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Preface 
This indicative plan projects tile activitie, of the Centro Internacional

de Agricultura Tropical (CIAT) throughout the 1980s. The plan focusesspecifically on the three biennial budgetary periods between 1982 and1987, with more general projections for the rest of the decade.
The plan was developed during the two-year period from mid-1979 tomid-1981. It was prepared by an interactive process involving CIAT'smanagement and staff, its Board of Trustees and leading representatives

of collaborating national agricultural researci institutions in tile WesternHemisphere. The first version was prepared with the active involvementof CIAT management, research staff and members of the Board ofTrustees. The second version, responding to comments on tile first by tileProgram Committee of the Board, CIAT staff and selected indi, iduals,was presented to twenty-four leading representatives of collaborating national research institutions in twelve countries who convcned in a specialthree-day workshop for this purpose at CIAT. The comments from tile ntional representatives, plus comments on the second approximation received by the Executive Committee of the Board, were incorporated intotile third version submitted to the Board of Trustees at its May 1981meeting. At this meeting, the Board authorized publication of this final 
document. 
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Summary of the Plan for CIAT 
in the 1980s 

As a basis for future planning, this document examines CIAT's role inrelation to global needs of the developing countries, the total agriculturalresearch and developmei.t framework, and tile family of international 
agricultural research centers. 

ROLE OF CIAT IN RELATION TO FOOD AND INCOME 
Within the gamut of institutions and functions addressing the needs ofthe developing world, CIAT is considered a development-oriented agricultural research and training institution. Its major product is food production technology which can contribute to three basic goals: 
(a) 	 Improving the production, quality and stabil;ty of supply of basic 

food commodities in the developing countries;(b) 	Improving the nutritional status of tiose segments of tile urban and
rural population still below minimal nutritional requirements: and,(c) 	 Improving tile income levcs of the rural, and indirectly, the urban 
lo,--income population. 

Within the context of 	 improving food production in the tropicaldeveloping countries of the world, CIAT gives special emphasis to LatinAmerica. This emphasis has important implications for the selection ofcommodities on 	 which the Center is to concentrate its efforts. TheCenter's commodity mix-or "mandate"- has evolved during interanactive process among CIAT's management, the Board of Trustees, theTechnical Advisory Committee (TAC) of the Consultative G,:aup forInternational Ag-icultural Research (CGIAR) and the sister centers.

The thr-- factors most important in this commodity selection 
 havebeen: first, the importance of the commodity in people's diets and in production systems of farmers, especially low-resource farmers in thedeveloping countries; second, the division of labor between ir:,ernational

centers; and finally, application of 	tile principle that it is advantageous 



that global responsibility for research on a particular commnodity be as
signed to a center located in the region of genetic diversity for that 
species. 
The plan begins with an analysis of the Sociocconomic situation in 

Latin A,;,erica t( assess \Vhether the conmodity n ix that has evolved dur
ing th first decade of CA s activities is still valid. In this context it is evi
dent that a food production strategy for the South American continent 
Must consider three areas of need: large far intensific'ation, expansion of 
the agricultural frontier, and small farni intensification. F-or socio
ec'monic considera t ions, and Zalso considering that the large farm sector 
is already relat ,cl' well-served vith agricultural production technology, 
tile cInclusio(n is that CIAT shoUld c0)ncn tratC 0n1 the latt'r two coin
ponents of the o)verall food p)troduction strategy. An analysis Of the coin

parative advalltage of tihe major food c)millmditites utnder different pro
duction conditi)ns in Latin Ainerica clearly indicates that maize, Cassa a, 
potatoes, plantain, blans and dual-purpose, )inilk and beef) cattle have the 
greatest ad\antage fG the small farm sector. Upland rice, beef production 
and cassava Offer the iwst potential for expansion into frontier areas 
Fod consu inption p~atterns vary so lich across Latin America that no 
staple food can be siogled oit as thi1'naior sourcC Of Cal)riCs or protein in 
the region. 

When nutritional recluir'nIIits. rural incomCs and dCei'ald p~ro.jectionIs 
are considereCd, the c)iI1Ioolities that stand oit as most iimportant are 

sugtar, rice, illaize, wheat, 51 )rght uin, p tatoCS, cassa\'ai, field beans, soy
beans, hCi,andt Milk. lakintiiito consideration the \Work of other institu
til ns with these cmhilmd ities, it becComCs clear that CIAT's current mix of 
crops- beaus, catsava, ricc and tro)ical past sliS- rCpr'senls a lason
able selection to c n tribute toward lcting both production and nutri
tional goia!s of latin America. 

The rationale tor imaking an intCrnationlal iscalCh and development 
effoit varies \\'ith each cmniinoditv. Beans are all iinlmltant small farIll 

crop am, a naime h \.-Cost ipotini source. Cassava i also all important 
small farner inCt with gret'at pNotCntial fo)r Cxpanisioln on the frontier. It is 
all iimiportant ()%-cost calmlic suirce ili I limited numb111er of Latiln 
American c n1ot riCs. It offers great otunity for icre'asing incoimes of 
small farmers if tchnolgy to utilize its ptential as aln animal feed cal' be 
generated. Cassava's importancC as a food is ]Catlk' accCntuated whVcn 

considering consunllipt in patterns for it in Asia and Africa. Rice is a major 
slaple in many c uniitres If La tin iAniri\ca r.nd is incrc asii important-lv 


in thle diets of loV-i ic)inC c(10suners. In some countries it is a pirimary 
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crop on small farms. Upland rice is another promising crop for frontierexpansion. Tropical pastures  with the focus of the CIAT programn on theacid, infertile soils - have a particularly important role in tile frontier expansion strategy. To the extent that improved pastures contribute to beefand milk production, CIAT's efforts in tropical pastures will have i,majorimpact on the availability of protein in all Countries where this tech no!ogy
is 	appropriate.


These socioeconomic analyses indicate that there is n) leason 
to suggest that any of the current CIAT research prograins should be d;scontinu ,dor that new ones should be added at this time. This, of course,does not preclude program deletions or additions diring the decadewhich cannot be foreseen at present but which may be recoin mendedafter future internal or external reviews. 

ROLE OF CIAT IN RELATION TO OTHER INSTITUTIONS 
CIAT's activiti,.cs are viewed as being comnplementary to other institutions invol\ed in agricultural researchphasizes the key role 	 and development. The plan emof nat boal research systems and defines the
 

modalities for strong cormplementary, cooperative rel;!t;O11s with nationalresearch programs. The complementairy relantship between CIAT andbasic, or strategic, research activities of the More specialized research institutions and universitics indeveloped and developing countries is alsoacknowledged, and cointinued cooperntion with such institutins is en
visaged.

CIAT is expected to make a significant and tin iqie contribution tooverconing soine of the technological constraints on the strength of itsfocus on basic food commodities, and its emphasis on technologydevekupment for low-resource farmers andion the expansi n of the agricultural fron tier. CIAT also can help overcome some of 	the institutionalconstraints in latin America by helping build the reservoir of scientistsand trained technicians, by stintulating better orientation (frescarc1
training, and by strengthening and

links between research aild extension at 

natonal levels. 

HISTORICAL PERSPECTIVE 
The plan for the 1980s is placed in historical perspective by reviev ingthe accomplishnents made during tile Center's first ten ears. Institutional achievements principally relate to the sharpening of focus and organizational refinement. Over tile past decade there has been a 	 marked 
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reduction in the number of food commodities covered, a clarification and 

sharpening of the program strategies and priorities, and a narrowing of 

the geographical and ecological foci. 
Organizationally, procedures for program review and modification 

have been firmly established, providing for :;trong involvement of col

laboratmig countries in the development oi the Center's policies and 

operational procedures. 
CIAT staff and management in'olvemen t in setting priorities and pro

gram planning have been enhanced through the development of annual 

prog:am reviews and occasional position papers. At the same time, the 

Board of Trustees has established a mechanism for effective involvement 

in prowr'.m and policy decisions through its Program Committee. 

Program accomplishments during the first decade include the develop

menit and refinement of method(,logy and setting priorities of research ac

tivities. In addition, each of the commodity prograinls has madc signifi

cant adVances in getting improved varieties and associated agronomic 

practices to national programs and through them, to the farmers. In the 

case of rice, national production levels already have improved signif

icantly in virtually all countries )f the region. 

CENTER-WIDE OBJECTIVES AND PRINCIPLES 

Based on the foregoing analyses of the socioeconomic, institutional and 

historical conditions and achievements, CIAT's projected strategies for 

the 1980s are defined, for the Center as a whole and for each commodity 

program. The overall objectives of CIAT are reconfirmed as follows: 

To g'enerate tInd deliv'er, in collaboration witl national institutions, iti

proved tccitnilo.gy that Cilc( Intriblte to incre'ased prociaiction, productivity 

and quality of sPe'cilic basic /od commodit it's in tile tropics - principaullY
countries of Latin America and the Caribbean- therey enabling pr1oducers 

and consmners, especiaflly tiu se with limited resources, to increase theirpur

chasig1 p1,1)\ Mt1 improvme their ii(111 iti( . 

This statement of objectives emphasizes the technology developnMent 

orientation of the Center. While it is recognized that many institutional, 
social and political developments are imlortant for improved human wel

fare, the statement clarifies CIAT's contribution as one of applying 

modern science and technology to the problems of food production. The 

objectives statement also recogizes the collaborative nature of CIAT's ac

tivities with \'arious national, regional and international agencies, and it 

indicates a strong orientation towards tile American tropics. However, in 

the case of beans and cassava, CIAT has been given global responsibility 
4 
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among the international agricultural research centerS. The Center thus
has important worldwide roles to play, particularly with beans in easternAfrica and with cassava in Asia. While stressing that CIAT will not shirkthese international responsibilities, the alsoplan acknowledges thespecial advantages to be gained from establishing and maintaining working relationships in the Western Hemisphere, and the dangers of spread
ing scarce resources too thinly. The objectives statement also emphasizes
CIAT's basic orient'tion to low-resource farmers as well as to low-income
urban consmers. Tiis orientation is reflected in the research strategy of 
the Center. 

In order to accomplish the overall objectives, the plan delineates theCenter's operational principles relating to relevance, complementarity,
technology design, and international cooperation. 

Cassav a
 
The objectives of the Cassava Program are:
 
(a) To develop germplasm and associated cultural practices that require lew input levels and that are responsive to improved manage

ment, as a means to increase cassava production per hectare in 
areas where cassava presently is grown.

(b) To develop germplasm and associated management practices
which under intermediate levels of inputs will lead to profitable 
cassava production on th2 underutilized, acid and infertile soils of 
the lowland tropics.

(c) To develop systems to improve the utilization of cassava and allow
for more efficient use of cassava for direct and indirect human con
sumption.

(d) T,, strengthen national cassava research and development prograis so that they may more effectively carry out their roles. 
During the coming decade, the Cassava Program anticipates that itsgermplasm improvement activities aimed at the production of finishedvarieties for testing and release by national agencies will diminish in favorof increased emphasis on the production of germplasm for use in national

breeding programs. Research on production practices will increasingly
emphasize cropping systems and long-term fertility, while research related to management practices for ,:assava in e )isting production systems
will decline. A gradual expansion in utilization research is anticipated; initial emphasis will be on storage and quality of fresh cassava, and the proportion of utilization efforts devoted to integrated production and utiliza



tion systems will increase !:iter. Gnmplasm will be developed for six pro
duction environments. While five of these can be covered adequately by 
research and lesting within Colombia, the sixth environ mental system
represented by subtropical conditions of Mexico, southern Brazil, lPara
guay, Bolivia, the northern islands of the Ca;ibbean and southern China 

"ill be dealt with by' placing a breeder in a location represe..ntative of this 
ecosystenw. Regimal coperationt acti\ities of the _assava l'rogra m will be 
strengthened by outposting a regional cooperation scientist ill each of 
three regions: Asia; the Caribbean, Central America and Mexico; and 
Africa. 

Beans 

The Bean Prograinl obJecti\'es for the 198)s are: 

(a) To deve lop ilnlt )ved tech io log,' for beans (t'husclds Iulguris)
particularly higher and more stable \'iCldi ng germplasmw--hich 
will lead to increased national pi oduction and productivity in those 
Western I 1ounmispherec mntries where beans are ant important food 

Sol I'CC. 

(b) 	''o assist other regions- paiticularly stern Africa - in achievilg 
the. simoe bict i\'e s tlirough institutional arrangeme.nts in which 
CIAT canl pro'ide tchndhgical inpt) based On its worlk in Latin 
America aln,! Lli Caribbean. 

(C) TO strengthetl national re'se'arch pt grais in beans through training 
and by establishing a Reuan research network for scientists working 
on crop iinprovL 'lt[+ 

The stalffilig pattern f(r tie Bean Prograi is forecast to remain reason
ably stable thlr ugh the decadr. Ilo wver, research directions of the 
multidisciplinary team are (xpected to change considerably as emphasis 
in bean impr vement is shied in ai'ordaiiCC with CVeolvirig priorities. 
The str mg enilphasis m i isease resistaice' -- curren tly re.presentit about 
80i of the iinifi'THlntin t crosse.s- is expected to be reduced to approxi-
Matelv oneI-half this Le'eVl hy the end of the' lecade.. The proportion Of 
crosses telatCd to insect res. tance will reCHmain relati\ely constant, While 
there will be considerable expansion ini cros.es design tni impwe I lant 
structure, yield potential, adaptation haracte,-istics, tid quality factors. 

Inter-instituti,mal trmsfer of the improved bean technology will be 
strengthened t hir)ugh the addition of ani outp( sted regional co<operation 

scientist in each Of the following areas: Central America, Brazil, the 
Southern AndearIC Zone, eastern Africa and the Middle East. 



Rice 
The objectives of the Rice Program in the 1980s are defined as follows: 
(a) 	 To continue to develop gerniplasnil-basd technology designed to 

overcome constraints to increasing pr .uction of irigatd rice. 
(b) 	Through a new intiative, h)develop, illcollaborative research %vith 

national institutims, new germtplasm-based tec'hnol)y io improve
prod uctiVit;'and sabilitv ,14supply ill the riiorc favored upland rice 
elIviroll ii '; of the re'gion.

(c) 	 iO continue ;cti\ve collabratioln With the Intelmational Rice
Research Institutit (IR I inrie riscarch, w\'ithI particular emphasis
oi the International Rice l'esting tPrograu lR1'P).

(dI) 	 To contilue to help stlee,the national rice research prograills illthe 
region thrmigh training alld cnsultati\', visits, and to fr'.rlhCr sup()rt
the active network ()frice researchers established during the 197)s. 

The major c hai nges alticipatecd for the Program will be a iuio)dest expan
sion in staff aad a considerable shift in resparch emphasis to develop tech
noigy for favored, upland rice pro)(luction. About one-half of the 	plant
improvcment work in upland rice wil be directed to adaptation charac
ters related to d(ought, lOW ph)osplhorus tol(,rance and high alunminuin 
to)lerancC, while ab( lt 30! (ofth bre,eding ac!i vities- will be (m disease re
sistance. Otler research activities folr upland ict will ilvolvc wr'()Ik ml ar
chitect ure for yicld p)te tial, quality factors and illsect rsistance. It is an
ticipated that (I,'er the (cade t present prc(ioinanc t work on

disease resistarce can be decreased with 
more cmounctratiom d,'ected to

adaptation to s(il stress, lodging 
resistan.e and early iisturity. Crrrent

levels (f work on quality factors and insect resista nce should renmain

about the same (ver 
 the decade. The incre.,asin, emphasis on upland rice
will recClir-e, ill addlition t()the upland -ice bre'dr ining the Po ograi in0 
1981, a rice ec( m ist in 1982 and a rice phvsi(.c (gist in1983. Much ofthe wvork (f the rice agromr ist will also shift fi((m "M(rk in iirigoed to 
upland conditi(ns. 

Tropical liastures 
The overall olbjective (If the Tropical Pastures Progranl is too develop

low-cost, low-input pastires technology t(o increase beef (and milk) pro
duction on the acid, infertile soils of tropical Amec-aic. The strategy to 
achieve this objective is: 

(a) To select pasture gerniplasm adapted tI the envinmmental corcitions 
(climate and soils) of the region and resistant to pests and diseases. 
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(b) 	To develop persistent and producive pastures and management 
practices for their profitable utilization. 

(c) 	 To study the role of improved pastures in production systems and 
to develop conplementary animal management and animal health 
conponetls. 

Specific activities of the Tropical Pastures Program will evolve as prog
ress is made toward these objectives. (3radually, more emphasis will be 
on 	adv\anced stages of pasture evaluation and on outreach. Also, better 
knowledge of the area of interest and of germnplasm performances will en 
able systematic organization of the Progran,', germplasm strategy within 
each major ecosy'stem. 

Emphasis will continue throughout tile 1980s ol the weil-drained 
savannas. -lowever, this will be slightly reduced over time to enable 
some work in the poorly drained savannas and the humid tropics. Princi
pal 	importance will continue to he assigned to germplasm evaluation. 
Some icreases in evaluation of pasture production systems is antici
pated. A considerabk increase in the number of trials with associations in 
the 	pasture componen ts is planned. 

It is anticipated that five additional staff positions-three in regional 
cooperation and two in research -will be required during tile decade. 
Two positions will be adjusted for by phasing out current positions, leav
ing three actual staff additions. t/egional cooperation staff are expected to 
be outposted in three areas: Centril Aiierica and the Caribbean; the Cer
rado region of Brazil; and u.btropical South America. 

INTERNATIONAL COOPERATION 

Strong and expanded activities in international cooperation are 
planned for the decade. The goal is to provide for collaboration in 
research and inter-institutional technology transfer. Training will con
tinue to ke the major component of international cooperation, but much 
emphasis ;!so will he placed on germplasm exchange, technical consulta
tion, information services, and c )nsu ltation on national program planning 
within CIAT comnodity areas. The relative ornphasis of different aspects 
of each of these co iponmnts will v i,,' considerably from country to coun
try and commodity to commodity, depei(iding on the stage of develop
ment and level of interest of the national research systems for each con
modity. The plan presents a scheme defining relative emphases of these 
various types of activities in relation to different circumstances at the 
country level. 
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Training activities will continue to center on CIAT's commodity prograins, to help build the capability of .e national rtearch systems tocooperatively, as well as independently, conduct research on these coinmodities. An increasing proportion of the training activities will be athigher vrofessional levels, including increasing opportunities for thesisresearcn in collaboration with cooperating universities and greater emphasis on postdoctoral fellowships. While CIAT does not plan to work actively in training extension agents, it will assist national programs to do soby providing training materials and assistance in planning and conducting
in-country training programs. 

NEW INITIATIVES 
Two modest sets of new activities are projected for incorporation intothe overall Ceiter services to CIAT's commodity research programs.These will be in seed production technology and in agroecosystem 

analysis.
The exact nature of the activities and staffing pattern of the Seed Unitremain to be defined after further consideration by the Board of Trustees.

General objectives of these activities will be to help overcome problemsrelated to the lack of trained personnel in national seed programs; unclearand inconsistent policies by governments; limited supplies of breeder andbasic seed for transfer to the seed industry; problems in producing, processing and storing of good quality seed; inadequate marketing systems;and the lack of effoctive mechanisms for the transfer of improved seed tosmall farmers. Strong national seed programs and local seed industries
will greatly conplernent the crop improvement programs of CIAT and

other centers by helping make improved seed available to farmers.
It is also planned that an agroecosystem analysis capacity will be added
to the existing functions of the Data Services Unit. This will serve all of
CIAT's programs by helping to characterize the climatic, edaphic andsocioeconomic conditions of the existing and pote,,'ial regions for production of beans, 2assava, rice, and tropical pastures in CIAT's area of influence. Such characterization will help each commodity program to bL.ter focus its research priorities. A data bank on climatic, ecological andedaphic factors will also assist in selecting sites for regional testing, aswell as extrapolating results of these trials. Analysis of specific mneteorological conditions at the time and location of regional trials will provide

better understanding of season-to-season and location-to-location differences, and will assist breeders in producing materials with better yield
stability. 
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BUDGET PROJECTIONS
 

Tile implications of all of the fregoin, planning considerations on the 
staffing pattern of the Center indicate a net g h o,),tof senior scientific and 
administrative staff positions frown sixty-three in 1981 to eighty -five ii 
1987, and remaining at that level through the end 4 the decade. The 
largest compornit 'f this increase is for ou tposti ng ()t regio nal 
tion staff. While mlv a n n dest increase in research staff is planned, it is 
anticipated that sotne Additional sciet'ititic psi tions may he reuired as .i 

result of e,.w problems or opportunitie2s which cannot he foreseen. I low,' 
ever, it is expeced that any such :Idditional staff )()sitions can le pro
vided for ,' reducillg or dleletin", some current ctiv'ities. 

