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1979 Report on 
The Consultative Group 

and the 
international Agrlculrural Research Sys~en 

I, IXTRODUCTION 

1. The concept of ccnducting agricultural research for the benefit of 
the developing countries at a number of individual international agricultural 
research centers is now almost 20 years old. The Consultative Group on Inrer- 
national Xgricultxral Research su3sequently founded to sunport such centers 
and link then in an integrated system now aT?roaches its second decade, 

2. One or two decades represent a very skort tire in biological research, 
long enough to Cefiae major problems and assemble and equip teams of trained 
manpower, but often too short to ‘nave a measurable Impact on production in 
farmers ’ fields. 

3. Because the tcct,noloF; developed for wheat and rice has had a spectacn- 
lar impact on Troductioc, and since the CGiAR System as a whole has gror;r. 
rs?icly , it is sonat ises inferred that the research conducted at the inter- 
national agricultural research centers (the IARCs) wili soon resulz in further 
dramatic advances in :he production of ether focd crops. This is probably 
unduly o?tisistic, Future advances are likely to be gradual, though er’fecrive 
just the same. They Oil1 result from the combined effacts of progress sn mazy 
fronts. 

6, The CGIXI Secretaria t’s 1977 and 1978 annual reports (the “Integrative 
Reports”) analyzed the growth azd achievenenrs of the system and atzen?=ed to 
assess the impact of its research on production. The 1978 Report s~szzarizad 
zhe available i~forma~icn regarding the inpact of the modern varie:ies on 
agricultural outTut and yieids and discussed some of the naj or socio-economic 
consequences . Of necessity, it rested heavily on the results of the deveiop- 
ment of wheat and rice techtiology since inoroved varieties of crc?s in :he 
other LXX research ?rograns are not yet widely grown. T3.e introducricn of 
the new !-&$I-ylaidicg varieties of rice and wheat had had remarkable acd 
widespread favorable effects, 3ut the impact of research on other crops and 
farming syst2ms, -+ihile likely to be important, r&l1 probably be less dramarlc 
and harder to achieve. >?evertheless, the resear:h ?rograns established subse- 
quent to thcs2 for rice ad rhea:, Vhile still young, are ?roduc;ng a stream 
of new :kaoxledge acd 2573 technolcgy. Sane of t:xis 3ay be a?plLed I;: farmers’ 
=+ a1 ds in the r&ear future, w--i but same pay not be :aXez up for years. i&ile 
everyone slould agree shat the ultimate objective is increased production 
by tamers, i: must he reccgnizeti t’nat a research system as such xst 3e 
judged 3y its outout of ne?; knowiedge and new technoiogy development (?.hDj 
which can be mcdir’ied as necessary and applied by developing country ins:ltu- 
tions. Vode,rn aeric dtcre + could not fuxticn wi::lour advances in scie--; ;4 ..i,LiC 
howledge; the transformation of this into innuts, faming tachr,iq~Jes =,A 
farser a'&ilis is th2 20St important ftCtOi in increasing productivity. h-r: i I, 1, 
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improved technology is only one element of development, the output of new 
knowledge, the development of new technology, the training of scientists 
and the improvement in the national agricultural R&D systems will undoubtedly 
form the most pervasive and long-lasting effect of international agricultural 
research. 

5, Part II of this year's Report is, therefore, about the output of the 
system, It describes the breadth and scope of the scientific endeavor at 
the centers, the research strategies they pursue and some of the innovative 
features.of the research programs. It does not attempt to speculate on when 
such technology might be applied nor on its potential impact at farm level. 
Neither does it attempt to assess the quality of the research work at the 
centers; this is covered by the quinquennial reviews of the Group's Technical 
Advisory Committee. 

6. Because R&D is a long-term process, it needs assurance of steady.long- 
term funding. Such funding has in fact been forthcoming from the donor mem- 
bers of the CGIAR, though the decrease in the last two years in the rate of 
increase in contributions is a matter of concern, particularly at a time of 
rapid inflation. This decrease has come just as the output of the centers 
is increasing significantly and the period of consolidation decided upon by 
the Group three years ago is coming to an end. The effect has been to open 
up in 1980 a sizeable gap between the requirements of the centers and the 
estimated supply of funds, and, accordingly, to heighten the Group's concern 
with priorities, the growth of the centers and cost-effectiveness. 

7. At the same time, however, the need for increased agricultural pro- 
ductivity in the developing countries remains as urgent as ever. The recent 
United Nations Conference on Science and Technology for Development has again 
drawn attention to the imbalance of resources for research on the global level, 
to the grave disadvantage of most developing countries. 'The CGIAR is an inter- 
national effort directed at redressizg this imbalance in an area of prime con- 
cern to both developing and the developed countries. 

8. Considering the present and potential output of the CGIAR system, and 
the intention of the richer countries, as expressed at the Tokyo Economic 
Summit, to place more emphasis on overcoming hunger and malnutrition and on 
increasing aid for agricultural research, it is opportune for the CGIAR to 
reaffirm its long-term commitment to the development and support of inter- 
national agricultural research. 

9. This year's Report concerns itself in particular with the output of 
the system and the need for longer-term planning by the Group. In Part II 
it starts with a survey of the output. Part III describes the needs of the 
innernational network in 1980, and includes proposals to close the gap between 
budget requests and estimated contributions. Part IV recommends the develop- 
ment of a longer-term financial plan for the CGIAR, with a proposal to double 
by 1984, in current terms, the resources made available to international agri- 
cultural research. Part V draws some conclusions, 



Introduc:lon 

10. Agricultural research contributes to both scientific ;rincipl2s a?.d 
techcolog dev2lopi2ect. 3asic sciectific princi?las are universally appli- 
cable, but usir;g them to gecerate new technology is 3ucI-1 influenced by the 
physical, biological and socio-econoaic enviroments in which agriculture, 
the ?ri.lcary ar2a of econosic activity in the developing countrias, takes place. 
In other words technology does not have the wida applicability of scientific 
principles. Xo57ev2r, the isternational cer .ters hzve concentrat2d -,aioly on 
iechnology developzest since it is through the application of nerd technology 
that kcreas2s Lc productivity are o'btaized. 2-1 additim, mission-orien:2c 
basic rasearch (?aragra?'fl 35) is 3eeCed ir: aazy areas; some of tke cect2rs 
are now puctir;g mor2 of their resources into such rasearch, though zaajor +f- 
:0 - rts on shorter-ts;zl targeted research ZUS:, of cours.e, contiace. 

li. 3rogress at the centers is covered in their amual reports, and iz 
contributions to scientific journals and senhnars. Xowever , scientific and 
technology advaacas tend to b2 episodic in catquze, at laast in tSe short t2m, 
SO tha discussiocs of 03e yeai's progress or the advances Fc or?2 Tarticular 
aspect discussed in a research ?a?er, cannot give ar. adequate ?Lc'tuze of the 
ovaF2'1: ccJY'-;j~t-;3rs gvl,i w--i e.w-- CiZlo, * X paper such as this cannot cov2r all rhe 
contributions that have fear. sade by the cerrters; it mst, of necessity, be 
jeJ.2c~~v~. r?. Toe+ -0 seiec’~-~a a..= i-b") zest attention 1has been given to the ?iaot 
breeding, farzisg systems ar.d socio-econonic research ?rograns which produce 
the zain 3&C output of the system, Th2 ?aper also gives so32 attention to . . 9 -ways I;1 *dncbn t'ne centars have contributed to the exploi:ation of existkg 
scientific Fd2as by kstitutional innovation and to their influence on tha 
kicds of goals that are s2t by zatiozal i2SearCh organizations. Trained 
sci2ntists are on2 of the aost valuabla Products of a scientific 0rgsnizatLon 
and sme as?ec:s of tha I...Cs' contribution in this area are also discussed. 

Plant 3reeGizg Zrogr2z.s 

12. Xore thzn 5C% of the resources of the crop research programs of the 
centers is used in plant breeding and closeiy related projects. ?lant braed- 
G2P -. j Sas 'zeea Likazed to a factory in which aaterials with TACe gezetlc vaiia- 
ti3n are passad :Srough a series of sraces5as ’ i I2 s;hicS t:-.e 2p.C TT?r;7l?? is ; -vcY-- 
23p rcvc d -72-T a+; z.s *-’ ---.-a In the in:ernaclonal cmters, aaterial lay 'be taken 
SF< c*rie -- "assg&~y line" at various stag2s, acC aasssd o^c :3 zational orcgrazcs 
for finishing according to their Tarticclar oeeds, or finished varieties nay 
5e produced by the center. 
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13. The goal of the early programs at both the International Rice 
Research Institute (IRRI) and the International Maize and Wheat Improve- 
ment Center (CLOT) was the production of plant types that would be 
highly responsive to fertilizers, insensitive to day-length and resistant to 
some of the major diseases; in other words, high productivity was the goal. 
This goal is still pursued in most programs3 CXXHYT, for example, ststing 
that the breeding of durum wheat varieties with high yields under optimum 
growing conditions is one of its primary aims. bfowever, the impact of the 
new technology has shown that output would not increase significantly in 
many areas unless the new technology was suitable for the rescurce-poor 
farmer. 

14. The recognition of this limitation has led to changes in breeding 
programs, to the recognition of the importance of studying existing farm- 
ing systems and consequently to greater emphasis on yield stability and 
selection for low input, high risk conditions. This change in emphasis has 
also persuaded many national scientists to pay more attention to breeding 
for adverse conditions. Most scientists recognize, however, that it will 
be necessary for countries to follow both strategies for, just as individual 
countries vary in their requirements for high input technology, so do regions 
within countries. Variations in soils and climate influence greztly the dis- 
tribution of crops. Bread wheats, for examp'le, are grab. in the better rain- 
fall areas, while barley is the crop of poor famers on poor land; sometimes 
cash crops, (cotton, for example) may occupy the better land, and food crops, 
like cassava, the poorer areas. No country can afford to neglect regions 
with high production potential, if only to produce cheaper food for the rapidly 
increasing urban populations, but the resource-poor farmers, often in areas of 
high risk, must also have access to better technology. 

Conservation and Utilization of Genetic Resoirrces 

15. Man has made great use of the genetic variation over the past 10,000 
years in the relatively few species which he uses for food, shelter and clothing. 
Although genetic diversity can be created by mutation breeding, by far the largest 
reservoir of such variation (gene pools) remains in the m2ny cultivated varieties 
2nd closely related wild species. Hence the international centers have a major 
involvement in the collection and conservation of such material. 

16. More than half a century ago it was recognized that from the beginning 
there were only a limited number of centers of diversity or origin of the im- 
portant species. These are areas of great antiquity of cultivation and thus 
are of great interest to plant breeders, but unfortunately, they are now suffer- 
ing genetic erosion due to the replacement of the wide range of local, pr-imi- --, 
tively cultivated, varieties by the improved cultivars and to the extension 
of cultivation into the natural habitat of the closely related wild species. 
In addition, much tropical rain forest, the source of genetic diversity of 
valuable timber species and tropical fruits as well as some potentially valuable 
drugs, is being cleared for agriculture, 



17. The threat i3 iS2se irre?lacea'2ie reso*urces has 52cs:e kcraasicgly 
recognized durhz iS2 Tast two decades. FAD took a zijor ini:LatiT;e 5;: 
convening a ?a7.el of ex3erts s;hic'n led to proposals for the :olltctior! a-2 - . 
conservation ns -a sucn T.ai2rld.s * T:?e outcotle *;-as t'ne organiza=Lcc, iz 197A, 
of the Int2rnatioaal 3oard fo; T'lant Gmetic Resources (I3?GR) as ?art of 
CGIA?. , 

15. The 3oard has been active in 0 rganizhc, c3llectiq ex?edLtions, es- 
pecially aimed at threatened species, and in proposii;g plans for :he evalua- 
tion and storage of sat2rial collect2d, Fr: drming up agreed Lists of d2s- 
cri;ltors, in establishing sl;iia'cle coquterlzed inior;-,ation storage azd 
retrieval systens ar.d in trai.air,g of ssiactis:s. 

21. 3ese collections ar2 mt ail. new, zany ;lavLng beer. d2rivzd 5x7 
existing coil2ctions. _&.- "L- r'-a C-TYT riaiza :oilecti~n, f3: 2:cxqlt, ceztaks 
xx'n xatarial fr9x >!exLcan collecticns. ‘laj or COil2CiiC 2s have '0~2:: ~222 
ot zany species, but scrze coilect~oca are y-0: u211 ~$c~~ep.ted acd 1 z-75 --. =- artas 
Or' La?or:azt centers of diversity my 5av2 5eez ?corl;/ c3112ct2d; xor;lc-.~2, ic12 
speci2s, for auaql.2 tropical. fruits ar,C tropical fOi2St trees, have :lad 'I+r:: 
litill, c3 Iltcticn. Yiiera are also -aJo: saps FT. F-fy=!=ris~ acd 42ssi:i;a- . 
tion of coilectiorx of some 35eci23, 277211 though large collectlcns 2:rLsl. 
TSe 13?GX has Lnitlat2d Trojects to hprove this situation in national Trc- 
gPapwS, '3Ui since t're zar.2 e3ent 5 Sf g2ZpiaSn itOr2gZ and iZfarZatioc Is 30'. 
always given the priority ii deserves, this is a loZg-t2r, task. 
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crop 

Maize 

Pearl Millet 

Rice 

Rice 

Sorghum 

Cassava 

Cassava 

Potato 

Cowpea 

Chick-pea 

Lima Bean 

?haseoleus sp. 

Pigeon Pea 

Soybean 

Groundnut 

Forages 

Table 1. 

Center Germplasm ColPectfons 

Approximate Plumber of Accessions Center* 

13,000 Cl3lMYT 

5,500 ICRXSAT 

37,000 IRRI 

4,500 IITA 

%5,000 ICRISAT 

2,500 CIAT 

350 IITA 

12,000 CIP 

8,000 IITA 

11,300 ICRISAT 

1,200 IITA 

21,000 CIAT 

6,000 ICRISAT 

800 11918 

9,000 ICRISAT 

3,500 CIAT . 

*For names and locations of international agricultural research centers 
(IARCs) in the CGIAR system, see Annex I. 
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23. 32 frl rimate obj sctivo, b-b-- in plant Sreeding is higher ?roductivit*y. 
A na:iOnal Frogram Eay have very specific objectives, s&3 as 2a answer 
tC 2 dfitl?CtiV2 di Saase or ?est groblam, a soil deficiency, a climatic 
c~*?a-,~c*‘i -0i _I i,LAaL,c or a cOnsu32r preference. Because of their =ndat;s, the 
Lnternaticnal c23:ers have to produce materials t'nat have the inherent 
ability t0 ?erf Orm well under a very wide range of conditions. This has 
led to cOnsidera3le eqhasis on the concegt of wide adaptability. 

24. T:?e centers are 2qzall.y concerned that their materials will be 
stable 13 yl2l.d fro3 year i0 year. 32~ for locale-specific materials, 
piaci breeder s aim at varieties that MI. give ccnsistently superior 
yield 22Ck J722i 2nd iSis requires testing for a number cf years befOre 
rebaas2. 3 v , :esting mat erials widely, 2.g., on a continental Scale, the 
"as= ' 'f y - ax c,Sease and climatic variations that might occur over several 
;?cars a: On2 or a few sites =a;? be encountered in one.gear i? zany si:es 
aie .LSQC. it is zot unlikely that materials with ~5de adapta’oility vill 
ShOW gCOd y22i-iO-y2ar yield Stabilitv at a particular location. TSe 
q';esiian remains, however, as ts how hide, xide adaprability Should 3e in order 
f*Lly t3 a:rOloit a Snecifi: 2nvirOnaent. 

9: L4. ;m ; ? = ’ I.-.-b ‘- i 1: L 3 2t2d rice azd wheat have sho5.r the adaptability needed to 
:3?2 ;ii:S a range of Test and dis2as2 Orablems, liqroved cd.tivars of rain- 
- i2 d food crops have mt yst 5eex -widely aCcgt2d 5~ f2rxers' fields, io 
-'-are i..Wi w ii iiitle Fnr'orzation on how such ecvironmects affect cro:, growth 
thPX&. icieraction wit, 4 the genetic z&au:, of. th2 plant. Xowever, attention 
to the ?rc.OI.em of local adaptability is ensured Sy the cer.ters’ cooperation 
with zatixal ?rogracs and by the develo?mect of a serits sf geze 2001s for 

' :.' sQtcr&.&c 2rit&kL..&.. *----er,:s as is done, for 2xample, 53 naiza. It is rsco&zed 
t:>at cultivars for ralnfed agriculture wiil require S,uch locale-specifk 
,&;?'"^'>"i -tics 2s - &-Lc---3 early sowing, appropriate duration to hari2St, and drought, 
Se st 3-d disease .- to ieraxe. 

26. .iza:';ler as?ect.of yi2J.d s:abLli.ty tOnc2rns the Sreeding Cf cultivars 
w:,ch --- h< ~211 Farform at least as well at low Or nil Fn~utS as ih2 traCLtlOnal 
varls.ciai 2-6 yet 72ZfOm jOi effi;i~rtJV when inOuts are available. - a-L, This 
is a d.ifZisui~ objec,iv2 acd some noden yraii2ti2S 2 Chile proving sqeifor 
at medium or high inguts, have yielded 12~s than iradiiional varieties at 
ICV$ 3:: -pI i.z~UiS . aisease and Test resistance must be as good in the new 
2 3 I r. i: .: 'e SlJ V2ii2ti2S. 

