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Foreword 

Coordination at the national level is one of thc major issues in the organization of agricultural research in 
most countries. This is even more so in the larger countries which have a network of institutes and 
experimental stations located in iiffkrent parts of the country. Also, some countries in more recent years
have opted for a decentralized system of research organization, and inter-instinntional coordination 
continues to be one of their major concerns. 

Wt include this article by Dr. H. KrishanJain in the ISNAR Retrivit Series to draw attention to the Indian 
exneriencc in this field. India, with its fkderal and state strean? of agricultural research has a very large 
ne work ofinstitutions whose work it coordinates quite effectively. hIdia's national programs in crop
improvement and in other areas of research have received considcrable attention. Thcese programs have 
also had considerable impact on India's agricultural production. 

W. K. Gamble 
Director General 
ISNAR 
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Figure i. 	 A plant pathologist inoculating the 
breeding material of wheat with 
uredo spores of different rust races in 
order to screen for resistant 
genotypes. 

Despite a ten-t'.ousand-year-old history, agriculture in 
tnany parts ufthe world continues to be ofa subsistence 
kind based on traditional practices. The high-yield 
agriculture which is now piactised in north America, in 
most parts of Europe, and in countries likeJapai and 
Australia. is a relatively recent devclopnicnt going back 
nearly fifty years. This c.in be seen fromn the fact that 
large yield increases',.'ecn inite developedconntncs 
have been possille oly during the last thirty years or 
so. Thus, the productivity ofsonie of'the iniportant 
crops like maize and sorghumlhas seen a retnarkableincrease in the Uitcd States during, the twenty-five
year period starting from i95o (Figure ).In the Uiiited 
Kingdom. the average yield ofwheat has increasedrnore or less linearly Over the same period. The 
progress has been equally spectacular injapan, which 
now has one ofthe world's highest rice yields. 

The process oftranstriiiation ot'tr.aitioi ial agriculttire 

leading to these high crop yields has been Made
possible by two tiajor developients. First, the 
accelerating pace ofiidustrial revolution inthe western 
wtvrld has made it possible for their farmcrs to use a 
xide range of farm inputs like chenical fertilisers and 
sell1their produce at incentive prices, tbl! swing 
incrcs-d consunier dcnii atids. Secind, inirortant 
fdings inthe fields ofniineral nutrition ot'crop plants,
Mendelian techniques otcrop iniprovenient., plant 
protection cheinicals. and nechanisati lohave helped 
to lay down the fr,'.iework ofa !norcscientih ,
 

Figure 2. 	Newly evolved wheat varieties from 
the different cooperating centres of 
the all-India Coordinated Wheat 
Improvement Project in coordinated 
trials at the Indian Agricultural 
Research Institute. The focus in the 
project is on varietal diversification. 
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agriculture. Basically, the high productivity ofniodern 
agriculure is a furction of favourable genotype-
environment interactions made possible by our ability 
to manipulate and assenble genes from diverse sources 
and use a wide range of inputs derived from fossil fuels 
and related products, which until recently have been 
cheap. abundant, and readily available. 

Crop Improvement in the 


Developing Countries 

Most devdoping countries could not take 
advantage of these developrients for giving a new 

direction to their agriculture. Several factors have 
contributed to this failure. For one thing, these 
countries were largely bypassed by te industrial 

oevnlutionanditis
oly now that they are making a 
beginning in this direction. For aother, riany oftheii 
cotld miaintain sone balance between !ow crop yields 
and relatively small human populations kept in check 
by disease epidemics. Also, the cultiral evolution of 
thcse countries had placed greater enphasis on sirple 
living, including the plant-huniari food chain, rather 
than the plant-animal-hunian food chain characteristic 
ofthe westero countries. This balance, however, was 
seriously upset in the n96os when many ofthese 
countries on gaining political independence started to 
organise riajor prograinmes of public health. These 
measures resulted in a sharp decline in tie death rate. 
and the consequent population pressures have forced 

Figure 3. Evolution ofshort-duration varieties 
of rice which can be fitted into 
multiple cropping patterns is a major 
objective. A newly evolved variety of 
this kind is shown here in the 
background of traditional late-
maturing, tall cultivais. 
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Figure 4. Improvement in crop yields in the 

United States since 1950. (Adopted 
from World Food and Nutrition 
Study, National Academy of Sciences, 
Washington, 1977.) 

inany of theni to review their prograriiies of 
agricultural prodIctioni. Figure 5 and 6 show the 
changing pattern ofpopulation growth in,nurnber of 
developing countries in different parts of the world 
during the fifty-year period starting frori 193o. Figure 
7 shows the expected food deficits for the developing 
countries in the year r99o. Ina recent report, the 
International Food Policy Research Institute ha. 
projected that the gross dfeicit ofthe mnajor food staples 
ofthe developing countries will total 120-143 million 
thirctriconengin this year. depending on the rate of 

Reorganisation of Agricultural 
Research 
The policy decisions for the riodernistion of 
agriculture in the developirg countries have many 

important implications. One of the most iriportant of 
these relates to the creation of anew research infra
structure, for it is clear that a more productive kind of 
agriculttire niust be spearheaded by anw kind of 
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Figure 5. 	 Rapid rise in the human population of 
developing countries in different parts 
ofthe world since the 19505. 

production technology. Looking back over the past 2o 
years, it seems remarkable that a number of developing 
countries have succeeded in reorganising their 
agricultural research services in order to make then 
more effective for the new tasks. The fundnI1,cttal 
change has been in respect of the administrative 
framework and the organisation within which 
agricultural experimental stations futcliot itt these 
countries. 

In developing countries, institutes ofagricultural 
rescarch have mostly formed an integral part of the 
Departments of Agriculture. with policy iaking aod 
administrative control resting with the civil s':rvants. 
Also, the personnel management policies and the 
operational procedures for the functioning of these 
institutes have been similar to those evolved tbr the 
secretariat-based stafl. The Indian experience in 
changing this old pattern is particularly relevant. It 
India, a major reorganisation of research services has 

been brought about in tie last 20 years by transferring 
the federal (central) research institutes from the 
adininistrativ" control ofthe Ministry ofAgriculhure to 
that ofthe !adian Council ofAgricultural Research 
(ICAR). The Council, organised and funded by the 
Indian Government, is headed by a senior scientist and 
enjoys considerable autonomy inits managenent ol 
research in the country. It is the I )irector-G cneral ofthe 
Council, assisted by a team ot'other scientists from 
dilffereitt disciplines with considerable experience in 
n;anagentent ofscience, who administers the 
progranintcs ofagriculturnl research in the country. 
Also, it is these scientists working in close cusoultationwith the scientists ofthe central institutes and tieagricutural universities, who decide ol priority areas 

ofrescarch and the infrastructure needed to support
them. The Council tinds a network 01 43 central 
institutes located in different pat ts ofthe country. 