Overall but gt requircellts f(r tle plan are pr(JcteI to increase 
from US$17.75 millitm in 1481 to) .AM;milli(n tl1 OWNllars in 1988 
and thereafter. An extremely favorable relurn on this investment luis 
,)een indicated by an .,-ttl' costhenefit anal'sis based on '<onsrvativi' 
assumptions regardipg the iate ot adoption of new CIAT-enerated tech. 
nology . and equally modest estimates o the values )f rcsulting increased 
production and the pri'portion Of that increase Which can be lIttribu ted t 
CIAT's efforts. 
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Part I
 

The Planning Context
 



1 

The Socioeconomic Environment 
in Tropical America 

Over 400 million people in developing countries are estimated to bemalnourished, causing a substantial reduction in human capacities.'While some of the contributing causes of hunger in many countries are insufficient food production or resources to import food, the more basic cause is poverty and the lack of sufficient income to purchase food for anadequate diet. A solution of the world food problem, while dependent on 
producing more and cheaper food staples, in the end relie3 on raising theincome levels of the poorer segments of the population. Accordingly,
"hunger is as much a political, economic and social challenge as it is a 
scientific, technical or logistic problem."'
 

Improved agricultural technology adapted 
to the socioeconomic andagroclimatic conditions of the developing world is a necessary, but by no means sufficient, component of a world food strategy. In recognition of
the key role of agricultural technology in increasing food production in
the 
 tropics, the Consultative Group for International Agricultural
Research (CGIAR) system was formed in 1971. In addition to CIAT thesystem now includes nine other international centers and three relatedactivities. While improved production technology is the final product of
these centers, the CGIAR 
 system recognizes this technology can be a 
means of achieving more basic socioeconomic goals, namely: 
(a)Improving tie production, quality and stability of supply of basic 

food commodities in developing countries; 

1.Food and Agri cu Itura Organ zation the United Nations, The Fourth FA0 World Food Sun,ey
(Rome, The United Nations: 19771. 

2. Presidential Commission on World Ithingerr Overcomin, World Hunger: The Chailk'ngr Ahead,
(Washington, D.C., March 1980). 
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(b) 	Improving the nutritional status of those segments of the urban and 
rural population still below minimal nutritional requirements; and, 

(c) 	 Improving the income levels of the rural population with limited 
resources and, indirectly, of the low-income urban population. 

The direct impact of the introduction of new technoiogy is on increased 
food supplies. The flow of these supplies through systems of food produc
tion, distribution and consumption and their impact on nutrition and in
come cistribution are complex and never fully corrective. Improved tech
nology alone will never solve the problems of income distribution and 
nutrition but some agricultural technologies will undoubtedly have a 
greater impact than others on these two related problems. Choosing and 
developing the most appropriate technological alternatives thus require an 
understandillg of the socioeconomic structure and how technology might 
be designed that is compatible with that structure and the three basic goals. 

Although CIAT has a global role within the CGIAR system, it has a par
ticu!ar comparative advantage in the Latin American region. CIAT began 
with no fixed crop mandate or unique ecological orientation. Major 
changes in the Center's research activities have generally followed a 
horizontal approach (i.e., addition or deletion of staple tood crop pro
grams). A vertical approach that embraces any expansions into more basic 
research will be considered, when needed, in research areas where CIAT 
has a particular expertise. Circumstances affecting the Latin American 
agricultural sector will, therefore, continue to influence most research 
planning at CIAT. 

SOCIOECONOMIC GOALS AND THE AGRICULTURAL SECTOR 

The Production Gap 

Food production in Latin America has grown at a sustained rate of 
3.6% annually since 1950, a rate consistent with growth in aggregate de
mand (Appendix 1). The regional aggregate is highly deceptive, however. 
Food production has kept pace with demand growth in only five of 
twenty-one Latin American countries in the last decade. Only in Argen
tina have consumer food prices increased more slowly than overall con
sumer price levels.' All Latin American countries, except Argentina and 
Uruguay, are net importers of food staples. If current production growth 
rates are projected to 1990, food deficits in all tropical countries, except 

.i lJI3. I )dilInd AgricuIlture Organization. The State olFt d P Arh'uIturit uoni: The U nited 

Nations, 1978).
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Brazil and Paraguay, are expected to increase by 50%.' Increases in theagricultural production growth rate will be necessary in most countries tokeep food prices constant in real terms and to maintain current levels of 
self-sufficienlv in food. 

Land, Labor ind Growth
 
Agricultural production 
 can be increased cither by mobilizing morelandc and habor resources or by using current resou rces More efficiently. Amajor Means of improving tI ie efficiency of resourle use is throughtechnological chalge. In order to most c(nItribute to growth, technicalchange shul ld increIase, the product ivity of the resource in most limitedsupply. Il the caSe Of Latin America, land is highly abundant. StudiescOIparin1g potentially arlbc lacind to) la0nd cirrently Uinder the plow estimate that Latin Ameriuc: agriculture utilizes only 18-3,5U of its potentialland resoucirce Appendix 2 . Moreover, the aVerlage farm size of 112 hectires is very high lydcveloping country standards. I the aggregate there 

appears to be( a surplus of hlid irelative to labor. Such a situation impliesthat the m)st efficient gro \tl strategy would be to increase labor productivity •vhile expanding arable !n. Increased farm nLec'hlniz'tion would 
he one logical result of this stratgy.

Nevertheless, past growth has iot followed such a path. Except for Argentina, Uiruguay and \'ei eztlal, Latin American countries have been incra-ing productivity of both land and labor. During the 1960-78 period,traC'tor ucse increiscd 5.6l annually and fertilizer use grew at in 11.2%rate. This intensification of land use appears to be inconsistent with the 
concept of a ]lnd-surplus ec'nomM;1.This apparent inc ,nsistency arises from the very heterogoneous nature 
of lltill A\lltit ll aglricultilturaVl l frontier does exist inmost tropical South AnWricain and Central Anmerica n cointries, expansionat the frontier ,inpctcs with intensification of farms presently in production. The high costs 4 brin ing new frontier hind into production usingexisting teclhnology make it less priofitable than intensifying land alreadyin prod tic tio ('( mpeti ti( between extensive a1nd( iltensiVe developiliCnt is conlpl catCd further by the very skewed distribution of hi nd, a 
particular characteristic of Latin Ancricaln agrici Iture.

to The majority offarmers have access very Iinited lind resouirces and must concentrate on yield-i nc reasi ng techn icues in order to increase production. Large
.1. [lltcr11m ti',m ill 1-I ',,,, y l"',, I,',, 1h lls iltlitt' I", ,,,t.',d , ).~ ,l} ,( +.tftr lt s ,11

I l,-uI, I liI? III t,I ( , cIIIIt I ,hi ig, I ' 0t ' - I rIt N o.3 \Vi';,iI I ).i '. nt trn itit i :i d 
Po it Rlit", l'lrc'hInjstititt ' ,cm 1177,r.i 1 
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scale farmers, on the other hand, control most of the land resources and 

face relatively high labor costs. As farm size increases, costs for obtaining 

and managing large numbers of seasonal laborers rise. Thus, large 

farmers invest in labor-substituting mechanization or specialize in exten

sive production activities, such as pasture beef systems. 
An agricultural growth strategy for latin America that efficiently 

utilizes both land and labor resources is not only complicated by the dis

tribution of these resources but also by very marked differences in land 

quality. Three very different growth strategies emerge: 

(a) 	 Intensification of production by large farmers who control the 

more fertile areas, prinarily through mechanization and higher 
input use; 

(b) 	Expansion of agricultural productimi on the less fertile frontier 
land; and, 

(c) 	Intensification of production by small farmers through higher, 
more ;table yields. 

Some areas, especially much of Mexico, Central America and the 

Caribbean, do not have large, underutilized frontier areas (Appendix 3). 

For these countries (a) and (c) are the major options. 
Each grow.th strategy implies a different research focus. In a planning 

context, the issue is not only to decide which areas of research promise 

the largest production gain but also to determine the areas in which CIAT 

has a comparative advantgge, especially in relation to the three socio

economic goals defined earlier. I.ati n American agriculture has a dynamic 

large-farm sector that relies on mechanization research easily transferable 

from more developed countries. Rapid growth in a large-farm agriculture 

coupled with a very skewed land distribution can produce an accelerating 

treadmill effect, with 'less efficient" farmers moving out of agrc lture. 

With insu fficient emplo'ment opportunities in the urban sector, large 

social stresses develop. The rest of this section addresses the issue of 

whether tlicrc is pot ,ntial complementarity between the three strategies, 
which will help define research requirements. 

Large Farm Intensification 

Larger farmers in Latin America, while controlling the major portion of 

the land resource, tend to utilize their land very extensively. In Brazil, for 

example, farms of more than fifty hectares make up 85% of the land area 

in farms but have (,.-lv 53% of the area in crops. In Colombia, large 
of the land in crops.farmers own 76% of the land but have only 40% 
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Latin American policymakers have realized that such land use is inefficient and have tried to induce larger farmers to shift from extensive beef
production systems to crop systems. Policies to foster mechanizationcredit subsidies, overvalued exchange ra!es, land taxes, and price supports for mechanizable crops-have been implemented in many countries. These policies have been complemented by investments from multinational agricuItural supply firms, which find large, untapped marketswith low distribution costs and minimal requirements for redesigning

chemical, seed and mechanization technologies.
A very dynamic sector has been created and is reflected in the veryhigh growth rates in niechanizable crops. Since 1960, for example,sorghum production in ILatin America has increased 12'Yo annually, andBrazilian wheat production has increased 10% per year. Soybean production growth has been even more rapid. In all cases, over 75% of thegrowth was due to area expansion. This reflects the extensive natrre crop production on large farms. While these crop yields have remained

of 

essentially stagnant, overall land productivitv has increased due to shifts
from pasture production to crops.


Concentration of agricultural policies 
on intensifying the land use oflarge farmers has had two important results. first production growth ofextensively produced commodities, especially beef, has lagged behind demand. Second, in seeking to increase the efficiency of land use on largefarms, policies have not dealt with, and in some cases have exacerbated,inefficiencies in labor use. I iigh rates of underemployment exist in LatinAmerican agriculture. Inefficient labor use cannot be ignored because of
its obvious links to income and nutrition goals. 

Expansion of the Agricultural Frontier 
At the agricultural frontier infrastructure development is usuallylimited and input and marketing costs are high. Labor is scarce but land isrelatively cheap. Thus, expansion at the frontier generally is based on extensive production systems, and at te Latin American frontier beef systems predominate. By reducing the poice of beef, this expansion can induce the in t i sification Of large farms on more fertile land and thusachieve a more efficient utilization of land resources.As largo farmers on the more fertile land shift into crops, rising landvalues force the inli isification of the remaining pasture land. During the1960-70 period, improved pasture area increased 3.6% annually, a fUilpercentage point more than crop land expanded. In addition to thisgrowth of 21 million hectares of pasture, 92 million hectzres were added 
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at the frontier, representing a growth of 2.2% per year in native pastures. 
These two processes led to a 3.4% annual growth in beef production, well 

short of the 5.4% growth in demand for beef. Thus, expansion on tile 
frontier is a necessary complement to large-farm intensification, if de
mands for food crops and beef are to be met. 

Even with rising beef prices, tile area sown to pasture has not been ex
panding fast enough to meet demand. For much of the abundant land 
area of Latin America- tile "Ilanos," tile "cerrado," the "pantanal" and tile 
Amazon jungle - the present production costs with current technology for 
infrastructure and soil correction appear to be too high to support more 
rapid expansiom of land use at t!02 frontier. Selection of crop and pasture 
species with markedly reduced fertility requirements should improve the 
potential profitability of iand use in these areas. Increased productivity of 
adapted crops, such as upland rice and cassava, is needed as a meanis of 
paying for pasture establishment. Investment in new technology that in
creases productivity of beef pasture systems in the infertile Oxisol and 
Ultisol soils typical of the Latin American frontier should complement in
tensification of large farms on more fertile land. The effect of rapid beef 
expansion on price would induce these large farmers to) shift to more prof
itable, and more intensive, alternatives. Thus, pasture techno.ogy 
specifically designed for frontier areas should induce a more socially ac
ceptable utilization of land resources in Iatin America. 

Small Farm Intensification 

A paradox exists in Latin American agriculture. From a social point of 
view, small farmers in labor-surplus economies are in general the most ef
ficient producers in the combined utilization of land, labor and capital 
resou rces. Becaus,_ tihey control such a small portion of tile land 
resource, their potential contributiom to total food production is some
what limited. However, increasivg the productive employment of labor 
should be given a priority at least as high as fostering more p)d uctive 
utilization of land, since employment is tile princilpal determiiant Of ill

come and welfare. 
Undcere mployment in the agricultural sector is a principal cause of 

rapid rates of migration to urbal areas. (onditions of L.atin American 
cities offer ample evidence that rural povert.v is not being solved by 
transferring it to urban areas. Moreover, a\'erage nutrition of tile low

5. R. .\ Flt'rry ,md \V' d'in, ,'i,* r,,rz, ~im ,r'att ,jut * ,,,th,/ jtt, I),'m,', *,aplf ("utotr'<n,- di () 

Johns Ihikji, ('iversitv Pros, 1'uTh) 
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income strata of the population is affected by migration. Studies have indicated that the nutritional siiuation of the urban poor, even with higher
incomes, is inferior to that of the rural poor."

Latin American urban growth eased slightly during the 1970s but stillaveragecd 3.7% annually; the growth rate was over 4.5% in Brazil andMexico. This process has put extreme pressure on job creation in theurban sector. Industrial growth has been capital intensive and most of theemployment is occurring in the tertiary sector, generally in low
productivity service jobs. The service sector is also the entry point formost rural-to-urban migrants -if they can find jobs at all. Inmost countries average labor productivity is lower in these jobs than in the agri
cultural sector.
 

The employment problem 
i;further complicated by the very youngage profile of tile pcopulation. The labor force growth rate is expected to increase from 2.4% in the 1960-70 period to over 2.9% in 1980-2000. Moreover, in Latin America the rural component is more than 30% of the totalpopulation and is over 50% in the poorest countries. Therefore, migrationflows will remain large and put even more pressure on urban job creation.Internationa! l.abor Office studies of representative latin American countries have stressed that a full-employment strategy over the next decadedepends on increased employment in the agricultural sector illd llailltenance of tile agricuIturail sector's role as a residual employer.Full employment thus reqCuires sonic check on rural-to-urban migration for at least the next few decades. However, migration rates are highlyresponsive to changes in intersectorial income differentials. In LatinAmerica a 10% increase in the relative income between the tertiary sector
and the agricuIltu::al sector increases tile migration rate by 11%.' 
 Slowingexpected migration depends on improving agricultural incomes, especially among the low-resource and, therefore, more mobile portions of theagricultural population. About 35% of the economically active populationlandless laborers. Moreover, approximatelyare 
50% of all farms aresubfamily size. The existence of a 

of
 
highly mobile agricultural population
that is very responsive to intersectorial income differentials strengthens 

1 j. 0 .\rdI nd J.Sn nders NuIritimml I Ihltt i rnin Ill m Iino,i ,n in litI[il/ijIi, N'i-thca1.\ (Ciisc Study it Rtiural and L'rdim Ceir,' 5tI 
, p, h ),v,'I,,, ,i,0 ('ilo, ('h ,e 21 l1180):

1.417-. Ifh.4.hnternaitimal tLabor ()fficO,'lmvm*dF.01 E:mp,t wil,l!.I,'tlV ,'1,,r
A MP ( ",,b,,,1 t('llILd:']hO'United Nation-,, 1(17M. 
1b 

,i.J. K. I.ynami (rith in I.atin Aetricain 
Ilighlhiqts oi (..ITs 

Agric llrue \ ('riss-Cuiitry :\nalysis in"lr,'pitC' mmi',dift,.s itnrtnal Document Ecn. i .6 (Cholo bia:lCai, CIAT'. April 1981. 
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the argument for an agricultural development strategy that increases rural 
incomes of small farmers and landless laborers. 

One partial solution to reduce rural-to-urban migration rates has been 
to encourage small- to mlediulm-farm colonization on the frontier. Com
pared with migration to urban areas, colonization schemes tend to be 

costly and dO not create significant population flows. In the Santa Cruz 
area of Bolivia and the jungle area of Peru, spontaneous labor flows have 
been significant but have not solved the rural employment situation in 

the highlands. In the better soil areas of Parana, Goias, and Mato Grosso 
in Brazil, frontier settlement and associated infrastructure development 
h,ve been rapid and effective. In general, however, the potential for ex

pansic;n of viable family size, crop-producing farms at the frontier is 

limited by soil constraints, lack of appropriate technology, poor access to 
markets, relatively high capital requirements and inconsistent land settle
ment policies over time. 

Improvement of snijall-farm productivity remains the most viable 
avenue for affecting rural (and urban) employment. In Brazil, for example, 
40% of rural employment occurs on farms smaller than ten hectares and 
almost 75% on farms of less than fifty hectares. To what extent can both 
labor productivity and employment be expanded on farms of 'his size? An 
answer will require further empirical investigation but an effective 
strategy must minimally include labor-intensive crops, employment
generating production systems and yield-raising technologies. 

However, strategies to simultaneously inteisify both large and small 
farms are compatible only under certain limited conditions. If farmc s in 
the two groups grow the same commodity and large farmlers continue to 
have access to the subsidized capital typical of most mechanization 
policies, small farmers usually will not be able to compete. Any initial 
positive impact on mall farm income would vanish and even become 
negative as prices fall. The inherent nature of Latin American agriculture 
argues for crop specialization, with small farmers concentrating on labor
intensive crops and large farmers on rnechanizable crops. Such crop 
specialization already characterizes Latin American agriculture. Research 
to facilitate mechanization of labor-i ntensi\ e crops could cause small 
farmers to lose their comparative advantage. Although such research may 
be effective in increasing the output of such a crop, any social benefits 
could well be offset by social costs. 

A Combined Growth Strategy 

If food is to be supplied at reasonable prices and minimum incomes are 

to be assured through productive employment, growth in Latin American 
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agriculture will have to come from productive employment of both landand labor. Enough public and private resources are being directed tolarge-scale agriculturC to assure its future dynamism. Al efficient growthstrategy would also include expansion on the frontier with intensificationof production by small farmers. However, the compatibility of the threestrategies rests on each group producing those crops in which it has acomparative advantage and, especially, on the lack of competition between large and small farmers in the same product market. Research investment should therefore concentrate on strengthening this comparativeadvantage by matching crop choice and technolcgy design the partoticular resource constraints O)Ieach farm group. Table 1 summarizes thecomparative advantages of several commodities with respect to farm size 
and frontier expansion. 

SOCIOECONOMIC GOALS, NUTRITIONAL REQUIREMENTS 
AND FOOD DEMAND 

In developing market ecmnomics price is a fundamental determinant offood production levels, rural incomes and nutrition. However, improvingprice incentives for farmers often conflicts with provision of cheap foodstaples for areas.urban Agricultural technology provides potentialwedge in the market mechanism 
a 

that allows price reductions to consumers through cost reductions at the farm level. Maximizing the impactof new technology on nutrition will depend on understanding food con
sumption patterns, particularly of the poor. 

Nutritional Deficiencies 
Inadequate caloric intake by large sectors of the population is the most
pressing nutritional problem 
 in Latin America (Appendix 4). Especiallyserious protein deficits are also found illvulnerable groups such as

children in poorer families and pregnant women. 
Caloric deficits must be overcome first or additional protein will beutilized principally-and, therefore, inefficiently-as an energy source. Infact, where arecalories limiting in the diet, a percentage change incalories will have a greater positive effect on nitrogen balance than a pro

portionate change in (more expensive) protein.
The true magnitude of the problem is hidden when one uses nationalaverages of per capita availability of celories and protein. The figureshave more meaning when expressed as percentages of the populationwith diets below minimum requi-ements. Using such an indicator, the cxtent of caloric deficits in Latin America appears staggering indeed (Appen
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TABLE 1. 
Relative comparative advantage of major commodities under different 
production conditions. 

Present product ion areas-

Commtdity Small fa. .. Large farm Frontier landcl,' 

Wheat + + - +
 

Maize + + + ++
 

Sorghum + + + ?
 
Rice Ilrrigated) + + +-+ + +
 

(Upland) 	 + + + ++ + 

Cassava + ++ + +
 

Potatoes + 4 + ?
 
Plantains + + +
 

Beans + + + +
 
Soybeans ?
 

Sugar 	 + ++ +
 

Beef - + + . . .
 

Svine 4 ++ +
 

Poultry - .
 

Milk 	 (Dual-purpose breeds) + + + + 
(Specialized breeds) + + + + 

NOTEI: 	 Relative comparative advantage is based oil yield potential, labor versus capital intensity, 
ai'd expansion potential. This classification was developed from subjective evaluations by 
CIAT scientific staff 

a. Predominantly acid, infertile soils. 
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dix 5). The range in deficits is from one-third of the population in Thileand Uruguay to over two-thirds in El Salvador, Ecuador and Guate'tala.
Inadequate calorie/protein availability not only implies reduced energy
levels but also can result in permanent damage in vulnerable groups such as growing children. Future investments in mm, welfare, such ashealth, education and training, cannot substitute for or ando physical
deterioration resulting from inadequate diets in the early years of growth.
Hence, improving nutrition of m(jor segments of the populationl must be a princiv;m' concern of most Latin Anmcric~m governments if they are to
hav, a healti y, capable work forcc In tile future. 