1' 
k! * 3ecause of :he incri,asing cOn:ern smith tke resourceymor farmer, 
c?*er= is 20s; 2 concerted eSfcrt 3y the LGKs to d2sign zuJ.tiva-s and farming . 
tecnnlques that Vii.1 ktve low requiie-,en:s fOr purchased iz?uts, as this will 
?artr 'a'iy eiininate the need for a scphisticated infrastructure i0 mak2 th2sa 
;r.pf=s p;aLiazi2. 3ne aST2Ci of t'nis is t:he attention to plant population 
inprovezzent 3r.d iS2 ?rOduction Of 022n 50Xi3ated cultivars. Such cnLtivars 
alls?+j t’v,e . farmer to me his OG;?, saed raiser than OurchaSe seed each gear. 
:<vm "i 2 :I.L-i se2d1 3r. I-,52 st?.er band, rgquires efficien: ?rOductisn and dls:rl3utLcn 
faCiLitias ccac are lacking ir. mos: C2ve1c?Lxg ~CCClirt.ts. 
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28. The broad objective of the IARCs breeding program is to provide 
farmers with varieties that will outperform the traditional varieties 
even in the existing conditions. Such improvements can be obtained through 
better pest and disease resistance and ability to withstand drought, but 
it should be emphasized that the opportunities for increasing yields in 
the absence of better farming practices and increased inputs are limited. 

Plant Breeding Organization 

29. Generally, the international centers use the same plant breeding 
techniques as those in national programs throughout the world, but they 
differ in capacity and in organization. 

30. Plant breeding is basically a system of managing the direction and 
increasing the speed of the processes that occur in nature, and the number 
of progeny with the desired combination of useful characters can be increased 
by manipulating large numbers of parents. In this the centers have a dis- 
tinct advantage in that they are able to handle large numbers of crosses 
and to distribute their materials~wide%y for testing (Table 2). They have 
more genetic variation at their disposal by way of germplasm collections than 
most national programs; they have made their breeding programs interdisciplinary 
by involving other disciplines. In several. crops they are able to double or 
treble the number of generations per year by eechniques such as "shuttle" breed- 
ing, i.e., carrying out the crossing programs ttjfce a year by operating in tvo 
different climatic regions, as used in wheat. They have developed techniques 
for seed production in crops that are normally vegetatively reproduced. Finally, 
they have been able to use the extensive international testing networks in which 
the centers and national programs exchange and test breeding material (Figure I). 

31. The introduction of global testing is an example of a vast expansion 
in scale of an idea that began many years ago. In 1952 FAO started a regional 
nursery screening program in North Africa in collaboration with the U. S. 
Department of Agriculture and the European Cereal Rust Association. Now there 
are international testing networks for each of the crops of the centers work- 
ing om plant improvement. These may cover as many as 80 or 90 countries with 
several. sites in each country (Table 2). International collaboration on such 
an extensive scale has been one of the outstanding achievements of the inter- 
national system during the past decade. 

32. An advantage of a global testing network is that widespread screening 
for new diseases or pests is possible amd disease '(hot spots" can be used to 
test for resistance in new materials and thus help to keep one step ahead of 
races of diseases that are continuously evolving. Global cooperation on 
protectian against serious pests and diseases is particularly important in an 
age when these can move rapidly, not only from one tropical country to another, 
but from the tropics to the temperate countries. 
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Table 2 

I~te~~ati~IXd Tl,StiKlg Of some Yajor 
cro?s by 1.2Yxs cr97a> 

Yurserieskices 
Number Sect Number of Countries 
for Testing in which Tested 

577 41 

595 95* 

Xumber of 
Crosses/ 

?oliinatiocs 

5,000 

Crop 

Tice 

3read Gheat 10,000 

3,000 352 56” 

Triticale 

Xaiza 

4,000 400 jj* 

3,470 80* 17,000** 

3arley 

Cassava (,CI.X> 

Chick-pea 

2,500 74* 

500 30 20 

1,200 327 

Pigeon Pea 500 39 

Coqea 100,000** 39 20 

3ean 

Groundnct 

1,jOO 250 30 

50 ,OOO** 

* These i2cIude some nurseries ic developed countries. 

** pa: 1;~ations. -- -.* 



FIGURE 1 
SELECTION, BREEDING AND PROGENY TESTING OF BEANS 

IN INTiRNATlONAL AND NATIONAL PROGRAMS (CIAT) 

;\lanonal Program 
Varieties 

Selection of about 300 garenrs 
and about 2.300 Crosses of Parents 
Per Year. 

Selection for Reskance to Cacain diseases and ??sts, 
for Plant kchitequre and :r?iide Adaptability. 

Confirmation oi or Screening for Resistance :o Car?ain 
Sisedses and ?ests and Wotooeriod Insansrrivitv. {about 
1 ,X?J :ines wter:. 

Prelininarv Yield Trial. Testing for Aaditiooac Raslstsnce 
:a other Diseases and ?asts of less Current lnoo~ance. 

3ank Access:on 

Internatrcnal jean Y:ald and AdamarIon Xursefy; ‘Lniforn 
Shroped World Mde. 

CAT 
3reeding Prograrr: 

.- 

SOUE2 ^,! .A ‘e 3ear Pocrac ‘Nor!d Sank - 2’3763 
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?lant Quarantine 

33. Khile global cooperation on testing for plant pests and diseases 
offers many advantages, a program which involves moving large quantities 
of plant material around the world also raises many problems of disease 
transmission and alant quarantine. Zvery country is naturally fearful 
about the introduction of new aests and diseases, but the standard of 
plant quarantine varies considerably. The IAXs have develoged seed 
treatment techniques which are impr2Ssive in both their effectiveness and 
the scale on which they operate. As indicated in paragraph 22, centers 
dealing with clonal mate rial (IITX, CIP and CL%T) have developed various 
tissue culture techniques that ensure freedom from viruses. Use of true 
seed rather than cional material can also overcome some of the problems, 
though even this Tresents difficulties, e.g., s?indl2 tuber virus in trze 
seed of potatoes. C-errerally th2 recipient countrfss have a sound trust in 
the quality of the LYX materials, but there are still difficulties in mov- 
ing plant matarials in an efficien: and timely manner. Sixe such movements 
are vital to the operation of plant improvement prog:Zms, this is obviously 
an area requiring continuing attention from the LGX system. 

Plant 3reedinq AcSi2veneat.s 

34. Through plant breeding iC!SSatch the achievements of tke ixtsrnatioml 
centars have beer. sigificant in improving resistance to aests and diseases, 
tolerance to adverse climates and soil s and nu:ritional quality. 

35. Zest acd disease ?.asistance. The intrcducticn of the dwarf genes in 
wheat and rice raised yield ceilicgs substantially and the new short season 
rice vari2tias made double or even treble cropping a practical proposition i-n 
many areas. This is an outstanding e.xa=ple bf a successful plant breeding 
program, but success must be judged not only by large yield increases but 
also by oth2r factors 1i’Lce pest and disease resistanc2. Since the achieve- 
~2rtts In the SOS, CI-X-ET and I?X have devoted substantial plant Sreed.ing re- 
sources ‘0 rmiztaizing chase gains. . Knen the introduction of 32~ gases for 
sest and disease resistaxe in rice also irttroduced ;ieaker straw and greater 
susceptibility to iodgizg, further breeding to overcome these TJeaknesses -2as 
needed,. Such genetic linkages have proved difficult to break,/ and SUC,l 
effort ‘has been required to bring the yL2lds of the newer varieties up to that 
of IRS which was released in i966. 

36. While tSe r2search also on the other cereal crops is desigrec! to raise 
yFel2 c2ilicgs by improvtzg the ratFc 05 grain C,G straw, Tests and diseases 
7i-+c yield increases. L--r-C This is equally true of tuber crops and grail a-d 
forage I2gumes. So a great deal of research r2sournes has to be devoted to 
tiproving pest and disease resistance. 

2-i Ckand’ 3~ ___, 3:. F. Bite in t’ne Tropics. X Guiie to tke 3evelc?ment of !ia:ior?al 
?ro;ram. Zestview Pr2ss, 1979. 
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37. In the tropics and sub-tropics, tSe range and severity of diseases 
and pests ar2 more extr2me than in temperate zones and 12~s is ‘known about 
them. Eoreover, the absecc2 of a narura!. disease “break” caused in temperate 
climates by vinter coid and the year-round pr2senc2 of host giants Lz scne 
areas, leads to grsater persistence. This contributes to the rapid evolution 
of new biotypes of broom planthopper, for exam?la, where host plant resistanc2 
can break dos-n due to emergence of new races of pests or drsease ir, as little 
as Tao years. Table 3 lists some of the major diseases and ?ests, which, of 
course, vary in iqortance from year to year and region to region. Fcrtker- 
more, a once relatively minor pest or disease can assume importance very 
rapidly. . Examles are tile brcm planthopper, a minor pest in the 196Os, but 
one of the most prevalent today, and tungro virus, which is now a very serious 
disease F~L ric2, as is Sentoria in whaat. These changes in plant-pest re- 
latioashi?s cannot be predicted until substantial areas of n2w varieties are 
grown by faxers. 

38. kihile mazy traditional cultivars have become cbsoleta because of 
disease susce?ti’oility, th2 introduction of modcrr cultivars could result 
Fs gr2ater . 3otestial damage due to the raplacement of a large numbar of tra- 
ditional cultivars by relatively few modern varitties. It has Seen estimated 
that 23X of the 130 million ha of the world’s rice is in short-strawed, high 
tillaring, photoperiod insansitive cultivars.,, 3’ Purrhermore, it is calculated 
tSat this ar2a of some 32 miilion ‘iia is platted with only abouf 100 vaii2ri2S 
which have replaced hundreds of the traditional cultivars. In Xorea, for 
exampic, th2 variety Tongil, first released in 1972, covered nearly 4CZ of the 
total araa by 1977. Large areas Tlanted to on2 variety obvicusly present a 
threat Of dramatic damage in the event of Ned ?ests and diseases. So far, the 
availability of a wide rang2 of g2n2tic materials has enabled the centers, in 
collaboration with national programs, to idedtify sourc2s of resistanca to the 
majority of these diseases and gests so that tolerant or r2sistazlt varistias 
have either been developed or are being tsstad. 

39. A particuiarly stzikizg exaqle or' the grograsslv2 devai3pEezt of 
resiatarca is given In L ?‘Fgure Ii which illustrates how rice Varieties have 
been bred which are -= ..,sistant to the major diseases and pests of the czop 
in the I?hili?pines. CLOT has developed srheat varietias resistant to rusts 
and Septoria. IITX has a number of cassava lines resistant to both mosaic 
and bacterial blig’nt, maize varietias resistant to streaic virus and cowpeas 
with insect rtsistanca. The CIAT bean ;)rogram, although relatively new, has 
incorpora:ed sources of rzsistante to important diseases such as common mosafc 
virus , r-&St, actkaczose, and angular l2af virus into lines vith improved 
yield 2otentlal. CiP potato varL eties with enhanced resistance to blight 
have been Srsd and further improvements are ex;)ected, as combined resLscar;ce 
to blight and other pathogens, e.g., bacterial wilt, a number of virus diseases 
and cyst n2matcd2, is attained. 

3/ Khush, G, S., i977, Disease and Insect 3esistamce 13 ?.ic2. -437 . Agrcn. 29, 
265-341. 
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Tabia 3. SCUE UJOR 'DISEASES .UD PESTS OF CmTER CROPS 

Crop Disease Pest 

Rice Blas6, Bacterial Blight, Tuwgro, Grassy 
Stunt, Ragged Stunt, Yellow Mottle Virus 

Brown Planthopper, Green Leafhopper, 
Gall Midge, Whorl Maggot t Leaf 
FoHder, Stemborers 

Wheat 

Size 

Stripe Rust, Stem Rust, Leaf Rust, Root A number, but not as important 
Rotting Fungi, Septoria, Bead Scab as with maize, for example 

Leaf Blight, Ear and Stalk ruts, Streak Amy Worm, Stemborers, Leafhoppers. 
Virus, Downy Mildew, Stunt Earworm 

Nillet Dowoy Mildew, Ergot9 Smut, Rust, Blast Of minor importance in India. 
In Africa there are a number of 
serious pests, e.g., Meadworm 

Sorghum Striga, Downy Mildew, Grain Hold, Charcoal Shootfly, Stemborers, Midge 
Rot 

Barley Leaf Ruse, Stripe Bust,'Scald, Powdery A number, but not as important 
Mildew, Leaf Spot, xet Blotoh, Virus Stripe as with maize 

Chick-pea 

Pigeon Pea 

Wilt, Stunt, Ascochyta Blight 

Fusarfum Wilt, Sterility Hosaic, 
Phytophthora Blight 

Hellothis 

About 2OO,, the most serious being 
Borers and Pod Fly 

Field Beans Co-on ?losaic Virus, Rust, Anthracnose, 
bgular Leaf Virus, Bacterial Blight, 
Golden Mosaic Virus 

Leafhopper, Chrysomelid sp., 
Bruchid sp. 

Cowpea Leaf Spot, Anthrasaose, Rusts Target Spot, Leafhoppers, Thrips, Pod borers, 
Bacterial Bfight, Bacterial Pustule, YeUow Aphids, Bruehid sp. 
MOsaie, Aphid-borne Mosaic, Golden-yellow 
Mosaic, Yellow Serere !%saic, Cucumber 
Mosaic Virus 

Groundnut 

Cassava 

Rust, Leafspots, Peanut Mottle, Rosette, Leaf Miners, Pod Borers, White 
Peauue Stunt, Tomato Spotted Wilt Viruses Grubs, Aphids and Thrips 

Cassava Mosaic Disease (Africa), Bacterial ?iealy Bug, ‘tiitefly, Green and 
Blight, Anthracnose, Super Elongation, Red Spider ??ites, Thrips, Scale 
Phoma Leaf Spot, Complex of Root Rots Insects, Bornworm 
(Latin America and Caribbean) 

Sweet Potato S.P. Virus Complex Weevil, Aphids p White Flies 

Potato Late Blight, Black Wart, Pink Rot, Phoma; Potato Cyst Nematode, Root Knot 
Bacterial Wilt, Leaf Roll Virus, Virus X, Nematode, False Root Knot 
Virus Y and numerous other identified and Nematode (at least 9 specie$) 
unidentified viruses * 
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40. The searclz for resistaxe to rice blast (?yrLcularLa oryzae) illus- 
trat2s the eaorzo'us amount of work that has been needad to develop varietal 
stability to this highly variable orgasisa. Tke disaase xw a?Tears mder 
scne dagree oi control i3 lowland rice iz Asia, but ranaim a xajer threat 
to uplacd rice, esc&lzlly in Africa and Latin America. ';here are also 
pests and diseasss to whic'n r2sistant lines have cot yet been deve:oOed Or 
~0~x2s of rasistanc2 iZentifi2d, r'or exaqle ragged stunt ic ric2 and iz- 
sect Tests in some crops. 

41. Plant breedars have ussd several approaches to breeding for disease 
resistance. In some crops, rice for exaqie, resistance has after, involved 
a single izajor gene (vertical resistance). 'riowever, SreakdoTm in rasistance 
ca3 occ'uz rapidly and in so32 instances re?lacer?,ent varieties rray be required 
about avsry chrae years or less. 3reakdawn.s of this kind zr2 not lisited to 
develaOiz!g cou;?tri2s, but 22~ develo9F7.g countries have the caoacitv to zain- d 
taic tha reauirad Fp,tensiue breeding proqraz for resiStaxe to new diseases 
or Tests ? . Thus the IAXS hove been able to play a saj.or rala when 22~ races 
of gests or disaases serge, for they have beer, abla to dravd on thair e-TF**si.v2 -*-tie. 
gerxplasm collection t0 identify saufces or' rasistance. 

ii2 . X second approach to disease resistance -which is being incr~asia3ly 
Bzsec is 50 bread 3cltilic2s, i.e., genotypes with the 52~e forx ar.d structur2 
Cohenotgp2s) but xith differing saurces of g2netic resistaxe. 7%; - I ii.4 helps :3 

-e3suie chat if a ;125f Cfsaase rac2 appears, only a nFnorFt;r of plants ;rili be 
susc2ptibie. ThiS prevents di3ease s7readir.g fzm 3212: to plant m apideaic 
orouoitions. . . CINfYT has developed :dheat mltilines with difzering sou~42S ,of 
resistanca to rust, aad CAT rice multifiries vit’n resistaxe to biast. 

43, A third way cl dealing vith -,ests and dissasas iS to iccorporate Lzro 
varieties sany &nor genss that Vii1 provide a rradcrate level of rzsistmce 
to th2 pest or disease (horizoaszl or field ilSiStazC2). Such 2 technique 
Ls regatdec! as Troviding the bast chacces a? long-tazz S:ability, but dif- 
f2ranT _.a - zethdds or' scteenir=g breedizg zat2riaI.S *Gili be zeeded. This approach 
is liX2ly to be inCreaSiTi.gly uSed in the future. 

