologists sre werkling in close
collaboration with breeders to Increase the agronomic potentisl of
selected jenotypes wlithout icsing thelr graln molc resistance.

Root and stalk rots cacce severe lodging tc the sorghum crop
under molsture stress. Thic makes the crop c¢lfficult to haryest and
grelns are 8iso subject demaze or the _rouynd before the
Inflorescences are harvestec. Infectlon per se alsorecuces graln
yleld. Root and stalk rots are ceusec by a multitude of fung! elther
alone or Incombination, arc breecling for escape from Infectlion Is
almost Impossible. It Is, however, possitle to select against lodging
by Improving stain quallity and Introducln; lete senascence. Stiff
stelk 1s assoclated wlith layers of Ilgnifled cells cirectly below the
epicermls and around the vascular tissye. Nonsenescence (< a tralt
that aliows plants to stay green wurtil grains mature. Selection for
these tralts under conditlions ¢f molsture stress |s possible. Several
genotypes wlth one or both of these tralts have been ldentifled. The
genetics of these tralts are delr; studled, anc tre breeders need tc
introduce these tralts Into paraents of hydbrlos. All presently grown
sorghum hybrlids lodge extenslively under concltions of late molsture
stress. A successful breecing progrem w!lf have to Invclive
pathologists, physiologlsts anc breeders,

Anthracnose |s a8 worldwice sorj;hum clsease cf !mportance In some
reglons. The present project on fhe biology and epicemiclogy of this
Cisease wlil continue through 1989 with emphasls on jenetlic variation
of the pathogen, and geno?lcc ot resistance to ,rfecflcn.

Little Is known about *he tiology or epldericiogy of sorghum
ergot, or whether resistance *< this pathogen Is present In cultlivated
genotypes. Since ergot anc¢ lonjsmut are important cisaezses In eastern
Africa, cooperative projects with the Easter~ Af-ica sorghum and
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millet network (EARSAM) were Initiated In 1987 to famillarize national
program sclentist with screening techniques. The present strateglic
research project on ergot blology at IC will continue unt!l a patholo~
g/st becomes avaliable In eastern Africa. Sooty stripe and gray lesf
spot are being studlec In cooperation with pathologlists In West
Africa, and leaf blilight Is being Investigated In ICRISAT/SADCC,

The principal fungal dlsease of pear! miljiet Is downy mlidew,
The blology of Scierospara graminicoia remains poorly understood. The
fungus shows considerable pathogenic varlation, with Isolates from the
sastern part of West Atrice being the most aggressive. In Indla,
resistance has broken down In several pearl millet hybrids. Breecing
for resistence to downy mildew Is necessarlly & continuous process,
due to high abllity of the pathogen to adjust Its virulerce. A new
type of resistance to downy mllidew was recantly Identifled In
several pesri mlllet genotypes, wheredy clarts successtully recover
from Infection, This tralt s expressec In two ways. The malin shoot
recovers to produce dlisease free leaves and panicles, or secondary
shoots develop from the base of a clseased maln shoct. After
recovery, clsease symptom rarely develop.

Screening for resistance tc downy mlidew using the Infecticn row
system has become routine, although the Importance of Infection from
Iinfector rows (sporanglal) and from soll (oospores) ls not fully
understood. A greenhouse techrique developec for mass screering looks
promising, but facllities sre needed tc fully utlllze thls procedure
in our breeding projects.

The natural incldence of rust on pear! miilet Is ususlly hlghest
during the winter months, Pust Infection generally Increases with
plant age, with a dramatic Incresse In severity after flowering.
These observations emphasize the Importance of screering dltterent
genotypes for resistance at simitar stages of host maturity.
Res!stance !s controlled by domlnant alleles ct a8 single or a few
genes, and several sources of resistance have been Icentifled.

Graln smut |s a relatively minor dlsease In peari mlilet and
occurs only when plants mature durlrg periods of raln. Screening for
resistance s effective, and stucles sug;est that smyt resistance
identitied at IC wll]l be effective aiso In West Africa,

Reports of talse miidew on peari miilet have beer {Imited to
southern and eastern Africa. Severail genotypes with resistance to
this dlsease wore [Contiflec In our Clsease screening nyrseries In
Aftrica. The Importance of th!s dlsease Is not wel!l «xnowr, and need tc
be assessed.

Major epidemics of Intection by ergot In peeri mlilet have been
reported only in Incls, but *+'s Clsease Is widespread alsc In Africe,
Research at IC Indicated tha* reslistance Is dependent on fertiliza-
tion taking place betore Infection of the stigma by ascospores of the
pathogen. Resistant genotypes have & very short perlcd between stigma
receptiveness and pollien matyrity !n the same splhkelets (shor®
protogyny). Resistant genotypes sre mostly from I(ndla, end are
generally late maturing. Attempts tc breec ergor resistant wmale
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sterile and pollen parents for hybrid seed production have so far
falled. Breeding for resistance |s possible. The success of such
hybrids, however, |s questioned. Sufficlent polien at the critical
time of stigma maturity may not be avallable. |t Is recommended that
this breeding project be continued but that activities be reduced.
Screening, and breecing of ergot resistant open-polllinated cultivars
wlll continue on a IImited scale at IC as wel!l as In Africa.

International cisease nurserles for ;earl mlliet and sorghum to
determine stablilty of resistance and pathogen variability have been
In operation for a number cf years, and several sources of stable
resistance to varlous pathogens “ave been !lent!fled.

Identification and characterlizaticn of sorghum and pear| miilet
viruses wlil recelve speclal attent cn at IC, Virus ¢lseases are of
particular economic Impor*ance !r s:.uthern anc eastern Africa.
Research on viruses occuring in Inc¢ia .an be cone at I1C. In eastern
ard southern A¢rica where viruysas are particularly Important, research
wlll have to be conductec *hrough :oilaoscraticn with nationel
scientlsts In these countrles. It mny 1 o be possible to study these
viruses through collatoration with sciunt’sts 'r Turopeer or Amarican
‘nstitutes, A research project on or hum viryses Is beiny developed
between [C, EARSAM and <eryan sclentizts,

Proiacts

M-124(85)IC - Cowny !l tow: 3. gy, oplcamis ojy and reslstance
icentlticatlon. 3.2, Ki=, and 7.0, Sin h, 1577,

M-127(853)IC - Rus*. 3lology, epidemicio;, and reslstance
ident(ficatlon, 5.8, «in, and S.0. Singnh, 1997,

M-134(86)IC - Coliaborative ~lllet ,athology research betwaen
ICRISAT Center anc ICRICAT Sahwilan Cantar, 5.3. King., 1333,

M-137(87)1IC - Panizle d!swases: Blclc;y and racistance
fdentification. R,P, Thauur and¢ ..3. <iry. 1930,

M-514(86)1S - Cowny 71 “ew: scren! - techn!ques and reslistance
fcentification. J, Werder. '329,
M-515(86) IS - Sm.t and er;ot scraerinrj *~onnijues and reslctance
igentiflcation, J., Aercer. 1389.

M-516(86)1S - Stri;a “ermontnica: Ilc'ogy, screening and
resistance ldentif'ce® an, . Werdar. 377,

N-803(86)SD - lcant!fizatiunr cf ne or ~lliet (lsesases and
screening for cisease resistance '~ _AICC rejlon, W.AJ, de
Milileano. 1985,

$-110(85)IC ~ Blology and jenetic cortr! of sorghum graln
molds. R, Bandyopadhyay, S5.2. Yuskury ani R, Jambunathan. 1990,

S-111(83)IC - Blolcgy and jere*ic control ¢t sorghum
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anthracnose. Suresh Pande. 1989,

$-112(83)IC - Blology and genstic control of sorghus downy
miidow. L.K. Mughogho. 1989,

$~113(89)IC - Blology and epldemiciogy of sorghum root and stalk
rot complex. Suresh Pande, 1989,

S~114(83)1C - Biclogy of sorghum ergot. R. Bandyopadhyay. 1989,

$-132(87)I1C ~ Investigation of blology and contrc! of sorghum
long smut, and control ergot [n Eastern Africa. L.K. Mughogho,
Yartan Guiragossian and R, Bandyopadhyay. 1990.