Increasing inm- mies is the most direct means of correcting nutritional
inadequaci,-s. !Te problen's magnitude an d uirgency make it too important to rely soleiy on longer-term strategies, i.e., employment policies.
Shorter-term alternatives are identify increaseto and production ofcheaper nutrient sources and t(,utilize appropriat e policies to increaseraloric and protein intakes of tile population strata with deficiencies. 
Understanding the diversity of the Latin American diet is a necessarystai ting point inl selecting commodities for agricultural research which in 
turn will have a maximum impact on lutrition. 

Subregional Importance of Major Staples 
Latin American food consumption patterns vary substantially between

regions (Appendix 6). Sugar is consistently a major source (,calories inthe Latin American di(t; it provides only calories but is important becauseof its low cost. Maize is considerably important in Mexico, Central
America and some '\ndean countries, but is of lesser importance in the
rest of Latin America and tile Caribbean. Wheat is important in all regions

but dominates ais the principal caloric source only 
 in the temperate
Southern Cone countries. Rice provides 12%ovcr of the calories in theCaribbean, Colombia and Brazil. Cassava provides 9% of tile calories inBrazil and Paraguay. Beef, an important source of calories in the Southern
Cone and Paraguay, is an important protein source in most of LatinAmerica (Appendix 7). Beans provide over 10% of the proteins in Mexico,
Central America, Paraguay and Brazil. In sumnary, no one staple can besingled out as the major source of calories and protein throughout Latin 
America. 

Diversity in the Diet 
In the rural sector major sources of calories vary according to local supplies, which in turn vary widely throughout the region due to the extreme 
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variability in soils and climate. In the urban sector, large variance is 
found in the food expenditures in the lowest-income strata across cities 
and subregions (Appendices 8 and 9). Consumer budget data from ten An
dean cities showed that 15-30% of food expenditures by families in the 
lowest-income categories were for beef and milk. Moreover, these 
percentage allocations were maintained throughout the income cate
gories. Beef was not only a preferred food in the Andean cities but the 
urban poor spent a major portion of their food budget for this pre
dominantly protein source. Sugar and rice were also consistently impor
tant items bought in most Andean cities, but could not be said to 
dominate in total expenditures on caloric staples. Other subregionally im
portant commodities in food budgets of the urban poor were wheat prod
ucts, maize, beans, cassava and potatoes, but with none being dominant. 

Technology and Nutrition 

By affecting food prices, agricultural technologies can have indirect ef
fects on the diet of the low-income urban population. Declining food 
prices are desirable in this context, but product prices must also give 
proper production incentives to farmers. New technology can mediate 
these two conflicting roles of price in the market, but rarely will benefits 
be shared equally by both consumers and producers. If improved con
sumer welfare has the higher policy priority, then commodity choices 
should focus on non-exported, non-preferred foods in wb+ch market 
prices are relatively responsive to changes in quantities. These com
modities tend to be the principal food staples of the poor. 

Northeastern Brazil, containing one of the largest population concen
trations with nutritional problems in Latin America, could illustrate the 
case. Cassava flour, beans/cowpeas and rice, the principal sources of 
energy, contributed more than 50% of the calories in the still insufficient 
diet (Appendix 10). (Beans and cowpeas, close substitutes in northeastern 
Brazil, are reported together stat'stically.) Beans/cowpeas were as impor
tant as meats and fish together as a source of protein (Appendix 11). Cas
sava flour, the legumes and rice were among the cheapest sources of 
calories and protein. The fact that expenditures for these commodities in
crease with income in this region (AppendiA 9) is indirect evidence that 
more of these specific commodities will be demanded by low-income con
sumers if prices decrease. Technology for crops such as these has an im
portant role ;n reducing caloric and protein deficits in a region with acute 
nutritional problems. Moreover, in this particular case Lalancing beans or 
cowpeas with cassava helps offset the lower protein content of cassava. 
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Policies to stimulate production and consumption of these lowest-cost nutrient sources would be expected to have a much more rapid effect in eliminating nutritional deficiencies than would a c;,,d,aal shift to higher consumption levels of other high-quality foods that cost more per nutrient. 

)emand Gro, th 
As a direct consequence of high rates of population and incomegrowth, aggregate demand for food in Latin Amcrica is growing 3.6% peryear, -i rate consistent with the growth in total food production (Table 2).This balance is only appaent however, because: 
(i,) fucd production growth lagged behind demand in sixteen of 

twenty-ore countries (Appendix 12);

(bl in most countries nutritional 
 problems have continued, if notworsened, since growth in production of major staples lagged be

hind demand; and,
(c) those commodities in which production increased most rapidly (export crops, feed grains and poultry) had more impact on the diets ofmiddle- and high-income strata than on the diets of the poor (Ap

pendices 8 and 9). 
Given the skewed income distribution in Latin America," incomegrowth has caused expanded demand for those food commodities mostpreferred by the micdle- and high-income strata. As a response to high demand growth, production of those ccommodities has increased rapidly,sometimes at the expense of more basic food crops. This is the case withpoultry ind, indirectly, feed grains. Poultry production grew 9.8% annually from 1970-79 in Latin America, compared with 3% in the UnitedStates. Production growth of sorghum and soybeans for feed, exports, and
vegetable oil was even more rapid.'" 
'h dramatic expansion of seybeans insouthern Brazil helped push dry bean production into more marginal areas.In Brazil and Mexico, animal feed accounted for 44 and 32%, respectively, of food crop utilization in 1972-74. Over the period 1961-65 to1974-76, maizo accounted for more than one-half the production growthof food staples in Brazil, whereas sorghum was responsible for nearly onehalf the increase in Mexico.'' From 1961-65 to 197z!-76 the Brazilian 

9 J.ShJ , Si".-' l)j.ru, tlm,,,/mm',ml: A G' m,hu,, l ,/,,/ at, l\ashingto n, D.C.: the World Bank,

1975).

10. CIA'I, lin ,lAni cat Aip,'tlt:ur', m CIATr,.0,L ( 'lAT(,,, ,i1,.S Int(rna De ,,lDocument Econ. 1.6,
(Cali, Colombia: CIAT,May 19811.1',.K. L.liiichman and L,A. tPaulino, R.apid ,I',o)JfPr+)dhutool G;rm,0 ill.s',hctedDOvloptin, Cowl,,
fris ( mp{arati', AnlIsis tf C"'u ,i-lng Trn'ums, 19O71-7h, IWcSc'Och Rcp()rt II iWashint01n D.C.:International Food
1 )(1Ilicv R!escareh Institute, October 19701: 3i0. 
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TABLE 2.
 
Agricultural economic growth indicators and relative importance of selected commodities in the Latin
 
Ameican food economy, 1960-78.
 

Pcrcentage Percentage 
co ntribution of food budget 

to total spent by lowest 
Percentage growth in: consumptioin Of: incone strata in: 

Total Calories Protein Andean Northeastern 
' 

Commodity I)emand Production Area Yields production, cities Brazib 

Wheat 3.4 1.9 1 - 0.6 - S 18 15 4-17 4 

Maize - 2.8 1.1 1.7 - 40 16 15 0- 6 3 

Sorghum - 12.5 9.2 3.3 - 9 - - -

Rice 3.5 3.3 2.8 0.5 - 18 9 7 2-14 7 

tN) Potatoes 3.3 2.3 0 2.4 - 3 2 2 2-11 

Cassava 2.4 1.9 2.4 -0.5 - 17 4 -_2111 12 

Total pulses 3.0 1.4 1.7 -0.3 - 6 5 13 1- 7 16 

Beans 3.0 0.3 1.1 -0.8 - 5 3 11 n.a. n.a. 

Beef 5.4 3.4 - 58 - 5 14 9-24 9 

Pork 4.5 4.1 - - 22 - 1 4 0- 2 5 

Chicken 6.1 9.5d - - 20 - 1 3 0- 3 3 

Milk 5.5 3.9 - - - - 6 12 6-18 4 

Agricultural sector 3.6 3.5 2.0 1.5 t00 100 - - -

SOURCE: 	 Unless otherwise indicated, estimates are from Food and Agriculture Organization 1FAOI Production Tables, and FAO Food Balance 

Sheet, for 1972-74. 

a. Tropical countries only: 1978 data. First cOlumn includes On- meats expressed by carcass weight: second coluni includes cereals, grains, 

roots and tubers, all expressed in cerel eqjuivalentS. 

b. Ranges 	for twelve Andean cities for 1968-72. jSourc: Appendix S.1 

c. For 1975. Soulr-C: Appendix 9.1 

d. For 1970-78. 



growth rate in the use of cereals for feed was 6.3% and Mexico's was16.4%. In developing countries with rapid increases in incomes, the total use of cereals for livestock feed has increased considerably faster than the 
use of cereals for human consumption.

In summary, production of poultry, feed grains and export crops isgrowing faster than production of caloric and protei n staples, essentiallyin response to the concentration of purchasing powver in and the prefer
ences of middle- and high-income groups. Produc(ion incentives forstaples are thus in ferior to those high demand crops. Growth in produc
tion is therefore lagging substantially behind demand growth for maize
for direct consumption, wheat, cassava, beans and beef. 

Priority on Major Staples 
Table 3 su minarizes tile imrnportance of principal Latin American commodities in terms of nutrition and demand growth in Latin America. Bothwheat and maize are important as caloric sources and demand for wheat as food and for maize as feed is increasing. Rice, beef and milk are alreadyimportant in providing calories and prot,.eins in most of Latin America.

Moreover, a rapid increase in demand is expected for these commodities, 
especially beef. 

The extremely cheap caloric foods, cassava (iln rural areas) and cassava
flour, are important in Brazil and Paraguay, which account for 40% of tilepopulation in* tropi(al Latin America. Coun tries implementing nutrition programs for their lowest-income strata could(i take advantage of the cheapcalories from cassava and its production potential on less fertile soils.With technological change in marketing and/or processing, fresh cassava 
may have potential growth prospects as food and/or fee-'


Beans are important suLbregionally for protein and are th,, ,most inexpensive protein source. 
Beans could be an important complement to a
nutrition program aimcd at increasing cassava consumption since protein
deficits become an important concern 
 once caloric deficits have been overcome. Rising bean prices in many countries indicate that growth in
demand has exceeded supply growth in recent years. 

COMMODITY CHOICES ANO RESEARCH STRATEGY 
The impact of new agricultural technology on the goals of growth andequity is almost always mediated by the market mechanism. The settingof prices and quantities in these markets determines farmer incomes, thelevel of production increases, and improvement in consumer nutrition. 
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TABLE 3. 
Summary evaluation of principal commodities based on nutritional importance and expected giowth in 
demand, in Latin America. 

Important Important Important Important

region, I subregional regional subrovginal 
 Cheap Cheap Rapid demand Rapid demand
caloric caloric protein protein caloric protein expansion expansion
sturce source source sou rce source source for food for feed 

Wheat x xx
Maize x 
Sorghum x 

xRice X x x 
00 Sugar x x 

Potatoes x 

Cassava (dried) x
 

x x pa(fresh) xb pa
 
Beans 
 X X XSoybeans 

X 
Beef x x x
 
Milk 
 x x x 

SOURCE: Adapted from Appendices 1-11. 

a. Potentially important. 
b. Few countries only. 



However, anl undeskndiilg of goal attainnier t, within a particular socio
economlic enivironnient, is important in defining rescarch strategy only ifthis understanding can be translaed into a specific se of cRops on whichto do research and a specification cf design criteria to d e\v.Aop technology 
for each crop.
 

Because of the heiterogeneity Of 
 Latin American aglictlture, no one
crop-like the case of rice in Asia-couId contribute signo!v.antly to total
agricultural production and, at the saiet time, signlficant;v benefit the
rural and urban polr. In choosini to do research several crops, ChATon 

attempted to select com)modities in which the total co,)tri 
 ,tion of CIATand other research institutions to socioec'onmlic goals v ot'l, be high. Afirst requireniicn was that these should he predominantly food staples.Secondly, the chok e fcor(ps shoulld be such that some woulhi pr'vide for 
an increase ill the productivity and incomes of small farmners, whileothers \\'ould contribute to the expansion of agricultural production onboth good lands and the Ironti-r. CI1Al's operating divisions for cropresearch and aid svsterins research re'flect these tihrusts. The Center's
choice of beans, cassava, rice, and tropical pastures for acid, infertile soils
is considlered c(nsisten t with tle abo)'c stra tegy.


Each crop has regi)hlal impo(rtance as a surct Of Calories aind/or protein. In terms of contributing to the IMar inutritional problem (caloric
deficits), maize, wheat or sugar would have been other possibl, choices.The first tVo arellUder the nll,l:ate f the CentrolllIn, :acional ieMejoranien to de \laiz v lrig (CIMIYT). Sugar is Aready he cheapest
caloric source ill the diet, this fact partially reflects the large research investment that has already gone into this crop. Sorgh uin and soy'beans areother possible crops ilntp rtant from the production point of \ie\ , but are
of lesser siglificance 
 ii achievizig the overall socioeconomic goals. These

twO crops, however, arc m)t staples 
 except soybean oil) and increased 
production would tend p-il-cipi;lly to benefit the in iddle- aid high-inconieconsumers and large farm prod tcers. Nevertheless, both are displacing
 
other crops grown in gooid soils.
 

Given CIAT's size 
and budgetary limitations and the early state oftechn ology developlnnt in its four current progra is, it is too early toconsider adding any of these coin ndities as Core-funded pIograins. TheCenter has and Will continte to Moni tor pr',duction trends and econormic
conditions ill the region's agricultural sector in Order to detect earlysignals for the need for possible alternative activities. Special projects in
collaboration with other instittions to develop varieties of sorghurn
soybeans adapted 

and 
to acid soils CoulI be hosted, because they are com
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plementary alternatives to upland rice, cassava and tropical pastures for 
frontier areas. 

A brief description follows as to why CIATs selection of crops provides 
a reasonable balance in meeting both production and nutritional goals in 
Latin America and how the research strategies in each case are consistent 
with the overall soci, economic goals. 

Tropical Pastures 

Beef is a principal part of the Latin American diet and, even among the 
poor, forms a major portion of the food budget. Demand for beef in Latin 
America is increasing at a rdte far ahead of growth in production. More
over, beef is produced under extensive systems which (o not require 
well-developed infrastructures for obtaining inputs or marketing outputs. 
In terms of fostering expansion at the frontier, beef production is a logical 
choice. 

The research strategy of the Tropical Pastures Program has focused on 
overcoming the principal constraints on extensive beef production sys
tems in the acid, infertile soils of Latin America. Constraints of the sa
vanna regions hove I2ceived most attention up to now. The principal con
straint is the low nutrient produ ction of the pasture system, especially in 
the dry season. The search for adapted and more productive grass and 
legume spec.ies was considered to be the key to developing a low-cost, 
minimal input technology for these areas. 

Cassava 

Cassava is a traditional caloric source of the rural popul'ition in Latin 
America but has limited importance in urban areas, except where con
sumed as a flour. rThe plant is extremely efficient in producing carbo
hydrates and is particularly well-adapted to more marginal agricultural 
conditions. Its low requirements for purchased inputs, relatively high 
labor requirement, adaptability to intercropping systems, an(d flexible 
harvest period result in production originating from small-farm systems. 
Given that demand is sufficiently elastic, the crop is ide;lly suited to in
tensifying small-farm production systems. The potential for developing 
alternative end uses for cassava -such as starch, as a carbohydrate source 
in animal feed, and as raw material for ethanol production-appear to 
guarantee this market elasticity. Competitiveness in these markets, how
ever, appears to depend on lower production costs, and therefor. the 
need for improved product;on technology. 

The research strategy in the Cassava Program has three principal 

30 



thrusts: (a) developlent of low-cost, minimum innou technology, particularly directed at small farmers; (b) research oi developing cassava as a crop for expansion into the frontier; and, (c) research on more efficient 
processing and utilization technologies. The Program combines researchon botlh production and utilization technologies, since primary cona
straint in cassa'a prod iction systems is the crops rapid perishalility afterharvest. As Well, utilization research insures that processing technologies
are of a sufficien ily small scale to altow resource-poor fiarmers accss toend mark( s. Cassava is thus one of the few crops tlrolh imip which
proved technology can result in increased productivity of small-farm sys
tems in more marginal production zones. 

Beans
 
Beans are an i-ouant protein source, 
particularly in Brazil, Mexicoand Central Alfrica Where they consttute between I0and 20% of thedietary proteins (Appendix 7). Bean production is stagnant inl LatinAimerica, and area expdn sion for the crop tends merely to compensate for 

yield di'clii in most countries, especially Brazil. Most bean productionco mes fromi.t small-farm sect r, where beans are typically produced inassociation with other crops- principally iiaize - and on the poorer lands.The maize-be.a r assiciation is labor inte:nsi\'C and gi'Cs high returns per
unit of land area.
 

Bean productivity is low because of 
a broad spec tru in of insects anddiseases that attack the criop. Due to the devastating, nature of many bealdiseases, farmers freqiuen tly prefer to plant beans under conditions ofmarginal rainfall. Moreover, governments seldo pr ovide adequate pricesupports or other financial incentives to bean producers. As a consequence of these physica and economic factor:; discouraging bean produc
tion, few farmers are prepared to use expensive inputs such as fertilizers
 or fungicides; hence, yiCls are low. Yields and profitability have been so
low that beans ave been displaced from1 fornIer production areas- such
 as parts of s,,uthern Brazil and the Cauca Vailey of Colombia-by more 
profitable crops. Over tile last decade bean vielcs in most Latin Americancountries have been declining due to these crop shifts and the inability tomaintain yields at the extremely low levels of input use.

The research strategy of the Bean Program is to increase bean production by incorporating Multiple disease resistance into commercial cultivars. Tolerances to dro ught and moderately low soil fertility are alsosought. The search for cultivars able to fix atmospheric nitrogen is emphasized as welt. The Prograin's strategy focuses on stabilizing and in
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creasing bean yields without major increases ill purchased inputs. Never
theless, once new varieties are available, moderately increased input 
levels will be economically feasible due to ILqher potential yields and 
reduced yield variance. By emphasizing achievement of production in
creases without major increases in input costs, this strategy should help 
insure that the small-scale farmer will remai n tile principal nroducer of 
beans. 

A significant portion of bean production comes from climbing beans, 
which are almost entirely produced in association or in relay with maize. 
The Bean Program is dedicating a considerable effort to the improvement 
of beans in associatiom, while maintaining naize yields. Such technology 
is agair most appropriate for the small farmers due to its very high labor 
rc'luirei icn ts. 

Rice 

Rice is a major caloric staple in the Caribbean, Bra zil and many couln
tries of the Andean ZMne. Rice coasumption has been increasing in nost 
of tropical I.atin America because a rapidly urbanizing population has 
shifted from (otherstaples tW rice as a principal caloric source. This proc
ess has been accelerated by the stable (or even declining) price of rice, 
since production has kept up with demand growth in most Latin Ameri
can countries. In ma ny cases this rapid production growth has resulted 
from the introduction ()f improved varieties, combined with their rapid 
adoption by nmechanized farmers in favored rice areas. 

Rice is predominantly a large-farm crop but a great diversity in types of 
production systuns does exist. Systems range from intensive irrigated 
ones to extensive upland systems on the frontier. Average yields in the 
different systems vary markedly. The principal factor determining the 
type of system is the rainfall pattern and possibilities of improved water 
management. The relevant issue for most rice-producing countries is the 
choice of system in which to invest research resources. The new tech
nology has primarily benefited the irrigated sector and farm yields are 
rapidly reaching the feasible yield potential (f current technology. Future 
yield increments in this sector will not be as dramatic. In order to main
tain growth in rice production, Latin American countries must choose be
tween expanding irrigated land or raising yields of upland production. 
The potential for meeting increased rice demand from irrigated areas and 
from upl:and areas varies among countries. 

CIAT's Rice Program recognizes the need to focus on research for both 
irrigated and upland conditions. For irrigated rice, the largest yield gains 
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have already been made in most countries. The focus will principally beon maintenance research and on basic research to develop resistance torice blast and to the Sogatodes leafhopper. Upland research will conceln
trate on selecting for adaptation to stresses common under upland conditions. This research will focus on those upland areas with a more stablerainfall regime, where tile chances of achieving a significant yield increase are the highest. The upland research strategy focuses on utilizingland at the crop frontier which will be farmed under relatively extensive, 

mechanized conditions. 
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2 

The Roles of National 	Programs 
and CIAT 

Effective agricultural research is a continuun encompassing activitiesfrom conducting basic research to monitoring farmers' adoption of improved varieties and cultural practices. "ihis research continuum includes many interacting institutions conducting basic and applied research andextension activities. National agricultural research institutions and the international centers play important roles in this institutional complex. 