4L . 3jreediag variatias ;rit'n resistance t0 Tests is ace elenent of an iz- 
t2grated pest control ?rogran, others being biological ar.d cheksal :actiol. 
Identifying natural predators, introducing steriie nales to disrupt the Eating 
eyci2, the us2 of pherouazes to confuse nale insects aind testizq various ;estl- 
zLdes are mOr-.g the t2chniques b2izg imestlgated azd tosttd. Sorse of tte 
URCs are ;laying a i2adLng ~012 in developizg cmpor?ezfs of integrated pes: 
t37;r3: . -> ?.ct cr-l-7 , in ziczacrop~i~g 5ct also in :he 2ixed :rsT?F:,,o sys:2ss ei::? 
fOi3 2 zzjor PZii ai’ tiO?iCal agrkzlture. 

45. The foregoing acco*mt Lcdicates that the IAXS have ~52 very Su'bStantLai 
?r3gr2ss is d2velo?izg cuitivars that shop i2siStance to ever changixq ~2st ad 
diseasa s@roces. The results are sgectacular oc-) #.&en tne stai5acu i - 7 + C rrI variet- r' 
1s ravaged by a 112-z race af pest or disease to ;ih:l:h the zer* variety Ls r2- 
sls:ar .t. 3ut brteding 5ot pest and disease resistaxe is act a simple procass; 
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ira the natural spread ut' a disease Che level of infection is often Light or 
irregular which makes an accurate distinction between resistant and sus- 
ceptible types difficult. ILK plant pathologists and entomologists have 
done much pioneering work in developing techniques whereby resistant or 
eo12raAt ,J: i2tias can be identified. 

44‘ DevelopmeAt of new resistant varieties wifl not of itself solve the 
disekae and pest problems. Multiplication and wide distribution of higb- 
quality clean seed of the new varieties is needed, and this is possible 
orafy through determined efforts by national governments. 

47. Tolerance to Adverse Climate and Soil Conditions. Breeding for 
tolerance to heat, cold, drought, and infertile soils forms part of the 
crop improvement program at the ZARCs. Breakthroughs in improving drought 
tolerance could have very substantial impacts on the production of rainfed 
2AnUa1 crops. d good deal of work has been done OA this subject in crops 
like wheat, maize and sorghum, but maiwly in ela2 deviloped countries. How- 
ever, the tern "drought" covers a whole Spectrum of conditions, some of 
which are fairly Specific to tropical areas. Whereas spring planting in 
the temperate,areas usually starts with the soil. profile at maximum moisture 
capacity folPowiAg winter rains, seeding in tropica soils usually starts 
with the Soil profile at a low moisture level following the dry season. 
Although rice is normaffy regarded as 2 semi-aquatic plant growing in water- 
logged conditions in areas of r2latfveJ.y high rainfall, many ricelands do, 
in fact, suffer quit2 severely from periodic'draught due to rainfall varia- 
biPity. IR.RI and IITA have been studyirtg the footing Characteristics of 
various types of rice, scr2eAiAg the germplasm for drought resistarace, in- 
cluding devefoping methods for mass screeraing techsriques and criteria that 
caw be used to defiAe "drought to1eranc2". IITA has b2eA screening Other 
crops, e.g., maize, for drought streSs and tolerance of high soil tempera- 
tares, Breeding for drought tolerance may not bring the spectacular results 
attained iA irrigated agricufture, but even smell improvements would be of 
great beA2fit. However, major advaAces in this field are likely to need 
considerably greater inputs from a Aumber of Scientific disciplines. 

48.9 There has be2a re1atively good progress in several aspects of breed- 
iwg for adverse soil and climatic conditions. CIP, for example, has produced 
potato clones tolerant to temperatures as low as 4*C and these are now being 
tested; research has also demonstrated that the potato can successfully adapt 
to high temperatures. The CIAT forage breeding program is concentrating on 

varieties suited to the acid, aluminum saturated, nutrient deficient soils 
of the llanus and cerrado; several accessions ia the germplasm collection 
have shown low requirements for available phosphorus, combined with tolerance 
of levels of aluminium considered toxic to most cultivated plants and with 
resistance to important diseases and pests. Cassava selections for low fer- 
tility soil show promise. 

49. me wheat germplasre collection contains materiafs with a good degree 
of tolerance to aluminum toxicity. Some rice varieties have a promising 
12v21 of tolerance for sa1inity arad others for iron toxicity. SOme Of IITA'S 
cowpea varieties have good tolerance for acid soils. 
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50. Nuttiticnal quality. Several progi2ms de21 with qluzlitg, particu- 
larly ct~nsx2er preferecce, such 2s color in beans, cooking quzlity in rice, 
kernel color in nzize and sor3hum, cooking time fn grain legumes 2;1:! bakir.3 
quality in wheat. Prolonged cooking time, especially in areas where file1 
is in short supply, is a serious handicap for the potential cons'umer. Lezf 
quality and levels of hydrogen cyanide in cassava are also receiving atten- 
tion at IITX. 

51. Protein quality has received most 2:tention from maize breeders at 
CLXMYT. Yaize contains 9-U% protein, but since it is deficient IF. the 
amino-acids, iysine 2nd tryptophan, it is of relatively low quality for 
human "and monogastric farm animals -which can utilize only about half the 
protein. 

32. The opaque 2 mutant 3ene (the kernel is opaque) can -improve this, 
but the ori@.nal high lysine maize had Lower gr2in yield, an unsccept2bI.e 
"challcjt " k2znPlP Q-- 3-=2ter vulnerability co disease 2nd grain that dried more 
slowly. Starting i0 1959, CEEYT has produced tropical, sub-tropical 2nd 
highland tropic21 selections that overcome most of these probiens. sixe 
this work started, there have been changes In the standards set for nutri- 
tional needs with more eqhasis being put on calorie r.eeds by the pcorest 
coasumers. Nevertheless, it is accepted that certain vulnerable groups, 
like pregnant women, youn3 children 2nd those suffering From diseases, xould 
benefit from a better quality protein. 

FamLnq Svstems 220 Socio-~co?xmFc ?.esearc'n 

53. The impact of t'ne modern -&eat ar,d rice -.xrieties resulted from :heir 
introduction into existing f2rmizg systems. irrigated a,gric*Ji?ure Comi32: ad 
;3any of these systems and the semi-dwarf varieties with the sonconitant fsr- 
tilizeis ied t0 s'LbSt2nti2l yield increzse in these ZXinly mOnCCiOp Systems. 

54. The butension of the research progr2ms Of the 7eweF kterz2tiszai - * 
centers into other commodities and into rainfed farmin systems led.to a 
recognition of the teed Zor a.thorough knowled3e of existing farming systems,. 
which often 'nave very compiicated cropping'patterns, and -Aich in m2ny parts 
of Africa and South lmeri ca m&e extensive rather than iztecsive use of Lx?, 
%~tensilyFq the utilization of such land, imDrovizg the *.se of water in . 
semi- arid areas, intrcdQcing more efficient stop conbizztiozs II these zr,d 13 
areas of land hunger, such as Scuth and East XsF2, 2nd monL:crLn3 the impacts 
0: - new tecinology have become m.2jor activities 1:: t'r,e center programs. '-=zc s - I raim~ng Systems 2nd Socio -ecor,omic research iook a: the whole spectrum of 
3C '"Vi-3 . -" farmer prac tices 2nd extend ;-all beycnd the use of improved plact- 
ing materials intO sxh areas as crop rot=tions, Soil 2nd w2ter ran23esent 
2nd inputs like mechanization. 
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Farming Systems 

55. Research on farming systems is receiving a substantial proportion 
(14%) of the CGIAR budget and four center3 (IITA, ICRISAT, IRRI and ICARDA) 
have major programs in this complex research subject. While the other 
centers do not have specific programs, their research is determined with 
the relevant farming system3 in mind. In addition to these, a large part 
of IXXA"3 program is devoted to farming (livestock) systems research. 
Thus the term "farming systems research" cover3 a range of activities which 
vary from center to center. 
nized:k/ 

Five major areas of.activity have been recog- 

(i) the collection and analysis of b.ase data; 

(ii) the study of existing farming systems; 

(iii) the design of new farming systems; 

(iv) farm systems experimentation; and 

(v> the evaluation and monitoring of new 
farming systerris. 

56. Research on various parts of this overall range of activities has 
been done by many national programs, but the centers are performing a lead- 
ing role in developing a holistic approach 30 that the various components 
can be integrated into their programs. 

57. The work on collection and analyses of base data includes that on 
social and economic factors as well as on biological and environmental 
characteristics. Several of the centers (ICRISAT, IITA, IRRI, CIAT) have 
assembled and analyzed data on the climate and soil characteristics of their 
areas of operation and INCA is collecting and analyzing data on livestock 
production in several countries. These and the study of existing farming 
systems have provided the research workers on the experiment stations with a 
firm background on Which to base their experimental programs and have im- 
proved their understanding of the farmers' needs. 

58. The third facet of the program, the design of new farming systems, 
is the most extensive within the center programs. This involves a variety 
of approaches across the different centers. ICRISAT is focusing on water 
management so as to maximize the use of rainfall in the semi-arid tropics. 
IIT.A's program involves considerable research into intensification of culti- 
vation on the upland soils of the humid and sub-humid tropics which have 
been farmed traditionally under a system of bush or grass fallows, and into 
the utilization of hydromorphfc soils. Work at CIAT aims at intensifying 
production mainly through the use of fodder grasses and legumes, on the poor 
soils of the Elanos. 

41 Farming Systems Research at the International Agricultural Research Canters. 
CGUR/TXC, September 1978. 
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cocio- economic R232arc’?. 

59. Socio-economic rasearcf! ?er?orms saveral r312s. Ii is utiLi.zed 
in village lsv2l st9Aies t0 exanina existing farming syst2ms and ta rsach 
undersiacdicg of why farmerS. bshava as they do and tSus indicate areas 
w'ntre changes nig'nt 'ae induced. It is used to identify constraints to 
the adopiisn of new techology and to monitor the ?rcgress and cons2qusnces 
of the n2w tscSnolcgy. It is thus involved at both the baginning and the 
end of new technology. As a consequanc2, Socio-economic researchers co- 
operate closely vith the biological and physical scientists of the centers 
in defining rasearch priority ar2a3 within tha canter mandates. 

60. "scononists and biological and physical sciantists ~orklng tog2tSer 
Ln mul:idisci~linary ttams can 2rsurt that the t2chnoi0g:y being dev2lo?sd . 
iS shaped to th2 farmers' n22dS) identifying tkc t2ChniCai and institutional 
constraint3 imriedicg t'3.e adoption of impr0ved tac'nnology can assist govern- 
m2nts ic develbpirg policy interventions -I- 2'72d at ov2rcomizlg these consir2lnt3. 
Tk2 couarry studias und2rtak2n 5y a num3er of :he c2n:2rs in collaboration 
yit:q i-3-eir ~311 e335-33- i---Ju-b at national i2v2i haV2 ?rodu02d a wid2 T2rSp2CtiV2 
of faixers' sroblams Fn varying agro-climatic and 2c0nomic conditions. 

.~chi2ve~ep.ts ir: ?ap-inq Svst23s and Soci0-Economic Gsearch 

61, TJnli!;a Lb.2 res+ar& oug?ut of giant tr22ding, which is n2w tschnoiogy, 
t3.e ?rodccc of ' = --Jrrg socx-ec3nocx ano ~a-,~.~~ 3:;3~2-, S r2search iS 3e-w 'kZOT+7i2d"s 3-e 
ThG3 the application or’ results from rejearc:? 0f t:lis kind will nead a dif- 
forent approach frzm that, say, of plan: '0r22ding where the application of 
the output -- an improved plant type -- can 5e distri'0uted tO national Tro- 
gram3 or farmers, US2 of ",etter seeds or appropriate fertilizers is a rala- 
tiv2ly siqi2 sonc2nt At5 a highly visiSl2 impact. An imprsv2d farming 
system, 05523 M,th many social implications is 3 a compiex conc2?t that is 
likely t3 have mazy iocai2-specific characterisiids. 2: is 'r.ighl-q r;nlikely . 
that an LAX could "invent" an imurcv2d . farming Syst2m that could t52n '02 
takan u? by a national program and 2x:ended to its farmers. :5o%-eva,r , 5-2 
ctflc2rs kave :akzn a laading rola in develo?kg th2 methodology in what is 
a relatively zew ar2a of iesearc:s ; few r.a:ional ~rograz2.s Save the 2’3; 7 + gy --- 
to do cSis. Farming Systems research r2quir2s =*dtitilsci?li.nary tsams 
operarizg in an Lnt2rdiS:iglinary fashion and it reqcires long-tar, ccmit- 
merit3 of funds. One of :he m2jor outputs of tk2 c2nters ;rork on <arming 
systems w911 therefore be scientists trained in the methodology; ancth2r 
I 4 1 f :. . . N-AA .,e n2w ?rrtc;~lss tkat can 3~ wi?&y a?21 'aJ jv :.ational r2sear=5 ---w- . 
ci~acizatlons in developing n2.J SySt2mS f0r sF2cLfiC locations. Yet ancther 
ou:;c-, yiil 52 "j+ltisg >;-Jc~s" t5.t caya je -322 jy --a:i.Jnil --.-*-c-s 2r-d yA.-=--- 
fam2r3, s.g., istter method3 of soii tillag2 an0 conservatkn, im~r0vtd 
tmis, better me:~cds of wat2r management, improved crop combinations and 
culr,ivars or’ c:cIos li';c2 maize, . jeans, rice; cassava, that will ?erf0rm well 
in combinations or that have the requisits growing period or Flant sha?e 
i3 suit ?arCiculat crO? c0mbinations. Some aspects of isproved fazing 
Systems idchzoisgy xiii 3e relatively easy for farmers to apply on individ,zal 
farms (for exampl2 cro?nLng pat terns and 22r0 tillago, techniques) Atr2as 
3tS2rs, liks bprsvad moisture control by iacd shaping are likely t0 be 
succ2sslul oc:ly il a??lL2d over a s;at2rs;?2d ';y groups sf farm,erS. --~~omists U&W .- 
ai =uamining ways in .,&ich a -. country srogr22 mu10 work with farmers 53 
achieve :his objective. 
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62. In socio-economic research, the centers have pioneered the de- 
velopment of networks, such as the International Rice Agro-Economic net- 
work (IBABN and the CIKXYT regional network which are helping national 
programs to build their own capabilities. Center research has been de- 
voted to both s'oonstraints" and "consequences" of new technology. In 
s'constraintsO research, two problems have been examined: 

-- why are so many farmers unable to achieve the 
potential high yields of the modern varieties; 

-- why have some farmers still not adopted modern 
varieties. 

IRRI has a research program on what constrains the adoption of new technology. 
Figure IPI illustrates its approach to this problem. 

63. Figure 14 illustrates the concept of the difference between actual 
farm yields and maximum experiment station yield; Although this concept was 
developed for rice, it has general application to the problems of technology 
transfer, 

64. The first component, yield Gap f,9 exists mainly because of environ- 
mental differences between the experiment station and the average farm. 
Technology that gives high yields on experiment stations may not give as 
high yields in the less favorable environments that exist ou many farms. 

6.5. "Constraints" research has focused on yield Gap 11, which is divided 
into two areas of investigation. The first identified which-biological, 
physical inputs and culture'practices account for the gap; these factors 
may vary widely from one region to another, but before any remedies can be 
taken (for example, recommending a package of improved practices) the bio- 
logical nature of the gap must be understood. Experiments on farmers' 
fields are essential to obtain this information. IRRI has, for example, 
identified the major elements of the yield gap of approximately 6 tons/ha 
for.rice between the experiment station and farmers' fields. The result 
of this study is set out in Table 4. 

66. On the technical side, research to develop varieties with a higher 
degree of resistance to an unfavorable environment (drought, for example) 
should result in less year-to-year variability. However, the overriding 
need for further action by government in improving irrigation and drainage 
facilities and improving the supply of inputs, is obvious. 

67. XRRI did a study on the adoption of modem rice varieties covering 
2,344 farms in 36 villages in six countries in South and South East Asia. 
It found that the rate of adoption varied widely; in some villages over 90% 

L/ A Handbook on the Methodology for an Integrated Experiment -- Survey 
on Rice Yield Constraints. S. K. De Dalta, R. A. Gomez, R. W. Herdt and 
R. Barker. 

. 



FIGURE 111 

Constrahts rf2St?ilrCll in tlrt: devfAo~~~lwi~t process. 
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of the ar2a was planted to modern variatizs, while in others, less than 
20% was son to these varieties. T$e factors contributing to this varia- 
bility were suitability of the varieti2s, the degr2e of water control and 
profitability. The wide acceptance of modern rice varieties in the 
Philippines also suggests tSat proximity to research centers, such as 
IRRI, is an important contributing factor in the transfer of technology. 
The study concluded that research for rice production in the national 
systems must be concentrated on the development of modern varieties 
suit2d to their particular agro-climatic 
needed that perform well under differant 
salinity, flooding and deep water. 

conditions. Varieties ar2 
growing conditions such as 

Table 4 

Z?ajor Components of the Yi2ld Gap 

Yield Decreas; Due To .Amount 1 
(tons/ha) 

Lack of water control 1.4 

Seasonal affects 1.2 

Xisk 1.0 

Year to year variability 1.2 

S2SidUal affect due to non- 
availabili:y of inputs 
and non-adoption of new 
technology 

:. 3 

23 

19 

17 

19 

22. 