Director-General reports to the Minister of 
Agriculture, who acts as the President ol the Council. 
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Figure 6. 	 Population growth rates in 
developing countrics. It will be seen 
that there has been a sharp rise in 
growth rate since the 1950s, with 
evidence ofsmall decline in the I97os. 
Simple growth rates have been 
estimated from the observed 
population increases during successive 
decades, taking 1930, 1941, 195o, 196o, 
and 197o as the base year. 

7 



190" 

18 
I 

160 

1-0 PROJ
S ETcrED GROSSDeFICIT19o0o 
14 ADDITIONALDEFICITIF II10. DIETARY 

ENERGYREQUIREMENTS ISTOBEMET 

-~1201 

S110 
100Research 

80 

70 

40 
3 

20--

10-

TT 
TOTAL ASIA NORTH SUB- LATIN AMERICAO,"E AFRICA / .T 411AN.MIDDLE EAST AFRICA 

Figure 7. 	 Projected gross food deficits in the 
year 199o for the developing countries 
(Developing Market Economies.) The 
solid part of the column shows the 
projected deficits on the assumption 
ofa high income growth. The deficit 
would be less if the expected income 
growth fails to materialise. On the 
other hand, the deficit would be much 
greater if the developing countries 
plan to meet the recommended 
dietary energy requirements oftheir 
people. (Based on International Food 
Policy Research Institute Report 3, 
1977.) 

A rcorganisatioi ofagriculhural research has also been 
brought about during this period in the states. II these, 
responsibility for research aiid teaching has been 
transferred to the newly set up agricultural universities. 
There arc Z3 ofthnei now functioning in difftrent 
states - leaving the I )cpartnients of Agriculture free to 
organise prograintnes of transfer of technology 
through their extension services. The agriciltural 
universities in India function on the pattern otthe Land 
Grant Colleges in the United States. They maintain 
close links with the staff of the Dcpartnicnt of 
Agriculture and the extension service. It should be 
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noted that even though the agricultural universities 

derive their statutory powers front the University
Grants Commission of the Ministry of Education, it is 
the Indian Council of Agricultural Research and the 
concerned state governmients whicl nionitor their 
progress iii the field of teaching and research. The 
funding support ftor the agricultural universities Collnies 
froin the respective state goverinnents and froni the 

Cotiiicil. 

Coordination 
The developing countries .Iready face a serious 
challenge in increasing their food production, and 

the situation is expected to worsen in the closing years 
of the century. Nothing is going to be nlore important
for the continued political and social stability of these
countries than their ability to niect their growing food 
needs. Agriculurl research systeis in the developing
world iiust be able to respoid to these needs in tile lace 

of increasing population pressures. The Coordilated 
(:rop iiprovenient Projects organised by the Indian 

Council of Agricultural Reseach provide one exanple 
of the in echtaiisius which are now being evolved fron 
this purpose. These pro ects, involving the.Jparticipation of scietitists 6rtin . large nuuiber of 

el it ral ittinites ad state atgricultural universities. 
have been conceived as .i instruie:t to inubilise the 
cvontry's available scientihic resources Iu.(rfocussing 
aticlitiot on the various problems ofagricltural 
prodiction and finding clf.ctive sollutions t) them iiin 
the shortest possible tiie. 'lie projects hi.'lp to generate 
inter-institutional and iiter-disciplinary interactions. 
ensure cotinplenieitarity in tile rcsearch prograinics 
ofit fiherent experinictial stations, provide a 
tiechliinisi hrjoiit evaluation of the new 
tcclinologics evolved by their scientists, and arrive at 
collective recoiiniendation for the Ilcase oftliesc 
tcchinologics to fariers. The emphasis is oi defining 
the objectivcs and goals clearly, laying down priorities,
.iiid identifving the itust relevant experiniental 
approaches. A high degree o'.wicountability based oIl 
coitinucd iionitoring is built into the systeti. Tile 
Coordinated Crop Iniprovuictit Projects titay iot 
qlite correspond to tie 'custonier-coitiactor' itode 
proposed by Lord RIothschild to tile liritisli 
Govcrinni i t r organising research activity with a 
practical application in view. The customer in this 
niodcl is the Head of the Gorvcriiment Departiment 
who needs a new or itiproved technology, whliile the 
contractor is the Chief Executive oftle research and 
t cvelopnient org-inisation. II the case of the 
Coordinated Crop Iniproveient Projects, thc 
ctls:onicrs are the Secretaries oftlte I)epartiiets of 
Agriculture. while the contractor is the I)irector
(C;enral oft c Indian Council of Agricultura llescarch. 
with his network oh the central institutes and the 
agricultural universities. 



Figure 8. New plant types in grain sorghum 
have brought about a major 
improvement in the productivity of 
this rainfed crop. A sorghum hybrid 
with a high harvest index is seen here. 