NATIONAL PROGRAMS AND TECHNOLOGY DEVELOPMENT 
Of the various institutions in the research continuum, none is nmore important than the national agencies involved in agricultural research anddevelopment. Only through stron., national programs can the new technology be evaluated under varied local conditions, modified as necessaryand transferred to farmers along with the essential support sCIvicesquired to make the technology useful. 

re-
CIAl' strives to maintain cordialand productive collaboration with its primary partners, the national institutions. Moreover, the Center works to strengthen the capacity of these
institutions to 
 carry out tleir functions as .1till and effective partners in


the research continuum .

Because this long-range plan focuses on CIlAT, the very vital role of national programs 
cannot be covered adequately. l-lowever, this plan isbased on the supposition th...t an international center's activities must becomplementary to, and closely coordinated with, those of national programs. Chapter 4 discusss the strategy and principles behind such com

plementarity and cooperation.
The urgency to develop improved food production technology in thetropics led to the establishment of the international centers to serve andcomplement the actions of local institutions. Thus, these relatively new 
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research centers represent an added dimension in the agricultural 
development panoraman. It is essential that national programs be 
strengthened and that international centers be involved in only those ac

tivities ir \vhich the\, have a clear comparative advantage and can most 

effectively provide a useful service to national progra ins. CIAT's unique 
role in helping overcome technological and institutional constraints must 

be examined in this context. 

CIAT AND TECHNOLOGY DEVELOPMENT 

Focus on Basic Food Commodities 

Agricultural rcseac h in latin Anerica has focused on the more dy

namic growth sectors tftle agricultural economy, Plcinly the medium

and larige-farm sctors. BLeforC the dCvelopn,:1lt Of a large domLstic Urban 

market, tr picall exPrt crops- such as suga calne, cotton, coffec, cocoa 

and rulbber- reck'ivcd the bulk Of rlsearc h resouirces. With rapid urbain

ization during tle last thre'C' decades and the orien tatio n to import

su bstitutuim de'T1htlpeilt schelnes, tile principal !vowth sectors have 

shifted to highly inco C lasic food and feed crops, also asociated pril

cipally with large-scale mchanized production patterns. Past t14orts have 

paid rlclatively little attention to those crps that are the niost iniportan 

sources of caloriesand protein for tihe largest number of pCOple and are a 

SOUtrce of incoIIIe to the larg'st iMbe)(2'r of tiillme'rs. BV concentrating on 

these b1;3ic co'nimOdities, CI,,\T and Other ilcrnational centers caun mak, 

a unique colntribl tion towards ovTrcoiming the li1r 'agricultural tech

nology gap that still exists, particruarly whei staple crops iae grnIV by 

low-re2s o ice aile'ts. 

lechoihlogy l)evelopnent for Low-resou ce larmers 

Conp oin nding the pr lelnn of scarcity of research is the fact that the 

relatively little research Lone on these crops (ftc" , las been conducted 

under experiment station conditions similar to those of large, iecha

nized, irrigaltcd fllills. CIAl' Cal pla y a special role in developing tech

nology for farines with limited res ilrces and for less-favored Cnviron

ments. This calln be 1cconplish'd by designing tech nohog for the con

strainis faced by smnall tanrmers nrid through co( peratHion with national 

programs to stren gthen and develop methods for on-fall evaluation of 

tech1ology.
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Technology Development for Expansion of the Frontier 
Technology is also lacking that could guide the rational expansion intofrontier areas of tropical America. These vast areas (approximately 50% oftropical Americal remain underutilized because of low natural fertility ofthe soils ald various local problems. As-' an international center, CI ATmust look at future as well as ionmedciate needs. 'l'herc( re, the Center hasa comparative adI'v'antlae in developing appropriate tech nology for logicaland more intensi\'e u t iliZltion of those fron tier areas suitable for livestock

production, which latcr will be conbined with crop production. 

CIAT AND INSTITUTIONAL IMPROVEMENT 
In defining CIAT's role, it is clear that there are certain activities inwhich an international center has distir.ct ,'onI)arative advantages

collaborating over
national research institutions, regardless of their stage ofdevelopment. A permanent, complemen tiry role for a cellter such asCIAT is to help overcome the limitat ions of national research systems.However, overcoming technical Constraiints to improved agricultural productivity is often inhibited by institutional barriers. An internationalcenter has the fIlexibility resulI tinrg from its apolitical, li()-govern riien talnature to contribute to oV'erconi ri some of these institutimal con

straints. 

Investment Lev%'el and I)efining Priorities
 
in Agricultural Research
 

There is riiuch documented evidence that agricultural research plays
an important role in agricultural development and that it is a highly profitable venture. Agricultural research expenditures 
 in Latin America increased from U.S.$61 million in 1965 to $129 million in 1974. Nevert heless, Latin Americaj ranrked last among the world's regions ii terms of research expenditures as a percentage of the \'alue of agricultural productsproduced (Appendix 13). International funding for Cl AT can contribute toincreased total invest iiern t in agricuItUral research for the region, sincemost contri butions to thie Center c0iiie fr(1i1 So(urces riot furId illg other
Latin America ii gricultural resuircLh iiistitutioiis. 

Positive results from collaborative efforts between CI AT and n:rtionalprograms can also stimulate national planning and treasury officials torecognize the value of agricultural research and increase the funding fornational research institutions. In addition, international assistance 
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organizations, recognizing the importance of having strong national in
stitutions to most profitably cooperate with the international centers, arc 
increasing their loan and technical support to national agricultural re
search systems. CIAT's rn )e thus becomes additive as well as stimuIative 
and ca talytic as it indircttlv assists in increasing invstment in agricuI
tulral research to more reasonable levels. More ver, there' arc large 
ec0no0iics (of scale in rescarch at a certain level )f the research con
tinumi im. This levcl depends on the degree of devclpment and self
sufficiency (1 niltional programs in each comn odity. Avoiding unneces
sary duplicatih s in nany small programs certainly will allow for a more 
cost-cffeciVc utIli/iltion (oI the total limited resources available. 

While thCrc ar uildCrstandablc pres' res for national institutions to 
spread their rescarch flforts over a broad rnge of exp)rt, plantatiol and 
food comlodities, the' in tecrnational centers Concentrate om basic foods 
nd, bcCause (f the di\'ision (f labor anmong individual centers, have the 
luxury of dev'(ting their efforts to oni - a fe' commodities. Thus by work

ing on only a few cr)ps, CIAT can make more rapid prog,Css in deVelp
ing techn logy (Ir these coMn (ditiCs. By dt'm1instirating the useful ness of 
concentration of research efforts, it also caln help atio;al programs e:.tab
iish clearer prioritiCs and thus avoid the dangers of overdivrsification. 

Bluildiing I luinan Capital 

Insufficient 1u~llifiCd vMlnower is (mCOf the most serious liniting faIc
tors in d(veh pmcI()Int (of new tcchnohogy Data in Appendix 141suppor the 
be!ief that Latin America has a hyv. level of hunmn resources a\'ailable for 
research alnd 'xtension, in relation to the \'llue of agricultural products 
produced. M"lajor responsibility for nultiplying trained agricultural 
scientists cmntinut's tw lie with univrsities in the region. Providing 
scholarships fo>r dcgree training should remlin the resp)nsiadvanced 
bility of iati( nil prgrains, with the support of donor institutions. CIAT 
has a comparative mdvantnge in providing postgraduate training in 
specialized cImiinoditv areas and helping incrciie the available human 
resourccs ill these particular areas. BV stinilii tirig better suIpport and 
presti._ fr ticultural research, CIAT c aills) be a catallyst in improv
ing working corditioms and remuneration to help check the igration of 
workers from the public agricultural research sector. 

Stimulaing Better Orientation of Research and Training 

Some research institutions, particularly universities, emphasize 

academic, publication-oriented disciplinary research. This affects the 
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orientation and quality of professionals trained in these institutions. As acenter of excellence emphasizing problen-solving, production-oriented,
interdisciplinary research, CIAT can demonstrate that practical researchis also highly stimulating and intellectually rewarding. By collaboratingclosely with Latin American universities, especially in the area of thesisresearch for advzmced degrees, CIAT lilps encourage orientationtowards applied research in these institutions and in the professionals

they produce. 
Strengthening the Links between 
Research and Extension 

Agricultural research and extension are well integrated in some LatinAmerican countries. In many countries, however, these activitiesdeveloped separately and continue to operate independently. While CIATis not actively engaged in agricultu: al extension, its emphasis on collaborative activities with national institutions for on-farm evaluation, 
 itstraining of extension specialists in se!bcted commodities, and its collaboration with national programs in developing in-countly training, canhelp bridge the gap between these two important functions. Farm-levelresearch to evaluate technology will continue to receive attention withinCIAT commodity programs. Wherever possible CIAT will encourage thisactivity and assist in training national personnel for farm-level research.This will provide an excellent means of integrating the activities of
research and extension. 
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3 

CIAT in Perspective 

The agreement between the Colombian government and The
Rockefeller Foundation to found CIAT was dated May 12, 1967. The firstmeeting of tile Board of Trustees was hlid on October 17, 1967. The of
ficial Colombian government decree established CIAT as an institution on
November 4, 1967. CIAT's headquarters facilities were dedicated on Oc
tober 12, 1973, when its Core senior staff numbered thirty-nine (about
one-half of today's figures). A large portion of CIAT's current program ac
tivities began less than ten years ago.

The institutional accomplishments made since CIAT's inception have
been fundamental to the Center's research and training achievements and 
were especially important in establishing the basis for this long-range
plan for the 1980s. These institutional accomplishments relate to sharpen
ing the program focus and de 'eloping policies, facilities and institutional 
relationships. 

EVOLUTION OF CIAT'S MANDATE 

The Original Broad Base 
The success in the mid-1960s of the International Rice Research

stitute (IRRI) in the Philippines and of tile Centro Internacional 
In

de Me
joramiento de Maiz y Trigo (CIMMYT) in Mexico, together with the pend
ing establishment of the lnterna',ional Institute fo." Tropical Agriculture
(IITA) in Nigeria, prompted the Ford and Rockefeller Foundations to con
sider the problems of the tropics of Latin America. Dr. Lowell S. Hardin,
of the Ford Foundation, and Dr. Lewis M. Roberts, of The Rockefeller
Foundation, were commissioned by their foundations to study jointly the
problems of agricultural productivity in that region and to recommend a 
course of action. Their study resulted in an October 1966 document, "A
Proposal for Creating an International Institute for Agriculture Research 
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and Training to Serve the Lowland Tropical Regions of the Americas." The 
document, hereinafter referred to as "the original proposal," comiented 
on 	 tile variety of ecological zones of the Latin American tropics and 
divided the region into three classes: 

(a) 	 Favorable-these areas have unexploited potential and include the 
northern coastal plains of Colombia, the Caribbean and Pacific lit
torals of Mexico and Central America, the Pacific coast of Ecuador 
and eastern Andean slopes at altitudes between 500 and 1000 
meters, from Venezuela to Bolivia; 

(b) 	Unfavorable-the hot humid jungles of the Amazon and Orinoco 
basins and the Colombian Pacific coast: and, 

(c) 	Unclassified - the central plateau of Brazil and the I.lanos of Vene
zuela and Colombia. 

The original proposal also identified high priority problems for the 
future institute's attention. The following section discusses this extensive 
list of commodity and production system responsibilities in relation to 
subsequent modifications. That report also stated that "the proposed in
stitute would follow in many respects 'hesuccessful International Rice 
Research Institute model," but then added, "the Latin American Institute 
would not be concerned with a single crop or enterprise. It would concen
trate on the identification and solution of tropical crop and livestock pro
duction and distribution problems and on the training of people in a 
problem-solving research and educational environment." 

Thus, the concept of the institute seemed to embrace both ecological 
and multi-commodity bases. Hlowever, it is also apparent that the authors 
recognized the complexity of an ecological mandate and opted for a set of 
commodities as the means of advancing agricultural productivity within 
the ecological zone. 

Following the establishment of CIAT and appointment of its first Board 
of Trustees, the Center's programv scope and operational philosophy were 
defined in greater detail by the nianagement and the Board. Initially, this 
resulted in so(me expansion of the scope of activities set forth in the 
origina: proposal. Thus, CIAT's early development evolved from a broad 
foundation of development goals and commodity responsibilities set 
within geographical and ecological boundaries. This provided the base on 
which the Center could, with experience and further studies, build a 
solid, focused program. 
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Refinement of the Mandate 
CIAT's development has been characterized by a progressive refinement of 	 its objectives and scope of activities. As a result, CIAT hasmarkedly reduced the 	number of commodities researched, clarified andsharpened program strategies and priorities and narrowed the geographical and ecological foci of its programs. Modificatons of program responsibilities suggested in the original proposal are sumnarized in Table 4. Current objectives and strategies are outlined if) Chapter 4.

Major redefinition of piograms has not come about easily norcapriciously. Although the 	actual changes have been important, equallyimportant has thebeen evolution of the interactive process amongcooperating institutions, Center staff and management, and the Board of
Trustees in making policy decisions. 

Mechanisms for Program Review and Modificatio 

Propram Comnuittee,of Bardofi Trustees. 
Tihe Board of Trustees established a standing committee in 1974 to advise the Board on Center programs. Specifically, the Program Committee 

was charged with advising the Board on broad problems of research strategies and research requirements, particularly staffing as it affects tie 
budget. 

Participationb, Lesscr-Dcveloped Countries. 
The views of the scientists and policyn-akers in cooperating institu

tions of the countries CIAT serves are vital in the development of theCenter's policies and operational procedures. Over yearsthe variousmechanisms have developedbeen to facilitate this essential input.
Primary procedures include: 

(a) 	 Board membership. A majority of mcnbe!-: )f the ClIAT oard of 
Trustees is from tropical, developing countries, especially Latin
America. 

(b) Senior staff selection. Nearly one-half of CIAT's senior staff are citizens of tropical, developing countries and have intimate knowiedge
of production problems and requirements of lesser developed
countries. 

(c) Consultation travel. CIAT staff travel extensively in the course of
their work and consult frequently with colleagues on research 
priorities and government policies.

(d) 	Policy-level consultation. Leaders of cooperating institutions are in
vited to CIAT seminars in which they discuss ways that CIAT canimprove the effectiveness of 	its technology generation and inter
national cooperation activities. Two basic types of seminars are: 
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(1) Seminars on advances ill research -ill which the CIAT pro
grams present their results and plans and seek suggestions 
Ior changes; and 

(2) Special topic workshops-such as a 1977 meeting on Iice.
Rice research leaders from throughout tropical America 
were invited to advise the Center oin its future Rice Program
activities; the reconmlendation that CI AT' begin work on 
upland rice came from that workshop.

(e) Program -level Consul ta tioji. In order to give cooperators ani inpor
tant voice in designing and plhnning c v.perati ye tcstig and CIAT 
program strategies, each comllodit., program organizes periodic
wor!kshops with coo perators in testing networks or vith coop
erators oin specific researcli topics. 

CIA 7' Slb/f ond 11.Ig cwol hle)h'ev'?,IIW 
Priority setting aid program planning a- daily activities of Centerstaff. These ideas are f IillalilCd ill the biennial program and t)udget pro

posals. 'wo activities relating to the interaction of Center staff and the 
Board of Trustees merit special Illention. 

(a) Annual program review. This is basically an internal, peer review 
at which all senior staff discuss results and plhns of all programs.
CIAT encourages ,e v frank, c(rintructive and critical discussion atthe reviews ill \vhiclh the Program ()hll itt,. ," the Board also par
ticipates.

(b) Position papers. ( lard Ofh( f'lrustees hs frequently requested
the Center's i1MMiage.ment to present a p)sition paper when faced
with policy decisions involviiig CIAT's program activities. These 
are normIlkv drafted by the program co)ncerned and tlien subimitted 
to peer re'iew at anill ternail worksho)p. Somietilnies an external re\ie\\ or a special workshop with outside consul tan ts is used to help
define poIsiti(ns. Finally, Il :nag enl t presents the po)sition paper
to the Board, no)rmally through the Program CoiIittee. 

INSTITUTIONAL DEVELOPMENTS 

Progra m 0 rga n za tion 
Initially the Center's research activities consisted of commodity programs staffed by personnel orgdnized iil disciplinary groups, with ail individunL scientists tiic (oftenbudgeted in several programis. After severalnanagement and budgetary steps, the staff is now organized so that pro

45 



gram scientists operate entirely in one commodity; management of each 
multidisciplinary commodity team is clearly the responsibility of the re
spective Program Coordinator. The Center's training activities have been 
integrated more fully into the various commodity programs. These 
changes are described in more detail in Chapte, 6. 

Administrative Organization 

Several adjustments in the organizational structure have been made to 
accommodate various program changes and the growth of the Center. Re
search, training and support activities currently are organized within 
three directorates: Crops Research, Land Resources Research and Inter
national Cooperation. Administrative and financial functions are man
aged by the Executive Officer and Controller, respectively. These five 
principal officers are directly responsible to the Director General. More 
details of the current organizational structure are illustrated in Appendix 
15. 

Institutional Linkages 

The development of strong collaborative institutional relationships was 
a,-. important achievement in CIAT's formative years. Because it would be 
ineffective for CIAT to act alone, cordial and productive relationships
both formal through various signed agreements) and informal-have 
been developed with national programs throughout Latin America, with 
regional and international organizations and with sister centers. The rela
tionships and understandings developed through these agreements, to
gether with mutual respect, form an essential foundation for the success 
of CIAT activities in the years ahead. 

Infrastructure Development 

HeadquartersFacilities 

CIAT's headquarters and its main research farm are located near Pal
mira (about 20 kilometers from Cali) on a 522-hectare parcel owned by 
the Instituto Colombiano Agropecuario (ICA), the national agricultural re
search and extension agency in Colombia. The land was leased initially to 
CIAT at no cost for ten years from July 1970 to July 1980. ICA and CIAT's 
management signed a new agreement in May 1980, extending the use of 
the facilities to the year 2000. CIAT began its activities on this station 
using the original dairy farm building as temporary facilities. On Oc
tober 12, 1973, the new physical plant was dedicated. This consisted of 
the administration building, library/documentation/information building, 
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training and conferences complex (including conference rooms, classrooms and seminar rooms, amphitheater conference and reception area,offices, housing mod,!!cs for trainees an(l conference participants, andkitchen, cafeteria and dining room facilities), two research laboratories, afield laboratory, motor pool, genetic resources building, and experimentstation improeinents (includin, fencing, drainage and irrigation ditches). 

Even at that time it was recognized that these facilities were inadequatefor the projected pr gram levels. Sirce then, facilities originally omittedbecause Of budgetary constraints andI additional facilities required by program expansion have built.bel TIhese include ar additional fieldIaboratory, two office buildings, warehouse and purchasing offices, fourgreenhouses and associated headhous, facilities, farm equipment storagea rid ma intenarice facilities, seed processing and teaching facilities and a
comniunicatioli5 building. 

S Ibstaci(s 
From the beginning the Palmira farm was recognized as being an excellent site for CIAT headquarters and some limited field research activities. On the other hand the area's soils, altitude and climate are nottypical of most of Latin Americas tropical agricultural area. It was alsoclearly understood that no one locaoti(i cold possibly represent the greatdiversity of envi ron menitil conditions in the region. If was ant iciyatedinitially that ICA's 'I'ripana station in Monteria (northern Culombia)would serve as a ma jkr auxiliary site for work requiring more tropicalconditions. 1lweveir, soubsequIent experiences and prograni changesmade it necessary to develop modest substation facilities in two specificecosystems and to perform a major portion of other research activities onseveral ICA stations representing various ecosystems. The two substations developed to meet various specific needs are: 

(a) CIA I-Quilici n This 189-hectare farm located 4A kilometers southof Cali has highly infertile, acid soils where much theof preliminary screening of geriplasin (especially cassava and forage
species) for these soil conditi(ns is carried out. Various plant nutritional studies, which cannot be performed Oim the more fertile land 
at CIAT headquarters, are conducted here.(b) CIAT-Popuyan. This station, about 100 kilometers south of Cali,

higher altitude (1700 meters), receiving high rainfall. The site
isat a 

provides excellent conditions to screen beans, and to a lesser extentcassava, for diseases which cannot be adequately tested at the
lower altitude of CIAT headquarters. 
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These two substations, fully operated by CIAT, are on land specifically 
purchased for research purposes and leased to CIAT at nominal rates by 
the Fundacion para la Educacion Superior (FES), a Colombian non-profit 
development foundation. 

Cooperative Activities on ICA Stations 

Colombia was a fortunate choice for CIAT's location because the coun
try has a broad range of altitude and rainfall conditions. These make it 
possible to conduct research under the various ecological conditions 
found in Latin America withiout crossing national boundaries. It is also 
fortunate for CIAT that the host agricultural institute, ICA, is very coop
erative. Through two specific cooperative agreements CIAT conducts 
much of its work under the varying ecological conditions of several ICA 
stations, particularly the following: 

(a) 	 ICA-Caribia, on Colombia's North Coast-cassava research for the 
tropical lowlands. 

(b) 	ICA-La Selva, at 2200 meters, near Medellin -climbing beans for 
intermediate altitudes. 

(c) 	 ICA-Obonuco, at 2710 meters, near Pasto-bean research for high 
altitude conditions. 