5-305(86)IS -~ Screenin; for greln molc resistznce., MO0, Thomes.
1990, :

S-307(86)I5 - The blology and lcentification resistance to socty
stripe, M.D, Tromas, 1983,

$S~804(86)SD - lcentificaticn of major scrghum dlseases and
screering for reslstance In the SADCC reglon., W.AJ, le
Mitileno., 1989,

$~805(86)SD - Pathology and epldemiciasy of sorjhum leat biight,
W.A,J, ce Mililanc, 1989,

4b) tntomology

Insect asts arc major constralrts to soryhum and miilet production
In Atrice and Asla. Major insect pests on surgrum are stem borers
telonging to the genera Cblilo, Bussecls anc Sesamis particulariy L,
aactalius, midge (Lontarloia sarghlcalal, heascd-bug (Lalacorls
Anguatatus) and shoottly (Antherigana saccata). Army worms cause crop
|osses In Africe an¢ the Americes. Insec*® pasts are not a serious
problem on pear! mliilet [n the Inclan scbcontinent, in Africa the
stem borer Lonlasta (Aclgonal lgomfusalls, and the earhead caterpllter
Baghuva alblaunctaila csuse sericus demage *o the peari miilet crop,

and several Insect speclies attack paricles durlng flowering and eartly
grain fililng. .

Most [f not all of these Insect pests car possis'y be controlled
with timely application of Insecticides. Cher!ce! control of Insects,
however, Is not practicel In subsistence agriculture of the seml-arl¢
tropics. Time of planting and crop maturity can be adjusted somewhat
to avold some pest demage. Breeding for resistence to these Insects
Is the acceptatie alternative to cherlcal control,

Screening for lInsect resistance under natural! conditicns of
infection s clfflcult since the degree of !nsect pressure Is
gifficult to control. Consicerable progress has becr made durlng the
last decade In understanding the tlology of sorghum stemborer, shoot-
fily and midge, and these Insects sre now rearec In the |aboratory for
use In fleld screening of jermpiase en¢ breecing (!nes at IC,
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Screening techniques deveioped at IC have been successfully transfer-
red to the dreeding programs in Africa. Genotypes of sorghum with
various degrees of resistance to stem borers and midge have been
Identifled. |t was demonstrated that midge resistance is heritabdle
and can be Incorporated Into advanced breeding Iines. Hybrlds retaln
this resistance. Reslstance to stem borer is genetically complex, and
selected llines are being random-mated fto Increase resistance.
Resistance to shootfly appears to be absent In the wlld-weed-
cultivated complex of 3. hlcalar. The only reslistance to shoottly
so tar identitled Is In S. vacslicolaor, S. aurpureasericeum and S.
dialdiatum, distant reiatives of cultivated sorghum. These specles do
not naturally cross with 3. blcalor, but hybr!ds can be obtalned
through early transfer of hybrid embryos to culture medla. Although
head-bugs can as yet not been successfully rearec In the |aboratory,
Insects can be trapped, and usec In cage-screening. This technique
allowed for the Identification of genotypes with acceptable resistance

to Laicorls angustatus.

Priority research in sorghum entomology at IC and ICRISAT/SADCC
is to Incorporate shootfly, stemborer, anc mldge resistance Into
female parents of sorghum hybr!ds, and to dJevelop effective screening
techniques for res|stance to head-ougs. The West African sorghum
program at present concentrates on developing open-polllinated culti-
vars resistant to these Insect pests, with lower priorlty given to the
development ct resistant hybrics. The Nigeria team, however, wliil
emphasize hybrid production wher [t s in place.

Pearl miliet cultivars re:sistant to Conlesta (Aclgona) stemborer
and Raghuva earhead caterpl!lar arc essential for successful cultive-
tlion of this cereal In West Africa. Labcratory rearing techniques
for these Insects are deinz <developed at ISC to faclilitate screening
for resistance. Screening of jermplasm for acceptabie resistance, and
Incorporation of such resistance irto advanced breeding |!nes must
form an Important component of pear! millet breeding In West Africa,
At this time the only escape from Raghuve !s *o plant late maturing
cultivars, It would appear as [f pear! mlilet roots stimulate
emercence from the pupal dlapause. |f emergence I3 *oo early no pearl
miiiet wili be in the correc* stage of matyrity for attack, and |¢
emerzence Is too late the fully extendec inflorescences are not suylte-
ble for Insect development. Understanding the mechan'sms of
termination qf the dlapause ceve!opmertal s*taje may provide
Information on which breedin; for res!stance can de based.

Stemborer, cotton stalner anc heatles are other Insect pests of
Importance on pearl miilet !n West Africa. Stemdorer Infestation !s
primarily trom pupse surviving n 1ried stems. Hligh soll temperature
kilis the pupae, anc¢ infection appesrs tc come primarily from stalks
used as fences or screens arcunc v!llages. Infestation will probably
increase |f the recommend prac*ise ot Incorporating stubble Into the
soll Is adopted by farmers. Cotton :talrar attacks pear! millet ;raln
only when more favored host ;lants are rot svallable. Beeties eet the
anthers anc stigmas., Genetic resistance tc these three insects Is
unl ikely to be found In pear! miiiet, They are minor Insect pests,
but can cause severe camage n !ocalizes aress. Farming practices to
control these Irsect pests need to de developed.
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Erajects

N-318(87)1S - Studles on infestation technique and blology of
w aﬂd wmt “nJu L“u.f.hro 19”0

$~115(8%)IC - Studles on the blology, ocol:gy and contral of
sorghum midge and head~bugs., H.C. Sharma. 1989,

$~116(8%)IC - Studies on the population dynamics snd economic
thresholds for sorghum shoottly and stem borer. S.L. Taneja.
1909,

$~117(85)IC ~ Identificeation and utlilzation of resistance to
sorghum mldge and heed-bug. H.C. Sharms and B.L. Agrawal. 1990.

S-118(85)IC ~ (dentification and utillizetion of resistance %o
sorghum stem borer and shootfly, S.L, Tanejs and B.L. Agrawal.
1990,

$-122(86)IC - Evaluation of sorghum cultivars tor adaptability,
yleld potential and pest resistance In highlands of Mexico.
Compton L. Paul, 1991,

Tr-5-009(87)IC - Blicecology end economlic Importance of the

earhead bug, Calocarls angustatysg on sorghum. K.F, Nwanze, and
Post-doc Hirotaka Kokubo,

4c) Perasitic weeds

Strigs !s the only genus of ;arasitic weeds that cause serlous demage
to cereals, The genus |s widely clstributed In the Old World and
difterent speclies sttack monocoty ! edonous and dlcotyledonous crops.
The most Important specles that perasitize ceresls are the widely
distributed 3. aslatica In Africa and Asle, and S. harmonthica In
western and eastern Africe. Strlga asiatica hes two distinct reces,
one with white flowers primarily distributed In Asia, and the other
with red flowers widely cistrib.tec In eastern and southern Africe.

There are two obvlous methods of controlling Striga as & parasitic
weed In coreal fleld. The daslest method Is through Improved cultural
practices. These include crop rotation, hand or mechanical weeding,
Including the use of herbicldes, and Improved solil fertiilty. An
Increase in aveliable soll nitrogen substantlally reduces germination
of Striga seeds. Weeding reduces the seed supply present !n the soll.
Amore difticult but effective method !s to breed Striga resistent
genotypes, There are atlieast two resistance mechanisms. The most
COMMON appesrs to be low stimulation by the tolerant host of
s0ed germination, Less common appesrs to be the Inabllity of Striga
seediings to parasitize plents, A major probiem {s dbreeding for
resistance |s variation In viruience of Striga genotypes of the seme
speclies In assoclation with ditferent crop genotypes. At this tise
all sorghum and pear) millet hydrids sre susceptidle to attack dy
Siriga. Sorghum genotypes have been !dentifled with wide tolerance to
the major races of S, aalatica or 3. haraonthlca, and other sorghum
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genotypes are avallable with varlous degrees of resistance to both of
these Striga specles. No cultivated race or genotype of pear! miilet
has so far been ldentifled with acceptable tolerance to Striga. The
close wild and weed relatives of pearl millet so far tested are aiso

all susceptidie to Stiriga.

Clearly, @& package of cultural practices to Include crop
rotation, weeding and Improved soll fertliliity Is the most effectlive,
immediate method of Striga control. Research on the most economical
combdbination of these practices |s urgentiy needed, and the
effectiveness of these cultural practices In controllling Striga needs
to be demonstrated to NARS extension personnel as wel! as directly to
farmers, These activities must recelve high priority In pearl millet
research at ICRISAT Sahellan Ceanter, anc In the sorghum program for
West Africa,

Breeding for resistance, myst not be neglected. A practical
constralnt to rapid progress has been I!neffaective screening
techniques. Sclentists of the Indlan National Frogram and those from
ICRISAT Independently screened the same sixteen thousand germplasm
[ Ines of sorghum, and ldent!fled several hundred dlfferent collections
as resistant to the white filowered race of J. aslatica. Less than
1.0% of the genotypes selected as res!stant were ldentifled by both
group of sclentlists, Laboratory and fleld techriques are beling
developed to bffectively screen breecing and germplasm |Inres for
resistance to Jtriga. Several germplasm llnes of sorghum are
resistant to Striga. A cultiver wlith acceptadbla yleld and rasistance
to Siriga has been releasec for cultivation In 3Jtriga Infested asreas
of Indla, and the cultivar Framica is balr; successfully tested In
West Africa where S, hermonthlica I+ a serlous weed., All released
hybrids, however, are susceptitie to Jtriga.