Organisational Structure 
ThC (COIcil has ccrganis.d rcsc,rc'h pri cct,sn
 
ditfcrtnt crops cr grioups cit'crops, including rice, 


% nitac.imize,, ts. pilsecs, oilseed,.
sirghiuc i illt 
cottoiin,sug.crcac. pl.cctaticn crops. tuit,.sCgcI.Icl,. 

ttnhcrsitcs tcccccscrc ilat theirccctc, iccplccn tlii 
r,cslr'h progrcc lllcc.Iss..c.ll"- hitlt'lli.
 

llcil 
irCiduItificccc 'All-ldi.i Work,.icip'01'ithc 
I Ill., cocciponcc, ot lIpritcrzv .Irc.I, ot 'iC.ircch 

in 
ci,IccnSiS lrccc the difi+rct ( ctciptr.itig ( Ccir,. Thc 
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N~itioi.l (Cooriin.tih!., ( 'CctrC .id Iniunber of' 
(:opci.tuin ('ciaes tdhdiltfcrcntrc, ]cIcId ill 
agricilttr-A uinivcrsitics .1ii th+ c'initril : itits,. 
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Projcct (+irdiiittr antid Issstcd lh".Isinall grotup of' 
scicinist frolcditfrctict liSCIplihC., isloc.tcd ill uric oif 
the cetiral icistiticS ir igricilttir i i ,, .,+ritis i 
cotiiiionlk' clith'rincr. 'lIh Project ( icrrlinilltir is 
ipp1loiitc l tn tht i iSCLI hhilsis ot his :Cit 
scicuific Icciicrhip ill his, ficIl. is his p+'rsiiiity 
c ittriLItCtS SIIi,.S, ctltiC pro ect.SigIiiti1Citl.-t0 tCi 
1Te (XCttriliii tr little thecxcrciNS dirct cotirl cir 
(:oopcratiig (kcntrcs which, tur All pri tii .1putrposc, 
are ;ill oftht institutitm in Which thevincgral pairt crv 
Ioc;ctCd. I IC itr,. ill Close \\ ii) tliinciiaint COIct 
I)ircctors ccfthtccntrad inscit utts IIILI Vice-(c c'ch-uIlhors 
cI,,I )ircctors t'ltcsccrch, illthe igrictilturil 

otl hc rcsuls 0 blcaIccd .Itdti lCllcrcit Vcctrcs during thl(c 
prL IMIS SC.Icl is prl"n..tCL'dlb\ ( "tICCdillcir llI 
c ,idSltcd urIm .AIso. idic \Vtrslic p ritcsiLc 

i , t pIlrtnit,' cI cl tilctheirkpcr.1gr.cc i it s11' liM thte 
I Lxt \'c.riii ait ill-hldi,i icisis.I lc iniilrcssiiii cici 
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tic.riniltAti(Icilicd cxt.iltiill pcrtiigr.tiiiiics..rILicli 
llCrc is Alsoi.A clci i+ici (ll'.Iltlr.icOIIIILtitlon 
bet wcc-Iteii ltrcin cicitrics 01]pricti.ii 111 

hiCicntitcli.tiOi .Cciicpcriiting ('Citrcs illciftlh ci 
proud [ccginiS W.ith AC.l.ilchili )ftiic diIletrciii cicro
cological rigiiis in thcLtcict rv \cisr \%hichl 
11.rtictilar cropis distribzltcd. lTiM,. tie Al-lnii 
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Figure 9. Release ofa new variety is always a big 
event for the farmers. Here they are 
seen talking with the scientists about 
the performance of anewly released 
wheat variety. 
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Coordinated Rice Improvement Project recognises 
eight different zones of ice production in the country, 
which together cover a wide' range ofagro-climatic
conditions, including the irrigated ad rainti'd rice 
lands, the latter spread over dil.rent situations such as 
the uplands characteriscd by conisiderable nmoistuire 
stress and the lowlands, where waterlogging is a 
serious problem folloviing heavy rains. Also, rice is 
grown tlider very deep water conditions in lands 
which are visited by floods in iost years. [able i 
describes the dift'rcit zones of the Ail-lndio, 
Coorindated Rice Iiprovniient Project. Normally, 
each zone would be having a number of Cooperarinig 
(Centres depending oil its size. Each Coopcrating 
Centre is provided with a team o1sCicitists drawn 
from ditkrent disciplines like plant bleeding, 
agronoiiy, plant pathology, entot ology, soil 
chemistry. and crop physio(logy. The Cotiicil makes 
separate allocatio l'i'uids for the Cooperatilg Centre 
over and abc;ve the regular budget of the institutions ini 
which they are located. The team of scientists providIed 
in the ditfTereint ccntrcs helps tt) strengthen tIle research 
programirics on aparticular crop. It should be 
explained that ill addition to these scientists, a regular 
complement of scientific staffis already available at 
each of the ccntrcs as part t1fthe normal research 
activity of these institutions. The two groups cit' 
scientists are expected to be integrated into asingle 
functional unit for the purpose ofcoortit r atio ; 
unfortunately this does not always happen. 

The Project Coordiinator not only monitors the work 
of the difT.reint Cooperating Centres: lie. with thei help 
of his teah of scielitists, also organises a research 
programie of his own. This isdesigned to have a 
service role. The Coordinator is not expected to 
compete with his osii Cooperating Centres. I-le 
strengthens tlient with a flow ofinew genetic materials 
introduced froni difi-rcnt parts of the world and 
dceveluped by his own scientists. I le also acts as aliiik 
betweep the C oopcrating Centres of the project and 
intcriiational crop research institutes, like CIMMYT 
ani IRRI. establ iis by the Consultative G;rotp oi 
International Agricultur al Research tir exchange of 
genetic material. 

A good example of the type ofcontribution which the 
Coordinator makes to the research prograciines of the 
Cooperating Centre is provided by some of the recent 
dcvelopmcents in the rice project. The rice crop iii India. 
as well as in most other countries ofsouth and 
southeast Asia in the last ten years had tcoface repeated
outbreaks of the brown planthoppcr. The appearance 
of this pest inian epidemic forni is widely attributed to 
the large-scale cultiva.tion of short-statured and 
ferti' ser-respoisive, heavy-tilleriig varieties. The 
development of these high-vielding varieties became 
possible following the disco very of the I)ec-geo-woo-
gen dwarfing source in indica rice in Taiwan. These 
dwar~ing genes have been .vidcly used in breeding 
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programnes at the International Rice Research 
Institute iii tile Philippines and in countries like India. 

The scientists of the Coordinating ( Centre of the rice 
I'roject at I lyderabad, workiing iii cOllaboratioi with 
the IRRI ento'llologists, rcspolldLI to this situatiOii by 
developing techliiquCs of mass rcarilng ol'browii plant
hIpper ai d by perfecting a iiass screen mcthodology 
under cotrolled greenhouse coindition s. Usinig a 
luanttifed score ofiiijury, the scientists at I lyderabad

ha ve evaluated more than 15,000 varieties iid breeding 
liies for their reaction to the brown plaithopper. 
()e of their important findings is that sonic ct'thc 
traditional Indian rice varieties fromci tile I'attaibi 
collection iii Kerala possess a high degree of resistance 
to this pest. These varieties in recent years have been 
(x telsivelv used by rice breeder., botii iii Ildia aid 
abr(ad. Figure I i siiuiiriscs the results ctfthe mass 
sor siciig tests carried out by the cntomiologists ofthe 
Coordinatted Rice Improvellent Project. 