68. ICXSAT’s sccio-economic program has concentrat2d on the analysis 
of traditional faming system in India and the possibilities of introducing. 
improved systems. Villag2 12vel s:udi2s ‘nave indicated that there are 
practices that could significantly raise ?roductivi:y. For example, the 
yield increase obtained from a csnbination of the three tiproved ievels of 
tachnology -- izproved varieties, use of fertilizer acd better soii-water 
management -- were double the sum of the increases from the individual treat- 
mests, wi t h t.k.2 largest sing12 ixrease obtained from ftrtiliz2r. CLlP has 
shotyin that bean yields on farme:s’ fields can be increased by 30-9CZ by six?12 
changes in culiurai practices. 

69, The moni*--4 ?Q iv--& J program at 1X.4, designed to measure changes over time 
in the three components of the system -- the Vegetation, the livestoc!< a-d 
the people in livestock develo?nent projects -- should Frod*x2 22w cethcdology 
which.vill be within the rsources of national ?rzSram to apply on a wide 
scale. Is its 3t’ralc2Tas :<i7**1 a,ni- .- 3--.-s program IX.1 :las a livestcck Tackage 
which increases income considerabiy . 
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70. An illustration of the value of negative results is the experience 
gained by IITX which has had a direct link to farmers through the Nigerian 
National Accelerated Food Production reject. The recommended practice was 
to intercrop a modern cassava variety with maize, in combination with im- 
proved plant protection and agronomic practices. This project has shown 
that the theoretically high profits were difficult to achieve in practice. 
Inputs were hard to get, the package was too costly and too complex com- 
pared to traditional practice and, even when markets were available, the 
farmers found that the extra income went largely towards repayment of 
loans obtained for the package. In addition, there was difficulty in dis- 
posing of the extra maize at prices attractive to farmers. This experience 
helped in fornulating the agro-service center concept, now an integral part 
of the project. 

71. Work by CTXMYT on uptake of high-yielding varieties of maize, has 
illustrated the importance of agro-climatic conditions. For example, the 
spread of hybrid maize in Kenya has been limited to the better rainfall 
areas and the spread of the high-yielding varieties of wheat in Turkey has 
been similarly limited by rainfall conditions. Ci2.T has found that cassava 
yields are affected by altitude as well as rainfall and soils. 

72. A common finding of most of the IARC socio-economic research is the 
lack of infrastructure and the need to improve outmoded instFtutions in 
order to overcome the limiting factors of scarce inputs, credit, marketing 
and transportation. These are, however, issues which the centers do not have 
the competence or authority to deal with, given the many differing political 
and economic circumstances existing in their client countries. The centers' 
role has therefore tended to be limited to identifying rather than proposing 
solutions to such soeio-economic constraints. 

33. Research on the social and economic effects of the introduction of 
new technology is assuming increasing importance, but clearly much still needs 
to be done in view of the variations in the consequences of technical innova- 
tion, even in countries with comparable polftica% and economic systems, due 
to diffarant land tanura eonditfono S population pressures and institutional 
and environmental factors. The centers are thus playing a catalytic role in 
"consequences" research, but many of the problems are country specific and 
some touch on sensitive political issues which fall outside center research 
responsibilities or competence. 

Mechanization 

74. In many instances, improvements in farming systems will depend on the 
development of better farm equipment, either machine or animal powered. Three 
centers (TCRISAT, TITA and IXRE) have mechanization programs aimed at developing 
equipment which will improve productivity, prevent post-harvest losses and re- 
duce drudgery on the farm. CT? also has a small program on'storage and solar 
drying of potatoes and CUT on storage and harvesting of cassava. 
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75. TSese nechaA,zation ?rograss aii3 to develop szall zachizes that 
wiil intezsi?y przzduction azd raise yields per unit area Without dis- 
giacing ia3or. This is possible because there are peaks in labor ze- 
quirazents resultii1g in a scarcity of labor, particularly in car,r?ection 
with nultipla cxpping. %a11 mac’nines vould also enhance the opportu- 
nities far introducing co,w ooeratiocs which wccrld hava larse labor re- . 
quirteents or would be too expensive to apply at existing -Jag2 rates. 

76. The IITA program is focused on developitg equigment for zero or 
nininm tillage farzizq practices suited to the situation of the resource- 
yoor farmer. Xlso, in viek of the fact that trTy?anoso3fasis and other 
hiseases largely Trevent the 
ssedisg , weedlnq , 5arves t icg 
tractor is being desig.ed to 

77 * TCXISAT's ?rcgraa Is 
L iOr different levels of crop 

use of draught aniz&s for iaad Treoeration, 
and on-r'arx transport, a szali so-wheeled 
hel:, overcoze t’nis constraizc. 

ained at provldisg aniz3I.-dram! sachines 
znagament. Lack of Dower . is 0 ft2n a major 

constraist to agricultural productlo ic the seai-arid tropics; the size 
of the area cropped 2ach year in thesa r2gions is dtte,rained by the avail- 
able Susan power for certain critical operations, such as seeding, fortiliz2r 
application, land preparation, etc. The aninai-drawn equiFEer?t being de- 
veloped or adapted by TCXSXT is designed to Lncraase Che efficiency of 
these operations. 

78. X couon +lser,t of center stchaoizatioc research is that the 
equixent . is designed for manufacture at the far, arrd village 12~21 and 
mx'n of it can be zad2 by simll ~azcfactur2rs. Indeed, ?ioduction of ZXIC~ 
of the ec.uipEenc is highly iabor intansive. 

Achi2v2z2ests is Xechanization 

79. ic zxchazkzarion IITh has developed "zbbmz" tillage :echcSques 
tkat reduce the energ ingut needed to conserve the topsoil, isprove 
i~01sture storage and sustain high yi2lds (with suitable ikputs) for 5 y2ars 
or ~0x2. iCSISXT has developed tools and cultivation techniques that allow 
ictecsified croppir;g oil' the 'hea%-] Slack soils during the yet seas00 a;ld pre- 
ven; daxagt by rm off, 1X.X's cropping systems program has taken m.Atiple 
cro??ing syst2ris tfiat at2 a featur2 of intecsive agriculture iri Zast Asia, 
aodified these and tried tfaen -..idely in several ccmtries in Asia. Sone of 
these ere zow being ado?tad by farmers in areas sr'n2r2 mltiple cropping 
has r?ot been traditional. 

80. TSe kind cf mchir,ery development in Rich the centers are involved 
is smrittd is Table j, During 1976 about 3,300 ?ow~r tlll=rs azd 770 
threshers (1,900 in i977j of the I.231 design were manufactured am! sold. 
AbOUt iOZ of the tillers and threshers were buil: in the P'aiiippices, nost 
of ;he rezaizder of the tillers i:: Thailacd and the threshlers ir. Thailand 
and India. About 25,000 power wesders or’ ~~~~ d$$sl;gs -J2i2 jUii= is 5/ Japan .- 
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Table 5 

Some Equipment in Use or Being Developed at the International Centers 

Center 

CXP 

Equipment 

Potato storage 

Black box solar dryers 

ICRXSAT Wheeled tool carrier 

Mechanical seeder 

ITTA Controlled droplet applicator 

Jab planter 

IRRX Thresher 

eua 

Rolling injection planter 

Pert$l.i.zer applicator 

Rotary tiller 

5.h.p. Tractor 

Dryer 

Rotary tiller 

Power weeder 

Plow sole granular chemical 
applicator 

Multicrop seeder 
Windmi&f'and pump 
Energy generation from 

agricultural residues 

Caksava harvester 
Cassava solar dryer 

Use 

Improved storage facilities 

To retain nutritional quali- 
ties and reduce losses 

Making beds and furrows 
Inter-row cultivation 
Supplemental irrigation 

Precision planting of two 
or more intercrops 

F&ore efficient use of 
fertilizer and herbicides 

Seeding in zero or minimum 
tilfage conditions 

Fertilizer application in 
zero or minimum tillage 
conditions 

Establishing rice in poorly 
drained soils 

Plowing, tilling and puddling 
Transport of on-farm equipment 

To reduce losses in thresh- 
ing and reduce time between 
planting of 1st and 2nd crops 

reduce spoilage 

improve crop management 

Energy source and irrigation 
Alternative energy resource. 

To speed up harvesting 
To conserve crop 

. 
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Training 

81. All research iastitutions invast a considarable propcrtior. of :lleir 
r2sources 1.7 training. In the case of the WKs this iz~olves trair.,iEg 
both of the c2ctezs’ own staff ar.d of the students at various levels who 
come for specific training purposas. Since this pa?er deals 3ainly with 
outputs o- research i kzowledge and r.ew technology ar,d sixa the trainhg 
programs of the centers were discussed at a seminar duricg 1977 Centers 
Week, the subject is not treat2d in detail here, though it should be coted 
that approximately 10% of the CGIAR budget goes to training activities; 
some additional activities are fmded through special projects. 

82. Details of the ausaber of trainees produced by the system are not 
available. Seither is the systes 0P traizizg %i all centers axactly the 
same, while the sate nozenclatur2 zay be used for differant types of traiz- 
ing . iiowever , four distirzt types of trair,icg hav2 bees raco.33iteC;~i rem 
search education for rasearc'n r'ello~s (as part of an X.S. or ??L.D course), 
research training in variocs disciplines, production traitiag , which usually 
includes a compitta groductioz cycle of tb.2 crop, and ?ost-docicral f2liord- 
shi?s which S,ave the dual purpose of providing th2 centers i;ith well-trained 
young scientists asd of traikng such scieatists in tropical a~ricultxre. 

83. In the research 2ducatior. ar,d research zraiA;Ig program, about 
100-150 scientist s are trai;lcd aach year. In production traizir,;, r,‘se 
throughput is considerably higher aad is Trcbably of the order of 3CO-400 
?er year. ?ost-doctoral fellows nu&er about 50-100 ai?mally . 

84. In addition, rany of the centers rura short courses iastixg a 22~ 
weeks, sop?e of which take place away froo! the headqzar:ets, 12,-Y 7. . L A..aJdj, x2 
IARCs host a large nu&er of seziaars atd vJor!<sho?s j-‘nir:1 bring to9arLar =u-.*- 
scientists from zany TldtiOCai ?rograzs 33.0 'nava a cozizon F:1tares’. ir, a 
couaodity or a program. 

85. It is, of course, inpossible to xake any qaaiitative zssesszar,t of 
the contribution of the.IAXs training pro,grans to the progross of agri- 
culture in the developing countries, Severai centers have had follc~ur, 
programs which ‘nave indicated that zatioual program rate the IAX training 
projects as having very high priority. Yhila the cer,t2rs sozetizes S,avr 
problems in locating trainees with the requisite basic quaiifications, b2 
demand for training ger,=rally exceeds tht centers’ capacities. Such capa- 
CL:-3 is ’ li;lited by both space acd facilities and ?erha?s mst -k?o~tan:l;7 
by the need to avoi;! overloadhg tke reseatc:? sciaz;ists vith 220 zaf,y 
trainees. 

3asfc ?asearch acd the Generation of Scientific iKno=rladqs 

86. T3e ten !‘basic research” tends to convey the idea of isolatioc fro= 
the problems of ~52 everyday world. Howevsr , shce research mdeavor covers 
the whole s?ectruz fron the =ost fuadazeztal to the 7~~s: applied, any ‘soucdari2s 
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must be artificial. This paper uses the term "basic research" in the 
context of mission-oriented or strategic research -- the work that is 
needed to develop the scientific ideas on which future progress in agri- 
cultural technology must depend. The time horizon is considerably longer 
than that in technology generation? with the prospective payoff needing 
iO-15 years, Successful, basic research thus requires informed judgments 
on the kinds of agricu%tura% technology that the developing countries may 
need a decade or two hence and the security of long-term financial and 
scientific resources to sustain such an effort. 

87. While XARC research has been generally devoted to exploiting ideas 
which have emanated mainly from work in the developed countries, there are 
some areas where new knowledge is needed if the centers are to continue to 
serve their purpose. They have to ask the question as to where the next 
advances ih productivity are to ccme from and what strategies should be 
followed to develop the scientific ideas on which these will be based. 
Established and proven technologies are available for some irrigated crops, 
good progress is being made in some of the rainfed crops, but on the other 
hand, rather littl.2 progress is likely in some areas with the technologies 
that can now be foreseen. 

88. The need for basic research has not been ignored by the centers and 
indeed there has been a spin-off of new scientific knowledge from their 
technology development work. Some or' the centers already have plans to shift 
more of their resources towards basic rasearch and have developed contracts 
with scientific institutes in the developed and developing countries, for 
eaeample, ICIPE. ILPAD is, 0% course, a center which is very largely devoted 
to basic resaarch, Second generation technica-b problems that have arisen in 
rice, such as some of the pests and diseases, h&2 led to more attention to 
basic research. The fact that parents with resistance to diseases like 
sheath blight or ragged stunt have not yet been identified, makes this kind 
0% research a11 the more urgent. While studies in the genetics of resistance 
to Pyricularfa oryzae have been under way for many years, particularly in 
Japan9 there is little comparable work on the genetics of resistance to the 
rice viruses which have become increasingly important in the last decade. 

89. As noted in the opening paragraph, there are no hard and fast boundaries 
between the varfeus kinds of research and the sections that follow are simply 
to iflustrate some aspects of the kinds of mission-oriented basic research in 
which LUCs are involved. 

Wide Crossas 

90. Breeding programs of wide crosses between distantly related species 
or genera at2 being used to introduce disease or pest resistance into the 
domesticated species or, as in the work on triticale, to make a new kind of 
plant. Host of the centers are using some inter-specific or inter-generic 
crossing to introduce desirable characteristics. TCRTSAT is using wide crosses 
of the groundnut Arachis hypogaea with its wild relatives, A. chacoense and - 
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A. cardezasii - to iatroduc2 rasistance to Carcos;ora leaf spot. In cassava, 
the basis of resistance to the nosaic disease is derived from crosses of 
:he edible cassava, Zasi:hct esculezta Ath X. zlaziovii. In potatoes 
diploid species, a.g., Solanm phuroja, are ‘beiag used to introduce re- 
sistance to bac:erial wilt at.d root knot tleaatode. 

91. X-de wide crosses have been used extensively to introduce desir- 
able characteristics from wild into domestic qecies and this kind of re- 
search -4d.11 continue to be significant, tSe object in triticale research 
has been to develop a nan-aade plact containing sosze of the xost useful 
characteristics of both wheat and rye. This Tarticular cross, known for 
more thar, a century, was first grown as a corr?rrercial cro? in Eiuzgary in 
1968 and about 200,000 ha are cow gram iz Europe, YortS Aerica a& China. 
CiWT s:arted collaborative -dark with the Caiversity of Manitoba ic 1954. 
The ~i~~'~~2cce~ in location, perzitted research OR g’hotoceriod res?or.se a-d -b&-i 
search for resistanca to virulent strains of rust. To.ile the 2arlv sel2c- , 
tions gave about half the yields of the bread tiheats irr cm;arable trials, 
c L%!XT ’ s discovery of the Xrzadillo strains w’nich had good rertility, better 
filled grain and shorter straw, hasteneci pmgess. In 10 years, yields on 
the experizencal station have reached those of the bread vheats. “roblens 
such as disease susceptibility, lack of dormancy ad thus sarouticg during . 
wet weather befor harvest, reraaia. At tSe nosent the ,croo is grom corn,- 
zercially ir. 11, zainly developed countries, but it is expected to fill a 
niche by displacing wheat i:: cool high altitude areas azd acid scils, such 
as sarts of Xexico, !iorther3 India and Ethiopia. lriticale research is a:: 
exn=pLe of a successful collaborative research effort bemean CI!GfYT and de- 
veloped country scientists. In the developing countries, lack of resources 
to inprove the cro? and to learn how to use it, are likely :o make its uotaka 
and spread a slew and lengthy process. 

92. 3iOlO~i~ally fixed nitrogen is the only source of nitrogen for za2y 
crops Lr. the tropics. T32 citroge~-fF~~~~ caoaci --3 _ -:y of 12g-sies has lcng been 
known but little ax?loited; mre ‘ac~rtl:y so1=e capacity has been discovered e- -a 
i3 tSe arasses, e+a,, sorghum and sugar cane. Gor’k at ICXISXT or. sorghun 
G - designed A.3 t3 discover ?&ether citrogen fixing bacteria in the rhizosphere 
can reduce the mount of nitroger, required by the plar-t fro3 fertilizer, the 
conditions ucder which this could operate lost effectively and those sorghcn 
lir.es which have enhanced nitrogen-fixing capacity. At I231, the role of 
free-1c~l-g -G ‘-ogeg-fL-&~g 5actzri,a 12 flooded rice ;oils is 3ei:g inl,-esti- ..* -a 
gated (in collaboration with institutes 1:: the U. 3 .) , Xecent results hdi- 
cafe that, L:: c:?e grtenhous2, 13-20 kg of ~ittog~~ 32; 'nectar2 caz be ifixed. 
during the growing seasod. Other nitrogen-fixing 3fgazfsCs, Ir?clr;Clng t;?e 
’ .izo,ia- l? jl*je-e-aa ,b-bn alga2 2ssocFatLms, have lor,g 5ees knom to fix rdtrcgen 
2;: r’locded rice soils aad the mtals Fzvolved 7,ay 3s ,3f the order cf 60 Lkg 
per hectare ‘?er graving seaso2. 
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and research is thus aimed at selecting varieties that make particularly 
efficient use of symbiosis between the legume host and rhizobia. The 
Asian-type soybean with good seed viability and an ability to nodulate 
with local rhizobia, is being used in breeding programs. Fork at CIAT 
in Phaseolus bean, and at TCRISAT on groundnut, has similar aims. Breed- 
ing for pest and disease resistance in these species wilh aEso lead to 
improvements in nitrogen fixation since healthy plants have a nush greater 
capacity to fix nitrogen. 