Priority research at ICRISAT center and !CRISAT/SADCC must be to
incorporate resistance to 2triga into parents of sorghum hybricds. It
Is essential that these ureeding project include |ines that were found
to be resistant to 5. forbesi] anmd S. hermonthlica as well as §,
aslatica. in West Africea, breeclin; of spen-pollinated cultlvars
should recelive equal emchasis w!th braeeding of Jtriga resistant
hybrlds.

The Strlga project at (CRISAT center being supported by IDRC
needs a change In focus. At thls time the major emphasis Is on
developing techniques to screen for high or tcw production of
seed germination stimuiant by sorghum. Such techriques were recentiy
developed In France at the !n!verslity of Piere anc Marie Curle, where
the bdlology of ali species ot Jtriga are being investigated,

Emphasis In trts IC/IDRT project needs to sh!ift to studlies on
mechanical and cherical mecnanisms of escape by different sorghum
genotypes. This wilil allow breeders tc select jenotypes with different
mecharisms of reslstance and treed populaticns «lth wlde tolerance to
Striga ftrom which mate and female parents as weoll as open-polilinated
cultlvers can be developed. [t 1s sisc essertial to determine why
nitrogen in the soll prevents Striga seeds from germinating.
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Breeding for resistance to Striga In pear! mlilet Is more complex
than In sorghum. Resistance may not be present In cultivated peeri|
millot and I1s close wiid relatives. |t |s proposed that cultivers
from highly Infested reglons be screened, rather than random samples
from the avellabie germplasm pool. It Is further proposed that
special coliection missions be organized by the Genetic Resources Unit
to highly Infected arees, to seek resistance In farmers fields. The
project at ISC to screen wild Bgnalsatus specles for Striga resistance
needs to continue although preliminsry studies suggest that wild taxs
are 8s susceptible to Infection by 3Jtriga as are cultivers. Screening
within the wild~-veed~cultiveted complex of P, glaucum (B. ameclcanus)
must take priorlity over screening of species that sre distantiy
related to the cultivated compiex., Gene transfer between the
cultivated complex and its distant relatives wlill be dlfflicult, but
the possibiiity of such transfer needs to be explored should Stciga
resistance be found In these species. The biotechnology unit must
develop techniques to transfer Strlga resistance from Saorghum to
Bannlsatus

Brojects
$~102(83)IC - Resistance to Striga aslatica. P.K. Valdya. 1990.

M-516(86)1S - Strige hacmonthlica : Blology, screening and
res/stance ldentification, J. Werder, 198G,

§-803(86)SD - Screening/evaluating of sorghums and millets
reslstant to Jtriga. A.T. Obllena. 1989,

5. PLANT NUTRITION

Low soll phosphorus levels ere Importent factors in the SAT (imiting
yleld In tarmers flelds., These deflclencles can be cvercome by
supplying fertilizers to the soll. Fertillzers are cften not avellable
to the subsistence farmer, Stucles have shown that certsin bacteria
assoclated with sorghum and pear! millet roots fix nltrogen In the
rhizosphere. The level of fixetlion, however, ls low and unprecicteble,
with the smount of nitrogen fixed rarely exceeding a few kg of N per
hectare, Agronomic exploltation of such assoclative ri*rojen fixatlion
does not seem possible’without drastic genotyplc cranjes in these
cereel crops and/or the bacteria sassoclated with their roots, For
these reasons studles started In 1576 to study the blclogy and effec~

tiveness of as %.,,v. No=fixatlon In sorghum ang pearl =lllet were
terminated in ?3% '

Resesrch In the microbiclogy unlt 1s shifting to stucies on the
effects that microorganisms have on uptake of nutrients by plents from
the soli. The present project on vesicular-arbusculer mycorrhiza
(VAM) i3 belng expanded to study the effect of these organisms or
upteke of otherwise unavailable phosphorus., Lack cof avallable
phosphorus Is a major 1imitin, factor In ceres! ylelds across Aftrice.
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Agronomic studies In the ceresls program at IC on plant nutrition
need to be combined with those In the Resource Management Program at
1C.

Projects

M-131(85)IC - Vesicular arbuscular mycorrhlza (VAM) development
In pear! millet and sorghur !n the SAT and the response to
Inoculation., K.K. Lee. 1988-1989,

M-139(87)IC - Evaluation of genotyplc varlability In cereals for
efficlient adsorption of phosphorus and other related nutrlents

under a |Imlted level cf avaltladble sc!| phosphorus, K.K, Lee,
1990.

6. PLANT ADAPTATION
6a. Drought stress

Probably the major |imitations to crop production In the SAT are
limited raintall ftor crop growth anc¢ the assoclated high temperature
because of high levels of radiation and reduced evaporation of water
from soils and crop cancples, Farmers sow Into warm, dry solls at the
beginning of the season. A break In the rairs after sowliny can subject
seed| Ings tb severe dessication anc¢ lethal scll temperatures (upto 55
C). Long pericds without raln dur'ng the season result In the loss of
leaf ares, disruptlion of the reproductive process, and cessation of
crop growth., Inadequate molsture curlng grain fillling results In
shortened graln #1l11n; periods, poorly flilec jrains and often severe
crop losses.,

While there are numerc. s opportunities tu maximlze molsture
avallabllity to SAT crops through agronom!c practlices, tclerance of
molsture and temperat.re stress [s an essential component of varletal
adaptation to SAT environments. This has become evicent in studies of
tradltional landraces, which are often more tolerant to severe stress
conditlions, and consequently some times more productive than modern
cultivars, It may rct be possidie tc Improve or the tolerance of these
landraces, but the incorporation of such tolerances (nto modern
varleties /s essential tc assure that thelr perfcrmance on farmers'
tlelds Is in nc way inferlur *. that of the tracitlonal landraces. The
selection for, or *he Ircorzorstion of such tolerance to environmental
stress [s thus an essenrt'al cart of !CRIGCAT's cereal ureeding
programs.

Research at IC durlrg tre last cecace was cesligned tc understand
the effects of drought cn sorzhum and miilet, and to develop methods
for effective screening of enctypes ¢cr efficlent Crop establ!shment,
and tolerance tc hest an? mclsture stress, Such sreening technliques
are now In use, an¢ research emphasis !s on understanding the
physlology and herltaplilty ct seeciin, emerjence anc survival under
stress, recovery from mlicseason stress, and graln production under
terminal stress.
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Seediing emergence rates In the sandy solls of the Sahel are
generally sdequate, but seed!ing survival msy be low under conditions
of extreme soll temperstures. In Indla, poor emergence may be as large
8 factor In poor stands as |s seediing survival, Initlal studies
suggest that there Is considerable genetic variation for both factors.
The characteristics that enhance both emergence and survival need to
be studled to make the present emplirical screening of breeding
materials more effective and perhaps more efficlent.

Studies on pear! miilet Indicate that the crop has good
recovering abllity from midseason stress, due primarily to Its
asynchronous tillering habit, Yield losses due to terminal stress are
much more serious, Genotypic dlfferences In tolerance exlist, spart
from difterences In drought escape, and are associated with better
grain setting and filling under stress conditions. Investigations are
underway Into reasons for such differences. At the same time, two
compos |tes sre under selection for graln setting anc fillling abllity
under terminal stress by utililzing an off season "drought nursery"®,
Etforts to select for tolerance of terminal stress In eariy hybdrlids,
specially for short growing season environments need to Increase.

In sorghum, sets of jenotypes resistant and susceptible to
midseason water and tempersture stress conditions have been [dent!fled
during hot summer season at Patanchery, end during normal ralny season
at Anantapur, a chronically drought-prone locatlon In Indla,
Physlological investigations with such sets of |Ines showed marked
differences with respect +: leaf-water potential, relative water
contents, root/shoot ratlio, usmotic adjustment, prcline accumulation,
and capecity to recover once tha midseason stress is terminated elther
by irrigation or raln, Witr our recently bullt raineocut shelter [t
will be possible to carry out simijar studles at Patanchery during the
normal growing season [tself, Further studles will be almec at
claritylng fectors governin; leaf rollling, nature and role of
substances that may be impcortant Inmaintaining celivlar Integrity
under stress, and In elucidatin; the Interaction between temperature
ond water stress on |eaf-water retention and growth,

Sorghum s an Importanrt crop In Indla durling the post ralny
season, vhen plants have 'C mature on storec soll molsture.
Understanding the abli!ty ct some genotypes tc tolerate terminal
stress better than others are essential In improving yielc potential
of radbl sorghums,

Crop growth environments Jurlrg rabl are beln; characterized and
physiological characteristics assoclated with statle and nigh ylelds
such as appropriate phenology, leat-area deve!opment, non-senescence,
and efficlent root systems sre delng stucled. investigations on
carbon and water economy in relstion to crop productivity, senescence,
and predisposition to root an¢ stalh rots will recelve highest
priority for future research,
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Projects

N-122(85)IC - ldentiflication and assessment of drought
resistance. V. Mahalakshmi. 1989.