(d) 	ICA-Libertad, in the Colombian Llanos near Villavicencio - rice re
search particularly for favored upland conditions. 

(e) 	CNIA, Carimagua, a 20,000-hectare station in the Colombian 
Llanos. This station is of vital importance to the Tropical Pastures 
Program and also is important to the Cassava Program, since both 
place strong emphasis on developing technology for highly acid, in
fertile savanna regions of the frontier. This work, of course, cannot 
be done at CIAT-Palmira. In Carimagua, CIAT and ICA have a 
unique arrangement in which most experiments are considered to 
bp collaborative. The station is administered joi ntly by ICA and 
CIAT; the station director is an ICA appointee, and the station 
superintendent is a CIAT employee. Administrative policies for the 
station are made by a special joint committee consisting of three 
members from each institution. 

Cooperative Research Activities in Brazil 

The largest component of the Tropical Pastures Program's area of in
terest, i.e., the acid, infertile frontier regions, is the well-drained savanna 
ecosystem represented by the Campo Cerrado of Brazil. Through a 
cooperative arrangement with the Cerrado Agricultural Research 
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Center (CPAC) of the Empresa Brasileira de Pesquisa Agropecuaria(EMBRAPA), CIAT has stationed three of its Core senior staff of tileTropical Pastures Program at CPAC, in Brasilia. The work of these scientists is considered an integral part of the EMBRAPA research program but
also has application beyond Brazil's borders. 

TECHNICAL ACHIEVEMENTS 
A long-range planning document notis the appropriate place todescribe the many technical achievements accomplished in the Centerover the years. Nevertheless, it is desirable to give a general overview ofthe progress of CIAT's programs, to better understand what these programs will be doing in the future and to estimate their accomplishments 

at the end of the decade. 
While technology other than new crop varieties forms an importantpart of the output of the international agricultural research centers, the
development of new varieties is the best understood. It also illustrates the
sequence of activities related to generating and delivering technology.
The first phase of the sequence in which the international center is involved deals with accumulating germplasm accessions. 
Selections fromthe germplasm collection, a great amount of which comes from nationalcrop improvement programs, often are distributed thro-gh internationaltesting networks while the time-consuming process of hybridization is
going on. The initial impact of an international center's crop improvement
programs may well be through distribut ion of materiaL others havedeveloped or selected. With time, however, he impact of the Center's
breeding program should become evident. Since the intensity of the selection and testing activities is usually the highest that has ever been appliedto that species, it is only to be expected that eventually the best varietiesappearing in international testing shoul come fr m breeding programs ofthe international centers. However, as national programs develop their
research capacities and establish 
 strong cooperation with the international centers, these programs are in an increasingly b.itter position todevelop varieties that are superior under local conditions and that compete strongly in international testing networks.

The entire procesz ii,.n germplasm collection to releasing finishedvarieties by national programs is a long one, requiring at least six years forbeans, and nine years for ca ;sava &nd forage species. Rice and TropicalPastures (formerly Beef) Progran-is began when CIAT was founded, with one and seven senior scientists, respectively. The Cassava Program beganin 1972 with one senior scientist, and the Bean Pro(,ram, in 1973 with 
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three senior scientists. It is, therefore, somewhat early to expect the 
results to be affecting national production statistics. Dramatic production 
increases have been achieved in rice, where CIAT was able to build on 
the earlier program of IRRI and ICA's rice research. While tile other con
modities have not yet significantly increased national production levels, 
there have been su bstantial de\'Ch pmen ts in p (beih,, assessHinent, germ
plasm accunuilation, parental selection, progeny testing and nthodology 
development. These developments are dlescribed in grCater detail in 
Chapter 5. The remainder of this Chapter very briefly summarzes the ac
ccml)lishmen ts in the germolas-n accumulfation and technology transfer/ 
adoption comi)onenS, ill order to illustrate the stage of ch prograinl and 
to give perspec xc to fu tlire, plains aid Cxpectations. 

Gernplasi Collection aln(d IPreservatiio 

The assembly of a larg gem plasm base is not only all essential first 
step in any plant imlpveinnt prlgMrn but !lso an important responsi
bility in the preser\'ation (f valiable genetic resources. Within the 
CGIAR system CIAT has been given iSbai responsibiIi ties for the collec
tir-' evaluation, prescrvatiol and (listribu ti(i of gCrlplasln in cassava, 
bea" and tropical forages. As of early 1981, the tnumber of accessions ill 
Clh. , genetic resoulrccs unit were: cassava, 2600; beans, 30),000); and 
tropical forages, 7250. 

Technology Transfer and Adoption 

Rice 

•Average 	yields in twenl .n American countries increased from 2.0 
t/ha in 1967 to :3.2 t/ha in 1978, due mainly to new varieties developed 
at CIAT and IR , in collaboration with national programs. 

*In Colo:mbia the national average yield of irrigated rice has risen from 
3.0 t/ha in 1968 to 5.2 t/ha in 198). 

• Eight countries have naned twen ty'-llillCiCe 'wiCies using eight dif
ferent finished linos received fr(nin (IAT, antd six co uniries have 
named twelve varieties fri m selectilhs d('ri\'ed fri advanccd CIATm 

breeding lines.
 

Cassov 

• lmprovwed 	 agr()fn(inlic l'Cticit'.S de\V'hl Ipd at CIA'l" have been shown 
to double vicls in filllTrS' fields in riMore than fifty regional trials 
conducted in six y;,s in UChmolia. These practices have now been 
adopted on stite fhims aid by fa iiter associations throughout Cuba. 
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This dramatic increase in production caused cassava to be removed
from the list of rationed foods in that Country.

"Twelve countries are using CI,'I'materials in their own breewmng pro
grams.

*Eleven countries are increasing vegetative planting materials ofvarieties received from CIAT for distribu tion to fa rnIers.•Ten countries are using a technique developed at CIAT to rapidlymultiply limited amou1nts of vegetative material for distribution to 
growers.


wSeven countries ha\'e established facilities to rceive CIAT's hybridsas meristem tissue cultures to minimize disease hazards during theinternational movement of vegetative material. 

Bealls 
Since the international testing program began in 1976, some thirtycountries have received a total of 150 individual bean nurseries firtesting. These nurseries initially consisted entirely of varietiesdeveloped by others and selected for the CIAT gerniplasm collection.Now, over 90% of the materials in nurseries are CIAT-bred lines (thematerials included thein nurseries are selected after being ratedsuperior to all other materials in extensive tests).


*Seven countries have named 
 a total Of eleven varieties based onfinished varieties or selections from advanced breeding lines received
from CIAT.Six of these varieties already are being grown by farmersin four coun tries. 1c• g
SThe most popular local varieties from various countries have beencrossed with parents that provide genes for resistance to majordiseases alnd insects in the respective countries, as well as otherdesirable characte2rs. After many generations of selections, advancedlines that combine disease and insect resistance and improved yieldwith seed color and size preferences of most bean-growing regions inLatin America are now available for use in national bean improve
ment programOs. 

fropicui Pastur's 
' nIr)/oLJ()pl ,gAi'muns, a grass of Africaln origin selected for use illLatin America by CIAT, has now been named as a new cultivar inColombia and Brazil. It is highly tolerant to acid soils, low soil fertility, drought, insects and diseases. CIAT provided eight 
 tons of basicseed for multiplication in those countries and also supplied seed
Venezuela and Panama 

to 
for advanced testing. 

51 



*Several forage legume accessions collected and selected by CIAT have 

reached advanced stages of testing in Colombia and Brazil. Becauqe of 

the growth habit of A. gmuaius and the nitrogen fixation ability and 

higher protein content of legumes, a much greater impact is expected 

when A. gcanus is used with legumes. Several years of grazing trials 

of selected grass/legume associations over the best-managed native 

savanna have demonstrated a ten- to fiftcenfold increase in livewcight 

animal gains per hectare and a two- to threefold increase in per 

animal productivity. 
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Part II
 

The Action Plan
 



4 

Objectives and Strategies 
for the 1980s 

STATEMENT OF OBJECTIVES 
To generate and deliver, in collaborationwith nationaland regionalinstitutions, improved technology which will contribute to increasedproauction,productivit'y and quality of specific basic food commodities i the tropics-principallycountries of Latin America and theCaribbean-therebyenablino producers and consumers, especiallythose with limited resources, to increase their purchasingpower and 
improe their nutrition. 

This statement was developcd to provide a condensed overview ofCIAT's philosophy and operating objectives. While the Center expectsbe flexible in responding to 
to 

future needs for agricultural productiontechnology, the statement's points should be applicable over future years.Features of the objectives statement are explained more fully in this 
chapter. 

Technology Development Orientation 
CIAT plans to continue concentrating on the generation and transfer ofagricultural technology. This does not negate the importance of institutional, social and political changes, but does imply a confidencemodern science and technology 

that 
can contribute significantly to solving

food production problems. 

Collaborative Nature of CIAT's Activities 
The objectives statement emphasizes the Center's strong convictionthat accomplishing the desired results involves the collaboration of national, regional and international agencies, of which an international agri
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APPLIED RESEARCH ADAPTIVE RESEARCH 

CIAT's activities are primarily found in this quad-
rant. While emphasizing applied research to de-
velop basic elements oftechnology, it also as-
sumes respon;ibilities forselected aspects of 
basic research having high potentials forpay
off later in the development ofnew tech-
nology. 

N 

,. 

0 

National instit::tions involved in commodity research 
and developmen, are seer, as conducting mostly 

adaptive research based on their own applied re
search or the technology deveoped b others 

tutions. and especially those more developed 
ones. also engage in some basiL research. 

At the same time. t.ey are involved in 
selected production activities including 

V on-farm tri. . demonstration projects 
and .Pe.aned seed production. 

BASIC RESEARCH PRODUCTION 

0 

While predominantly working in pro
duction )er se to varying degrees pro

dusers also conduct applied and adap

ive research. Their research activities range 
from the private seed producer who is de

veloping new hybrid varieties to oroducer as
sociations which maintain their own experimental 

farms and stations. 

Figure 1. CI':\'s location in tit_ agriculural technology)l dcve'hq)lnt pirocss. 



cultural research center is but one. Figure 1 displays the agriculturaltechnology development process as four successive but interrelatedstages-basic research, applied research, adaptive research and production. It also indicates the approximate extent to which CIAT and its principal counterparts, the national institutions, are involhed within the process. Given CIAT's unique place between the more basic research institutions and collaborating national progra ins, the Center's activities musttake two directions. First, CIAT must relate its technology generation efforts to developments in basic research conducted by other institutions.Second, all of CIA's interlocking activities, whether in research or in international cooperat ihn, must be designed to support and supplement collaborati ng regioal and naltional research/development institutions. 

Geographical Orientation
 
The Center directed 
most of its efforts towaids the American tropicsduring its first ten yea rs. All four CIAT commodities are basic staple foodsin this region. The Tropical Pastu res Program has a strong ecologicalfocus on the ii nderu t iized, acid, infertile soils of the Americas, while theRice Program, inclose collaboration with IRRI, is directed exclusively to

Latin America and the Caribbean. 
1l owever, during its evolu tion CIAT haMs been given world responsibility for cassava awld bealns within the CGIA H system. (IITA has responsibility for cassava in Africa.) With appro priate modifications, CIAT technology ftor these two crops can have considerable impact outside theWestern licmisphere. Active cassa va tech nology transfer has already
begun inAsia. Results are deun)nst rating that CIAT technology can 
 be
 

Very effectiv, in increasing the crop's productivity on that continent.
Cassava is important in Asia but has no t been studied very much there.CIAT intends to further develop i echanisms to disseminate cassavatechnology in Asia. Both IITA aind CIAT consider it important that theirrespective cassava programis york together ii:Africa. A mechanism for
such liaison is outlined in this lan. 

Eastern Africa is the Iost i1n Thrta1it )eaIn production region ou tside ofthe Aniericas. Except for mfiz 
 bea,': 
are the most important food inn\n' coumnit ries of that region. N,w beai teclinology iscritically needed.
Ithas bee,n demnstrated th; Cl T techno logy could have avery impor
tant impact on bean producii Wm in eastern Africa.

While not retreating frnmv its global responsibility for beans andcassava, CIAT does re,- ,:iize th, problems of increasing internationaltravel costs d of ,-.utinL so-. -e manpower resources if they operate 
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over the world. For reasons of proximity there are also obvious advan
tages to developing institutional relationships chiefly in the Western 
Hemisphere. The centralized activities of germplasm collection, breeding 
and documentation will be designed to respond to the global mandates in 
beans and cassava. However, decentralized activities for eval'iation and 
transfer of technology will be developed to have maximum impact while 
minimizing diversion of resources from the American tropics. To accom
plish this, CIAT will seek imaginative, new way,s ot cooj)erating with 
other international or regional organizations. For example, negotiations 
are underway now with the Food and Agriculture Organization (FAO) for 
collaborative bean projects in eastern Africa and with selected regional 
and ntionl )rgnilZatiollns in Asia for cassava projects in Southeast Asia. 
Further details regarding regional activities outside the Western Hemi
sphere are described in Chapter 6. 

Orientation to the Poor 

Based on the prevailing socioeconomic and nutritional conditions in 
Latin America (described in Chapter 1), CIAT has identified limited
resource producers and consumers, that is, the rural and urban poor, as 
the principal beneficiarics of its work. This decision clearly associates 
htuman welfare objectives with prodlction goals and influences the 
design of technology. 

In devcloping countries of the Western Hemisphere, the two com
muni ties (f low-income producers and consumers overlap much less than 
they do in developing countries of Africa and Asia. Approximately 60% of 
the population in Latin America is urban and the percentage is expected 
to continue to increase through the 198)s. Consequently, total food pro
duction, regardless of the producer's resources, cannot be ignored since 
this affects the price of food for urban consumers. 

Some countries, particu'larly those with large cooperatives and state 
farms, require technology for large-scale, mechanized production. Never
theless, CIAT must concentrate its attention on production technology 
specifically adapted to the needs of small holders, because a large propor
tion of two of CIAT's food crops (beans and cassava) are produced by that 
group. Development of such technology requires a sustained, concerted 
effort best made by a publicly funded, international institution. 

58
 



GENERAL STRATEGIES 

Establishing Research Networks for

Inter-institutional Transfer of Technology
 

Tile linking of individual researchers and research groups through theestablishment of research networks is a major mechanism for creatingand maintaining researcn and development momentum for any givencommodity. Research networks not only facilitate the exchange of information and materials between national and international levels, but alsoserve to transfer technology between national programs. CIAT will continue to actively maintain and strengthen commodity-based research networks through in formation and documentation services, germplasm exchange activities, s-milnrS alld workshops, and consultation. 

Development of Germplasm-based Technology
 
Analyses of 
production constraints of CIAT's commodities have indicated that of the possible research strategies, the largest impact on production would be generated by increasing the availability of improvedgermplasm adapted to environmental conditions and prevailiing production systems. CIAT will con tinuie to be involved in tech nology generationbased on the collection, production and supply of new germplasm. Also,development of non-site-specific agronomic components will continue tobe coordinated with germplasm development activities. 

Strengthening National Programs through Training 
A central strategy of Centerthe since its beginning has been thestrengthening of commodity research groups within national agriculturalresearch institutions. By providing training opportunities, CIAT can make
an important contribution 
to strengthening its national counterparts. Atthe same time, training provides an efficient vehicle for the transfer of improved research and production technologies. 

OPERATIONAL PRINCIPLES 
Certain basic principles of operation that have evolved at CIAT willguide the Center in implementing its general strategy in the 1980s. 

Relevance 
CIAT's mission-oriented research is directed towards solving the mostimportant production problems of the Center's four commodities. This includes sophisticated research whose relative magnitude will increase pro
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gressively throughout the 1980s as national programs arc able to assume a 
greater share of the adaptive research responsibilities. The success of the 
Center's research will always he measured by its contrihution to in
creased food production and productivity, rati-,r than increases in tile 
knowledge base or academic publications. 

Complementaiirity
 

The basic premise of CIAT's strategy is that it represents only one small 
segment of the agricultural research and development matrix. All Center 
activities, therefore, are vieved as complen"' ntary to those of other orga
nizations. linkage to o ther closely related activities is essential. Such ac
tivities include tle following three grout ;. 

National Rcsarch uml Extt'csion Pr 'orams 

The key role Of national institutions has already been discussed. The 
division of labor between CIAT and such institutions depends on the state 
of development and resources of individual natiomal programs Isee Table 
9 in Chapte r 6). In general, h iwever, C1AT concent rates Om thoise ac
tivities in which there is a clear economy (fscale an d in which tle results 
have internatiolal transfcra ility'. Such lctivities include the asseniblV of 
large gerniplasni bailks, Iarge--ca Itlscree ling. crossing and selection, 
methodology deveb ,ii ltand docuIlentationl ser'ices. l,-ation
specific activities, s',ch las arm'i i it' research, lireedi ng a d selection for 
speifitC h wa liZl cCMIstlraints. oinbe peCrformed better byand Cxtnsim (an 
national and Ic'gtional prograins. 

Strong national progr:.In also will be inl a position to complement 
CIAT's activties lV eonducting collaborative research f great value to 
other countries witii similar ecological con ditions and/or consumnier 
preference.s;. CI Al' will coitin ue to stimulate and support such horizontal 
technology transfer. 

AdV,11cti scicnliic' lbstittutimits 

Basic researcih institutions, in both de'veloped and developing coun
tries, can to much useful \\'ork that coiiplenits and supports CIAT's 
more probleni-solvil" 'researchI approach. The Cntelr will continue to en

courage other institutions to enigage i \\ell-deined, basic researchIhuaving 
much poten ia l applicability to CIAT's work bui retuiring specialized 
facilities and skills not available at CIAT. Such research can be done en
tirely at tihe research institution or a portion of the prject can be carried 
out at CIAT. l.eca'.ise the Ceiiter receives funds designated for fiiiancing 
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only direct CIAT operations and because such collaboration is strictly anaddition to the Center's Core operations, CIAT does not finance such research with Core resources. Whenever possible, CIAT helps interestedScientists secure appropriate spccial project funds to make collaborative 
research possible. 

Rclated Intt'rth ional Activities 
Another important part of CIAT's strategy is to host activities of sistercenters of the CGIAR svstem and related institutions, when these activities clearly comiplemen t the Center's work and fall within its overallobjectives. While maintaining go od r-lations with other institutions bymaking its facilities availtable for such activities, CIAT can contribute tothe broader purpose of increased food production witholt div\erti ngfinlncial resources from its programs. Institutions working, at CIAT inthis way are expect_,d to pNaV the full costs of their operations, althougllthere is always some cost involved in hosting such activities. Consequently, such collaboratiohn is developed olm when it clearly complements 

CIAT's programs.
This strategy has een i implernen ted up to now thro)ugh hosting theCIMMYT team maiz,fo)r Work in the Andean region, the IRl I liaisonscientist responsible for the International Rice Testing Program {IRTP) inLatin America and ani International Fertilizer Development Center (IFID)team creating tech noltgy for the efficient utilization of r ,k phosphates inLatin America. tPossible future associations of tfhi . type may includehosting scientists froi the Interna ti amlCrops Res arch Insti tu te for the
Semi-Arid Tropics (ICRISAI')and International S rgh u
in and NIilet Program (INTSORM II,) who will develop .CV()rghluin germplasm for acid, infertile soil conditions, International Soybean Program (INTSOY) 
 scientists
clevelopi ng soybealn tech nology for Latin Am,'ican conditions (especially
the acid, infertile soils), and an IITA cowpea scientist responsible for
 

Latin American activities.
 

Principles of Technology Design 
CIAT's orientation towards low-resou rce farmers greatly influences thenature of technology generated by the Center. This orientation dictates 

some basic principles that help govern technology design. 

Minimal Input Orientutiop 
The benefits of new technology often do not reach the resource-poor

farmer if high levels of expensive inputs are required to utilize that tech
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nology successfully. So that improved technology will meet the needs of 
small holders, CIAT designs technology components minimizing the need 
for purchased inputs and irrigation. At the same time, however, the tech
nology should maintain high productim levels at higher levels f ilnput 
use. These principles address hoth the need to assist snmIl farmers and to 
increase overall foo)d production. 

CIIT's concern for minimal input tech nology is cLIoselv allied to a 
strong concern for Cncrgy c'(Mservation. As rising petrolCuml and natural 
gas prices increase the costs o)f irrigatiol, farm mechanization, fertilizers 
,.IIId che micals, it is inpera tive that new tech nology mininiiz" depend
enc'e on hi-erie rgv inputs. CIAT attacks the probhlm by dcveloi ng: (a) 
germplasm r'sistant to such cnsIltrain.ts as insects, diseases, adverse soil 
conditions, and diugh t: ,, that is mort, efficient in the upgernplasm 
take and/mr utilizattion (4 s i)ilnutrients and in utilizing applied fertilizers: 
and, (c) lean and pasture hegu mc .ei-mplasm with improved nitrogen fixa
tion cl)ailities. 