Soil Research 

94. IITA’s research on the physico-chemical properties of tropical 
soils is a good example of the role of mission-oriented basic research in 
providing a better basis for applied research. A knowledge of the mineralogy 
and the surface chemistry of such soils is of importance in understanding 
their erodibility and the behaviour of added nutrients. 

"True Seed" 

95. The traditional "seed" used for planting such crops as potatoes and 
yams consists of tubers which are expensive to store and transport and carry 
several diseases, particularly viruses. PITA (yams) and CIP (potatoes) have 
been involved in developing methods which might be used by farmers ts sub- 
stitute botanical seed for the traditional planting materials. In potatoes, 
for example, the substitution of botanical seed for tubers could give sub- 
stantial savings to the farmer since it is estimat2d that certified "tuber" 
seed may be as much as 60% of the cost of production, compared with, say, 5% 
using true s2ed. The problems to be over,come are genetic variability, the 
production of varieties that will readily produce seeds and agronomic tech- 
niques that can be used by small farmers to germinate, grow and transplant 
the seedlings. 

Animal Diseases 

96. It is estimated that the annual mortality of cattla from the four 
parasitic diseases -- Trypanesomiasfs, Anaplasmosis, East Coast Fever and 
Babesiosis -- exceeds 5 million head, of which about 3 million die of 
trypanosomiasis,, 81 IEW is on2 of a number of research organizations in- 
volved in studying ways of improving the host's natural and acquired 
immunity to the parasites. These parasites, and others like malaria, have 
mechanisms that enable them to evade the body's immune reactions due to 
their ability to develop antigeaic variations and to suppress the immune 
responses of host animals. 

97. The outer surface of a trypanosome consists largely of a glycoprotein 

antigen, which in the descendants of a single trypanosome can show that, vhi%e 

g/ Barry R. Bloom, Games Parasites Play: How Parasites Evade Immune 
Surveillancs. Nature, 279, 21-26. 
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the prot2iri part of the =oiacule v&as, be carbohydrat2 ;art rer.aizs 
unchano,2d. AttSZOtS aiS . being mde to elicit izaune i2socnses against . 
:he carbohydrate groups ix tha hope that these will provida prctactioc 
against a wide ranse of trypanosone variants, ILUD investigators have 
also b22n able, for the first time, to cultivate African. try?anosones 
in vitro thrau$h the whole of their life cycle, This allows analvsis of , 
rac':ors contra 1:i-c antig2nic varfation, susceptibility of difftrmt ---ha 
stages to drugs, and other basic scientific prbbl2Es ral2var.t to coctrol 
of the disease, Th2 center is also studying genetically controlLed i2- 
sistanc2 to try?anosoniasis in laboratory acd domstic animals, Lacicding 
S'Darria cattle. Such work iinks closely with that of ILCX, which is study- 
ir,g the perfomance or’ X’Dazza and other r+latively resistant bi22ds of 
cattle ucder difz'srent zanagesent regi3es. 

93. TheiiS?Zi3SiS (East Coast FZVei) is a disaase caQs2d by procazoan 
parasitas of the g2cus Zeil2ri.a (T. oarva, E. lamencei a& T. xzazs). 
It causes a high sortali:y in cattle in East ar.d Cantrdl Africa. X yalattd ___ 
izgortant disaase is ?ro&ced by T. amulata -+z*hich has a wid2spi2ad dis- a, . trxutLon in !?orth Africa and Asia. 

99. Thaiieria is transnict2d by ticks, ar,d the established method of 
control is to dzstroy the vastor, by di?pir?g or other treatment smith 
acaricides, T52se aethods are costly ar,d diffLcult for Sid.1 fameis to 
2ppi:7, and resistance of tLcks to aI1 kr?om acariciles develops. 3ere Fs 
an urgent aeed for developnent of alternative nethods of contzo1, suck as 
vaccination. 

100. Calls oor.taini;lg ,T:leilaria parasites can now be cultivated il? .?Ftro, 
and a detaiied study of izzcun2 r2sponses to th2 ?arasit2s is being mdeitaX2n 
at ILUI. It has Seen recognized for rainy y2ars that axA7.2ls which have re- 
covered fro-, theilariosis azs resistant cc0 inf2ction by garasit2s fro= the 
saze zsographical araa; however, it does appear that there are dilf2rent 
a~tig2nic types in differs.".t locations and research at ILMD Is sized a: 
Cl ‘Lfferent-iatLgg _ these various types and attanpting to r'fnd 0112 or a mall 
amber 32 steaks of ke ?arasFtt that can be used for vacciz.atLon. 

101. It is ieco-;zized tiar: the basic research needed to develop Fzznzol~- 
gical approaches to the coctrol of these diseases ?res2nts diffituit problem. 
Yev=rt3eless, techniques kave recently bee:: developed that can facilitatz the . - St'JGy or 52 nechanism -:hat cam,2 itsistaxe to in52ction. It is likely to 
take a considerabl2 :tie for a payoff to this fission-oriac:ed basic rsearck, 
'act such gayo=C A.-, -47n '22 it cones, is likely to ha-ze an appiicaticn far beyocd 
zh2se particular Glseasas. 

3asFs Xesearch iz tke Fut*ure 

l.02. hly a ralativaly sz.ai.1 proportion of the CSIAX’s totai r2so3rtes 
arz comlittcd to aissicn-oriented basic r2sea--‘q .w... I, L 3ay Se cecessazy to 
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: 
increase this in future. but neither the centers nor the CGIAR have formu- 
lated any guidelines al&g which this might be done. If such research is 
expanded, it should be possible to oontraot with scientific institutes 
'(mainly in the developed countries) which already have the resources to do 
such work. Mowever ) there are some aspects, pest and disease esology, for 
exaupfe, which can be done ortfy in the tropics. Similarly, parasitic 
diseases of animals can be most satisfactorily studied in their natural 
environments in the developing countries. It might also be argued that it 
is necessary to build up the capacity of scientific institutes in the tro- 
pies to generate new knowledge as well as new technology. 

Concludina Observations 

103. This part of this year’s report has set out to review some of the 
contributions of the centers to research and technology development. The 
review is intended to convey an impression of the breadth and scope of the 
scientific endeavor rather than to raise issues or critically evaluate the 
research 5 This is not to suggest that substantial scientific issues do not 
exist 9 as they do in any healthy research organization. 

104 * In research tems the system is very young and it continues to ex- 
plore new ways of improving the relevance and strengthening the quali:y of 
iti research. There is increasing recognition that the impact of such re- 
search is very dependent on collaboration with national programs and that 
such programs can make major contributions to the advance of tropical agri- 
cultural research. The vaiue of close coUaboration with centers of ad- 
vanced research in developed and developing countries is increasingly recog- 
nized, and the future is ILkely to see an increasing involvement of the 
scientific community 0% both developing and developed countries in the system. 

105 B The youthfulness of the system has both advantages and disadvantages. 
A young research system has a great degree of flexibility, it has opportu- 
nities to pick and choose research programs acsording to the best judgments 
of its scientists and it can offer its scientists an unrivaled array of 
chaflenging problem. On the other hand it faces a bewildering array of 
interesting and possibly profitable lines of research, many of which it must 
ignore. The review indicates that the centers have made hard choices, and 
while it cannot be expected that each choice will be equally fruitful, there 
is evidence that many of the activities are beginning to provide useful results. 

106. Many millions of farmers and consumers have benefitted already from 
the technology developed by the system; many more will benefit in the next 
decade, but not all farmers have benefitted equally and never will. This is 
not due to any lack of recognition of their needs but to the limits to what 
biological research can now do. It has to be recognized that there are areas 
where the foreseeable technology will have little im?ast. Perhaps new kinds 
of research may open up opportunities that camot now be predicted but even 
the most optimistic forecasts would put such benefits at one or two decades 
hence. 
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J.07. The present grograms of tSe centers can provide technologies that 
will make r^zming inputs more productive but they cannot piOVl.de technolo- 
gies that will substitute for all such inputs, as the review of socio- 
economic research shows. TSus research can be applied successfully only 
where there is the political will and the infrastructure to make these 
inputs available. 

108. The center system is bound to change its character over time. 
Some of the programs may shift to more basic research as the national pro- 
grams develop their capacity for technology development, particularly their 
defensive researcS to protect present gains. Such shifts will depend on 
how each center views its evolving role and on the vieycis of the members of 
the CGT..Z about the future roles of international research. 

109. Finally it seems wort:h emphasizing once again that agricultural 
science knows no political or even ecological boundaries. The fuller ex- 
ploitation of :he world's relatively few food species'y<ill eventually bene- 
fit farmers and consumers everphere and the CGLU system can take credit 
for bringing the research systems of developed and developing countries 
closer together, 



- 30 - 

: 

III. THE NEEDS FOR 1930 

Introduction 

110, In keeping with the vitality and %lexibi%ity of the research 
effort described above, the Consultative Group and the network which it 
supports will continue to grow and diversify in 1980. At least tic; donor 
members are joining the CGL4R and several developing countries are consider- 
ing joining as donors. The addition of two new activities -- ISNAR and 
IFPRI - will bring to 13 the number of centers and programs supported by 
the Group. The 11 current activities plan continued development, particularly 
in rice and livestock-related research. 

111. Even with this expansion, the levelling-off in the rate of growth 
of individual centers begun this year will continue in.1980. The proposed 
increase in financial requirements between 1979 and 1930 will be the second 
lowest in the nine-year history of the CGIAL 

112. Despite the moderation in center growth rates, it has appeared for 
some time that the likely level of contributions in 1980 will not keep pace 
with expressed needs. This is due to several factors: the addition of new 
activities, unprecedented rates of inelation ) particularly in the countries 
where the centers are located, and the economic problems of several major 
donor countries. Consequentiy, at its meeting in YLay 1979, the Consultative 
Group adopted or reaffirmed principles which would help to bridge the pro- 
jected gap between budget requests and contributions in 1980. It also asked 
the TAC, Center Directors and the two Secretariats to work together to bring 
the deficit within manageable proportions. Failing this, the Group agreed 
to convene a Standby Committee to devise a solution. 

113. Once a year, TAC and the Center Directors meet together to review 
programs. This year the meeting took place at ICRISAT in gyderabad, India, 
in early July. During this meeting TAC and the two Secretariats idectified 
potential savings of about $8 million in the collective 1930 budget requests 
of the centers amounting to $126 million. These reductions are described 
below. In most eases they will require substantial and difficult adjustments 
to proposed programs. The effect of these budget cuts would be to bring the 
1980 net budget requirement to within about $2 million, of the projected level 
of contributions, which. is an acceptabbe deficit at this stage of the budget 
cycle. In the past, due mainly to marginal underexpenditure, a deficit of 
this magnitude has largely disappeared without further interverition. 

114. While a solution may have been worked out for next year (assuming 
the estimate of donor contributions proves reasonably accurate), the ad hoc -- 
deferrals and budget adjustments are, for the most part, temporary eqedients 
to manage a di%%icult situation. They are not a lasting solution. The 
continued effectiveness of the research effort requires a more stable, 
rational and systematic approach to ensure a balance between requirements 



- 31 - 

and resources. Centers need r2asonable assurance of the resources li1kely to 
be available over the next several years if they are to plan and carry out 
research programs on a cost-effective basis. Part IV of this Report puts 
forward a ,::lq?estion for a longer-term financial plan for the CG’XR. 

1980 Budget Requests 

113. The core budget requests for operations and capital of the 13 
centers and programs supported by the Group in 1980 are as follows: 

Table 6 

1980 Core 3udget Requests 

Center 

Established Centers 

CWT 14.8 
ClXiYT 17.2 
CIP 7.8 
I ITA 14.4 
IRRI 16.0 
IBPGR 3.1 
WARDA 2.7 

Subtotal 

Developing Centers 

ICBISXT 10.7 
ILCA 8.5 
iLRU 9.2 
IFPRI 2.5 

Subtotal 

Increase Cver 
Core Total 1979 Revised Total 

Cperatinq Capital Gross Xet - Yet Requirements 

76.0 

30.9 

($ millions, rounded)&/ 

0.9 15.7 15.3 
1.0 18.2 17.3 
0.4 8.2 7.5 
1.5 15.9 15.3 
0.8 16.8 16.5 

3.1 3.1 
3,4 3.1 - - 

5.3 81.3 78.1 

2.9 13.6 11.8 
1.3 9;a 9.7 
2.5 11.7 11.5 
0.1 2.6 2.6 - - 

6.8 ‘ 37.7 35.6 

17 
27 
18 

6 
22 
22 
32 

18 

SO 

Sewer Canters 

ICARL a.8 3.5 12.3 11.9 22 
ISXAR 1.2 1.2 1.2 

Subtotal 10,O 3.5 13.5 13.1 3L 

TOTAL 117.0 1j.L 132.4 126.8 -- 25 - 
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116. The total budget request shown above of $132 million, and the net 
request (after deductin g earned income and funds brought forward from 1979) 
of $126.8 million, are the amounts approved by the Boards of Trustees of the 
centers and contained in each center's Program and Budget Paper. They do not 
reelect the proposed adjustments recommended by 'UC and the Secretariat. 

117 * On the basis of the requests of the centers, the system would grow, 
in financial terms im current dollars, by 26 percent over 1979. About 10 
percent of the growth over 1979 would be due to inflation, and 4 percent to 
the addition of ISNAR and IFPRI. The balance of about 12 percent represents 
real growth due primarily to the continued development of ICARDA, ILCA and 
ICRISAT to planned full development levels, and to some real expansion in 
v%rtually every other center. 

118. The principal 
as follows: 

CUT - upland 
sexvices 

new activities proposed for 1980 by the centers are 

rice program, cassava utilization, regional 
program; 

cm- expansion of regional pro-grams and wide crossing 
program, germ plasm storage facility; 

CIP - modest real growth of operational budget but no new 
programs; 

ICARDA- continued development of research program and 
ixxkiatiom of construction of principal research 
station in Aleppo; 

iCRIsAT - development of West Xfrican program, consulting 
services team, Phase II headquarters construction; 

InA - additional working capital; 

%&CA - continued development 0% humid/subhumid and 
highlands programs; 

T=-LaD- acquisition 0% cattle-rearing facility, staff 
housing; 

IIRI = biological nitrogen fixation program, expansion 
of cooperation with national programs, partfcularly 
with the People's Republic of China; 

WAR-DA- research station in Liberti, core budget support 
%or portion of four regional research programs; 

IBPGR - no major new activities; 
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IPPRI - continued development of core program; and 

1SXA.R - initiating operations, 

These and other proposed new activities are descriiied In each csnter’s 
program and budget submission and in the Secretariat commentaries. 

119 * Senior staff would grow by 45, ?Jhich is in line with previous 
years. At 9 percent, the growth is consistent with the real financial 
growth of the system. 

Table 7 

Senior Staff ?ositions, 1978-1980 

Center 

c iAT 

CEl24YT 

CIP 

ICAREA 

ICRISAT 

IITA 

iLcA 

Z’LUD 

IRRI 

iFPR1 

Total 

1978 
Actual 

61 61 65 

69 77 88 

29 29 30 

22 28 33 

44 37 66 

94 9s 95 

48* 52* 61* 

31 46 51 

57 58 59 

24f 25 25 

1979 
Revised 

528 

1980 
3udget 

573 
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120. By the end of 1980, about ?,OOO persons would be employed in the 
CGUR network. 

121. Expenditures on research would remain at about 61 perstint of total 
operating expenses, and the progorefon devoted to other activities would also 
be the same in 1980 as in 1979 -- tradning and conferences (8 percent), 
library and documentation (5 percent), general administration (1% Fercent), 
general operations (13 percent) and miscellaneous (2 percent). Xn absolute 
term3, the distribution would be as follows: 

Table 8 

Object of Expenditure 

($ millions) 
1973 

Actual 

Research 44.3 

Training and Conferences 5.4 

Library and Documentation 4.3 

Genera% Administration 9.3 

General Cperatioms 10*8 

Other and Contfngencies 1.1 

Subtotal 75.2 

Price Xncreases 

Subtotal, Core Operations 75,2 

Core Capital 

Subtotal, Core 

21.8 

97.0 

Special Projects 10.7 16.8 12.8 11.3 

TOTAL FXPENDITURES 107.7 126.0 145.1 162.7 

1979 
Revised 

56.6 

7e6 

560 

10.5 

12,6 

2.0 

94.3 

94.3 

14.9 

109.2 

*. 1980 
Budget 

65.1 

a.5 

5.7 

12.0 

14.1 

2.2 

107.6 

9.2 

US.8 

15.6 

132.4 

1981 
Forecast 

70,5 

8.7 

6.4 

13.0 

13.8 

2.2 

116.6 

20.4 

137.0 

14.4 

151.4 



122. With the addition of ISXA.3 and IFPBi, the proportion of activity 
in the CGUR not relatad to particular commodities would increase to 22 
percent of total eqenditures by 1981. The distribution within comodity 
research xould be roughly the same in 198C as in the past, with some relative 
decrease particularly in rice and other cereals research, beginning in 1981. 