M-135(86)IC -~ Improvement of pear! millet for better crop
estabi Ishment. P, Scman and L.K. Fussell. 1989,

M-519(87)IS ~ Evaluation of pear! mllilet for tolerance to
terminal drought In West Africa. L.K. Fussell and F.R. Blcinger.
1990.

$-107(83)1C - Factors affecting seediing emergence and survival
fram environmental stress, P, Saman. 1990,

$~-108(85)IC - Factors affecting plant survival from mld-sesson
stress. J.M, Pescock. 1989,

$-109(85)IC - Factors affecting plant procuctivity under
terminal stress. N. Seetharama, 1989,

6b. Photoperiod response

The matching of variety maturation to the duration of the growing
season Is the basls of genotype adaptation in the SAT. Varleties that
flower too eariy may face serlious problems of panicie Iinsect damage,
grain molding, and bird damage. Varieties that flower too late may not
have sufficlent moisture avaliable to fill ;ralns and may have
problems with staik rots and 'odging.

For NARS whose breeding crograms are locatec In the area in which
the varleties produced are to be jrown, the selection for a desiradble
photoper (od response occurs naturally as a consequence of saelection
for an appropriate maturity ‘or that location, Fur ICRISAT, which Is
producing genetic materlel ftor use In 8 wlde ranje cf latitudes, and
therefore In awideranje of Caylangths, select or in gne daylength
tor a8 photoperiod response approprlate to other daylengths ls not
straight forward. Also, as ICFISAT ytillzes a wide range of germplasm
trom 8 variety of origins, genetic mater!a! produced by Its breeding
programs contaln genotypes with a wide ranje of phutoperiod response.

The problem takes dlifterent speciflc torms e cdlfferent reglonal
programs. Products cf crosses usin; Waest Afrlican parental materlals
from 12-14 N (13.7 hr daylengtn on July ') w!ll flower suffliclently
early In Hyderabad (17 N and 4.0 hr on July 1) but may be late to
flower at Hisar (29 N and 4.9 nr on July 1). S0 ICRISAT Center pear|
nlliet material need to be screenec ‘or low photoperiod sensitivity to
aliow them to fiower eariy enough !n the short seascn mlllet growling

of North West Incla.

Material brec at the SADCC/ICRISAT Center in Bulawayo are
Inteadec tor a restricted ranze of (atltudes, wherc day ang season
length does not change a grest ceal, so photoperiod response s not of
great concern, «!th one exception, Tr's 's Tanzanla, where pear|
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miilet and sorghum are grown Iin an ares of 5-10 § latitude In o
relstively long growing season (100~120 days). Material selected In
Bulewayo (20 S ietitude and 14.1 hr daylength on January 1) flower too
eorly for Tanzanla (13.3 hr daylength on January 1). As all peesrl
millet wili flower early In thess short deylengths, the requirement
here |s for 8 long vegetetive period. Such material, If It |s also
photoperiod sensitive, will flower very late when grown In the longer
daylengths st the SAOCC/ICRISAT Center, Selection of such materisl Is
diftlicult at Bulawayo, as It Is basically selectlion for unadapted
material.

The problem 1s most acute In West Africs, where sesson length
changes markedly over s smali range of iatitude, and cultivers are
highly daylength sensitive. Season length has been estimated to change
at the rate of 22 days for each degree of latitude, which Is equal to
a difference of 85 days between 10 N and 14 N In a transect from
central Nigerla to southern Niger. In this situation, & strong degree
of local adaptation by a very specific photopericd response |s needed
to assure a proper durstion for each degree of latitude.

Selection therefore with respect to photoperiod response in peer|
miliet In the three reglonal ICRISAT breecing centers wii| be for o
low degree of response at IC, for a range of specific responses a¢
1SC, and for & long vegetative period for Tanzanla In SADCC. This
differential selection is presently being done at IC with the use of
an extended daylength nursery which simulates the daylength Ir
northern iIndis, at ISC by breeding different materlel In anc¢ for
dltferent latitudes, and ot the gADCC/ICR!SAT Center by having
separate programs for Tanzanle and the rest of the reglon,

Research to learn more about the physiologlical anc¢ genetic nature
of photoperiod response, and crop duration In general, 1s needed to
devise effective means ot selecting genoctypes [n regional centers that
will have the proper adaptation to renges of ltatitudes and sesson
lengths In reglons which the centers service.

Brajacts

N-119(83)IC - Control ot flowering by photoperlod. F.R.
Bidinger. 1990.

M=303(88)1S - Study of photoperiod sensitivity of full season
miliets. S.N. Lohani. 1990,

6¢c. Yielid physiclogy

Peart millet, In contrast to sorghum, has been very |ittie studled,
and not enough Is known asbout the determinants of graln yleid In the
crop. The ceresls program maintains 8 modest effort In the fore of a
Joint physiology=breeding project to develop and test hypotheses on
yleld determinents In the crop. The project has examined the
usefulness of Increasing productive tiiler number In West Africes
phenotypes, the response to selection for Increased panicle surfece
ores and increased grain size, the prebliems of grain fliling In dvert
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cuitivars, ane the effects of *he lengths of ¢ifterent growth stages
an yield,

Similar research 15 underway ‘for rabi sor jhums that are grown
under very Citferent daylength and temperature condgltions than rainy
season sorgh.ms, and for whi:h yleld determising processes may he
citterent, The sorghum stucles are designec tc oventyaliy modify the
present sor hum growth mode! (SORGF) for rad! :ondltions and rabi-
ajapted varieties,

:?,.: a:*s

M-110(85)IC - Evailuation of speclfic characters and hypothesis
relating toyleld and yield stability, F.R, Bidlnger and X.N,
Rai. 1990,

7. NUTRITION AND CONSUMPT ION

Scrjhum anc pear| millet are cereals of necessity not of choice.
Wheat, ricec- maize are grown, wherever possitiv, n preferance *o
scrghum anc ;ear! miilet. The only advantaje of the last mantionad
‘w0 cereals cver the others are that they wil@ ;row, and produce 8
tarvest under corditions of heat and mclsture w'rass whare the other
cereals will falf,

Research is cemtered around (1) maintainin; jrain juality In nijh
yieiding open~-polllinated and nydrid cultlvars, (J) improving grain
iuality where possible for trasitlonal uses of !hase cereals, and (3)
tinging altor-ate uges for tho jralns of these “oredls,

Prajects
M-132(85)IC = Evaiuaticn of £20¢ quallity characters and physico-
crnemicrl properties of soarl millet. Y, Sudramanian and Phary

S=106(8%5)IC = Cvaivaticn ot fooc and nutr tional yuailtien of

sorjhum. o5, Murthy, 1544,

8, PESEARQH It TONCEPTS AND PR7CEDLPES

P ls essantlal tnat ata fror trlale and nuroLar e are comoar At e
from ore je3” *o the next,

bcm ac bj

MN-121(85)1C - Rcpeatat! 1%y and appiicanii'oy of lrougnt ruraery
resul®s C2tat prolect with AITMIPY L 4L My laksrmiL T390,
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9. EXPLORATORY RESEARCH
9a) Development of techniques

Techniques to efficlently screen for resistance to various blotic and
ablotic stresses are contlnuously being Improved as the blology and
genetics of tolerance to these stress factors become better
understood. Effective screening techniques for tolerance to the
Insect pest Raghuva are urgentiy needed.

An effective technique |s needed to genetically transform sorghum
and pear! miliet with selected exogenous genetic materlial. A technique
was developed for transformation of malze that usss germinating pollen
(male gametophytes) as vehicles to transport transforming ONA to the
embryo sac. Modlifications to this technique for success with sorghum
and pear! mlllet are belng develicped. It s also essentisl tor the
blotechnology unit to develop methods for successful regeneration of
functlional plants from protoplasts of sorghum and pear! ml!llet. The
development of heplolds would be beneficial In studying the genetics
of resistance to vericus stress factors,

Brajacts

Tr-$=XXX(87)IC - ldentiflcation and characterization of sorghum
and pear! mi{let viruses, S5.B. King, L.K, Mughogho, DO.Y.R.
Reddy and Postdoc.

Tr=-8$-XXX(87)IC - Transfer of shoottly resistance from
parssorghum to grelin sorghur through ganetic transformstion,
J.M.J. de Wet and Postdoc.