New Research Priorities and
Scientific Research 
As Indian larmers begin to adopt somne of the mors 
nodern teclfiiiitls ofcrop prodtuctioi nisw 

problems are being CiCtcttcicdt calling for areview of 
research priorities. Thus, wIWI ldi.c decided to replace 
its traditional varieties ot wheat with the dwarf' 
genotype.; developed by Blcrlaug and his colleagtues in 
Mexic'o, tie forecmost task was to organistci itiisive 
hybridisation prograime crossing tile new 
introductioiiis with the adapted local cultivars Iliese 
cflorts have resulted in the evolutioi and release ill tiie 
last teii years of a large ntimber ofihigli-'iehing 
varieties combining such desirilbl characters as 
improved grain quality aid stability of per rn ia:ice 
under a wide range ofagronomic conditiis. 
However, tile very success of these tcew varieties has 
bcen respoisiblec lramor serious disease problem. 
The dwarfvarictis, in contrast t) the earlier tall types 
are grown with the appli atiou of large doscs ot' 
ch mica tfiertilisers aud irrigation water, with the result 
that ic\%c inicro envirocments ars being crcated ol the 
tarmers' fields. The rust f'uingi cd'k'in fiiid these 
environmcits more liavourable f'or their gr wth. Also, 
ofcourse, the large-scale replacement ofthe traditional 
varictics characterised by considerable genetic diversity 
by a fev high-vieldiiig cUltivars is giving rise to ciewv 
selection pressures for the patlhogcns. Tile \vhiat 
scientists in tiie Coortliiatci ProJect have respcindsd it)
this situation v organisiig a strong prigramme it" 
breeding for disease resistance. There have been no 
serious epidemics ofvhcat rusts inithe cotitry since 
the tirst introduction of the dwart'varieties in the d96os. 

Iii tile case of rice, India's ccost impirtant cereal crop. a 
similar redefining ofresearch priorities is now under 
way. Twenty years ago the forecost ieeCd was the 



creation of high genetic potentials for grain yield. This 
became possible with the developnent of dwarf 
varieties at the Inteniational Rice Research Institute in 
the Philippines. anid illimore rec'"it years at tlieditficrent 
ccntrcs of the Coordinated Rice Project. The additional 
production of wheat and rice anlounting to 42.4 
muillion toiines ill 	 ij6344 tothe is-year period from 
1978-79 is now focussing attention on the inire 
difficult problem ofevolving a suitable production 
technology for the drylands and lands affected by
waterlogging and floods, which together COn]Stitutc 
about 70 percent of the total rice area in India. ["rice 
production in hIdia has not advanced as rapidly as t'Jat 
ofwheat, the reason is that rice is grown under a very 
wide ranige ofagro-cliinatic conditions, including areas 
where water nianagenen t is extrenicly difficulh. Soil 
and water niianagenment are nowy becoming priority 
areas of research for tilescientists of nany orthe 
coordinated crop inprovenicnt projects. It is now 
being rccognised that a purely genetic approach will 
inot solve all the problenis ofagricultural production -.a 
niessage which is not very popular. 

Another good example ofthe scientific capacity created 
by the Coordinated Crop inprovcncint Projects to 
respond to rapidly chamnging situations is provided by
the recent history of th pearl inillct India. Thecrop ill 
country illthe 196os and early 1970s released a nunlbcr 
ofF, hybrids ofthis crop which contributed to a 
spectacular increase illproduction - a near doubling of 
the harvest over a period often years. All the five 
hybrids, however, began to bc attacked by the downy 
nildew disease in the 197os, leading to a serious 
epidei ic and a sharp decline iii production. The 
hybrids had bccn evolved using a conmnoi source of 
cytoplasn contributiing a nale sterility in the Ifinale 
parent. The scientists ofthe Coordinated Project cii 
Millets were quick to diagnose the probleni, tracing the 
disease to the cytoplasm. They succeeded ill 
developing new male-sterile lines in the next five years. 
ald tile country today has a series ofnew hybrids 
which are relatively resistant to the downy mildew 
disease. These are now begitining to gain wide 
popularity with the firmers, and pearl iiillet 
production iii the country is again bcgiiining to rise to 
the high levels achieved earlier. 

As the country's productioii of cereal grains inicreases, 
leading to a significant inprovenit inithe availabilityof calories in the Indian diet, tle scientists ofthe 
Coordinated Projects are beginning to pay greater
attention to crops like pulses and oilseeds. They 
recognise that pulses offer the illost practical means of 
eradicating protein nialnutrition in countries like India. 
The pulse crops, however, have becii traditionally 
grovn in those parts of the cointry which have very 
limited water for irrigation. The scientists have argued 
that for a major advance in the production of pulses iii 
tile short term, these crops must be moved initinme and 
inl
space so that they could be brought under inproved 

,,
 

Figure Io.	A short durationvariety ofpigeonpea 
which can be fitted in rotation with 
the wheat crop. The late-maturing 
and highly photosensitive trad;tional 
varieties ofpigeonpea can be seen in 
the background. 

levels ofagroioiiic nianagenmen in the highly firtile 
and irrigated lands ofthe Indo-(;angctie plains. 
Iesponding to this requirement, the pulse scientists 
have developed a large nuinber ofshort duration 
varieties which callbe fitted in multiple and inter
cropping patterns. They are now rcconuending that 
firniers in states like Punjab, 1laryana, Western Uttar 
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PATTAMBI IRRI AS SAM AICRIP 

Figure nt. 	 Reaction of different rice germplasm 
collections against the brown 
planthopper. It will be noted that the 
Pattambi collection of Kerala in India 
shows the least damage score. (Based 
on M. B. Kalode and T. S. Krishna, 
All-India Coordinated Rice 
Improvement Project, Hyderabad, 
India.) 
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Pradesh, and parts of Bihar should be adopting more 
intensive cropping systems, with pulses finding an 
important place in them. A good example ofthese new 
varieties is provided by pigeonpea. The traditional 
varieties of this pulse crop take nearly ten months to 
mature. For the first time now, a wheat-pigeonpea 
rotation is possible in the northwestern states of India. 
with the availability of new varieties which take only 
five months from sowing to harvest. 