7"'chzU1 ( ' mnu 'utt( )ritufti1) 

As an international research org~anization working through national 
agencies, CIT (Ies not Min to pr duce finished tech noh gy fir specific 
ecological and socioeconomic cOnditions and ClUality prCferences. Rather, 
CIAT eiphilsizcs the develh pien t ()f basic techn()h)gy colnlponen ts such 
as an improvd ge-nipnain bise, res'arich odolois for identifying 
optimal nallil'tgellint pacticcs and Icthodhlogies for de'velopilg single
aind nultiple-crup systems, National prograllS call Use these compnentliis 
as needed ti build relevant priduction systens that are \'iable and social
ly acceptable for local conditions. To this end prograi scientists become 
;s familiar as po)ssihlc with the' w1ole-fa r, ystens to which such 

1ochnolho!4y compt~onet'nts will contiibute. 
Due to cn'irmlnentil and s(cioceconomlc constraints, pr-oductioln sys

temS fA" (of CIAT's coilnodities vamrV the regitn. CIAT)crch tlhroughout 

attempCts tW; deCVeh p t'ch noh gy components that are applicable to various 
climatic and sucioec(,,.omic conditions. When this is not po(ssible', tech
nology coip(ime'its are developed that ai-e specific to a gi\'cn Cc(system 
and/or a given set of bilnadly defincd socioconon.ic conditions. Whereas 
SLCh research is ani1integral part of the Center's tec'h nollogy developlent 

efforts, research onl production factors that are lorc site-specific is not a 
legitimate c oncern (f CIAT but the responsibility of national progi ms. 
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Evaluation and Feedback Mechanisms 
Technology designed and tested only on experiment stations isfinished technology. There is no assurance 

not 
that any given technologypackage is useful until it has been validated under farm-level conditionsand constraints. On-farm testing is, therefore, aln integral component

the technololy generation 
of 

process. Because results of such Work areusually very location-spe cific, CIAT depends on and encourages nationalagencies to evaluate new variet ies and practices regionally, to modifythen to meet Iocal requirements, and testto the resulting tech nologysystens under farning contditions representing the greatest Iulmber ofproducers and cond itmsI l)weer, CIAT c(msiders it vi t,lIimportantto actively collaboiratc with selcted national and/or local agencies in theregional testing and 01n-f.:ir1 Validation Of iitCiproecltec:hnology ackagCsinvolving CIAT conuimditieS. In these Cllaborative p'rjects CIAT's rolenornally is restricted to providing materials, ilformation , and assistancefor the devign and evaluation ()fthe farin-level rescarch results. Suchregional testing and (,u-farn \'alilation swrve as \,'ita sources f feedback 
influencing CIAT's tcch oloy;v design. 

Limits to (IAT Involvement
 
Because CIAl"has neither the c
:(npara tive adv antage t(o evaluate andadapt new production technology in \'aried local sociocconon ic andecological conditions nor the resources t( imove effcctielv b-heyond the national level, it wvill c(ntinue to limit its direct technolgy transfer to national research prograints. This implies that CIAT will not ,ect(I , directl


involved in technology transfer at the farn-l level.
CIAT recognizes that imiproved agricultural productivity depends on
the availability of viable pro)duction technology as well as the availabilityof inlputs andC favorable marketing ieconditions. National agriculturalsearch policies and policies regarding incentives for technology developmeit and adoption are_. strictl, Within the decision-making donmain ofindividual countriCs. CIAT Will continue to limit its role in these areas to 

providing approp-riate foruns so that national policymakers can fully explore the consequences Of a lternative policies. Ilowever, aside from advocating the need fo)r strong national research organizations, CIAT will con
tinue to abstain from advocating national ,olicy options. 
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5 

Commodity Program Strategies 
and Projections 

CIAT's vari(us com)modities v,'ere analyzed in Chapter 1 ill relationtile socioecooniic )nditiOns in developing countries 
to c of the WesternHemisphere. It is clemr fr ml that analysis that rice, beans, cassava andpastures (i.e., bcefl are imptrtant in the region. This importance is thebasis for ClA's involvent in these conillmoditl.


A basic cOTctpt of CIAT's log-range plal is to 
 increase productivity ofits cmnniodities through research in traditionli alcas Of production willcalko helfpin,,4 devlo0hp stable, productive'-SteiMs for the a'ricuItural frontier. CIA'T reselrch in cassava and upland ricC is directed towards this(I1?al objectivc. Bea ard irrigated rice research at C'I, is oriented moretowards traditiOnal are s and their margins, although limited Irrigatediice areas are being d'Tl'ped in fronticr situations by some countries.The devclOpltent of impr( ,vecltropical pastu,res vith associated livitocknianageitwn t coMponents fOr acid infertile soil conditions is directed
towards the agrico ltural ltjer. 

CASSAVA PROGRAM 
Cassava, tl'e fourth most important food energy crop in tropicaldeveloping countries. is a signiiificant source of calories in the daily diets ofover 500 millin people in twen ty-six tr(pical countriies. In many countries Cined cassava is by far the cheapest source Of calories, making itespecially important Ioimthe poor. Per capita consuLmp)tiO' of fresh anddried cassava products tends to be hi gh among the poor, climbinlg as incomes rise among the lower-income strata, and then declin ng in the caseaf dry cassava products .. the high-income groups. Since the crucialnutritional deficiencies in most low'-i ncome coCnntries are calories, 
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cassava is particularly important. Lower cassava prices will benefit prin
cipally the lower-income strata by helping to improve their nutrition. 

Although cassava is relativ'ely low ill protein, it cal help augment pro
tein availability w hen used as an energy source inainmll feed. Intensive 
livestock production systems in developing countries have created a 
strong demawoc foi teed grains. In some cases, tle concentrate inrdustry 
and the human food sector co nqpetc for sources Of calories and protein. 
Increases in demand for meat mav tend to divert resotilrces that could go 
to producing other basic foods. t\nillalI fc'clS based On CaSSaVa could 
greatly reduce this cOMipetiti(m because unused marginal land-which 
cannot support many other crops -can prodluce cassa\'a. 

Despite the rapid gro \wth of sorgh u nl production, doenstic supply of 
feed grains ()ften has beell unale to mcLTt (cdlland. Ma ylpoorer Count
tries ha'e been lorced to increa'nse imports f fs d grins or suffer utpward 
pr'eSStil'"S (On thie I)ric' ()f tile C)stan imal feeds. The resuIlt ing ilncreaSe ill 
Of ICat telds to put it out Of "'Ch o t y poor. Prodluction of cassava 
with underutilizcd dmlcstic resources cmtld 1c tcprom ,'mploylncl nt, alle
viate tile burden of costly imports and contribute to maintaining a supply 
of cheap animal protcin. 

The development of alternative nmlarkets, such as animal feed, should 
help to stabilize the cassava market 1w creating ;afloor price. This should 
encourage farmers to adopt new pr)duction techno)logy, without fear Of 
saturating the market amt! causing disast itus price cirps. IrCiSCLI plo
ductivity should allow the farlners to mIaintail or increase their incomes 
while increasing the Supply of cassa\'a at lo)w '-:ost for human consumption. 

The need to stabilizec markets tWiiough alternlative uses is of particular 
importance in Iatin :\merica. 'Ihe demnand situation in tiat region is de
scribed in detail below. In hoth Indomesia and soot hern Inia, cassava is 
second only to rice as a caloric s u rce. In Thailind cassava is a major ex
port crop, and in Other areas of Southeast Asia it has the potential to be
come a major source of cheap calories. The procliction and dCmand situa
tion in Asia is not as well quantified as that in Latin \merica. With the ap
pointInt of re",gionl c:(_peration staIff for Asia, a11(re coIplete nalysis 
of the situati(m will be made. CIAT's activities in \sia arid its cooperation 
with IITA in Africz wil! also cnllIrc that the Prograi's nain thrust is re
lated to cassava as a staple food. 

Production and l)emald Situation in L|atin America 

Cassava has always been a traditional caknc source in tropickal Latin 
America. Cassava has sc\,cral key characteristics making it well suited for 
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traditional agricultural systems: (a) high efficiency in tile production ofcarbohydrates: (b) adaptation to Soil and water Stress; (c)an indeterminateharvest period' (d) high yields per unit of land and labor; and, (e) compatibility with a variety of crops in association.into small farm systems, it has Wen 
Because cassava fi s well a major staple in rural areas of thelowland tropics f lati n America and in some Caribbean countries.As latin America uirba nizes, the importance of cassava U r directhu manii conSumption Will 
 depend on its nt-rketabilitv and competitiventss with other caho"ic staples. Cassa'a's higli perishability afterharvest, its bulkiness and its how comnercial ialue hy weight result inhigh marketing margins and post-harvesi losses Whether low productioncosts can be converted in t( competitive urban trices depends (o tile efficiencv of the marketing prncess. In most urban areas fresh cassava ismnre expensi\ve than the principal grain staples, piiarily bCcauseinarketiing mlargins are as much as 300'N of farm-level prices. Wherecassava gOeS thrlough a pricessing stage before marketing, as in Brazil, tbedried product is generally the cheapest caloric soune available in urban
areas. Thus in L.atin America,cassava is a major cahric siurce in nationaldiets only in Brazil, where most Of the cassava is eaten in pr cessed form,'and in aragua where lMoSt Of tile population is still rural. Cassava Willcontinue to be a staple in rural areas throughot th lowland\' tropics.A strategy to increase the inccmees of small-scale farmers through thedevehpmneint ()f new cassava techn Odgy is constrained by limi ited LIemand foir cassava as an urban food, except in Brazil. As a carbohvdratesource With a lowV unit produclion cost, cassava has the potential to enteralternative markets, as a wI ieat fhur substitute {suitably enriched), ascarbo)yd rate asumrce ill feed concentrates, as the raw rmaterial in ethanolproduction, and ts an industrial starch. ,\Major expansion ill demandeid Ier the fresh inurban market (Or the industrial markets depends Oin
relative price Of cassa,.a. the


If cassava is to he comIpetitive in industrialmarkets iil most latin American countries, its price must be reduced.Lowe.vr unit pr UCtir 
 ct)sts, and thus cheaper prices for cassava, can he
best achieved by applying iiew technology. Ilistorically , there has beenlittle research Oil the crop; a great potential exists to incr ase yields fromtheir present average (of 12 t/ha in Latin America. On tile )thei hand, intr( ducinrg iinr )ved cassava production technology without colnplemnentary irocessing tCchin logy could saturate traditional ma rkets, resulting indecreased farier incomes. Research on cassava production technologyclearly must be linked to research on processing technology. 
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Production Systems and Constraints 

Cassava, with its many mechanisms for stress tolera nce, can be grown 

under a range of edaphic and clilnatic conditions. I owc'vv:, this vCry 
broad ecological range severely coinplicates gerniplasnm iniprflpoenIeni, 
especially because a ver\'y iarked genotypU x environment interac ion Cx

isis. The ecological conditions under which cassava is gro)' n can 10, di

vided into six major ecosystems Tahle 51. The lowland tropical '(osysteiii 

wVith a pronoMnced dry season (Coosystc in 1) is the Most important in 

terms (of production; about Me-half Of total world production occurs 

under these conditions. '[he acid so il savainas ,,cosyste:in 2) and the hot 

liunid lowland tropics te'ovstm 31 arc. not Major production areas but 

have much pote'ntial. Expalsion ()f cassava pro)duction in these areas is 

alrcadV\CC' I'irig in Brazil, :\lexic, InLnMesia and [halaesiii.high

land tropical arCas tecosysteIn 5 and the intCrmL'diatc altitude tropical 

areas lecosystenm J12 of latin America are pr'scnt ly least important. In 

Africai, pot-ential for expansion in these c'osy'ste'ms is great. I igh-yic ding 
clones \Vell-adapt'd to this cCos'stmnl are not vet available in ,,\fri a but 

exist in the AnCriias. \pproximatcly 3u' of total Cassava production in 

tile Amellricas oiccus in the subtr pics (e'C S'Ste'l t1) worlkvide, 1'-2W)% 
of the Cassava is produced in this cecis'stcmn. 

Each ecosystem is de'fined by climatic and Cdaphic Ip:iinett'is and 

uniqLue insect and diSeasC com1plex. are associated with each one. These 

interactions betvnTi ca'assaVa )atlhogen'ls and Cvirolmlental acators are 

sulmillarized in l'bhe 6. 
Thre are Uii s caS.,aVil proluctionm s'steils. Tli,'\ ralnge froll tlie 

slash-and-Iburn 'stemnCH of the ,.\ml/ olljungle. to planting cassava as an in

troiductorv crop When colnizing n'w lands, to the Ilmall-farn iulti-crop 

systems typical of most cassava prodmluction. 'he' crop is labor intensi'e, 

requiring 8(-11) man-days per hectare. Cassava is often grown in associa

tion With a legutinC or laize. It is f-reCquen1tly 1used as the last ciop in a iota

tion, as the farmer maximi;zes its Cd:ptatioln to infertile soil conditions. 

Purcha sed inputs arc rarely used because gen rtIll' it is very expensive to 

control patlhlogeC';s in such a Ilong-sason crop. and s'oil fertility is usually 

llanaged througl fallowing s\'steiis. 

E'aluatinl and selcCtiin id caSSi'a cli nts have bCCn done1C for cCn

turies )y farmIelr-1's acioss a wide range ot agioclimwatic conditions. Most 

traditional clines aMe relativel' wel-adapted to the strcss factors found in 

the a ca in which they are g r( vn. I lowever the narrow germplasm base 

in such a localized situation limits the varietal devehopment process. 

There are few systeimltic breecding and selection prigri iinIs for caSSav a. 
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jTABLE 45.-4 
isva prducton ecosystems 

4 

and their main characteristicS . 

LEcosystem 
General description and 
representative areas 

Mean 
temperature:'_ 

Dry season 
duration 

.:4- I-Low land tropics with long dry 
season; lowv to -moderatean .. 

above 250C 35 mo. 

. 
nual rainfall' high 

perature, 
t .ir-round 

Areas: No Coast of Col. 
bia: southern India; north-.
easteri Brazil: northern Vene. ... 

. 

'; :- , zuela; Thailand; sutb-Sehelian~Africa;. : 

2 	 Acid soil savanlllas; moderate above 250 C -5 mo.to long dry season; low rela.tiv'e h'umidity (luring ry sea. . 3-io12.disribution) 

son.tribtio)' 
i.reas: Llanlos of Colombj[ia and 
Venezuela; Cerrado of B~razil. 

. 

,3 .owland tropics witi lno pro.' above 251C osano 
)nouncLd dry seasons; high sIvqshort
rainfall;. constant high relative 
humidity. 

- - Areas: Amazon basins of Brazil,. 
Colombia, Ecuador and Peru; 
rainforests of Africa and Asia. 

4 	 Medium altitude tropics; mlod. 210.2-10C 3-4 mo. 
.. crate dry seasonl and~ temlpera.tre. 	 . 

.	 Areas: Andean oe of Cilol. 
bia; Costa Rica; Bolivia; Brazil; 

4 " . ... Africa; the hiIl es; I1nd-ia; 
lIndonesia; Viet Nam.. 

4444--, 5 	 Cool highland areas; miodlerate I7e.20"C tto high rainfall. 

Ar eas: Andea n zone; high lands 
4 ,of tropical Africa. 

6 Subtropicalareas; cool win.l M il i . . -ters; fluctuating daylengths. 	 -,1, 

S--Areas: Culba; northern Me, ico; .~southern Brazil; Paraguay; 
4.' 4'northern Argentina; southern 

China; Taiwan. 

Annual 
rainfall 

7002000 	 m 
unioda
 

dlistribu tion)
 

above 120061n 
l 

bove 2000 
' 

I1000-2000 mil 

binrloda!distribution) 

aove 2000 mmn 
-

aoe10abov to( 1 

. 
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TABLE 6. 
Some major production constraints in different cassava g-owing ecosystems. 

.\lajor constraints 

Ecos\steln Rainftall Tenlperature I )is ,- hl,''cts, and_ Flit5|crtilitv''Soils Others 

I l.osland tropics 
with hol, dry 

SeilSll 

jI C 
A -

C a r i b 
I istarch 

)-5 month 
dry wason 

.\nthrmns path,. 
tnglls,t tIIntina 

Mites 
thrips 

hial5''ittli 

I.n hi,' 
horm. orm 

s 

Usually ]ow, 
'lrtiiit" 

soil Sandy soils with 
limited 'Cater 

retentti)n low root 

content 

2 Acid soil 

stl".il11IaS 

ICA-Cariouat) 

3-5 month dry 

,eason relativ. 

huomidity nilear 

salt!lratioll duLrin, 
ra.In}" SeilOll 

Fluctuations 

en1hanMCe diseasC 

severity 

Ca.ss'sa blct'rial 

blight- anthrac St, 

sulpercln,.tin 

Ltrcosp ra bron\ln 
5Tot" 

.\litt- I,,onv 

lhrips lIcchBit, 

stemborcrs 

l. Acid. infertile 

soils all.'uinlll 

toxicity 

l)ioLught stress 

3 IItu1id h,\,laId 

tropics 

IlCA-Fiorencia 

Soil wrater 

saturation 
-Cerco)spra brown 

sphts* root rots 

,lealybug , Acid, infertile 

soils; attllinutll 

toxic": y 

4 Medium0 altitule 

tropics 
jCIAT-l'almiral 

3-4 11011th 

dry seas on 
Rh.oI rots Cerco-

spo ra hr \ n spots 

Thrips, hornworm 

5 IHighland tropics 

CIAT-Ppnytlan 
%ariable Cool 170-20'C 

year-iound 
I'Iht ta lea! spots: 
anthra cnoS)e Cerc(

spore w.hite spots 

Mites lOligonychus) 

6 Subtropics Variable Cold winter, with 

3 m,oths belo v It C 

Anthraclrose I-lornworm Limited harvest 

period; drought 

a. Location ill eaIh ecosysten of CIATs mnin research activ-ities in Colombia. 



Very few improved varieties have reached farmers from existinggrams. Yie!ds of 80 t/ha under experimental 
pro

conditions, incomparisonwith average farml yields of around 10 t/ha, suggest tremendous potentialfor raising farm productivity, through the development of higher-yieldingvarieties that give stable yields under stress conditions. The availability ofsuch varieties is even nore necessar\ as casSava m\'es from traditiolal 
to more intensive product ion systems.

Scientific breeding and selection methodologies for cassava are complicated by variations in production conditions, stress conditions underwhich the crop is usu Jly grown, and limitations on purchased inputs dueto the limited resources ef traditi()lal cassava farners. k.'ssava's adaptation to relatively margil agricultural _areas,its long crop cycle and its
 
low value suggest that it will not collpete with higher value crops oi
prime lands. Its comparative advantage, therefore, is in alreas \\here othercrops cannot he grown unless very costly inputs are utilized. Moreover,given the labor intensity required, small farm systemy; should continue tohave the compa laiv, advantage in production. These factors imply thatgermplasi that yields !l nust be developed under stress conditionswithout recourse to major increments inpurchased inputs.

Cassama isone of the most efficient sources of digestible ca rhohydrate,particularly 
when grown on marginal lnds. Its high perishability,howvever, ma;.es handliny difficult 
lfter harve'.t wIlen losses estimated at 25% are 
or noue. Increased pr(oduction is \'ery freq1 uently lIimited by
lack of nearby markets Or processing plants that can readily transformfresh cassava int() a more stable product. Farmers are often reluctant to
increase prod.uction becmse no ready outlet exists, and entrepreneurs are
not willing to invest in processing plants bcmuse of uncerta in supplies.
When this cycle is broken, production 
 can increase markedly, as occurred in Thailand recently with the establishment of nMany snu lldrying

plants and an effective marketing, systen i. 

Program Objectives 
The Cassava Program seeks to satisfy a need for food and feed carbohydrates by converting cassava from a traditional rural staple to a major,multi-use cbrbohydrate s(urce. To accomplish this, the plant's carbohydrate production efficiency under sub-optinmal environmental conditions will b exploitedtL Recognizing the potential of cassava as a majorfood and feed source not only in Latin America but also in Asia andAfrica, the Program will work to adapt its teclinoiogies to Asian conditions and work closely with IITA in Africa. 
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The overall goal is to be reached through these specific objectives: 

(a) 	To develop germplasm and associated cultural practices that re
quire low input levels and that respond to improved management, 
in order to increase per hectare cassava production in areas where 
it currently is gro wn. 

(b) 	To develop germpasm and associated management practices that, 
under intermediate levels of inputs, will lead to profitable cassava 
production on the underutilized acid, infertile soils of the lowland 
tropics. 

(c) 	 To develop systems that can improve the utilization of cassava for 
direct or indirect iuman consumption. 

(d) 	To strengthe, national cassava research ani development pro
grams so that they can perform more effectively. 

Research Strategy 

New production technology for cassava must exploit the crop's produc
tivity under marginal conditions with low inputs. This precludes using 
high levels of expensive, energy-consuming inputs like pesticides, soil 
amendments and irrigation. Rather, new technology must be based on 
improved germplasm that by itself overcomes many of the constraints on 
production. Not all problems can, or should, be resolved by improved 
germplasm. Some constraints should be minimized through management 
practices that include improved agronomic practices, bi(ological control of 
insect pests, phytosanitary control of diseases and efficient techniques for 
fertilizer use. In fact, the quickest way to increase production in many 
areas may be with local materials combined with improved agronomic 
practices. Production then may be increased further by introducing new 
varieties as they become available. 