Table 9 

Distribution of Expenditure by Commodity or Program 

(percentage) 

1978 
AC tual 

1979 . 1980 1981 
Xevised 3udget Forecast 

Cereals 

Root crops 

Legumes 

Livestock 

Parming Systezs 

Other L/ 

37 35 36 32 

11 ( iI 10 9 

8 8 7 8 

20 21 21 21 

9 9 9 a 

15 16 17 22 

TOTAL 

ii IFELI, ISUR, IB?GR and research support which cannot 5e allocated to 
specific commodities. 

123. Capital e‘xpenditures for 1980 would be $14.7 million, the lowest 
in five years due to the scheduled completion in 1979 of TCRISAT Phase I 
construction and ILCA's headquarters complex. Xajor capital expenditures 
in 1980 r;ould be for ICARDA and the ICRISXT Phase II headquarters and West 
African capital programs. 

Proposed J&get Reductions 

124, AS Lndlcated above, the net request for 1980 (of S125.S miliion) 
is about S9-IO million greater than estimated contributicns. At the Hyde- 
tabad meeting in July 1979, s:eps were taken to reduce this projected gap 
by about $8 million. Proposed budget reducticns of six types were -Jerked 
out : 
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deferral or deletion'of certain new program activities 
as recommended by TAC and described more fully below 
(savings 02 $1.0 millbow); 

limitation of the real growth of established centers 
as recommended by TAC in the light of the policy on 
limiting growth adopted by the CG at its May 1979 
meeting ($1.5 million); 

adherence to the Group's policy that a center in the 
middle of a budget biennium should not increase its 
budget for the second year above what had been 
approved initially ($1.1 million); 

across-the-board reduction of 25 percent in each 
ceuter's budget for new equipment in 1980 ($1.3 
million) ; . . 

deferral of all new staff housing construction 
($0.7 mifPfon); and 

technical budgetary adjustments (revised estimates of 
fill rates, contingency reserves, price increases, 
and revised estimates of funds brought forward and 
earned inceme) - ($2.3 million). 

125 o The proposed adjustments worked out in Hyderabad consist of 
specific program reductions resulting from the TAC review of each center's 
program and budget together with standard budget adjustments applicable 
to all centers based on aaalyses by the CG Secretariat. 

126. The principal recommendations on programs are that: 

iii) 

iv) 

the proposed increase in upland rice research at CIAT 
and WARDA be deferred until.TAC: and the four centers 
involved in rice research (the two above plus IITA and 
IELI) have met to seek to rationalize CG?XR support to 
rice research; 

the proposed transfer of certain CUT off-campus special 
projects to the core program be deferred until the 
current TX stripe analysis of off-campus activities 
tithin the CGIAR has been completed; 

ILCA should consolidate its research effort before any 
significant expansion takes place; 

the proposals by ICRISAT and Cm for real program 
increases in the second year of their biennium should 
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not be accepted in the light of the principles adopted 
by the Group on biennial budgetting. (TAC also felt 
that logically no program reductions should 32 recoz~- 

nended for t5.2 five centers in mid-biennium -- ClXfYT, 
Cfi?, ICRISAT, IITA and the IPPGP. - whose 1980 pyograxs 
had already been approved by the Group); and that 

v> 2s tablished centers , principally IXXI and CIAT, s’hould 
limit their real growth in the light of the decision 
taken by the Group in Say 1979 to lixit the expansion 
of the developed centers. 

127, Th2se program reductions recomended by TAC would save about $3.8 
million and together with the technical budgetary’ adjustments aad r2ductious 
is. expenditure on equipment and housing would result in total savings of 
about $8 nillion. The eff2ct of these proposals for each cent2r is stiom 
in -Annex IV. The average reduction in the 1980 budget request of the centers 
is about 6 perc=nt, rangizg from no reduction (ISX4.R) to 16 percent (TL9DA). 
The principles on which the standard budget adjustments are based are also 
described in Annex IV. 

Xecomended 1980 Sudg2ts 

128. Taking into accost these reductions, which in 2ach case have been 
worked out in consultation with the center ccncerned, the recornrzended 1980 
core budgets for operations and capital ate as follows: 
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I/ Corg2mp-. Recornrmended 1980 
Increase C&et 
1979 Revised Real Growth 

Qperaeisns Capital Gross 

($ millions, rounded) 

Total 
Net 

Net Budget in Operations 
Requirements 1979/80 

% % 
Established 
Centers 

CIAT 
Cll-HKYT 
CXP 
IIXA 
XRRI 
IBPGR 
WARDA 

14.4 
16.8 

7.7 
14,3 
15.5 

3el 
2.5 

74.3 

0.6 
0.3 
0.3 
0.8 
0.4 

0.2 

2.6 

2.2 
1.2 
1.6 

15.0 14.6 12 
17,l 16*2 19 

8,O 7.3 16 
15.1 14.6 1 
15.9 15,6 15 

3.1 3.1 *. 22 
2.7 2.6 8 

Subtotal 76.9 74.Q 

Developing 
Centers 

ICRISAT 
ILCA 
I%W 
fFBRf 

Sub mtal 

Newer 
Centers 

XURDA 
XSNAR 

Subtotal 

xl.2 
7.8 
8.8 
2.4 

29.2 

12.4 
9.0 

10.4 
2.4 

34.2 

10.5 25 
9.0 29 

10.3 22 
2.4 - 

32.02 35 

8.7 
la2 

9.9 

5.0 

3.1 

3.1 

TOTAL 113.4 10.8 124*2 118.8 

17 

29 

20 

5 
3 

1% 

15 

L/ See Annex V for complete preseetatioa in S'QOO, 
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129. As indicatad in the table above, thq recommended budget would permit 
some growth for virtually every center. Apart from the technical budgetary 
adjustments and across-the-board equipment reductions, the 1980 Trograns and 
budg2ts of ths five centers in mid-biennium (CE-WPT, CL?, ICRISAT, LIT.4 and 
IBPGi() already approved by the Group last autum would r.ot be reduced. The . 
1980 bcdg2t r2qu2sts of the three cent2rs entering a new biennium (CUT, 
ILUD and 1X.X) would be cut back (to 3-4 percent real growth for CUT and 
IXRI and 11 percent for ILMD) in accordance with TX’s recommendations and, 
for CUT and IXRI, the policy on growth enunciated by the Group at its I&y 
1979 meeting. 

?roposed I980 Funding 

130. If these reccmmended budgets are agreed by the Group, proposed 
funding for 1980 ~0ul.d be as follows: 

1980 
(8 millidns) 

Core Operations 

Capftai 

Total Core 

Less: Earned Income and 
Funds Brought Forward 

113.4 

10.8 

124.2 

5.4 

Net Requirement from CG7UR 

1981 Reouests and yorecast 

131. Three cent2rs - CUT, IL&ID and IRRI -- ‘have prepared biennial 
budgets for the period 1980-81. In keeping with the spirit and principles 
of biennial budgetting, TAC reviewed the I.981 budgets of these three centers 
and has recommended their acceptance by the Group subject, in the case of 
CUT, to certain action by the 3oard- of Trustees and, for all three centers, 
to the availability of funds ti 1981. TAC also recognized that actions 
requir2d by these centers in 1980 to reduce their programs and budgets may 
have'inplications for the I.981 budget, and the mid-term budget request *m~Jd 
'; e i2vFewe2 ;;',th this circumstance in mi-,d. 

132. On the basis of their reqriests set out Cn their ?rograa ar,d Budget 
Papers for the 198Oi81 bieaniun and adjusted in accordance with the recm- 

-- aeqda-icss set out above, . M the total net i2qUiiCQentS of these three 02nt2tS 
in 1981 are indicated below. Analyses of the real growth ia 1981 are provided 
in the Secretariat commentaries on each of the three centers. 
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I 
Recoinended Fundinq 

'1980 1981 

($ millions) 

14.6 17.3 

10.3 11,8 

15,6 19,o 

Change.81/80 
Current Real 

% 

18 8 

15 1 

22 7 

133. The remaining ten centers and programs till not be submitting 
budget requests for 1981 until next year, As %s customary, however, each 
has made a forecast 0% 1981 needs, The sum of the three firm requests and 
the tern estfxaates is about $152 miblion. Assming the normal amount of 
earnings and funds carried forward, th%s forecast suggests that the total 
net request for 1981 may be not less than $146 miUi.on, excluding any new 
seaters or programs which might be added to the network. Almost three= 
quarters of this amount relates to the centers which have yet to work up 
their 1981 budgets. In the light a% a policy limiting growth, it may well 
be excessive. Et fs slightly more than is suggested in Part IV of this 
Report e 



Introduction 

134. Technology development is a long-tarm process, and therefore dapendent 
on sta’sile and continuing financial support. thiie t2mporary difficulties such 
as the CGL4.X faces in 1980 can be managed through ad hoc and short-term adjust- -- 
merits, the longer-term effectiveness of the centers will require a reasonable 
degree of assurance that adequate resources will be forthcoming, and’ not subject 
to annual fluctuations and uncertainties. 

135. For some time now, the Consultative Group, has been moving toward a 
longer- t2rm perspective on its growth and evolution. i3 1976, the CG1.U. Zeviaw 
Committae urgsd that each cantar develop a longer-term indicative ?lan which 
wouid include analyses of its dirs,ction, balanc2 among activities, priorities 
and aporopriat2 siz2, Szveral centers have undsrtak2n such a revi2w. The TX 
Priorities ?apar, considered by the Group at its Xay meeting, has also identi- 
fied sev2ral n251 high priority activities which could warrant the Group’s support 
over the next f2w years. 

136 * Tne Croup will be able to z&e rational c:?ofces ragarding 2ossi312 new 
or expanded activities, and the centars will be able to devis.2 realistic and ?rac- 
tical fomard ?ians (and future progran and budget requests), or?ly if there is a 
longer- term financial plan for the syst2n as a whole to guide these efforts. If 
the Group wishes to plan fcr i:s systematic development, offer guidelines to the 
centers on their future developneot and avoid the kind of situation which was 
handled ad hoc for 1980, it -- should seriously consider the development of a longar- 
term financial Plan for the CGLU itself. 

137 * T5e time for d2veloping a fomard financial .plan is propitious oc other 
grounds as veil. After several years of rela tLvely abcadant agricultural produc- 
tion, grain reserves are again, diminishing. The pessimistic forecasts of grain 
output in 1979/80 are focussing attention once again on the inadequacies of food 
production in many dev2lonizg cOt?~trieSn At the economic summit meeting in Tokyo 
in June 1979, the leaders of Canada, France, German;?, Italy, Japan, the t’.Z<. and 
the U.S. focussed on the food problem and the steps needed to increase agricultural 
oufput * T%ey stressed the particular importance of agricultural research. Their 
final eomuniqu2 said, 13 part: 

“Ve wiii place 30r2 eaphasis on cooperation with 
devel~oizg cccntrics Fz cverccmhg hmg2r azd *a’ *utrl Con. L d.. 
We will urge 3ul:ilateral organizations to help tSese corm- 
:ries to develop effective food sector strategies and to 
build up the storage ca-,acity naeded for str0r.g national 
food reserves. Increased bilateral and multilateral aid 
for agr Lcu1:ura.I rasearch -All be Tarticularly important. 
in these and other ways we will step up our efforts to help 
t’hese ccbqC-+ 1s . . . -ia.- develop their human r2sotr;2s, through tech- 
nica, 7 .cooperacisn adapted to local ccnditions.” 

138, Pa . . recent ‘L’nited Sations Coni2rence 23 Science atd Technology for 
3eveloTnent reir.forced the zeed for greater attenticr. to the technology require- 
sects of :he developing world. It has been estimated :hat about $150 billiort is 
s?ezt glcbally each year OE raseatc’:: and developoen:. Xbcut a quarter is spent 
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on defense, 15 percent on basic resear'oh, and 8 percent each on non-military 
space activities and energy. Only 3 percent is spent on agriculture worldwide. 
Furthermore, most R and 6) takes place in developed countries. Qnly about 5 per- 
cent of total research and development expenditure in all. sectors is spent by 
developing countries. The $100 million spent by the CGIAR in 1979 is almost 
insignificant compared to the amounts spent elsewhere on R and D, the importance 
of agriculture in developing countriesI and the historically high pay-off from 
investment in agricultural research, as indicated in last year's Integrative 
Report. 

Five-Year Plan 

139 * To begin to meet the needs of these countries more adequately-, the 
Consultative Group should consider increasing the flow of resources to inter- 
national agricultural research over the next five years. A realistic target 
would be to double (in current dollar terms) the funds available for interna- 
tional agricultural research over the next five years (by.l984), to about $250 
million. 

140. Even with relatively conservative assumptions regarding inflation, 
$250 mi%li.on is the level of activity which would be achieved if the Group 
were only to maintain the same, or even a somewhat lower, rate of development 
as will have been achieved between 1975 and 1980. It is consistent with,the 
growth path suggested by the CGIAP. Review Committee in 1976 (which suggested 
a 1980 budget level of SIX.4 miLlion, very close to the expenditure planned 
today). 

141. Xf a target of doubling the financial resources of the CGTAR by 1984 
fs consistent wi.tS the historisal'developaent of the Groupt it 'is also fully in 
line with the priorities and prinsiples of growth established by the CC Tine 
TX PrQorities Paper identified five research areas which it believes warrant 
first priority attention by the Group: tropical vegetables, water and.soil 
management, aquaculture, pest and disease management, and food policy. IFPRI 
will join the CGUR in 1980. TAC is preparfng a proposal for a ve&table re- 
search center, and has recently sonsfdered reports on water and soil management 
and aquaculture. The work of the International Center for Insect Physiology and 
Ecology (LCIPE) is related to pest and disease management, and ICEPE has applied 
to become part of the CG system. At least one serious, carefully prepared prop- 
osal in an area of high priority could be brought before the Group each year for 
the next several years. 

142. A doubling of resources is also compatible smith the recent decision 
of the Group to limit the growth of the existing centers. Several larger centers, 
including ICARDA, ICRISAT, ILCA and ILRJ!D, are some years from "full development." 
Real growth rates of lo-20 percent (depending on the stage of development) can be 
assumed through 1982 (1984 for ICARDA). For the established centers, TAC and the 
Secretariat suggest that some modest growth over time could be accommodated within 
a limits-to-growth policy to provide flexibility to respond to new problems and 
requirements and to important and promising discoveries. The projections below 
provfde real growth of up to 3 percent per year for the established centers (and 
for newer centers after reaching their planned full developnent). ‘TM.3 assumed 
modest growth in the established centers affects the total growth'only marginaLly. 

. 
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If they had no real growth at all, the requirement in 1984 would be reduced by 
only $18 million, a sum *which night alternatively be needed for new activities 
or to meet higher inflation than assumed. If, as a matter of CG policy, existing 
activities, ~2:~r r222hing full developnect, werd to be permitted no growth at 
all and if also no new activities were added to the CGLAX, the level of exnendi- 
cure by 1984 in current terms would still approach $200 million. judging by its 
past h!qcory, however, w'hen important gaps in agricultural research are found, 
the Consultative Group will wish to consider filling them, and as time goes on 
may wish to become involved in areas not yet considered, such as basic research, 
research on crops other than food crops, or closely related activities like agro- 
forestry. 

143. If the existing centers gro7. within the nodast limits indicated above, 
four new activities are added 'betT;een 1981 and 1954 and the Group begins to be 
involved in new areas of interest toward the end of the five-year period, the 
development of the CGIA?. would be as follows, in real tens: 

Five-Year Fimrxial Plan (Gross Xequirmests) 
(Constant S millions) 

1980 1981 1982 1983 - - 

Thirteen 3XiStir.g bCLivlti2S 124 134 143 147 
Four of ?lew Activities Alread] 

Identified 2 5 14 
Sew Areas of Iriterest 2 5 --- - 

TOTAL 124 136 150 166 
-- - 

198A 

151 

23 
9 

184 

i44. The projected growth patterns for each center and program under this 
elan are indicated in Annex VI. 