Interinstitutionaland 
Interdisciplinary Collaboration 
Nothing adds mot, to the et .ictivenessof the 
Coordinated Crop improvement Projects than the 

interdisciplinary collaboration which they have helped 
to foster. Also, the projects are helping to prom lte 
close inter-institutional linkages in finding solutions to 
specific problems. A good example of the multi-
disciplinary approach is provided by the successful 
teamwork of the breeders and pathologists in 
cottering the threat of disease epidemics in the wheit 
crop. The wheat scientists have been very conscious of 
the fact that even a moderate rust epidcmic causing a 
ten percent crop loss could reduce wheat production by 
as much as three and a half million tonnes. The loss is 
years ago would have bcc. alittle mtore than one 
million tonres. The plant pathologists have iade a 
significant contributionti inieeling this cl;llenge. 
First, they have developed intIlelasti5years simple 
teclniquCs for the prodluction oftisease inocuti il 
large quantities so that artificial epiphytotic conditions 
could be created in tile tor the breeders to selectfield 
resistant genotypes intheir segregating populations 
(Figure i.).With the availability of these niew 
techniques, it has been pt ssible to imultiply stiliciet 
quantities of rust spores in asmall alkathetne hoLISC for 
itiocula.itig So acres ol'breeding inaterial. Second, the 

5million hectares, was beginning to be attacked in 1971 
by three new biotypes of the stripe rust fungus it)the 
north Indian hills. The pathologists believed that these 
biotypes would soon migrate to the main wheat belt in 
the Indo-Gangetic plains with a potential to create 
serious disease conditions. The breeders were ready to 
replace 'Kalyansona' with new varieties when tie new 
biotypes did threaten the wheat crop in the plains a few 
years later. 

Another good example ofinterdisciplinary 
collaboration is provided by the breeders and 
pathologists of the Coordinated Maize lImprovement 

Project. The maize crop in India is attacked by alarge 
number of diseases, including tiledifferent stalk rots, 
leaf and sheath blights, downy mildew, and the 
common rust. While genes for resistance to each of 
these diseases arc available in the world maize 
germplasni, they are so highly dispersed that a 
-ybridisatiotn programme becomes extremely 
complex. The maize scientists at the Indian 
Agricultiral Research Institute have worked in the last 
ten years to synthesise sources of multiple resistance. 
The process started with the pooling ofa large number 
ofdiverse resistant linesand the elitc natc-ial into a 
recombination block. The genes itnIiisblock were 
alloVed to reshufle mostly through the mechanism of 

inattural cr~is pollinatitom tbr two reproductive cycles. 
This was followed by sib-mating of selected plants 
showing resistance to dilkretnt diseases or groups of 
diseases. Inthis way,a ,muner of ftill-sib tiamlies 
showing resistance to dit'i.crent groups ofdiseases were 
generater. Following repeated cycles oftfullsib-iiating 
ofplaits from these different t il ies, it has been 
possible to evolve getictic stocks coinbining resistance 
to as niany as tell diseases. Figue i 3shows the reaction 
of tnilics against each of the ten diflirent diseases. It 
w'illbe seen that niarly 24 percent of the tEm ilies show 
resistance to all tell diseases.Also, a large proportion of 
ti in (itore than 70 percent) show resistance to all tie 

plant pathologists have been organising IlPSN ('lint diseases, with tie exceptittn of bacterial stalk rot and
Pathologists' Screenming Nursery) with tle object ol' 
testing the newly evolved varieties for their diesIse 
resistance indifficrent parts of tlt cottrv, incltiding 
those which are kitxoi to be the hot-spots of rust 
pathogens. Also, the plant pathologists test the new 
varieties under glasshouse conditionts tfor seedlinig 
resistance to dilfTrent races ofi .The combined 
information from the field and laboratory tests 
provides a sound basis for idcn tifyitng varieties witL a 
more durable kind ofdisease resistance. 

Last but not the least, the pathologists keep monitoring 
the distribution of rust races in different parts of ilte 
cottry, and inthis way they are able tto trace the 
movement of rust spores from one part ofthe country 
to the other and warn the breeders inadvance of an 
expected shift in race composition. To take one 
example, 'Kalyaosoma'. the most widely grown 
wheat variety in India, covering ait area of nearly 

tile
downy mildew disease. The next step intius study 
will be the incorporation Otiultiple resistance to bott 
diseases and pests. The pIlantpathlgists, the 
cntomologists, and the breeders have planned a firther 
programmet ofptopti lation improvement tn evolve 
genetic stocks which will combine resistatice agaist all 
teli diseases,and insects like stem borer and pink borer. 

The agrot mists have provided support oha diffiret 
kind which is particularly important for countries like 
Itidia. where the tarming comittinity is largely made 
tip of moillions otsiall and iiargittil 1.irmers. Inthese 
countries it is extremiely important tat only those 
improved varieties are recomt knded which sht,w a 
high degree ofstability intheir yield perftrmancce 
utder varying levels ofagrotiotnic niamagitenit. 
hlcally, these varieties should be able to take ftill 
advantage ofchemical fi'rtilisers and other inputs used 
by the more progressive groups of t'arniers. At the 
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same time, they should not show asteep decline in their 
yield in the fields of those farmers who arc able to 
provide only limited inputs. The agronomists help in 
the identification of stch varieties by conducting trials 
under different regimes of nianagenent practices in 
respect of fertiliser, irrigation, and other inputs. The
restlts ofthir analysis often show that the variety 
which gives the highest yield in breeders' trials iiay not 
be the most suitable for f rmcrs in view of its poor
stability ofperforinancc. A variety of this kind can be 
nore readily recommended to frirners in the 
developed countries, niost of whom practise ahigh 
level ofcrop managencit. 