Tr-M=XXX(87)IC - The use of dihapiolds to study the genetics of
downy mildew resistance In peari millet. J.M.J. de Wet and
Postdoc.

9b) Basic Investigations

Baslic research Is delng conducted, wherever necessary, In cooperation
with Institutes having facllities and expertise not avaliable a8t IC
These Include studies on the molelcular blology of heat and drought
stress, blology of Infection by selected fungal pathogens, characte
rization of viruses that may serve as unlversal jene transfer vectors,
and development of a restriction fragment |lbrary of the sorghum and
pear! millet genomes.

Brojacts

N-138(87)IC - ldentification of blochemica!l yleld limiting
tralits In cereals. S.P. Wanl. 1989,

CO=-N-2(87)1C ~ Study of pathogenic variation !n downy mlidew of
pear| millet. S.B, King and Postdoc. 1990,

Tr-8=-XXX(87)IC - Restriction fragment mapping of the sorghua
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and pear| millet genomes. J.M.J. de Wet and Postdoc.

F. COOPERATION WITH NARS
1. TECHNICAL ASSISTANCE

Technical assistance to NARS s provided through short term
assignments of IS sclentists to ICRISAT reglonal programs where these
sclentists train NARS sclentists In screening and breeding technigques.
Further assistance is provided through cooperative research projects
and training.

2, COORDINATION QOF NETWORKS

Cerea! research teams have been established In southern, eastern and
West Africa, and In Mesoamerice to coorcinate raglonal resesrch and
cooperation with and between NARS of cooperating countrles,

Projects

M-511(86) 1S - Regional and International cooperation. $5.0,
Okiror, 1990,

M-804(87)8D - Cooperative reglonal millet evaluation progran,
5.C. Gupta. 1992,

3. HUMAN RESOURCE MANAGEMENT

38) Short term training

In service tralnees and apprentices [n the Tralning Program may select
to dc a research prcject, and recelve trafning In any one of the
cereals research unlts,

3b) Vislting sclentists

Scholars are recruited as needed to spend from a few days tc several
months in ghe program to famlilarize project sciertists with new
research procedures, or t0 help establish new research Initiatives,
3¢) Post-doctoral fellows

Post=doctoral fellows are recrylted to help Initiate new resesarch
project, or to assist In estadlished research projects st IC, The

coreals program plans to make extensive use of sost-doctoral fellows
In the dlotechnology unlt,
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5d) Reseerch scholars

Research scholars do thelr thesl!s research under the directlion of
senlor sclentists In the Cereals Program., They are recrulted through
the tralning progrem.

6. CONFERENCES AND WORKSHOPS
8) Fleld days

International sorghum and miilet fleld days alternate annually,
Sclentists from countrlies In Africa, Asls and the Americas sre
Invited to these fleld deys. Fleid deys conslist of visits to research
flelds where experiments are ¢lscussed, followed by more formai
general dlscussions, This provides NARS sclentists w!th opportunities
to request seed of selected breeding [lnes, open=polllinated cultlvars
and hybrid parents, and to suggest directions of research that may
benef it thelr programs. Fleld days also provide opportunities tor
NARS sclentists from varlous countries to become famiilar with activi-
ties In other countrles,

b) Workshops

One International workshop Is organized eech yesr, Proposed workshops
for the next six years ere:

1988 : International Workshop on Sorghum and MIliet Diseases (5ADCC)

1989 : Prodblems of Crop Estadlishment In Cereals (ISC)

1990 : Sorghum In the Ninetles (IC)

1991 ¢ Millet Dliseases Workshop (IC)

1992 : Sorghum an¢ M!liet Improvement using Population Breeding
Methods (IC)

1993 1 Breeding Pear! Miliet for Aric 2ones (15C)

Reglona! workshops dealing with selected regional protiems are
orgenized primarily as a tralning tool,

¢) Consul tants '

Consultents are recrulted to advise on selected rasearch problems and
projects, They visit IC Incividually or form part of workshops.,






A. RESEMOD! PRIORITIES

Research priorities, center or network where ressarch s receiving
priority attention, and expected time when Initial research can be
completed sre |isted. Resesarch Is divided among first priority,
second priority snd resesrch support activities. Nithin these three
categories, ressarch Is divided by type of activity rether than
priority. The adbbreviations transiate as CeICRISAT Conter, I5Cs
ICRISAT Sahel 1an Center, SADCC*ICRISAT Southern Atrice Team, WASPs
ICRISAT West Africs Sorghum Project, EARSAMaICRISAT Eastern Africe
Sorghum end Mi{let Network, MASeICRISAT Mesosmerican Sorghus Network,
and CCRN=Cooperative Cereals Resesrch Network,

I. EIRST PRIORITY

1. Broeding sorghum and peer! mlilet open-pol|ineted varieties and
hybrid parents vith suitiple resistance to yleid {imiting tectors
(1C, 13C, SADCC, WASP, nzsm MAS)

2. Grain mold resistance In sorghua (IC, WASP)
Study blology of caussl fung! (long=-term)
Population breeding spprosch to Improve resistance (1989)
Transter of resistance into male sterile and poilen parents (1991)

3. Root and stalk rots resistence In sorghum (IC, WASP, SADCC)
Study blology of causal fungl (long=term)
Select for stalk quality and non-senescence (1988)
Transter tralts Into hybrid parents (1991)

4. Downy alidev resistance In peer! mlilet (IC, ISC)
Study blology of Sclacoapara graminicola (iong=term)
Study host=pathogen Interaction (long=term)
Improve resistance In breeding Iines, open=-pollinated cultivars
and hybrid parents (continuous)

5. Stem borer resistance In sorghum (IC, SADCC)
Study mechanisms of resistence (long~term)
Population breeding approach to improve resistane (1989)
Transter resistence Into breeding |ines (1992)

6. - In peor! nlliet (ISC)
Develop mechanisms to rear Raghuva In the |aboratory (1988)
Screen germplasm for reslistance (1990)
Study mechanisms of resistance (1990)
introduce resistance Into breeding |ines (1993)

1. Shoottly resistence In sorghwm (IC)
Use blotechnologlcal techniques to transfer resistance from
Parasorghum to breeding |ines (1989)
improve agronomic fitness of resistant |ines (1991)
Transfer resistance into hybrid parents (1993)
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8. Striga control throwgh lmproved farmiag practices (13C)
Determinestffectso! weeding and soll fert!|ityoncontrol (1989)
Deveiop effective cultursl control methods (1909)

9. in sorghee (I1C, WASP, SADCC)
Screen |ines Identified as resistent to 5. aslatica (indla) for
resistence to 5. aalatica (Africs), S. harmontica snd other

Striga species (1989)

Screen local germplasm for resistance to African Striga species
(1990)

Incorporate resistence Into African sorghum breeding |lnes (1993)

10. Strigs resistence In peer! alliet (ISC, IC)
Screen local gerwmplasm for resistance (1990)
Screen wiid relatives for resistance (1990)
Use blotechnoioglical techniques to transfer resistence from wiid
species or sorghum Into pear! miliet (1993)
Transfer resistance Into breeding |ines (long=~term)

1. Seed! ing establ (sheent snd survivel under stress in pesri allliet
(I1SC, 1C)
Study mechan|sms of emergence and survlival (1989)
Introduce tolerance to heat and drought stress from selected
focal landraces Into breeding |ines (1993)

12, Develop techniques for plent regeneration trom cells, proto-

plasts and lmmature embryos, snd for genetic frmsfu‘.ﬂm of
sorghum and pear| miilet (IC)

Plant regeneration from cells and protoplasts (1990)

Embryo rescue (1988)

Genetic transformation (1989)

13. lmprove the food qual Ity of sorghum (IC, SADCC)
Screen breeding |lines for graln quallity (continuous)

14, Ablilty to till grain during iate seeson stress In pesr| wmillet
(1C, 1S0)

Study the ability to set seed under stress (1990)
Determine the mechanisms Involved (1990)

Transfer or select for these mechanisas into breeding |ines
(1993)

1. SECOND PRIQRITY
1. Rust resistence in peer! alllet and sorghum (IC)

Study the blology of Bucclinla geanlsat] (1989)
Identify and utllise resistance In breeding (continuous)

2. Ergot resistance In pear! siliet and sorghus (1C, WASP, SADCC,

Study the blology of Claviceps fuslformls end Sphacellls sorghl
(1989)
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Investigste the feasibiiity of introducing resistence into hybrids
and open=poi! inated cultivers (199%)

3. Du!q M AT IC, SADCC
tudy fhc biology end ep Mlology of r'uxl&-ncimn .l!tsh.l

and Lalistotrichus gramlinlcala (1990).
Developing breeding |ines with tolerance (1990),

4. Graln mwt resistance In pear! alllet (I1SC, IC)

Study the blology of the pathogen and mechenisms of resistance
(1990)