.?isSUZling an average infiation rate of 9 Tercent between'1930 and 1984 
(which is the weighted average OF ths rates o* inflation assumed by the centers - - 
for 1979 and 19801, the growth in cutrent dollar terms would be as follows: 

Constant (1980) S millions 
&i-PO+ 5 ziiiions L w-w 

1980 1981 1982 1983 1984 - - 

124 136 150 166 184 
124 149 180 216 259 

146. 
and IO 

This pattern represents a 20 percent annual growth rate in current dollars, 
percent in real terns, 

the histori& gowth 
for the period 1980-94 (which is somewhat lajer than 

of tke CGL4.2) and would represent 
$250 miiiion in current dollars by 1984. 

a net requirement OF about 

147. It fOliOWS frcm the foregoing that a doubling of CGLU resources by 1984 
13 a reasonable and, indeed, a modest target, consistent with the historical devei- 
cpment, prioiities, _ orincinles azd current proc2ss2s of the Grou?. It can be achiey7ed 
if current donors ar2 able z3 maintain their fate of irtctease in :ontributions ach- 
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ieved between 1975 and 1980 and Ff some new donors can contfnue to be attracted 
to the Group, 

148. Even though most donors cannot make binding commitments five years 
ahead, agreement in principle to a doubling of resources over the next five 
years would be a valuable expression of the intention of the international 
community to increase substantially the resources devoted to agricultural re- 
search for the benefit of the developing countries. 

149. There are also practical, benefits. Such a "statement of intent" can 
serve as a guideline to T&C and the Group for the formuLation and consideration 
of new program proposals. The size and the timing of potential new activities 
can be molded within this growth objective. On the basis of express principles 
of growth, it can also provide more explicit guidance to the centers regarding 
their longer-term development. 

150. Agreement on this order of magnitude would also',help resolve the prob- 
lem of resource allocation within the system. Kt could serve as the basis for 
developing guidelines to be agreed by the Group and provided to the centers each 
year as the basis for budget preparation. It would permit more effective involve- 
ment of the Group in determining the size and the balance of the overall research 
effort. 

Future Governance and Management 

151. A system the number of whose units increases by about 30 percent in five 
years and whose total program expands by 48 percent in real terms will be more com- 
plicated to manage than the present one. The unique characteristics of the Group -- 
informality, decentral.ization, and relative lack of bureacracy -- may be hard to 
sustain. The existing relationships among donors, Center Boards and management, TAC 
and the Secretariats may need further rationafizatfon. Host importantly, the allo- 
cation of responsibility and accountabi%ity for the scientific quality, management 
efficiency acd financial integrity of the enterprise will need to become more explicit. 

l.52. By sheer size, and in the face of competing demands among centers for funds, 
the governance and management of the system are likely to beccme the major issues 
facing the Group over the next few years. The challenge will be to maintain the 
unique characteristics and strengths of the CGUR as it becomes a larger, more com- 
plex institution. There is no doubt that it can be accomplished if the Consultative 
Group continues to emjoy the good will of donors , and if they are prepared to accord 
to international agricultural research the high priority which its record shows it 
deserves. 

153. One of the recommendations of the 1976 Review Committee was that the 
system ought to be reviewed every three to five years, It suggested an ad hoc -- 
committee of the Group be appointed "to conduct a review of the substantive program 
of the CGLU as well as review those policies, procedures and management mechanisms 
which require attention" (Reeommeendation No. 14). Centers Week I.979 marks the third 
anniversary of consideration of the Report by the Group. Et is appropriate to begin 
thinking about the next review - its objectives, coverage and timing. At the latest, 
the next review should take place in 1981 so as to set the course for a new period 
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beginning in 198 2. The Group may wish the Secretariat to prepare tezs of 
ref 2rence and a work ?lan for the second major revi2~ of tfie appropriate scope, 
scale and character of the icterzationaf research effort supported by the CGIAX, 

‘paying particular attention to questions of organization and managemeEt as the 
system grows to embrace as many as 17 separate SRtitiSs with a total gross budget 
of about $260 million. The Secretarfai could prepare a proposal for discussion 
at the next meeting of the Group. 
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v. . .CONCLUSIONS 

154. The international centers and programs supported by the CGIM are 
engaged in the most pervasive effort in biological research in the davelophng 
worid. The new kaowledgo gained, the scientists trained and the intellectual 
communicatio- generated by this activity reprasemt a significant .achievement. 
While the kind of rapid and spectacular impact of the research effort on wheat 
and rice production during the past decade fs unlikely in the %uture, new know- 
ledge and n2w technology -- particularly for rainfed agriculture -- zan be gen- 
erated by the international centers which will. result in significant increases. 
in production, The mechanisms are already in place. 

155. What is needed is imaginative, long-term, patient research which, in 
turn, requires a long-term colrsitment from the international CO~UIlity to maintain 
and extend its financial suppcrt. 

156. With only 3 percent of the world's research and developmsnt budget 
being devoted to agricu%ture, the scope -- and the necessity -- for increasing 
such support is considerable. In suggesting a doubling of resources contributed 
to international agricultural research over five years in nominal terms, it is 
proposed only that the international community maintain its support for tbe eon- 
tinued deveiapnent of this unique eaterpri se at rates which it has found possible 
to support in the past. At 10 percent per year in real tens this target is real- 
iStiC, and should enable the international network to bring the *unique resources 
of the CGLU to bear on a grcwing number of difficult problems in increasing and 
stabilizing %ood production In the developing world. 

157. Growth even on this modest scale implies substantial sums of money and 
a ,system 0% such size to warrant serious attention to questions of governance, 
management, cost-effectiveness and accountability. The time is approaching for 
the Group to address itsel to the scope, size and character of its support of 
agricultural research. This suggests that planning should now take place for a 
second review of the CGLQ and its system Fn preparaticn for its second decade. 
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Interna:ional Research Centers 
and Programs Sun‘uorted by the CGIAR 

Intsraational Center for Tropical Agriculture 
Cali, Colombia 

International Xaize and Wheat improvement Center 
El Bat&, Mexico 

International Potato Center 
Lima, Peru 

International 3oard for Plant Genetic Resources 
Rome, Italy 

International Center for Agricultural Research in the 
Dry Areas, with a principal station in Xleppo, Syria 
and head office in Seirut, Lebanon 

International Crops Research instltuttl for the 
Semi-Arid Tropics 
Eyderabad, India 

International Pood Policy Research Institute 
Washington, D.C., U.S.A. 

International Livestock Center for Africa 
Addis Ababa, Ethiopia 

international Laboratory for Research on .&&al Diseases 
Yaizobi, Xm.ya 

international institute of Tropical Agriculture 
Ibadan, Nigeria 

International Rice Research Institnte 
Los 3aFios, ?hilippines 

International Setvice for National Agricultural Research 
Location under consideration - 

West Afri:a Rice Development Associatioa 
Nonrcvia, Lil0ed.a 
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?le-hership of the Consultative Group on International 
Agricultural Rasearch 

September 1, 1979 

A. Continuing Hembers 

Countries 

Australia Germany 
Belgium iran 
Canada Italy 
Denmark Japan 
France Netherlands 

New Zealand 
Nigerfa 
Norway 
Saudi Arabia 
Sweden 

Interna:ional Organizations 

Afrfcan Devefqxnent Sank 
Arab Fund for Social and Economic Development 
Asian Development Bank 
Commission 0 f the European Communities 
Pood and Agriculture Organization 
Enter-American Development Bank 
International Bank for Reconstruction and Development 
International Fund for Agricultural Development 
OPEC Special Fund 
United Nations Development Programme 
UEieed Yations Environment Programme 

Foundations 

Ford Founda:ion 
%nterr.ational Development Research Centre 
K.el%ogg Foundation 
Leverhulme Trust fund 
RockefeUer Poundation 

B. *Fixed-Term Idembers Reoresenting Developing Countries, 19'39~89 

Asia: India Southern and Eastern Europe: Greece 
Philippines Romania 

Africa: Kenya Near Z&t: EgYPt 
Senegal. Syria 

La:in America: Costa Rica 
Peru 

*The co3ncries 22 the five major developing 
in the Consultative G&p through 

regions of the world participate 

by 'the TAG members 5n each region. 
representatives eiected for a t-go-year term 

Two countries are elected from each regfon, 
one serving as member and the other as alternate, as they may decide, in the 
Gro-sr, ' s deiiberations. 
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CGLLP Contributions ';972-1979 

($ millioas) 

1972 1373 

‘kc%31 btlmated 

1976 1975 s370Yr- L3;a iT 

.LU 
1.160 

.2so 

s.515 

.L73 

. LOS 

.I35 
:37s 

.37s 
3.390 

1.333 

.590 
.3JO 

.oos 

.a0 

L. 780 
.22J 

5.675 

1.805 

,343 

L.OLS 
.A¶0 

4.673 
.370 

3,:oo 

-30 

3.w 

2.030 

.%S 

.255 

,230 

. Sf5 

.;Ls 

3 330 

1.130 

.:u 

1.320 

i.tiS 

5.aas 
2,375 

.300 
L.ZU 

.s20 

O,%O 

,600 

2.300 

.bLO 

3.933 

0.120 
,790 

.5x 

.:Ta 
1.35 

.YJ 
,310 

2.385 

2.290 

.660 

2.i;o 

2.155 

.600 

LO.?SS 
5 * :9s 

1. ib5 

L.760 

5.390 

.iss 

?.y^OO 

.SLO 
6.673 
S.Jco 
L.XO 

i.975 

.iJo 

L.1SO 
.3co 

L.SCd 
. LOS 
.fA5 

:.:20 
2.165 
i.900 

2.2s 

.35J 

2.390 

1.330 

.3*0 

16.370 

5.32J 

.3LO 

.500 
1.790 
2.250 

5.300 

.jiS 

2.300 

L.590 
.iLS 

5.30 
S.iJO 
:.:oJ 

2.m 
.030 

2.500 
.ilO 

t.izo 

.023' 

.620 
L.570 
L-J95 
l.Sco 
2.240 

i.15 

3.31J 

3.300 

.ibo 

S.LM 

7,350 

.02J 

.3to 
- 

2.590 
2.655 

7.380 

.76J 
2.2&O 

L.SX 
.3x 

6.600 

6.15s 
1.085 

.930 

.I00 

.300 

t.660 

3.200 

5. ?fJ 

LAJO 

3.730 

L.y^OO 

.:a 

9.:50 

5.x0 

,385 

L.340 

,100 .x0 

3.Joa 5.200 

.j20 .300 

?.960 f.;CO 

.02J .3’y 

.630 SiJ 

I.365 :.a53 

1.30 t.:OO 
* . 

2.?2J 2.370 

1.3% I. 930 
b.aca 5.200 

b.ua k.398 

.2ro .iiO 
21-a 26.300 

3.575 to. 10 

Total 

i 3.5s 
,320 

:.:aY 

Ll.065 

Li.SLO 
38.355 

i.SO 

3.?00 

20.380 

2.iOJ 

3L.530 

t9.m 

5.330 

L.300 

3.371 

I360 

L3.LiJ 
7.263 
3.3LS 

.180 

3.L40 
3.330 

1L.UO 
2.3x 

is.235 

6.30 
3.iYJ 

13.998 

2.30 

LO5 e 330 

~2.340 
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Proposed 1980 Budget Reductions 

1. As described in the section of the Integrative Report on proposed 
budget reductions, TAC and the Secretariat are recommending budget reductions 
of several kinds. One is a group of standard (mainly technical) budget re- 
ductions, another is deferral of new housing construction, a third is limits 
to the rate of real growth of some centers, and the fourth comprises selected 
specific reduceions in program. 

2. Standard reductions apply equally to all centers and are as described 
below, Only two centers were proposing new housing construction in. 1980, and 
deferral was recommended in both cases. Limits to the rate of real growth were 
recommended where TAC did not wish to single out particular program elements 
for reduction amd felt it should be left to the center to decide what to cut. 
Select specific cuts in program were recommended where TAC. after reviewing 
a center's program as a whole, identified activities TAC believed should, for 
the reasons given, be cut, particularly given the constrained financial 
position of the CGIAR system fn 1980. 

3; The standard reductions (or limits) recommended to be applied to all 
centers 9 and worked out with them at the Eyderabad meeting, are as follows: 

(a) Pill Pates for International Staff Positions 

For each center, without distinction between those in 
reld-biennium and other centers, its historical fill rate 
has been applied to its 1980 budget request, For centers 
in mid-biennium, the histerical fill rate has been applied 
to the number of CCJAR-approved positions, Par other 
centers the rate has been applied to the number of 
requested positions. The cost of a manyear has been con- 
servatively estimated ae $80,000. 

(b) Mid-biennium Increases 

The CCXAR on early occasions decided that requests for 
additional funds from centers at mid-biennium should not be 
entertained except for reasons beyond a center's control, 
such as increased inflation. ICBISAT is the only center 
whose request. for additional funds would meet this crSteri,on 
and a modest increase is recommended for increased inffa- 
tionary costs in this case alone. 
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(c) Contingency Seserve 

The contingency reserves of all centers except ICXISXT 
have been adjusted to 1 percent of the operational budget, 
after adjustments for fill rates and deletion of mid-biennium 
increases. A 2 percent contingency reserve has been recom- 
mended for ICRISAT in view of the uncertainties of the ‘H’est 
African programs. It has been assumed that in times of 
financial stringency, instead of relying on a relatively 
large contingency reserve, centers should attempt to meet 
financial shortfalls in individual programs through savings 
in other ways, for example by restricting travel. 

Cd) Price Iricreases 

audget reductions through the application of historical 
fill rates, mid-biennium decreases and reducrions in the 
contingency reserve will, in turn, decrease requirements for 
pric2 increases due to inflation. The centers’ own foiecast 

inflation rates have been used in making these 

(e) Wcrking Casital 

adjustments. 

Working capital requirements have been limited to 30 days 
operating axpenses, i.e. to 30/365 of the operational budget 
after adj ustnents (a) 
‘have requested 

FncF~aLe~b), (c) and (d) above. hihere centers 
SW less than the amount calculated by 

this formula, 20 ad j us tment has been aade. 

I32 effect of these adjustments is to reduce the total requested from the 
CGTS! by S4,733,OCO. 

4 . IXRI and II&m included in their budget requests items for housing. 
In each case, the recommendation ts that these be deleted from ?980 budgets. 
The total reduction amounts to $720,000, 

5. Specific reductions in program as recommended by TAC are as follows: 
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Center Proposed Actfon Reduction 
($'OOO> 

CIAT Defer upland rice program 
limit to growth (4%) 
capital deferral 
mo core regional services 

29% 
80 
80 

CIHMYT At its option, CIEMYT to initiate building 
of germ plasm facility provided cost spread 
over 1980 and 1981 and absorbed in approved 
1980 budget 

CIP No adjustments 

ICARDA Defer some capital 

ICRISAT No sdjustmemts after disapproval of 
mid-term increase 

IITA No adjustments 

ILCA Limit to real growth (4-S%) 

ILRAD Limit to real growth (10%) 369 

IRRI Limit to real growth 230 
deferral motor pool capital proposal 80 

IBPGR No change 

IFPBI E&sit to real growth (not discussed 
by.TAC but already agreed by center) 

WARDA Defer Liberian station 382 
defer two posts 115 

608 

ISXAR R.eview in autwrn 

TOTAJi 2,515 
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6. A sumary of the effect of the foregoing adjustments on each 
center’s budget request and the resultant recozrnended funding is La the 
table attached to this Annex. 