The intcr-institutional collaboration ofa irlore active 
kind begins with the identification ofa sp,'cific
objective. The maize scientists were called upon ten 
years ago to develop new v;,ricties characterised by a 
short inatuirity duration ofi in ore than 75-80 days. 
The new varieties were nrecded for aspecific 
agroecological situation in the states of lihar and Uttar 
Pradesh, imarked by floodinig of land in the iontlis of, 
A ugust-September following heavy ii ioiisoon rains. 
The maize varieties in these lands planted iii the month 
ofMay nust be harvested before the end ofJtily to 
escape flood damnage. Six cooperating centrcs of the 
NMaizc Project in the states nf Uttar P~radesh, I iblar, andIGujarat were asked to collaborate with the I )elhi 
Centre in evolving such varieties. As afirst step the 
IDelhi Cenrtre developed 250 full-sib fainilies froi, the 
early-niaturing I)iara coiposite. These fminilies werc
distributed to the six Cooperating Centres and their 
scientists were asked to select the ones which gave best 
performance under their conditions. The fhinilies 
which did well at all the six ccntres were coimbined into 
a new population at each one of these Centrcs for 
continued selection. Further fIll-sib faimlies selections 
were made at the difT.rcint participating stations I"r 
yield and maturity, and finally, two varieties were 
evolved which are now undergoing extensive tests in 
pre-release trials on firnicrs' fiels, 

National Network of
Coordinated Trials 
An important task of the scientists nietting in their 
annual workshop is to identify new varieties and 

other techmologies fbr testing in the 'All-India 
Coordinated Trials.' A wll-dcfincd testing procedure 
has been evolved for this purpose. It is best illustrated 
with reference to the rice project. 
The rice breeders in the different Cooperating Cemntres 
identify every year alarge number ofpromising 
cultures in their breeding mat,_rial and pool them in a 
"National Screening Nursery." As many as 300-400 
such cultures entering the pool are evaluated at miore 
than 30 locations covering all the different rice-
growing regions of the country. The selection 
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Figure 12. 	 Mass rearing techniques of insect pests 
have helped to accelerate resistance 
breeding programmes. Here Chilo 
partellus, the stem borer ofmaize, is 
being mass produced on a synthetic 
medium. 

pressures at this first stage of'testing relate mainly to 
disease and insect pest resist;ace, acceptable maturity 
durations and a reasoniably good prfirni~rance in terns 
of yield aid other characters. The more proising
cul'turcs following this first screening are now cntercd 
into 'l'rclininarv Varietal Trials' (PVT). These aredesigned to sort out strains oftdi fercit imaturity 
durations for the plains and the hills. fbr iorimal and 
difficult water conditions, fora high degree of 
resistance to diseases and pests in regions where these 
are cieimmic. and finally. those showing fine grain 
qluality characteristics siimilar to those if India's 
traditional basinati rices. For this purpose, the 
Preliminary Varietal Trials arc conducted in several 
dif!h'rctnt sets spread over diflrent zones of the 
Coordinated Project. These trials help tm reduce the 
number ofcultures to the mhore promiising mo-i5, 
which are subscquCntly tested for two consecutive 
years in the 'Uniforrm Varietal Trials' (UVT). These 
latter trials, like the PVT, get diversified into different 
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sets based on different requirements ofadaptation, 
disease and pest resistance, and quality characteristics. 
Two years oftesting in these leads to the identification 
ofa fiw varieties whose overall performance in respect 
ofyield, adaptability to specific situations, disease and 
pest resistance, and acceptable maturity duration for 
different cropping systems may justify their release. 
These selected varieties are given to farmers in the form 
of'Minikits' containing seeds and other inputs like 
chemical fertiliser and pesticides. The idea is to expose 
the new varieties to farmers' own conditions and ask 
then to give their independent evaluation. If the 
farmers' reactions are generally favourable, a variety at 
this stage may be recommended for cultivation in some 
parts ofthe country by the Central Varietal Release 
Committee of the Government of India. Some of the 
varieties at this stage of testing may also be picked up 
by the different State Varietal Release Committees for 
recommendation to their farmers. 

It should be explained that as the selected varieties reach 
the stage of Unitbrm Varietal Trials, they are 
simultaneously evaluated under diffe'rent levels of 
agronomic management, including high and moderate 
doses of fertilisers. The entire procedure starting with 
the National Screening Nursery takes five years of 
intensive testing before a variety can be reconttn1cttded 
for release. Figure 16 describes various stages of the 
coordinated testing in the rice project. Table 2lists the 
different sets of Prclinminary Varietal Trials, each 
designed to identify suitable rice varieties for a 
particular set ofecological and agronomic conditions 
or for specific needs. 

Genetic Vulnerability and 

Varietal Diversification 

An important development which can be expected 
to have serious implications for future agriculture in 

most parts of the world is the replacement during the 
last i.5 years ofhuntdreds of traditional varieties by a 
handful of high-yielding cultivats. Many countries of 
Asia have initiated this process which is expected to 
gather momentum in the coming years. Thus, it has 
been estimated that the Indian tarmers may have been 
growing in their traditional systems oftfarming as 
many as 30 thousand different varieties of rice. Most of 
these are nom. being replaced so that by the end of the 
century no mor,, than 2oo varieties may be growl;, atd 
ofthese, 20 or so may be saturatitg large parts of the 
rice lands in the country. Itroduction of genetic 
uniflormity on this massive scale greatly enhances 
possibilities of serious disease and pest epidemics. 
These have been kept in check in the past by the genetic 
barriers which the locally adapted and genetically 
diverse varieties have helped to erect. Already, there 
have been several examples of large crop losses 
resulting from genetic vulnerability of this kind. The 

Table i. 	DIFFERENT ZONES OF THE 
ALL-INDIA COORDINATED RICE 
IMPROVEMENT PROJECT 

Zone 	 States Specific Objectives 

Southern 	 Kerala. Karnataka. Field toleraoce to major 
peninsula 	 Taimil Nadu. Potodi- diseases and pests
 

cherry. Andhra
 
Pradesh
 

Far-eastern 	 Orissa. West Bengal Adaptation to 
plaits 	 waterlogged conditions. 

resistance to diseases aid 
pests 

Nortl'-astern Assam. north- Adaptation to 
aod %alleys eastern billy states waterlogged flooded 

conditions, moderate 
cold tolerance 

Central India Madhya Ptradesh 	 Adaption to waterlogged 
comlitits/ldirect seedittg 

North-eastertt Bihar, eastern Early to medium 
plains Uttar Pradesh maturity, resistaoce to 

diseasets and pests 

North-western 	 Punjab. Ilarytia. Very high yields with 
plains 	 Rajasthan, Delhi. excellent water
 

Western Uttar tntait.tgeloittt
 
Pradesh
 

Western plains Nahlaraslttra, Resistance to diseases and 
(;ttjarat pests, tolerante to cold! 

drought 

North-westert Janmit and Cold tolerance.nd blast 
hills Kashmir. Ilimachal resistance 

Iradesh. I fills of 
Uttar Iradesh 

widespread outbreak of the leaf blight disease oftnaize 
in the United States and of the downy mildew disease 
of pearl millet in India provide two such examples in 
the last to years. The developing cotttries traditionally 
have been the most important centres of genetic 
resources of crop plants atd also the areas of 
cotsiderable genetic diversity in their crop cttltivars. 
While these cottntries have no option btt to nodernise 
their agricultur, they must plan For a high degree of 
varietal diversification to contain the threat of disease 
and peso outbreaks. 