Igentify and utliise resistance In breeding (continuous)

5. Leafbl ight resistence In sorghum (SADCC)
Screen germpiasm for resistance (1990)
Transfer resistance Into breeding 11nes (199%)

6. Sooty stripe and grey lesf spot resistance In sorghum (WASP)
Screen germpliasm for resistance (1990)
Transfer resistance into breeding !ines (1995)

7. Virus resistence In sorghum and pear! miilet (I1C, EARSAM, SADCC)
Identify and charecterize viruses of Importance (1989)
{dentity means of viral transfer (1990)

Identify and utllize resistance In breeding (1993)

8. Midge resistance In sorghum (1C, WASP)
improve yleld potentlal ¢t resistant treeding I1nes (1989)
Transfer resistance Into hybrld parents (1992)

9. Head bug resistance In sorghum (IC)
Use & population breeding approach t¢ Increase tolerance to

Lalacorls angustatus (1990)
Study mechanisms of res!stance {1990)
Transfer resistence into breeding |lnes (1993)

10, Stemborer resistance In peer| miilet (1SC)
Study the source of Infection (1982)
Develop technliques for isboretory reering (1988)
fdentity and transfer resistence ;enes Into breeding |lines (long
term)

11, Recovery fram drought and hest stress in sorghum (IC, WASP)
Study the genetics of recovery mechan!sms (1989)
introduce recovery mechanisms Into dreecing !|lInas (1992)

12. Determinants of yleld In pear! miifet (IC)
Study the correlations between different yleld components and
deveiopmental cycle (1990)
Use thils Information to Improve selection methods for yleld
potential (1993)

13, Uptake by ceresls of |lalted sineral nutrients (IC, ISC)
Study the rhizosphere In relation to minerai nutrients and
aicroorganisms Including mycorrhize (1990)
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Enhance the beneficlal effects of mycorrhize through
sanipulstion of the mycorrhizal genome (1993)

investigete the possibliity of breecing pear! mliilet for more
officlent uptake of mineral nutrients (1993)

P11, RESEARCH SUPPORT ACTIVITIES

1. Collect, malntalin and characterise germplasm of pesri millet and
sorghum (IC, 1SC) .

2. Convert germplasm collections with selected fitness tralts Into
acceptable breeding iines (IC, 1SC, MAS, SADCC)

3. Improve screening techniques for resistance of sorghum and pear!
miliet tovarious blotic and physicel stresses (IC, 15C, SADCC,
WASP)

4, Screen germplasm |lnes when needed, and breeding !ines routinely
for tolerance to stress (IC, ISC, SADCC, WASP, EARSAM, MAS)

5. Populetion Improvement by recurrent ssiection to derive open-
poliinated varieties and hybrid parents (IC, 15C, SADCC, WASP,
EARSAN, MAS)

6. Screen advenced breeding |ines and cultivars of sorghum and pear!
milliet from all ICRISAT cereals programs across the:®SAT In
selected locations (CORN),

7. Maintain collections of male sterile |Ines and restorer |ines of
sorghum and pear! millet with acceptable ranges of phenotyplc
veriation (IC, 1ISC, SADCC).

8. Meet requests for seed fron NARS and the private sector (IC,
ISC, WASP, EARSAM, MAS),

B. INTROOUCT {ON

The responsibliitlies of the different cereals research programs, teams
and networks of ICRISAT extenc acrcss Asia, Africa and Mescamerica.
Reglonal responsiblilty Is clvicec among the cereals program at IC
(Asla), the millet program at I5C (West Pfrica), the West Africa
sorghum team In Nigerie anc¢ Mall, the sorghum and millet network Ir
Zimbabwe (SADCC), the sorghum and millet network In Kenya (EARSAM),
and the sorghum team In Mexico (Mesoamerica).

The first fifteen years of cereals research at ICRISAT Center
(1972-87) concentrated on cdeveloping and refining techniques to
scroen for various blologlcal and physical stress factors, assemtiling
gormpiasm, Identlfying genotypes with desirable agronomic traits from
emong germplasm collections, and diversifylng the genetic baese ot
selected breeding populations. These activities were very successful.
Screening techniques were developed or refined at 1C, and screening
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for resistance to many major pathogens, pests and other environmente!
stresses have become routine. ICRISAT breeding material are being
used by natlonal programs In a number of Aslan, African and Americen
countries, and several cultivers developed at IC found rapid and vwlide
spread acceptance wlith farmers In the SAT,

During the next six years (1988-93) resesrch emphasis at IC wii!
shitt from adaptive to streategic reseerch. Screening of accesslions
from GRU for useful egronomic traits wiil recelve less sttention than
screening of breeding Ilnes for superior agronomic fitness. Emphasis
will be on understanding the mechanisms of resistance to dlsesses and
pests, and of tolerance to heat and drought stresses, and the use of
this [nformation to improve screening and breeding methods. Breeders
at IC wili concentrate on breeding open-poliinsted varieties and male
sterfle and pollen parents of superlior quallty that Incorporate
tolerance to blologlical and physical stresses, for use by natlonsl
programs and by ICRISAT reglona! research progrems, teams and
networks. New open-pol!lnated and hybrid cultivers wlll continually
be produced by IC breeders.

Internatlional screening and testing of dbreeding materiasl end
cultivars wlil be consolldatec Into a Cooperative Ceresls Research
Network (CCRN), Advanced breeding mater!a! and cultivars from [C and
ISC, an¢ from regional ICRISAT programs and networks wli! be comblined
and tested across a range of agro-climetic zones, and the best

genotypes wlill enter Into cooperative trlals and nurserles with
national agricultursl research systems (NARS) of particlipating
countrles. This wil! reduce unnecessary duplicatlion of trials and

nurserles, and glve NARS sclentists direct access to the best breeding
matorial avaliable In ICRISAT research programs, The network will
encourage adoption of selected cultlvars by farmers,

C. FACILITIES AT ICRISAT CENTER

Space avaliable at ICRISAT Center for basic, strateglc and adsptive
research Is extensive (Tatle 1). The new blotechnology unit wlll
share (aboratory space with blochemistry, Blochemlstry at this time
has 8340 sq. ft. of laboratory and offlice space. It |s anticlpated
that funds wll!| be made avallable by the Aslan Development Bank to
remodel asbout 2810 sq, ft. of this laboretory space, and to purchase
the necessary equipment to use this facllity as a ceres! biotechnology
laborstory. The adjacent 340 sq. ft. now occupled by sorghum breeding
witl be Incorporated Into this |aboratory &s & tissve culture
facility. Other mocitications required within the next two years will
Involve Improvement of long-term storage facilltlies for breeder seed,
anc development of laboratory faclilitles to screen seed!ings for
resistance tc disease, particularly pear! miiiet downy mi{dew.

New caplital development needs for the next tweo years are to
construct 8 65 sq. m greenhouse dlviced Into bays for seed production
of pearl miilet breeding material in isolation. This wlil allow
breeders to rapldly advance breeding |lnes by growing three genere-
tlons esch year under total Isolation. New and replacement cepltel
equipment needs wiil In part be met through provisions In the third
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phase of a UNDP specisi grant. ICRISAT center Is flfteen years old,
and severs! pleces of Important equipment need to be replaced dbecsuse
they heve become obsolete.

We have screening and testing fecllitles In indle 8t the sudb-
stations Hiser, Dherwad, Ananthapur and Bhsvan!sagar, and faclilities
for fleld trisis et Aursngabad, Gwallor, Mysore, Akols, Bl jspur,
Panthnagar end Nandysl. Soll salinity Is a serious problem et Hiser.
A foclllity for pear! miliet fleld trisis Is urgently needed In
Rajasthen. Cultivers produced st IC sre commonly too late In maturity
for successful cultivation In this major millet growing reglon of
ingle.