Established 
Centers 

CIAT 

CILW 

CIP 

IITA 

m1 

IBPGR 

WRBA 

Subtotal 

Developing 
Centers 

ICWISAT 

ILCA 

l73dR.m 

IFPRI 

Subtotal 

Newer 
Centers 

ICARDA 

ISNAR 

Subtotal 

TOTAYd 

Attachment to 
- 54 - ANXEXIV 

Summary of 1980 Budget Requests, 
Recommended Adjustments and Recommended Funding 

Net 
Request 

Recommended Adjustments 
Ek/ Technical~f 

($ millions, rounded) 

15.3 

17.3 

7.5 

15.3 

16.5 

3.1 

3.1 

78.1 

0.4 

0,9 

0.5 

0.1 

1.9 

11.8 0.1 

9.7 0.6 

11*5 0.9 

2.6 0.2 

35.6 1.8 

11.9 

1.2 

13.1 

126.8 

0.1 

0.1 

2 

0.3 

0.2 

0.2 

0.7 

0.4 

0.4 

2.2 

1.2 

0.1 

0.3 

1.6 32.2 

0.4 

0.4 

4.2 

Recommemded 
Funding 

14.6 

16.2 

7.3 

14.6 

15.6 

3.1 

2.6 

74.0 

10.5 

9.0 

10.3 

2.4 

11.4 

1.2 

12.6 

118.8 

&/ Includes deferral of housing, program adjustments and 
increases. 

limits to &Cd-term 

21 Includes limits to fill rates, price increases, contingency allowances, 
and worting capital, and a 252 reduction in eq;ripment budgets. Also 
iaeludes revisions of earnings and funds brought forward. 
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Recommeoded Center Budgets for 1980 

($'OOO) 

1 

Center Operations 

CUT 14,364 

C.Il?fmT 16,768 

Capital Total 

634 14,998 

267 17,035 

Net Requirement 

14,598 

16,161 

CIP 7,687 361 8,048 7,311 

ICARDA 8,725 3,100 11,825 11,443 

ICRISAT 10,133 2,229 12,362 10,497 

IITA 14,326 780 13,106 14,606 

ILCA 7,843 1,143 8,986 8,974 

ILEAD 8,797 1,646 10,443 10,323 

IXRI 15,503 374 15,877 15,577 

IXRDA 2,526 242 2,768 2,608 

13PGR 3,124 0 3,124 3,114 

ITPRI 2,400 0 2,400 2,388 

ISXR 1,199 0 1,199 1,199 

TOTAL 113,395 10,776 124;171 118,799 
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Illustrative,Possible Growth 
of the CGIAR System 1980-84 

Gross Core Operating and Capital Requirements 
(Par assumptions, see page 2) 

Established Centers 

CIAT 15.0 15.3 15.8 16.2 16.7 
CIXKfT 16.8 17.5 18.0 18.5 19.1 
CIP 8.0 8.4 8.7 8.9 9.2 
IITA 15.1 15.2 15,7 16,l 16.6 
IPXI 15.9 16.5 16,9 17.4 18.0 
IBPGR 3.1 3.2 3.3 *. 3.4 3.5 
WARDA 2.7 2.9 3.2 3.4 3.7 

Developing Centers 

ICRISAT 
ILCA 
ILW 
EPPWI 

Newer Centers 

1988 1981 1982 1983 1984 

(Constant $ millions) 

12.4 13.8 

>;:," 10.4 12.0 
2,4 2,9 

ICARDA 11,8 
ISNAX 1.2 

Subtotal 124.0 

New Activities 

?9ewly Created Entity - 
Newly Created Entity - 
Adoption of Existing 

Center 
Adoption of Existing 

Center 

Subtotal 1.5 

Other&/ 

Total 124.0 
?rovision for 

Price Increases 

TOTAL 124.0 
(Current $ millions) 

14,4 
2.2 

134.7 

1.5 

136,2 

12.3 

148.5 

16.1 15.8 15.8 
11.4 12.5 12.5 
13.2 13.8 13.2 

3.4 4.0 4.1 

13.6 13.7 
3.5 3.5 

142.8 147.2 

3.0 
2.0 

5,5 
3.0 

15.4 
3.5 

151.3 

7.0 
4.0 

6.0 6.2 

5.0 14.5 

2.0 5.0 

149.8 166,7 

28.2 49.2 

180.9 215.9 

6.0 

23.2 

9.0 

183.5 

75.3 

259.0 

' II See assumptions page 2. 
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Assumptions 

1, Assumptions on growth of centers in the CGIAR system in 1980 are 
as follows: 

Three percent real growth each year for established 
centers. Xewer and developing centers would also grow 
at three percent after reaching full development. IL&U 
and ICRISAT would reach full development in 1982 and ILCA, 
ICARDA and IFPRI in 1984. ISUR would reach its full 
operating cost in 1983. Estimated operational expenditures 
in the year of reaching full development would be $14.4 
million for ICRISAT and ICARDA; $12.0 million for ILRAD 
and ILCA; $3.5 million for IS&U: $4.0 million for IFPRI. 
For the larger of these centers, the estimates are in line 
with the present size of centers such as IITA and CUT. 

2. It is assumed that research into such areas as water management, 
aquaculture, vegetables, pest and disease management, and plant nutrition 
would be added to the CGIAR at a rate of one activity each year beginning 
in 1981. 

3. A notional amount of $9 millicn is provided in 1984 for other 
activities which the Group might 3y then wish to take on. Vinile these are 
not now identified, they might include such things as support for fundamental 
research, research on crops ether than food crops, research on related 
activities such as agro-forestry. 

4. An average inflation rate of nine percent for the period 1980-84 
is assumed. 
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Program Budget ilnalysis 
Summary Table for All CGUR Centers 

for Period 1974 through 1981, 
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CGIAA SECRETARIAT 
CITE: 09/13/79 Table 1 - Statement of Expenditures and Funding 

ACYY4 . ACY7f ACT76 ACT77 

A-CORF GPERATXNG WJWET SUPlWARY (USWOO) 

REV78 ACT78 BUD79 REV79 PRO80 REa80 

60423 
1,072 
50081 

9S9 
20357 

196 

if: 
924 

1,297 
ls',lS 

764 
2.016 
10416 

98 
799 
392 

2,476 
262 

1,361 
2.846 
1,071 

423 
281 

1,957 
2,903 

:45 
405 

5,836 8,117 
IS102 l.007 
4,987 6rSY2 

939 087 
2,530 2,313 

179 171 
120 11s 
149 230 
951 1,038 

1,357 1,441 
1,508 1,674 

803 816 
1,740 2,410 
1,117 1.607 

Elr$2% 
1,380 
6,506 
lr2OS 
2,893 

233 
129 
277 

1,371 
1,624 
team 

958 
2,339 
1,719 

_ 
946 
506 

2,857 
400 

1,606 
3*.5x 
1,466 

492 
607 

1‘571 
3,417 

494 
50s 

7.757 
1,126 
6,402 
1,167 
2,714 

9,657 
1,419 
7,046 
1,308 
3,082 

176 
124 
286 

lrS29 
2,058 
29322 
1,064 
2,974 
20131 

114 
921 

. ,531 
2,638 

307 
1,400 
4ss90 
1,725 

410 
488 

1,844 
3,278 

557 
450 

129 
277 

1,:92 
1,843 
7,045 
1,064 
29715 
1,995 

933 
393 

2,440 
180 

1,283 
2,588 

955 
406 
264 

1,234 
2,6:0 

441 
340 

904 
SO8 

2,1Y7 
428 

1,627 
2,720 
1,566 

428 
240 

2‘202 
2.811 

SO7 
513 

* 

952 
559 

3,093 
so0 

1,594 
4,106 
1,680 

538 
499 

2,173 

910 10253 1,166 
3,493 30252 3,169 

a2 88 14s 
431 32s 529 
770 793 76: 

45,954 43,456 SO,9?1 

. 325 

P,Bl4 
3,999 

$18 
389 

1.091 
56,490 

1,261 
4,304 

160 
62’7 

3,334 
511 
618 
377 

1,320 
1,990 

1,183 
Ma938 

4,849 
154 
417 

1.228 
64.476 

6vtlf 
4.712 
8,990 

10,925 
Poll5 

76 
------- 

77,793 
--o-poD 

Sr791 
4,069 
9,104 

10,712 
902 

7,014 7,608 
5,055 4.973 
8,560 10,576 

10,699 12,564 
1,145 1,395 
8,571 693 

---o--- --mm-- 
91,965 94,299 

eeoo- D---D- 

7.785 8,5?5 
5,085 5.932 

101470 12,s9s 
13r075 14,041 

I.:48 2,055 
16,747 9,270 

RECSO 

- 

- 

- 

113,648 
---e-- 

.----ae ----a 
116,694 :13,264 
--o---- ------ 

17,157 17*ai6 7,f94 9,683 1,976 e.a14 
Sr873 2,334 3,186 4,201 SOS01 30n1 
l,638 1PO78 9'16 1,129 1,659 2*7*1 

24*668 21*2aa l&,696 IS*023 14rlsh lJvS& ~O*TW 
-o-oeo e---s- 
PO20461 94,772 

-_--e ---sea- -oooP-- ----e- ------- ------_ ------- 

1030641 io9.312 627rV84 as2vzeo 124.171 144,SlZ 721,149 
. . . . . . . .3..... l...... . ..I... 1.111.. It...*. . . . . . . . 

8,561 16,767 13,142 12,728 12,728 11,343 83.149 
1120222 126,079 141,126 14~,008 136,899 155.855 804.2?8 

PRf381 TOTAL 

2,341 
374 
741 
399 

1,189 
230 

. 67 
174 
534 
281 
432 
283 

216 

903 

259 
1,145 

10s 

560 
a77 
293 

o 
- 
_ 

892 
lrlL5 

1 
74 

ts5 
13.172 

3,339 
517 

ls3’)6 
413 

l,S28 
111 

03 
29s 
500 
501 
564 
4L2 
219 
109 

- 
416 

a4 
1,261 

^ 
495 

1.513 
125 
lb9 

4,222 
698 

7,423 
573 

1,413 
PSO 
If1 
265 

.637 
901 
892 
506 

1,075 
252 

541 
189 

1,362 
191 
9R8 

t ,830 
253 
735 

432 
10031 

372 

Zll 
Is616 

471 
- 

5,276 
931 

3,629 
743 

1,99f 
144 

97 
302 
788 

l.019 
1,054 

641 
950 
562 

62 
700 
238 

1VBOS 
105 

1,169 
2vlZ6 

549 
298 
1.55 

1sObS 
2.0:5 

341 
157 

271 
1,490 

10 

;;; 
18,231 

358 
2,203 

16 
236 
427 

X,9:6 

638 
2,:TP 

ss 
247 
502 

32,967 

2,714 3,222 4,275 
to122 3.043 3.92s 
4,319 3,733 7,331 
Sr718 6,872 9,677 

z/7 159 596 

o----- 
33,681 
-s--e- 

------ 
44,993 
s----- 

------- 
58,571 

WUGET 
SV4I3 
1,904 

9s1 
i1,310 

--Dq-.,- 

(US8000) 
9.171 14,119 
2,409 4,13a 
?,a97 749 

14.477 19,006 

8,944 49,297 
lsSO9 8,192 
7,334 34,633 
1,377 7,297 
3,357 19.466 

- 1,349 
129 911 
277 2,364 

1.700 8.471 
1,158 8,907 
2,372 11.027 
1,064 5,944 
3,117 12.!73 
2,292 8.047 

62 
10055 S.a?4 

922 :*a21 
3,479 17,996 

507 l ,I,883 
1,565 9.099 
4,aoz X.623 
1,805 bea47 

552 2.FllS 
514 2,049 

I .95? 9.929 
3,JSS 191163 

513 1.a:: 
ala zs24a 
433 1*13= 4 4 

- 103’9 
1.778 er1Pt 
f.395 ZSr6J7 

ISS 370 
573 2*546 

1,278 50975 
66,086 330,560 

8.535 44,011 
6~021 3; ,OEO 

11,663 67,376 
15,043 82,043 

2,247 0.899 
70,365 30,334 

--e---- ------- 
:IO,OCO 594rsa3 
-a----- -----__ 

9,497 89,019 
3,697 26,371 

R-CAPrPAL EXPLNFITUUE 
CONST%V 4VlZ5 
;GUIPMT 2,499 
a0 TO YU 820 
TOT CIP 9,414 

l-2% 11,869 
14r4S2 1260266 

----- 
Tar&L core 310356 

1.Z.I. 
C-SFEC FROJ 4.483 
CEl4FER TOT 36.839 

CENTER FUNDING 
EARN 1%: 2.2% 
+I85 k/f 4rY04 
REO OF CC 35,004 

-..-ee- ---moo 
19,470 77 0 57‘9 
111.1. . . . . . . . 

8.020 9,702 
67.490 87.279 

44,991 
. . . . . . 

SV83S 
ZiO.826 

. . . . . . . . . . . . . . 
158997 lOe7sO 

118,458 10s0522 

lt971 I.BA~ 2r.791 2,123 3.043 11746 2,331 2.028 ?.SSJ 2,437 2.165 f9,R33 
3.040 4,377 319 (13.717) (11,776) (1,964) (7,533) (3,217) (3,077) tt,93s> ClrOZl) (101236) 

46.060 61,979 7s - 0 305 86,619 79.993 99.9st 9V.448 lf?,f39 125.647 118.797 141.296 691,030 

SUnGET SUHr(ARY IN COHSTANT 1979 OOLLARS 
DEFLATOR 1.467 1.304 1.252 1.161 t.075 l.OV5 1.000 i.000 0.935 0.931 0.933 0.874 
CORE 0f:G 35.590 43.930 I6.781 58.001 83.627 79ro49 91~965 94r299 106rPbl 109,109 105.902 113~672 630,431 
CAPITAL IO.876 14r748 181270 22.066 26*Si8 xzra3r 11.696 lf.013 13.217 14.573 101198 l2,631 143rS41 
TOTAL CORE 47.466 Z;B,bbS 7s.051 90,067 110,145 'Wan 103,561 109.312 1X9.478 123,582 :16,100 124.303 774.:72 
SfEC FIOJ 5.577 7,509 10.121 11.264 17,lY7 . a.561 X6,757 12r47s ll.POf 11,901 9.914 91.318 
CENTER TOT S4,04? 66.277 85.172 101,331 127,342 113,436 112,222 1769079 13lr953 13srs.3 12mvoo1 lU.217 86Sr550 

L/ ACT. = Actual; 3I.?? = Approved Budget; .XEV = Revised Budget; PRO 
KEQ = Budget Request; REC 7 Recommended Budnet 

= Trojected Budget; 

2/ "Total" includes all actual bqdgets since the beginning of CGL4.R plus REVZ979, .FzQ1980 
and PXO1981. iiowever , an amount for WARDA is not included in ACT1978. 
available. 

Data was not 
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mu80 nnm RECBO AC274 ACT71 *CT75 AC?77 REV78 ACT73 

33.2:4 
13.409 

:*a9s 
39x7 
as529 

mat TOT% 

Slr369 43,223 
:5*400 l&t179 

21.4so 2r.346 
5.331 41951 

IA,717 711fS 

S3.873 194.601 
20.923 iosr75* 

3.?57 20 9 *.,a srai:. 5?*310 
151708 '9*3x 

201099 laPA 
3.900 2.444 
5*aso 3.404 

23.292 10?622 

;/ Figures for x.771979 as.d mq980 &a 20t Fzclude CEfYT arid IC.MlA, Data Yas mt 
availa5le. 

ACT74 *cm Mnao RLcao PRO80 

fb2 
:=A 

:r1:3 
99s 

6r3od 
5rZi6 
ar043 
7,740 

ACT74 

ZOO 224 404 
x2 231 369 
:a7 s13 034 
450 4YO 7?S 

1.941 s.577 4.707 
2PA93 39230 4,49s 
30323 4.s14 C,r94s 
38391 3r971 f.597 

REV78 *cTn sun79 REV79 ?Qo81 fOT4 

- Sl? - 
-.- SW.-. 
1,044 - - -) 
1 #O’S -4 -’ 
CvddS s -. 
51182 - 

3a: 508 499 
349 :os 439 
75.4 398 a30 
'C3 91: 33: 

4,4:9 5*932 5s 120 
4,:04 6r057 St251 
S,540 7.338 6.440 
15*2&l 7.477 be531 

561 

summary daes 3ot accqratal:, reflact the current status / Due to missing data, the staff 



- 60 - 
. . 

Limxx VII 
Page 3 of 3 

Table 4 - Budget Ana%ysPs lv Selected Indicators 

Act74 4CT7s Act76 4cTpI REV78 

TRGS -UN 9 a 7 7 3 
LIP 1 mc s 5 7 A s 
GEN AIM 14 13 13 25 12 
GEN apm 17 17 15 $9 i4 awER 3 2 - a I 
INFLN D 

nA;CR CA6fTAL ZTEH$ &S PERCENTAGE: 81; TOTAL CAPITAL 
CCNSrRI(- SA 7s &3 74 
EDUIP 33 17 17 2‘2 

.-no0 10 4 1% 3 20 4 7 

WOGET SP(Y” 87 ?WdGR CAPEGGRP 
CURF QP 79 76 96 75 
cap PL 23 

:: 
24 24 24 

MA& EXPEWSE CaltGQRIES as PERcEnPaeES 
r*s sv 49 :a 58 5b SP 
iUF WX P3 20 2i 22 21 

‘rPUIF?IT 9 s s . s Ti;A”EL : 7’ 3. -,a t 
OIY/CUNt 10 94 15 ia 

FYLL RATES EXPRESSED AS BERCENTIGES 
SENIOR 3 as 34 a7 91 ar 
ns’;nc ST 79 97 a0 87 88 
a7nEk ST 94 92 a9 93 97 
TOTAL ST 90 39 58 9Q 93 

-I 
C33TS PER SENIOR STAFF MNYLAR (WOB) 

‘. 

TOT C-OP 120 a4 160 T-39 04 
tot Rstn bs 72 92 39 103 
TRWEL 9 9 12 ’ 1% 13 

PERSGNN’EL COSTS PER TOT*L STAFF HAmeAR 
PER f/STP 4 s b 6 7 

ACT73 Sal079 RF.479 PROS0 MO80 

s9 
9 
A 

i2 
IS 

I 

ss 

‘: 
9 

lf 
6 
9 

s2 
7 
4 
9 

12 
1 

1S 

SS 
7 
s 

1% 
12 

3 

34 AS 64 43 s7 
Ii 27 23 2S 26 

3 EJ 9 12 13 

73 
22 

89 
11 

SA 
19 

3 
7 

18 

99 
10% 
102 
102 

182 
101 

13 

9 

86 
P4 

:3 
2 
s 
3 

88 
1OQ 

l IO3 

LO1 

215 
$2) 

1% 

7 

89 
1% 

80 
12 

4s 
18 

3 
5 
3 

53 
18 

5 

2: 

4s 
16 

2 
5 
9 

91 
94 
9s 
9S 

211 
12s 

II 

b 

94 

39 
91 

215 
102 

i3 

8 

90 
101 
104 
$03 

23t 
127 

11 

7 

PRO81 

SP 

: 

1: 
2 

16 

id 
9 

90 
10 

49 
ah 

z 
12 

104 
too 
ro.3 
103 

242 
$23 

11 

a 

TOTAL 

15 

: 
11 
14 

a 
A 

53 
23 

9 

82 
18 

. 
49 
13 

4 
A 

I1 

s 

s 