The Coordinated Crop Improvenent Projects in India 
are helping to achieve this objective. The release of a 
large ntmber ofvarieties front these projects 
responding to specific agro-ccological requirements is 
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TABLE 2. DIFFERENT SETS OFPRELIMINARY VARIETAL TRIALS OF THERICE PROJECT 

Title No. oftesting 
locations 
(main season) 

Hills 7 

Plains 
(< too days) 28 

a. D "ect seeded, rainfed 
b. Direct seeded, irrigated 

c. Transplanted 

Plains (too-io days) 30 

Plains (,ao-u5 days) at 

Plains 13o-1So days) 21 

Deep water (> tSo days) 4 

Saline and alkaline to 

Tungro virus 8 

Gall-midge a8 

Brown planthopper 7 

Aromatic slender grains 29 

Varietal teatures 

Cold tolerant, la,..tresistant, 
early maturing 

Tolerance to moisture stress 
Monocropped, high -intensity 
rice production systems 
Intensive cropping systems 

Adapted to double cropping 

Management responsive, very 
high yield potential 

Weakly to strongly photo-
sensitive, adapted to prolonged 
atid heavy monsoons 

Strongly photosensitive, adapted 
to prolonged deep-water 
conditions 

Tolerant to abnornal soil 
conditions 

Medium atnd late duration. 

high degree ofresistanee 

Medium duration, high degree of 
resistance 

Medium attd ttediurn-early with 

resistance to prevailing biotypes 

Mediun arid mediut early, high 
yields and basnati quality 

Adaptive requirements 

High altitude area in J&K, U.P., H.P., 
Meghalaya, Arnnachal Pradesh 

Up and nediun lands, uon-irrigated 
Medium and uplands of traditional rice 
states ofsouthern and eastern India 
Medium lands ofassured irrigation 

Mediutnt ands. assured 
irrigation-assured rainfall 

Medium lands ofhigh fertility and 
controlled irrigation 
North-western stales and areas oflow 
pest incidence
 

Traditional rice-growing states of
 
riverine and delta regions and areas
 
oflhigh rainfall (15 to 70 ctI water depth)
 

Itiverine and delta regions of Assam,
 
W.11., Orissa, and Ilihar
 
(> too ct depth)
 

Coastal parts ofW. B., A.P.,
 
Maharashtra. Orissa, T.N.,
 
Kanataka. Haryana, U.P., Punjab, 
and Gujarat 

T.N., A.l., W. 11. 

Endetnic areas in A.1., Orissa. M.P., 
T.N., Karnatal:a 

Endemic areas all over India 

Punjab, Haryana, U.P.. Rajasthan, 
J&K and Al. 

J&K =Jammu and Kashmir, A.P. = Andhra Pradesh. M.P. = Madhya Pradesh, U.1. =Uttar Pradesh, 11.1'.= Hitachal Pradesh, W.. = 
West Bengal, T.N. = Tanil Nadu 

effectivcly countering the problem ofincrcasing 
genetic uniformity, which began with the first 
introduction ofdwarf varieties ofwheat and rice i't the 
mid 196os. The Coordinated Projects are also 
providing an answer to recent developments in the 
field ofpatenting ofsecds through legislation ofplant 

brceders' rights. One consequence of this legislation is 
that largc commercial organisations would like to 
evolve varieties whose sc,:ds could be marketed in 
different countries. The developing as well as the 
developed countries must respond to this new situation 
through the creation ofa network of'breeding centres 
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Figure 3. Testing of full-sib families of maize 
and their reaction to ten different 
diseases. It will be noted that nearly 24 

percent of the familizs are resistant to 
all ten diseases, while 70 percent are 
resistan. to as many as eight different 
diseases. 

so that a large imumber of varieties cali be distributed ill 
space and in time. A complex of such diverse varieties 
would be expect,:d to have the same etthect iin reducing 
the build-up ofpofJulatioims of pests and pathogens i i 
region as a iiultiine viriety would have on a tarrier's 
field. Scientists of tle Coordiiiated Projects have been 
iden tifying a large iiLmlber of genes tor disease 
resistance in crops like wheat so that these could be 
deployed in their liyoridisation prograniiue. Table .3 
lists Sonme of thle geneCS eumferrring resistance ito leafrilst 
studied by the hiidian wheat geneticists, wh iel wmUll 
help in the process of varietal diversification. 

Figure 14. Compound growth rates of yield of 
some of the major crops of India 
following tile advent of high-yielding 

varieties programmes in the I6os and 
duringan earlier period. (After Daljit
Singh, Indian Agricultural Research 

Institute, New Delhi.) 