Research fecllitles are under construction 8t Motopos In Zimbabwe
(1CRISAT/SADCC) and st Sadore In Niger (ISC), Funds have been made
evallsble to develop resesrch facliities In Niger!s and Mall for the
West African Sorghum progrem. Funds are belng sought for experiment
stetion development and construction for the Eastern Africa sorghum
and mlllet network,

Tabie 1. Laboratory, offlice, storage and green house space st ICRISAT

Center, 1987,
Bidg. No. Masjor use Ares In Sq. m Aea In Sq. ft.
300 Laboratory 1,463 15,743
Oftlce 206 2,218
Store 38 404
301 Laboratory 1,324 14,242
Otfice 383 4,120
302 Laboratory 1,283 13,805
Offlice 424 4,557
303 GF Laboratory 204 2,199
Otfice 931 10,017
303 FF Laboratory 390 4,19%
Ottlice 745 8,021
304 Crop Work Ares 1,048 11,280
305 GF Laboratory 191 2,053
Ottlce £28 6,761
Short term storage 186 1,999
Herbar lum 52 555
Medium term storage 20¢ 2,221
long=term storage 155 1,666
305 FF Laboratory 318 3,422
Offlce 1,036 11,148

Storage 64 684
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Bidg. Mo, Aes In Sq. » AMes In $q. ft.
308 Crop Work Ares 4,018 43,233
Seed Drlers 84 904
Seed Stores 78 as
309 Laboratory 1,407 19,138
Oftice 298 3,210
Store a 868
310 Greenhouse (300 x 5) 1,500 16, 140
m Screenhouse (300 x 2) 600 6,456
New Glasshouse No.8 222 2,391
Store rooms 60 641
New Gilasshouse No.9 238 2,597
318 Laboratory PQ 81 876
Otflice 136 1,469
Store 2% 268
Total Laboratory 6,661 74,700
Oftice 4,788 51,534
Stores 266 2,867
Seed storage 738 8,161
Crop work area 4,018 43,25%0
Greenhouse 2,360 77,55%

GF=Ground Floor, FF<Flrst Floor, PQ=Plant Quarantine

D. STAFF

The number of approved permanent positions In the ceresls progrem st
IC (Table 2) wlll remain essentialiy stable through 1993. During 1987
a new position as coordinator of the CCRN was approved, and thils
vacency will be flilec¢ In early 1988, A position that beceme vecant
In the program when the sorghum an¢ millet programs were merged Into
the cereais program In 1986 Is belng use¢ to recrult 8 ceres! blotech=
nologlst. Reorganization with!n the progrem will allow for adequate
office and research support staff for blotechnology and the CCRN. One
national sclentist wiil transfer from microblology to blotechnology
In 1988, and research assistants with {rterest In blotechnoiogy are
being sent for tralning In selected techniques at Europeen and
American laboratories before they join this resesrch unit,

The program plans to mske extensive use of postdoctora! research
feliows, and of short term vislting scholars to Introduce new
techniques and Initlste new resesrch at 1C. Cooperation with reglonal
ICRISAT programs !s being Incressed. Staftf from IC will develop
cooperative projects with staff In regionsl and national programs
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vhere expertise is needed. To keep IC sclentists famillor with nev
developments In thelr respective flelds, funds wiil be needed %0 allow
them study leave for up to four months In selected laborstorlies. New
projects wili be funded through special grents.

The netvork In Esstern Africa and the team in Mesosmerics ore
sdministretively dlrected from the program office at IC. The Meso~
emerica tear Includes an agronomist who Is also team lesder, 8 breeder
and an assoclate bresder, anc support staff, The bdreeder transferred
to the Eastern Africa network 8s coorc¢inator In 1386 and werhope to
have a new breeder In place by esrly 1988, The Eastern Africe network
Is being supported by a SAFGRAD grent. It Includes the coordinator/
breeder and an agronomist/breeder that Is bdeling recrylted and should
be In place In sarly 1988,

Table 2. Cereal statf st ICRISAT center approvec for 1988,

Reseerch unlt PS NS RA FA AS DGA FAT
Breeding

Sorghum ! 4 6 e 2 2 2

Millet ! 4 10 15 2 2 5
Pathol ogy

Sorghum ! 2 4 5 1 ! 2

Miliet 1 2 5 4 | ! 3
Physiclogy

Sorghum 1 < 4 4 ! 4

Millet ! < 2 € ! 1 4
Entomol ogy 1 2 4 5 1 1 4
Microbiology 1 Z 5 7 ] ! L
Blotechnology ! : 0 0 0 0 0
CCRN i > 0 0 0 0 0
Genetic Resources ¢ 2 0 0 0 0 0
Program office ! c < 0 5 1 0
Total 1 ”-;2 -”;."’ ) 63 15 11 27

PS<Principal Sclentist, NS-National Sclentist, RA~Ressarch Assoclate
FA=Field Attendant, AS=Administration and Office staff, DGA=Driver/
.General assistant, FAT-Fleld :ttendant.
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The program In Southern Africe (ICRISAT/SADCC) Incliudes the
executive director/project manager, s sorghum breeder, @ mlilet
breeder, a ceresl psthologist, a cereal agronomist, a cereal entomolo=
¢!st, ond thelr support staff. In West Atrica the program Is divided
Intomillets at 1SC and a sorghum program (WASP) presently based In
3urkina Faso. The sorghum program !s to be moved as a spl it team to
Nigerie and Mall In 1988, The cereel!s team at 1SC Includes two
breeders, two agronomists, an entomolog!st and @ pathologlst., In
sd¢ition they are sssisted by two geneticlists funded by ORSTOM
{Institut Francals de Recherche Sclent!fique pour le Developpement en
Cooperstion, France and a geretic resowces botanist assocleted with
IBPGR (international Board o! Pient Genetic Rescurces). There sre
2130 an agroci Imatolioglist and the ususl support staff to assist cereal
sclentists at ISC. The team 'n Burkine Faso Include three sorghum
breeders, & millet breeder anc a cereal pathologist. A USAID project
supports a mlllet breeder and cereal agronomist In Mall, It |s
antlcipatec that the WASP program wlll be enlarged In 1988 by an
addltlion of four sclentists (egronomlist, hreeder, physiologlst, and
weec sclentist) throujh cooperation with CIRAD (Centre de Cooperstlon
internationale en Recherche Agronomique pour le Developpement,
France),

Table 3. Cereal sclentists at ISC and In ICRISAT regional programs

(1987)
Research area ISC TASP SADCC £ ARSAM MAS  MAL |
Agronomy 2 7 ! 1 ! !
dreeding 2 4 < ! 2 1
Entamology 1 s ! 0 0 0
Pathol ogy ! ! ! 0 0 0

ISC=ICRISAT Sahel lan Center; WASPsWest Afrlican Sorghum Program;
SADCC=SADCC/ ICRISAT based In ZImbabwe; EARSAMsEa.tern Africa Sorghum
and MIllet Program; MAS=Mesoamer [can Scrjhum Program; MAL |sMall
Sorghum and M!|let Program,

E. RESEARCH
1. GERMPL ASM
la) Conservation and diverslty

Seed of new collectlons 2re r~ultipiiec uncer plant quarantine
Inspection and entered inrt: long term seed storage banks,
Collections are planted for general seed Incresse or rejuvination of
seed as needed. A serles of useful or curlous mutations have been
identifled In both sorghum anc pearl riliet. The genetics of these
are being stucled., Among useful miLtations are new sources of cyto-
flasmic male stor!lity, and nes dwarfing genes in peerl millet, These
agronomically useful trelts need tc be incorporatec Into breeding
lines.
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1) Collectlion

The germplasm bank at ICRISAT contalins 28,072 sccesslions of sorghus
and 18,148 of pear! millet. Collection Is continuing In priority
reglons of the worid. Collection of genotypes that sppesr
tolerent to specific stress factors In thelr natyra! hsbitats, Is to
recelve special attentlion, Particulerly Important is tolerence of
peari miflet onto Striga, Raghuva, sn¢ Lonlasta (Acigons) in sress of

natural Infectlion.

Erajects

GR-102(83)IC - Assembly of sorghum germplasm from other
germplasm centers and ccllection wittin Incis. K.E. Prasada Reo.
1989,

GR~104(8%)IC - Assembly, maintenance and evaluation of minor
millets germplasm, K.E. Prasada Reo. 1989.

GR-109(85)IC - International ceres! germplzsm expioration and
collection, Melak 4, Menjesha, K.E. Prasads Rao and S, Apps Rac.
1989.

GR-107(85)IC - Collectlon of pesr rlilet germplasm In Indla, S.
Appa Rao. 1989,

1c) Character!zation and docurentaticn

Collections are classiflec by speclies, subspecies anc race as they are
recelvec, and passport cdats ar projc:ed ty IBPGR are recordec. Data
are stored on camputer flles,

Characterization and documentetion of rew collections ere continuing
activities, Sclentists of th¢ jereti. rescurces urlt must Identify
collections wlith reslstance *. varicus stresses or wlth excepticnal
yleld pctentlial.  Random scrcerin, ot ell avellatie germplasm Is nc
longer necessary.