The methodology used in the past will be modified somewhat. The 
CIAT Cassava Program has worked under conditions of low stress (at 
CIAT-Palmira), medium stress (ICA-Caribia) and severe stress (Cari
magua). It has been difficult to obtain single new varieties well-adapted to 
all these conditions;. It is probable that the same will apply to other 
cassava ecosystems. Accordingly, the Program \will evaluate germplasm 
in each ecosystem (this h'is already been done in ecosystems 1, 2, 4 and 5) 
and use superior materials in crosses to produce clones specifically 
adapted to each area, rather than try to develop broadly adapted clones. 
The material produced will be evaluated in advanced yield trials for yield 
stabili.y and quality. 

Improved germplasm is not, however, a panacea. The rate of progress 
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in a breeding program is roughly inversely proportional to the number ofbreeding objectives. Hence, if progress is to be made within a reasonabletime, breeding must be used only to resolve major problems. Control ofthe many pathogens that attack planting materia should noet be resolvedthrough varietal resistance, but rather by using inexpensive chemical protectan ts. In addition, other problem"; cannot be solv'ed by breeding. Forexample, varietal resista nce to the cassava horn worm has not been found,but effective biological control methods have been de\'clo)ped. Improvetdmanagement practices of general applicabilitv will be developed and thentested with the new ilnpr)rvcd lines for adaptability and stalbility overtime within each ec svsteln. l.'om these re ,mna I trials, technology packages will be recominmended for use in a limited number (4 on-farm valida
tion triMals in selected ec(stems.

T'o benefit fromi increased production, a sufficietly large Market mustexist. CIAT will concentrate on utilization research contributing to ex
panded deliand for cassava pro)dticts, as either direct or indirect human
food. SevCral other inst ittes ()r private agencies are involved in processing research for starch or ethanol production, and CIAT will not duplicatetheir efforts. 'he fresh urban market will cmitinue to iemain the preferred (highest price) Market; howCevr, ttiality inaintena nce and highmarketing margins limit consumption. The perishability of cassava is
positively correlated to starch content.
indeterminin ligh starch content is importantiality , mo high starch lines are being bred: h)wever, they
could be more perishahle.

Cassava's high perishability and lack of alternltive outlets leCd to rapidsaturation of markets and sharp farm price decreases as prodction increases. This often resut,-, in very low prices in one area of a coLntry
while prices are high and demand is not satisfied clsewhere. Farmers are
thus often unwilling to increase prodUCtiVity Or area planted. Improvedtechnology that allo,ws arbitrage or the entry fdcassava into more stablemarkets ',vi prodtce a onure stable floor price aind thus break the viciouscircle. The objective of the titilization section is to develop such tech
nology. 

Freshi Cussalen 
Initial work has shown it is highly probable thaL simple techniques forfresh storage can be developed. Efforts will concentrate on developingthis technology for coinmercial use; tis would allow expansion of theurban market, where prices currently are high but quality is low. 
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Cassava Flour 

Cassava is used widely in a variety of flours made by traditional proc
esses. The potential increased demand for this type of product is limited 
to the lowest-income sectors who will be the greatest beieficiaries of im
proved technology. On the other hand, demand for cassava flour as a par
tial substitute for wheat flour in bakery products is iinmenise across all in
come groups. Flours of high quality can only be produced presently by 
using drying processes that consume large amounts of energy. The Pro
gram will develop solar and other natural drying systems that will ensure 
a higher quality product at lower cost. 

Cassavu as 41m1(l Feed 

Potential demand for cassava in aninial feed concentrates is great. The 
main limitations on entering this market are: (a) the high price of fresh 
roots in certain regions; (b) lack of drying systems suitable for high 
humidity areas; (c) lack of information on the economics of drying 
cassava; and, 1d) ladC of information on animal performance at high levels 
of cassava intake. While the Program's production research continues to 
concentrate on reducing unit production costs, the utiliation section will 
emphasize research to remove the remaining constraints. 

Integrated Use ofIhi/h'oPht 

Outside of Africa, except for isolated exanples, the roots are the only 
part of the cassava plant currently utilized. As progress is made on the 
above aspects, research will be conducted on the use of the entire plant 
and particularly the leaves, as a protein source. 

International Cooperation Strategy 

The state of development of the cassava industry and the level of sup
port by national programs and government agencies vary tremendously 
among developing countries. Consequently, assistance required by coun
tries, or even different regions of the same country, will vary over time. 
CIAT has classified countries according to cassava program development 
to help identify the type of assistance required for each group. The overall 
objective is to help countries progress to the advanced category if they 
have both thz potential and the need for increased cassava production. 

Adinccd Cassavu Coon tries 

These countries have a clearly demonstrated potential for increased 
production, they have declared increased cassava production as a definite 
goal in the national plan and/or local agencies or industries have shown 
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real interest in increased cassava production. National programs or localagencies are strong and able to Support the cassava industry. Tile nationalprograms in these countries are relatively new and many need help inplanning, particularly in defining priorities. In &ddition, many of tileyoung professionals need further training and experience in research and 
management.

The Cassava Program will assist these national agencies in project planning and will provide advanced training opportunities. The base for improved production technology will be new agronomic practices and germplasm. The national programs in this group are strong enough to developboth aspects. However, in the case of improved germplasm, they will benefit greatly from CIAT materials for several years. CIAT estimates that nineto ten years are required fr(om the inception of a new breeding program tothe release of a new varicty. By importing germplasm as sexual seed or selected clones, national programs can capitalize on CIAT's efforts andshorten the period to eight years with sexual seed, or to four years with 
clones. 

The interchange of gernmplasm should not be haphazard. Selected
crosses from CIAT, made for specific ccosystens, should be evaluated by
national programs. CIAT and national program personnel will determine
which varietal characters are reqCu ired in each country. Feedback 
on theirfield performance will be essential so that second generation materialscan be better adapted. N1uch of the useful information already beingdeveloped by national programs can be applied in other countries. CIAT
will act as a relay agency to see that national agencies are aware of what is

happening in other countries.
 

Achieving improved yields will depend greatly on the technical capability of the national programs to provide certain types of support to
farmers. This support includes large stocks of disease-free seed of the new
clones, insect hatcheries to support biological control and field diagnostic
expertise. CIAT will assist in organizing in-country 
courses for training

technicians in these acti'.'ities.
 

Deelopitg Cassaux, ()Outtrics with Stroi(, Natioial troprms
These countries have tihe poteitial for increaecd production but haveno suipporting national policy and only poorly developed channels formarketing or utilizing increased production. They are thuis in the somewhat paradoxical position of having strong national programs but no overall strategy for increasing production and utilizdtion of cassava.CIAT will collaborate in establishing regional trials using local varietiesand imported germplasm in order to assess the country's potential cassavaproductivity. The cassava economics section will help assesseconomic gain the country could expect 

tile 
if cassava proCt'uction were in
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creased. This information will be made available to policymakers so they 
can decide if they wish to implement a full-scale national cassava project 
at the advancedt-group level, in which case the operational strategy will be 
changed.
 

Developing Cass~ixu CouPitries with Weah Prrrll,s 

In these countries either government or private industry is interested 
in increasing cassava production and there is a known potential for in
creased production, but improved marketing and utilization possibilities 
have not been explored. 

The main emphasis will he on training personnel to test CIAT
produced technology and germplasm and to assist in economic planning. 
CIAT will help establish trials to validate the new technology under local 
conditions and will collect data for economic planning. If the decision is 
made to strengthen the national program, assistance in training and proj
ect planning will be given. 

Ca'larie-deicientCowtries L!,il tert'sted il Cassa'a 

These countries have no national cassava programs, and decision 
makers often are not aware of the new cassava technology and how it can 
help solve their caloric deficit. The main emphasis here will be to 
evaluate production potential through small-scale regional trials and to 
determine the status of cassava production and the economic viability of 
increasing production. CIAT will help establish regional trials and collect 
the necessary informati onm present cassava production methods. 

Program Accomplishments 

Collection of germplasm was initiated throughout Latin America in 
1969, and by mid-1971, 2200 clones had been assembled. This germplasm 
bank has been the base for the varietal improvement program. 

By 1973 the Material was increased and evaluated for agronomic char
acters. Selected clones from the bank yielded as high as 60)t/ha of fresh 
raots and 22 t/ha r,.)t dry matter an nwlly. The importance of the harvest 
index a:; a selection criterion was established. Sources of resistance to 
some of the mapw diseases and insects vere identified ai d an agro
economic survey was done in Colombia to assess the production 
technology used by farmers and to determine the major constraints on 
yields and increased production. 

One of the major problem. in researching and distributing new 
varieties was found to be cassava's slow propagation rate. A rapid prop
agation technique \wis developed that increased the multiplication rate 
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fortyfold. Meristem tissue culture techniques have since been developedand shared with national programs to facilitate international gerniplasniltransfer with much less risk of pest and disease transfer. At the sametime, work was started on perishability, one of the major utilization constraints. Basic physical data on drying of cassava roots were obtained, andcurinig of cassava roots was demonstrated to) prevent rapid physiological
deteriora t ion after harvest. 

During 1974 and 1975 the Progran began to move its research (utsideof CIAT to test newly obtained results over a range of environniental conditions and to evalua te disease and n)est resistance in the field. Two majorsites were established ( )i ICa statiins-at Caribia, representative of lowland tropical areas With a pronounced dry season (ecosystem 1), and at 
Carimagua, a high-stress site representativ e of the acid infertile savannaecCosystem 2). In addition, a series of regional trials was established inColombia to test newly develo(ped chiMes. This network provided basicdata for the later establishment Of international trials. Nornis for thesetrials were established at a conference, sponsored by the International
Developnent Research Centre IDRC), in which national agencies ex
pressed their needs. 

As the internatiomal trials began, the first links were imide with national programs. National programs, except f(r that of India, were uni\'ei-sally weak or non-existent. Contacts were 
made with high-level governmenit officials and a massive cooperative training prop am was started toprovide the nasceit natiomal pr()grams with traine(i personnel. As of1980, 209 trainees froni neten cintries in the Americas and sixtyeight front seven Asian c(untries had received postgraduate training in 
various disciplines.

Between 1976 and 198), thousands of hybrids were produced andtested; high-yielding, disease- and pest-resistant lines were selected for
further testing. Impr ived agronomic practices wei e also developed; these
 were evaluated with the new clones in both regioi a trials and in on-farmevaluations. Ile net result of this work is best illustrated by tile regionaltrials. With impr)ved, low-iiput technology, average yields ;f localclones increased in Colombia t( 20 t/ha (natiomaI a\erage ,. t) t/ha). Thesedata illustrate the p )tential for CIAT technology to double yields atsehcCted locatioms without even changing varieties. On-farm validationtrials have shown that small farmers can readily increase yields by 70%with this technology. In addition, selected clones and hybrids boostedyields as high as 30 t/ha in the regional trials. Although these clones haveproblems-such as slow multiplication rates and inferior eating quality 
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- they do demonstrate the tremendous yield potential to be realized at the
 
farm level by further research and development in this decade. New
 
clones being produced by the Program are rapid!y overcoming some of
 
the deticiencies of earlier evaluated materials.
 

Projected Prograni I)evelopments 

Although only minor changes and additions to tile Core research staff 
are projected, emphasis within the :)verall program will change consider
ably. One major change will be to develop specific germplasm for each 
ecosystem. Less emphasis will be placed on ecosystems 4 and 5 and more 
given to ecosystems 1,2 and 3. Outposted research work is projected for 
ecosystem 6. As national pro)grams develop, providing sexual seed for 
selection in national algencies will receive more emphasis than the pro
duction of finished varieties. Figure 2 indicates how various activities will 
change in the Cassava Program throughout the 1980s. 

Emphasis in crop protection will be on host-plant resistance as the 
basis for integrated pest management. More effort will be given to other 
methods, such as biological control and phytosanitary practices when 
they seem to be more appropriate control measures. 

Until now much work has been done on rcalizing Ilaximum yield 
potentials under moderne input levels by develo)pirg tech nology that is 
broadly adapted to a wide variety of cunditions. This emphasis will be 
modified in order to devehp technoloy pro\'iding high and stable \'ields 
in each ecosystem. 

Since the research requirements in cassava utilization al-e quite diverse 
and often short-term, prjected research in this area will be more oppor
tunistic than in other arCas. Fresh cassalv' storage and the future of 
cassava as an animal Wed will be emphasized as well as appropriate tech
nologies for solar drying and fo)r processing dried materials. The Program 
will continue tobe alert to developments in industria'l uses for cassava ill 
order to develop farm-level processing to meet these new demands. This 
research will concentrate on techniques that have low energy re
quirements and that are appropriate for snall-farm conditions. 

Gerniplusin Impnr('oement 

The germplasm development soction already is evaluating the germ
plasm bank in four ecosystems. The germplasin bank will be evaluated 
also in the hot, humid lowland tropics. As these evaluations are com
pleted, attention will turn to producing elite iines containing combina
tions of desirable characters for each ecosystem. More attention will be 
given to selection for yield stability and root quaLity, for both the fresh 
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and processed mia rkets. Iatge qua ntities of sexual seed fron-t these lineswill also be ipR)LUCC, 1-f usec Ior by advanCed national programs. Breedingwill be dynamic in (rde'r to il-CorpOrate new techniq .ues.The elite li les will form the basis for crosses in varietal imlptovellent.The varictal inip OVe nnt section Will develop clones specificallyadapted to each fh,.liemajor ecosystems. Ill the coMing yeats mIore attention Will be given to sclctio foir \ie(l stability and root quality, both forthe fr ,sh and pr )cessed markets. Nei her the vari al iml)r(-,iement section nor the gCrmplasnt development section can work directly in ecosystem 6 because this ecosystem is not represented in Colombia. Thestrategy to be Ptursued in support of ecosystem 6 is discussed later. 
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Tissue Culture 

Major problems in a vegetatively propagat.:d crop such as cassava are 
associated with germplasm storage and production of disease-free stocks. 
The tissue culture section of the Germplasm Resources Unit is developing 
methods for cheap storage of gerniplasm as plantlets in test tubes, and for 

production of planting stocks from nieristems. WVithin three to five years 
these procedures will become routine. Then attentin will be given to 

using tissue culture techniques for haploid production, protoplast fusion 
and eventually, gCnetic engi necring in support of varietal ilmprovenicnt. 

Phl t Noltrition m~l1l1hViLii ' 

The plant nutrition sectiol, ill conjunction with physiology, will iden
tify material performing well nIder eXtlreI c iOdition.s ot lOw soil p11 

and high aluminum levels and define characters associated With high 
yield potential under pomur siil fe-rtility conditiolns. In addition, particular 
attention will be given to the most efficient use of limited quantitiCs Of fer
tilizer. The possibi li tics of using Cheap rock phosphates with m Vcorlhiza/ 
cassava associationms \,ill be assessed. The phvsiolougy sectio inwill concen
trate on stress factors causillg yield and quality instability in order to 
develop varieties with high vield stability under climatic variation in each 
ecosystem. 

111111f Irotee/iun 

Economically important diseases and pests are studied in detail so that 
control ineasuTres can be developed when necessary. Much work has been 
done on finding resistance siurces for superlongation disease, bacterial 
blight, thrips and spider Mites. Many diseases and pests can be controlled 
by means ot he'- than breeding. Biological c ntrOil and cultural practice 
measures have been developed: new emphasis isi being placCd ,n bio
logical control of nealybugs and other insects. Treatinents to control 
pathogens ,f planting materials have been levekoped by the pathology 
section, which now will work on pathogens of stored plantin,, materials. 
Major diseases and pests and their co ntrio lmetlds arc shnwn in Table 7. 

Apronomitc 1'Puictji, a.'nd to 'ioaal ril.s 

The agronomic practices section will concentrate on developing 
suitable cultural practices fir ccosystems I through 5 and on modifying 
these practices to ensure their compatibiIity with the new germplasm. 
Later these practices Will be tested in cropping systems \With special atten
tior to long-term effects on soil fertility. The regional trials section com
bines the best new clones with improved management practices and tests 
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TABLE 7.Significance of the major diseases and insect pests of cassava, and present and projected control measures. 

l)iea'e or insect .o sses )istribution 
C(nwrl Itmethods
 

Cas-'ava 
 ha c trial blight L'p to IOo'! Widespread 
l)iseas,'ree ced azr nomic practices;African mosaic disease U-p ot 9tt \Vidcspread in Africa li"'. -t rcc weed r ,ueiiig" resistantSuiperelonationI ,isiies 

j ltt and IndiaUp hto ll11' liitlLinlit.d i\ vari<only Iin AmericasAtr' eS
vsiiMakc lreamcO nt Iaricta resistanceFro~kskin disease Up to t)011' Vrv limited only inPholn- iI)isinfection of tools disease-freetoIt) t'LCercosptira Liiit'd to c 11, 11uni1dleaf spots areasLp t, 3ti', Varitla r,.sistaic-,Very widcspreadPathogens of planting14 piece t'p) t t' \arictal resistance
 

Ant.iracnosc Vu r y% idesprea d

Llnlino%% hUt mae Stake treatmnt 

LiniId areas of Africa and Varietal resisinehe highPreharvest Au ericaSrll lots lp to lliit'". .\lainly in " drainedmonl Crop rotation ridging 

aireas 

Spider mites Up to 5t' Widespread. in dry seasonftornworm Ph hiolgicaI cointrol: varietal20 "%eachIatt a resistance)WVidespread in AntmericasThrips only Biological (trolUp to 28Scales Widespread

Reduces gernlina- V arietal recisan,u
Widespread

lhon. Biological CuiU p t 20', \arietal resistancel
tihgc c iI.aita cil ne

.Mealyhlugs 
P'robalbly high

Sloi flies Liniited 
U p to lBiological coitrol34",. generally varictal resi-ainceWidespread in Anericas Onl' lcesary in earlv gru's-i I stages.rvlu. 

V. roarietal resistancC 

S0U RCES: Be Itti A., a.nd i n S'hcIois ovii v A1A',.It, ia 'ria a7td 7heir Coltrol CIAT Series 09EC-2.R i197-1t 1-). 71- aPi Lizano J C.. ond Booith,I)iseases of Cassava i.]amh,tht eusulela Crjntz!. - PANS 20113054 
NOTE: Control methods in parentheses are still being developed or are the most likely form ,,f control to be found in tile future. 



them under a broad range of conditions. Special emphasis is placvd on 
developing multiple cropping systems for small farmers. 

Economnics
 

The economics section analyzes tile potential econc nic impact of im
proved cassava techn( logy in Latin America. This analysis provides a 

framework for integrating demand potentia! and competitive prices in 

various end markets with necessary production costs at the farm :evel. 

On-farm research trials are being used to help evaluate potential produc

tivity and technology design requirements. Production and demand 
studies developed at first for Colombia will be extended to other countries 

in the region. 

Utili-ation 

Research in the utilization section will concentrate on: (a)fresh cassava 

preservation methods, including pruning before harvest and using poly

ethylene bags and non-toxic chemical protectants; (b) solar drying and 

storage techniques to improve quality of cassava flour: and, {c) tech

nology to prevent reduced animal performance when using cassava as 

feed, particularly for swine and poultry. 
Although utilization is a complex research problem, only one senior 

staff member is present to give continuity to a program that will depend 
on several special projects. Research personnel with specialized skills will 

be engaged on a short-term basis to solve specific problems. The first such 

appointment will be in the area of cassava d rving. 

Future Headquarters-ased Research Staffing Requirements 

A virologist is projected for a new cassava senior staff position for 1983. 

Viral diseases of cassava are relatively unresearched. It is highly likely 
that viral pathogens are transmitted continuously through cassava plant

ing material. Recent CIAT studis have indicated that yield losses from 

viruses could be significant in some production zones. One of the two 

new diseases tentatively identified as being of viral origin is capable of 

causing complete crop failure. Inaddition, Latin American material gen

erally is not resistant to African cassava mosaic dizwease, which has not yet 

appeared in the Americas. Research on viruses at CIAT will be necessary 

for the detection, identification and isolation of pathogens in vegetative 

material. This research is particularly important for phytosanitary control 

in moving material across international boundaies and in producing 
disease-free seed within countries. The development of resistance to viral 

diseases through breeding also will be emphasized if other control 
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methods are not satisfactory. At t1 present time continuing studies are
conducted by postdoctoral fellows.

Recent work at CIAT and other institutions has demonstrated the importance of mycorrh izal associations in Improving the phosphorus nutrition of cassava. A special project funded by the German Agency for Technical Cooperation (GTZ) was begun recently to (letermi ne the potentialfor economic exploitation of this association. If results suggest that the effect canl be greatly enhanced throuh research a microbiology position 
may be requested.