Tile Coordinated Crop Inprovement Projects inl 

India are helping to create higher genetic potentials 
of yields of the kind achivcd -inthe westeril countries 
over a much longer period. Crop plants in most 
developing countrics, despite a long history of 
doniestication, have continued to retain some of their 
wild and weedy characteristics. This is not surprising 

vhen ve consider the fact that agriculture in these 
countries has derived little support front modern tarnl 
inputs like cheical fertilisers. In the absence of this 
kind of nianagenlent support, selection pressures have 
been nore lbr an aggresive growth habit to survive in 
stre.s cnviromcnients rather than for high sced yields. 

the western coon tries the piocess oftrailslirniatio,, 
of traditional crop plants leading to changes in their 
architecture associated with a inore elicient 
partitioning of the dry niattcr between seeds and straw 

about fifty %yearsago. although it has gathered 
Plilsoenttuni only) inl the last tweiity years. Tile 
GCoordinated Crop linprovenient Projects in India in 

the last twenty years have providcd all effective 
instruoient to bring about rapid transtbrination ofthis 
kind. File dwarfwheat alld the dwarf rice varieties 

provide the most outstandlng exail iples o' this change. 
Wheat and ice, however, are not the only crops which 
are now beginning to be restructured. The new hybrid 
varieties of sorghuimm provide an equally good example. 
The traditional varieties ofgraim sorghum grown over 
am area of 16 nillion hectares iii India are highly 
photosensitive and take about five months to mature. 
Ii the last 15 years it has been possible to evolve hybrid 
strains which are dwarf and relatively il'selmsitive to day 
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TABLE 3. GENES FOR FIELD AND 
SEEDLING RESISTANCE FOUND 
EFFECTIVE AGAINST THE 
INDIAN LEAF RUST PATHOGEN 

Genes/Stocks Mean coefficient Races against 
of infection of which 
four years from 
five locations* 

effective in 
seedling stage 

Tc-Lr9 0.55 1o.ii. 12. i2A. 17. 

20, 61. 77, 77AI 1o4. 

104A. 106, 107. 1o. 

162. 162A. 

(All available races 
in thecountry) 

Tc-Lr14 ab-W3 3 23.35 10,11.2-.17,20.63. 

104, 0IO10H. 162. 
16+2A. 

Tc-Lri7 23.70 12,12A. i21I. 20.61. 

77.77A-i. to6.107, 
162. 

Tc-Lri9 o.o5 All available races in 
the COLInV 

Tc-Lr2i 7.65 63 

Tc-Lr22 16.40 None 

Lr24 0.40 ** to.II. 12. 1A, 

20. 77.77A. 104, 
104A. 107. 1O8. 
162A. 

Lr2j l.j,6.j 12. 12A. 20,77, 

77A. 104. 104 A, 107. 

162. 162A. 

Lr26'K.avkaz' 0.90 ** i.12A. 20. 77. 

77A. 104. 104A, IO7. 
16.. 162A. 

Lr27'(;atsher' 9.9 12. 12A. 20.77. 104. 

Io4A, 107 

Thatch'r (Check) 72.50 

* Provides a mieasureoffield resistance. 
** 	 These include the rlost virulent and widely prevalent races of 

leaf rust in India. 
(Based on I.N. Shawney, Indian Agricultural Research 
Ilstitute, New Delhi). 
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Figure 15. Production and productivity increase 
ofrice, wheat, sorghum, maize, and 
pearl millet in India during the period 
1963-64 to 1978-79. 
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Figure 16. Different stages of testing ofrice from different CooperatingNominatons 
varieties in the all-India coordinated
 
trials. I National ScreeningNu y
 

rl
length so that they can be harvested in oo-i O lays. Promotionof ronring 

V.0'r ,The result isthat for the first time in the 2000-year P,r n ty . ' ] 
Diffen, .lturlly Q,0.06l 

history ofsorghum cultivation in India, the production Toleranceto biohysical . .osis 
of this crop is beginning to see a high level of stability I of 
and a trend for increasing yields. Promoo ot .emoreOr n or. Idneo. 

Un fo- Var.ie l Trials-1 Pa°st 

The accelerated pace of improvemeot isreflected in the Varieta1Trisl°-IlUniform 
fact that in some of the major cereal crops, Indian 
scientists now face the same problem ofemerging yield PromoIle f a low suprior Varities 

ceilings as their counterparts do in the western (compared to chocks) 
countries. The selection pressures in the last is years 
have been mostly for a higher harvest index. There are 
indications that major yield inmprovements in future Minikiltrial. .ai. ins,, aoayiaeOuly 

may depend to a considerable extent on our ability to
 
select for higher rates ofphotosynthesis. 1,
 

CentralVart o ,l 

Impact on Production 
India's production offoodgrains, which amt.unted 
to 5o.8 million totincs int95o- i, increased to 131.9 

million tonncs in 1978-79. A major part ofthis increase 9g8os, the problemts are perceived to be of a different 
has been achieved with the advent ofthe high-yielding kind. The most impo-rtant task today is one ofa more 
varieties in the i96os. Wheat production, which was effective transfer of technology to the fartnrs. In the 
9.8 million tonnes in 1963-64, increased to 35.5 Million past i5 years Indian farmers have adopted olly tile 
tonnes in 1 78-79. Rice production during the same sitiplcr components of the new techniques of crop 
period saw an increase of nearly 17 Million tollies. producticn. The mnore complex com))pontcints of the 
Production of coarse cereal grains like sorghum. tuaize. technology package such as efficiett soil and water 
and pearl millet, which arc grown mostly in non- naiageteint, chetmical control of diseases, pests and 
irrigated lands, has increased only to a limited extent. weeds, and use ofi,,tproved fai n implements have yet 
For the first time, however, their production and to reach the bulk of the Indian farming community. It 
productivity is beginning tt) sc a high degree of is now becoming clear that small and marginal farmners 
stability (Figure t5). in countries like India must receive support it)the foirm 

ofthe wide range ofagro-services for a greater flow of 
increased production offoodgrains, as well as of other improved technology t) their fields. In the western 
agricultural commodities since the advent of the countries, agriculture has bect) increasingly takenl over 
Coordinated Projects, has bcct associated both with itt tile last 30 years by agri-husinesstucit. In countries 
expansion in area and increase itn yields. The like India, millions of stiall and inarginal tilrlers with 
compound growth rate of yield for many of the crops very limited capacity for investnctt and limited skills 
has been higher during this period, compared to the are now being asked to adopt scientific techniques, 
preceding years (Fij,trc 14). which are not very diff.'rent front those in use in the 

.developed countries. Thv success of the Coordinated 
The impact of the Coordinatted Crop Itprovement Crop Itoprovemcent Projects is giving rise to 
Projects can be seen more clearly ifwe analyse the stggestions that farming in developing couttries ,must 
problems which Indian agriculture faces today. In the become ajoint venture mtwcen farmers and the 
i96os the most important need 'as the evolution of government, the latter taking the responsibility for 
high-yield technology. As Indian agriculture enters the providing a wide rang of services and itptts. 
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