Brojacts

GR-101(85)IC - “alntenance, ev2'cLation, anc cocu~entetion of
sor jhum germpiasm, K.f. Prasade 7ao, 1589,

GR-106(85)IC - Pear! = 1i1et jernplesm gval.ation and malnte-
nance. $S. Appa Rao. 1392,

GR-108(85)IC - Eveluation of selected pear! millet jermplasm
under different envircorrentel cenclitions In Indla and Africa.
M.H, Mengesha and S. Appa Rac. 1992,
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M-133(86)1C - Jolnt experiments on selection end evaluetion of
genetic materiel in Indis and West Africs. S.8. Chaven, J.R,
Witcombe and K. Anand Kumer. 1990,

#-309(86) IS -~ Germpiasm evaluetion. $.0. Oxlror, 1990,

M-317(86)1S - Genetlc structure of Pannlsatum specles. L.
Marchals and S. Tostsln, 1589,

1d) Enhancement

Conversion of colliections with sgronomic potentliasl to genotypes that
are of Irmeciate use in breecing projects must become a major part of
the reseadrch activities in the genetic resvurces unit, Seversl
projects are under way to transfer useful trai*s of sorghum and millet
gormplasm into breeding |ines, Atterpts are 2180 under way to transfer
shootfly resistance from wild specles of Parasarchum to grala sorghums
through culture of hybrld embrycs on artlifliclsl mecle soon after
fertilization.

Brojects

GR-103(83)IC - Introgression of usefu! genes from wild specles
and cl«tartly relatec landraces of surgjhum. K.E. Prasads Rao and
K. Leuschner, 1589,

$-105(85)IC -~ Converslon of valiable troplcal sorghurs Into
desirable and reaclly usatle types. P.¥. vsldys, 1990,

le) Breedin; and genotype impr.vement

Breecing Is the larjest research unit In tre cereals program, with
about fifty percent cf tho tudget sssigned t¢ 1t, Breeding Is 8
collaborative research effort Invoiving not orly bLreecers, byt
scientists from all otter units fnthe ceresls program, the genetlic
resources unit and tre t.ocheri.try unlt, These research unlits
support breeding by providing tasic Informetion and screening
techniques on which selection for resistance to pests, Clseases, hest
and drought and ,ielc potential Is based.

Enlargin, the jenetic basi of treoc'n; poy.letion has been, and
stlil remains & major activit, '~ the sorghur 2nd mlllet breeding
units, Breecing materlie!l Invarious stages ¢f refinsrent are belng
screened for resistance tc stress across the SAT, and selected |lInes
are made avallatie tc ICRISAT reglonal programs, NARS sclent!sts of
cooperating countrles, and *tc publlc and private seed companles,
Emphasis [s placed on breecing high ylelcing hybrids and open-
pcilinated cuitlivers that zre reslstent to dlseases and pests In
specific reglons and agro~ecosystems, As an exsmyle, most public
sector peari miliet hybric¢s now ,rown in Indle are based on ICRISAY
male storile parents that are resistant to downy mlidew, Severs! of
these Inbreds also show promise In southern Africa. Similerly, IC
sorghum breeding lines with resistance to Strlga are widely used In
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breeding projects In West Africa. Indeed, IC breeding !ines of
sorghum form part of breeding prqgraas in countries across Asla,
Africe and Mescemerica where ICRISAT has regional programs. I|CRISAT
Center breeding |Ines of pear! miilet are poorly adepted to the Sshel
environment, Breeders at |S5C are therefore Improving breeding
populations that Inciude West African local landraces.

The breeding units at iC produce open-pollinsted cultivars and
hybrids resdy to be handed over to public and private seed Industrles.
Although this Is not 8 primary objective of the Cereals Program at IC,
production of cultivars Is an autometic and useful byproduct of popu-
lation Improvement, breecing |lne selection, and development of male
sterile and pollen parents for hybrid seed productlon. The program
regularly submlits one or more of 1ts open-pcliinatec &s well as hybrid
cultivars to AICPMIP or AICSIP (All Indls Coordinated Pear! Millet
and Sorghum [mprovement Projects) trisls, as well as to international
trleis organized by the program st IC In cooperation with regional
cooperators., Cultivars of sorghum produced at IC are grown across
indla, and those produced by ICRISAT Center and its regional programs
ere grown In West Africa, the Sudan, Southern Africa and Mesoamericas.

All new hybrics and open-zolilnated cultlivare of pear! mlllet
belng released In [ndla are resistant to downy mildew. A newly ldent!-
fled recovery resistance tralt Is belng tested for possible Introduc-
tion Into breecing lines. Total recistance tc this or any cther
dlsease eventuslly breakes cown, due tc changes In virulence of the
pethogen. 1t Is hypothesizec *hat cince Infectlon does occur, but
plents develop Immunity to the ¢lsease, pressure on the pathogen to
Increse Its virulence may be reduced, and the useful I1fe span of
cultivers with recovery resistance may be prolonged.

The potentle! yleld of rew pear| mlliet hybrids under |deal
condlitlons |s over slx tons per hectare. The major breeding efforts In
pedr| mlllet over the next flvc years st ISC are to find reslstance to

and the ear-head bu; Raghuva, and to Improve seed!ing
establ [shment and survival uncer heet and drought stress. At IC
emphasls [s on Improving ylelc¢ potentiel of hybrics under a
combinstlion of environmental stresses.

Breeding !Ines of sorghur wlth acceptable reslstance to the
difterent specles and varleties of Striga, to midge, graln molds and
root and stalk rots asre avalliahie. These tralts, however, stil|l need
to be Incorporatec Into cultivars with acceptatle yleld. Speclel
emphasls |s being placed at IC on transferring grain mold reslstance
to cultlivars with acceptable grain qualility., High ylelding cultivars
sre early flowering and commonly mature before the end of the rainy
sedson, cadusing Infection of Inflorescences by varlous fungl! and
causing several losses In graln quality. Breeding for resistance to

and root and stalk rots are alsc high prlority projects.
Mechanisms of resistance tc stemborer and shootfly are not yet fully
understood, anc are belng Investigete:r in the entomoiogy unit. These
;2s?cf pests are wlidespread anc cause severe crop damage In Aslia and
rica,

Virus clseases can be severe In both sorghum and mlllet,
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especially In southern Africa. The progras Is recrulting a poste
doctoral fellow to work on virus ldent!fication at IC, end Is dovelop=
Ing research cooperation with NARS sclentists In Kenya with expert!se
on plant virus resesrch. In the meantime screening of sorghum

germplasm for virus resistence has been Intensifled In southern and
sastern Africa,

The yleid potentisl of IC sorghum cultivers under conditions of
medium severe heat and drought stress Is over six tons per hectare,
New hybrids reguierly produce over five tons per hectare st Patancheru
without irrigation. Yleld stabiility; however, Is as important as
meximum potential yleld. Most of the sorghum and pesr! miliet
produced In Indla and Africa Is grown by small fermers with |Iimited
resources., Successful cultivars must be able to provide a stable
yleld under condlitions of varlous degrees of heat and drought stress,
attacks by Insects and pests, end less than optimum soll fertllity,
The effects of stress on comporents of yleld in both sorghum and pear!
millet are beling studlied In the physiclogy units., When these
assoclations are better understood, the Lreecers wili be In 8 position
te select for yleld stablliity under strass,

Sorghum and pear! milic* hybrids are essential 1 these cereais
are to complete with melze [n southern Africa, eastern Africe, Nigeris
and Mesoamerica., In Incle tybrids are preferred and an estadlished
seed industry ls avaliable tc produce hybric seed, In West Africa,
only Nigeria has the irfrastructure *c praduce hydrid seeds. Open
poliinated cultivars need therefore tc fcrm an  essentlal part of the
millet breecing program at 15C anc the sorghum breecing program In
West Africa, It Is proposed that thao Migerls sorghum team concen=
trates on hybrlids anc the Nali team on breecding open-pollinated
Cultivars.

Erojects

N-102(85)IC - Populetion Improvement and the dreeding of
varietles by recurrent selection. Phery Zingh, 1990,

M-105(85)IC - Breeding of ;cllinators, 8.3, Talukdar 1992.
M-106(85)IC - Breecing ¢t neale-sterlle |ines. KN Rel, 1992,

M-107(85)IC - Sreecing of rybrics, X,N, Ral, B.S5. Telukdar and
J.R, Witcombe 1989.

M-136(87)1C ~ Genetic diversification, S.B. Chavan, 5.0, Singh
and R,P. Thakur. 1992.

Tr-M=-XXX(87)I1C - Population Improvement anc breeding of
varieties by recurrent selection, Eva Weltzeln and J.R, Wlitcombe
1992.

M-503(86) 1S - Populetion Improvement, K, Anand Kumer. 1990,

M-504(86) 1S - Development of seed parents end hybrids. K. Anand
Kumer. 1990,
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N-506(86)1S - Genetic base: l!dentification perents, diversifi-
cation snd use In variety development. S.N, Lohenl. 1989,

M-307(86)1S - Population Improvement: full season varleties
(120-130 deys). S.N, Lohani, 1989,

M-510(86) IS ~ Breeding synthetics. $.0. Okiror. 1990,

M-801(86)SD - Improvement cf ;eer! miiiet for graln yleld, and
the desireble agronomic traits. S.C. Gupts., 1991,

M-802(86)SD - Improvement ¢! finger millet for grain yleld and
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