Production and storage of Iluality planting material are vital if highyields are to be obtained. More data are showing that plant production forseed may require different crop management practices than root production. A senior staff p sitit(n is not required now but if new varieties withhigh yield potential do produce fewer good quality vegetative seed, it maybecome necessary to develop research in this area. New avenues of research described above may not require staff increases. The plant nutrition section may well move into the mycorrh izal field, and the plantphysiology or agronomy section may conduct seed Froduction rese:'ch,
without increased staff. 

Outposted Research Staff 
The following projected outposted staff are essential for achieving theobjectives of the Cassav.; Program in the 1980s. 
Research Posi ion /br the Subtropics 
Ecosystem 6 (cool winter areas) is an important cassava producing ecosystem in the higher latitudes of the Americas and other regions. Due toits location, CIAT is not able to provide basic germplasm for this ecosystem which encompasses 
parts of B1li\'ia, southern Bra:,il, Paraguay,
Mexico, the northern Caribbean islands and southern China. Beginning in
1983, one senior scientist witih research SUpport is proposed for posting at
a research iiistitutite (ptrbalbly Santa Catarina in southern Braziij, toevaluate CIAT andI local germplasm for further breeding. This material
will then be nude available to other countries where an 
ecosystem 6 type

of environment predominates. 

Regional Cooperation 

Asia 
Asia produces about 40% of the world's cassava. Until quite recentlyIndia was the only country of that region with a major national cassava 
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program. Indonesia, Malaysia, the Philippines, Thailand and Sri Lanka 
have developed national programs in the last five years. CIAT has sup
ported these programs though training, consulting and providing imi
proved germplasm. Special project funds have ended for the regional ser
vices scientist who facilitated this work, particularly tile introduction of 
germplasn and organization of training. 

Asian national agencies have requested that CIAT again station person
nel in the region. It is becoming progressively more difficult and expen
sive to provide the Asian national agencies with technical assistance from 
headquarters in Colombia. Areas to be emphasized are coordinating train
ing activities, maintaining awareness of changing national needs, and sup
plying germplasm specifically adapted for Asian conditions. 'ile latter 
strategy is of great concern because the range of genetic variability in Asia 
is extremely limited. CIAT accordingly propose "to outpost one regional 
cooperation position in Asia, starting in 1982, to provide continuity and 
liaison for possible teams which would be non-Core funded. 

Andean Zone 

The countries of the Andean Zone are traditional cassava producers. 
They have recently become major importers of grains for animal feed, 
and several have expressed the desire to increase cassava production to 
replace imported grains. Cassava programs in this region are all weak or 
non-existent. No outposted regional position is projected for the Zone 
because services will be accomplishcd through interaction by head
quarters-based staff with the neighboring countries in the Zone. 

The Caribbean, Contral Ancrica and Mexico 

While the region is not all important cassava-producing area, many of 
the countries are classilied as calorie deficient. Cassava programs are now 
being developed and require considerable assistance in planning and 
training during their formative years. For many years these areas will de
pend directly ol CIAT-developed germplasm. In most cases they will re
quire finished varieties rather than sexual seed or a large number of 
populations for selection. Aln outposted regional cooperation scientist is 
projected for 1985, to provide support to national agencies in the region. 
In the interim, a special effort will be made to obtain special project fund
ing for this position. 

Africa 

About 40% of the world's cassava is produced in Africa. Many germ
plasm management practices developed at CIAT may be applicable to 
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Africa. There are two major differences in cassava production in Africaand the Americas: African mosaic disease does not occur in the Americas,and slash-and-burn culture is much more common in Africa.The regional efforts of IITA in Africa could be great'y enhancedthrough more liaison with CIAT. This is especially trme 'vith respect togenetic resources. It is vitally important to evaluate American and Asianclones under conditions of African mosaic. If the disease should everspread to these continents, resistant clones would be available. It is tentatively proposed to station one CIAT scientist at ILTA, starting in 1986, tobe more responsible for germplasm movement from the Americas toAfrica and for more rapid interchange of research developments between 
the two institutes. 

BEAN PROGRAM 
The common dry or field bean (Phaseolusi,1',qarisL.) is the most important grain legume species for direct human cozisumption in the world.Production spans regions n- diverse as Latin America, Africa, the MiddleEast, China and the United States. Beans are a traditional food in LatinAmerica, particularly in Brazil, Central America, the Andean Zone, and 

some Caribbean countries. 
The common bean, generally a crop of the small farmer, is grown in awide range of cropping systems. Most poduction is in systems utilizingfew purchased inputs where yields are generally low. While productionin Latin America has increased approximately 1% per year over the lastdecade, yields have generally declined and currently average about 600kg/ha. Area expansion has allowed a slight production growth, but thisgrowth has not kept pace with population, much less demand growth.Latin America has become a net exporter of beans-due to Argentina'srapidly increasing exportation-mainly to Europe. Brazil, Cuba, and
Venezuela have substantially increased their imports in recent years.
While bean prices have increased more rapidly than general inflationin many countries, the analysis in Chapter 1 indicates they are the cheapest source of protein and a relatively inexpensive caloric source. In Brazil,real prices of beans tripled betwe-n 1972 and 1976. Over the same period,per capita consumption decreased from 26 to 22 kilograms, thus furtheraggravating the nutritional problems of the poor.Despite increased market prices, bean production is characterized bylow profitability and high risk. Low and very unstable yields-associatedwith seasonal clim-ic variability-and consequent seasonal price fluctuations have led increasingly to the displacement of beans in traditional 
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areas by higher value crops. In Brazil, soybeans have displaced beans on 
more fertile soils. Bean productivity continues to decline after moving to 
marginal soils with lower fertility. A sirni'ar situation has occurred in 
Mexico, but there increased sorghum production may have been the com
petitive influence. 

Selected commercial bean varieties, grown under experimental condi
tions with appropriate plant protection and irrigation, are capable of far 
higher yields than those seen in national production statistics. Experimen
tal bush bean monoculture yields of 3-4 t/ha in a crop season (90-120 days) 
are not uncommon. At CIAT experimental vielc,, of climbing beans 
grown on artificial Supports (monoculture) have exceeded 5 t/ha in 100 
days. A large yield gap exists between farm and experimental situations 
and this could be reduced substantially by using improved varieties and 
production tcchnology. Economic analyses have indicated that if produc
tion in Latin America was to increase 5% annually over the next five 
years, the additional production would be absorbed by increased con
sumption, with an average price decline of only 3%. 

Production Systems and Constraints 

In the developing countries of the Western Hemisphere beans are 
grown over a wide range of latitudes and altitudes and in a recurring 
series of cropping systems that have evolved as small farmers adjusted to 
various environmental and socioeconomic constraints. The four major 
cropping systems can be classified as: 

(a) 	Bush beans in monoculture; common in low- to medium-altitude 
areas in Brazil, Chile, the Dominion Republic, Mexico and Peru. 

(b) 	Bush and semi-climbing beans in relay systems with maize: found 
in low- to medium-altitudes of Brazil, Colombia, Central America 
and Mexico. 

(c) 	 Bush beans in direct association with maize (sown at same time); in 
mediun-altitude areas in Colombia and Venezuela, and in many 
areas of Brazil. 

(d) 	Climbing beans in direct association with maize; as found in higher 
areas of Colombia, Ecuador, Guatemala and Peru. 

Maize predominates as a companion crop in tihcse systems and its com
petition is a major constraint to increased bean production. Most studies 
show bean yield reductions of about 50% in associatedt systems with 
maize. It is obvious that for farmers the total return from the system is 
more important than the individual components. Data on bean produc
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tion microregions in the Americas, now being collected byecosystems analysis group, 
the agro

will provide an accurate assessment of therelative production importance of tile various systems. Preliminary datasuggest that rank order in terms of total production is roughly the order 
presented above.

Of the major world 'rops, beans are undoIubtedly one of tile mostSusceptible to diseases and insect attack. More 200than identifiedpathogens can influence the productivity of the species. Diseases and insects in all production areas are tile most important common constraintsto increased production and productivity. The most common and wide
spread diseases in tile Western I lemisph -re arevirus (BCM V), bean common mosaicbean rust (Lthpu~ces ptsoli), anthracoose (ColleclotrichunliocdemuthionI0 1 m , lnd alngu lar leaf spot .IS(rt0'0sis1,1ris'oClal. Commonbacterial blight (NXmthomnaI s phuscoli) and bean golden mosaic virusBGMV) are also severe in certain locations, in l)articular years. Mostcommon ly utilized cultivars are not resistant to th , maJor diseases, showing, at best, a l(ow level of tolerance. Each of these diseases can cause yieldlosses as high as 80-1,()1%. The transmission of BCMV, anthracnose andbacterial blight i'lrough infected seed has spread these diseases not onlyin tile Western Itemisphere, but also outside the centers of' origin of tilespecies. Disease problems inl Africa are similar to those in Latin America,except that halo blight (t'seudo,?mo)lCs lpbxco/,iicl ) is relatively more im

portant.
Among the insect pests, lea hoppers (E:mpoasca spp.) and pod weevils(Apion ,odmni) are the most significant. Lea fhoppers have reducec yieldsof highly susceptible varieties as much as 90%. Reductions of 20-50% arecommon on many farms, even when insecticides are used. Insects such asZabmtes and Acanthosclides inflict heavy losses in stored grain; farmersare forced to sell their harvest quickly, which Contributes to post-harvest
price declines. The bean fly (,Ophimaphaseoli), the most common insect
constraint in Africa, causes severe yield losses in many countries Gf that
 

continent.
 
Data on 
bean microregions have been used to classify growing season
climates (Table 8). 
 The seven zon's are classified according to averagegrowing seison temperature and balancewater conditions; each zonerepresents a group of diverse microregions with 6imilar meanconditions during the actual bean growing 

climatic 
season. The data suggest "iatmost beans (76%) i:, Latin America are produced at temperatures close tooptimum for the species (20-23oC). On the other hand, 73% of total production occurs in microregions having moderate to severe mean water 
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TABLE 8. 
Classification of bean production zones in Latin America. 

Mean growing 
season 

Zone tenlperature-
type General d_ cription 1°C) 

A Average temperatures and adequate 
mean seasonal water balance 22 

B Average temperatures and slight 
excess :n water balance 23 

C Average temperaturcs and large 
0deficits in water balance 

irrigated areas) 23 

D 	 Average to moderately low tmiperatures 
with possible deficit in water balance 
towards the end of the growing season 20 

E 	 Iligh temperatures with possible 
deficit in water balance towards 
end of growing sea:-on 26 

F 	 ,loderately low temperatures and 
moderate water balanLe deficits 16 

G 	 l.ow temperatures and adequate nean 
scasonal water balance 13 

a. Mean of conditions in microregions constituting each production zone. 

Range in mean
 
daily growing season 


water oalancea 


I t mam/day) 


-1.5 to +0.4 

+0.4 to +4.0 

-5.6 to -5.1 

-2.7 to - 1.6 

-4.1 to -0.3 

-2.3 to - 1.9 

-0.9 to -0.5 

Latin American
 
production
 

t'000 tons) (% of total)
 

661 17
 

118 3
 

528 14 

1672 42 

262 6 

451 11 

45 1 



deficits at some time during the cropping season; very little of this production is irrigated. Serious water deficits are, therefore, a major constraint on production. The quite surprising tendency for production totake place within a narrw temperature range indicates the relativelyhigh sensitivity of the species to temperature.
Physiological defects of currently utilized cultivars (mostly land races)contribute to low and unstable bean yields. Most cultivars arc aplant type and have pods in contact with the soi 

poor 
at maturity. This produces a poor quality product when pods are attacked by soil-borne pathogens. Many cultivars are of determinate hush habit with early and intenseflowering characteristics that contribute to yield instability. These cultivars show little ability to compensate for low sowing densities commonon most small farms and have no imechalnism for renewed flowering

V nen stress is relieved. 
As bean production moves to more ma rginal land, soil-relatedstraints become more conimportant. Soil acidity and high phosphorus fixation characterize many of these soils. Associated luninuim toxicity reduces root development and increases sensitivity to water deficits. Nitrogen deficiency is also a limiting factor in many ean soils; this is complicated by a low capacity for nitrogen fi'ation ii- :host currently used 

cultivars. 
All of the major environmental and biological constraints to increasedbean production can be researched. While national bean research grams have existed for many years, only 

pro
imheild progress has been madetowards resolving the problems through new technology. Some countrieswith historically strong national research pro rams, such as Mexico andColombia, have made considerable production pr.)gress, confirming the
potential for improvement through research.
 

Progriam Oljectives 
The goal of the Bean Program is to increase-in collaboration with national research efforts-bean yields and to stabilize production byducting research on 

con
the principal constraints. The Program has focused
its research on the constraints found tile
in Western Hemisphere. Ingeneral, production constraints in Africa parallel those in Latin America.The problenis at all levels are probably more serious in Africa and a concerted effort will be required to provide solutions throu-h research. Muchof the research carried out in Latin America is applicable to Africa b

regional adaptive work is required.
Recognizing the magnitude of the task, the Program has always soughtto delineate its range of activities and to concentrate on those areas where 
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it has a comparative advantage. Thus, .t has avoided the humid lowland 
tropics where disease pressore is excessive, and the highly acid, infertile 
soils of the agricultural frontier where bean production would be possible 
only with massive soil amendments. The Program has confined its ac_
tivities to P. \,nIgari:, avoiding the temptation to work with other grain 
legumes, such as lima beans (P. h41t1S), cowpeas '(iglu unniculuta), or 
soybeans (Giw'ih' m). Research in other closely related Plhaseolus 
species, such as P. c(ocim'us and P. (,i tililins, has been confined to some 
study of characteristi(s Iikely to lead to genetic improvement in P. 
vulgaris. The Program has narrowed its specific objectives to the follow
ing: 

(a) 	 To develop- in collaboration with national reseirch institutions
improved t,',hnology for beans (P. t'u1guris), particularly germ
plasm providing liglhcr ctad molre stable yields, which will lead to 
increased national production and productivity ill those Western 
Hemisphere countries where the crop is an important food source. 

(b) 	To assist in achieving the same objectiv,.s in other regions, par
ticularly eastern Africa, th'ough institutional arrangements in 
which CIAT can provide an input and allow advantages to be taken 
of work done in Latin America. 

(c) 	 To selectively strengthen existing national bean research programs 
through training and the establishment ot a bean research network 
of collaborating professional scientists. 

Research Strategy 

The primary focus of the Program in terms of germ plasm improvement 
has been on breeding for disease and insect resistance or tolerance in a 
range of selected commercial grain types. Initial emphasis has been 
placed on overcoming yield losses caused by 3CMV, rust, anthracnose 
and Enipoasca. By overcoming yield reductions from these principal 
diseases and insect pests, tie Program not only seeks to increase yields 
but also to reduce yield variance over time. It became necessary more 
recently to put more emphasis on BGMV and com mon bacterial blight as 
the need for the materials with these resisLinces became niore evident in 
particular regions. Continued breeding for host-plant resistance to the 
economically important diseases and pests will be necessary throughout 
the 1980s. The present emphasis on massive screening programs will 
diminish as national programs increase research in that area. Then it will 
be possible for CIAT to give increased attention to providing more stable 
resistance sources and studying the epidemiology of various diseases. 

In addition to the primary focus on diseases and pests, the Program has 
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increased its attention on improvements in a range of other germplasrncharacteristics. These includce nitrogen fixation capacity and drought tolerance and some soil-related conshaints, particularly low plhOS)horusavailability. Improve-ien t ;n basic plant types wvithin the various growthhabits has been approached gradually, and steady progress has beenachieved. It is nOt likely thai -14,,ipulatioll of physiological constraintswill provide large yield increases in this species. The Program's heavy initial concentration on diseases and insects wZas pidfl Iied in rec( gni tion of 
this Situation. 

The Progranl has made conside ra ble progress in defining both bushand climbing bean pin t types S itable for pa rticulIr cropping systems. Itis clear that no ome type of plant can satisfy the rat her diverse cropping
patterns. In designing plaint tKpe objectives the Program has kept in mindthe needs of the sniall farmer and the traditional cropping systems. Information pr vided by the agroecosys tems analysis proved invaluable inorien tir.g the research. Further progress is expected early in this decadeand will allow the Program to continue to focus on principal constraints
ineach nicroregion and cropping syst,-m Situation. 

Program Accomplishments
 
Although CIAT did 
 initial studie:i on beans and other grain legu mes,formation of a coordinated program focused only on P. \'ulguris dates from1973. Initially, five man-years of senior staff activity were involved. Asadditional breeding and pathology work was undertaken, the team gradually inc' eased to its present complement of twelve sen ior staff positions.
The dis.iplines and staff 
now represented arc: breeding (two ill bush
beans; one in climbing beans) 
 agronomy (threel, patihelogy (one e.ch inmycology and virology), and entomology, ph ysiology, soil microbiologyand economics (one each) Assistance is received from the Genetic Re-SOiu rces Unit, which provides the souices of genetic va riability, aind fromthe Food and Nutrition Laboratory, which monitors nutritional and consLinner preference charNcteristics of advanrced 
a aterials.Establishment CIAT of the worldat lPhasolus germplasm collection,currently containing some 30,000 accessions, formed the base in thesearch for :ources of resistance !omajor diseases anild pests. Thesematerials are u ti ized in a massive breeding program that currently carriesout more than 1.500 different crosses (parental combinations) per year.13reeders cond uct the firSt evaluation of breeding populations (F, andF for ilisease and insect resistance, architecture reand consumer 

9luirements. In the second stage, involving all bean scientists, selectionsare tested in successive uniform nurseries for confirmations of disease 
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and insect resistance and general adaptation at two altitudes (at CIAT-
Palmira and CIAT-Popayan). At the third level of evaluation, tile mterial 
is further selected for the above characters, and for nitrogen fixation, 
water stress tolerance, low phosphorus tolerance, resistance to minor 
diseases, protein content and cooking time. Yield perfornia lce is 
measured annually for 200-300 new advanced lines under stressed and 
non-stressed conditions at three locations in Colombia. The published 
results contain more than twenty character evaluations. CIAT makes 
these lines available as parental sources to national programs. 

Approximately one hundred of the superior lines enter the Inter
national Bean Yield and Adaptation Nursery (IBYAN) each year. The 
IBYAN originally contained only geriplasim bank selections but now is 
composed pliincipally of CIAT-bred lines and entries submitted by na
tional institutions. As national programs increase their capability to 
undertake breeding and selection activities, their entries will become a 
more significant part of this program. Currently, more than one hu ndred 
fifty IBYAN trials (or sets) are shipped each year, providing improved 
germplasm to all bean producing countries in Latin Am,'rica, the Carib
bean and other regions of the world. 

In 1975 the Bean Program established a time frame which it hoped to 
follow in achieving bean yield increases in Latin America. To date results 
have been consistently better than predicted. Some selected highlights are 

given below: 

(a) 	 All lines leaving the second stage of evaluation are now resistant to 
BCMV. 

(b) 	 Improved germnplasmn having multiple disease resistance is now 
being distributed for 1mternational testing. Lines resistant to all 
known races of anthracnose have been identified. 

jc) 	 Germplasi has been identified with tolerance to drought, extreme 
temperatures, all major diseases 1nl pests, high alIIun, and 
low phosphorus in the soil, and wi th maturity diiferences ap
propriate for different production systems. 

(d) 	Yield levels of small, non-black-seeded experimental lines have 
been significantly improved. They now equal or surpass yields of 
the initally j1976-77) superior, black-seeded germplasm . 

(e) 	 Lines developed collaboratively in Guatemala for tolerance to 
BGMV out-yielded leading commerc il varieties under heavy 
disease pressure, even when the susceptible local lines received 
heavy insecticide applications. Chemical protection further in
creased yields in the resistant lines. 
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(f) Over twenty lines originating from CIAT collab,,-ation with national breeding progra ms are now u ndergoing varietal evaluation infarm-level testing )rsee( 
multiplication in national programs in
Latin 
America and the Caribbean. l)isease-resistallt lilnes 
 hIlve
already been Ielcas(d inseveral countries. InCuba, an estimated5000 hectares have been planted tomultiply such i 'pr()\el
germplasm; inBolivia, I()() hectares are devoted to this purpose.(g)While empliasis has been placed on varie-1l improvement, the opportunity to illprove lgr)n()mic prIctices has not been ignored. Infarim-level testing inColombia, improved agrollnly has shown yieldincreases of 51)-1 f()Y ina large number of experiments. An inexpensive, mnl-toxic, a rii-level ragcst techllo)gy employing vegetable oils has also been adapted to beans. Diffusion )fthis tech
nology has begun inCob)ihiia. 

Such progress has been p )ssibIle 0ely as a result of CIAT's intensivetraining p-ogr s and from the interest and collaboration by national program scientists. 'Ilhrnigh 1980, 3560 
national program scientists hadreceived postgraduate training at CIAT,mainly inbean promuction short 
courses or intensive di,:cipli ne-()riemlted training. 

flnternational Cooperation Strategy 
National bean research progra ills reached varying stages of development during the 1970s. 'Iicountries where beans are important havegiven Some attention to :-search. M1)st lationa l agencies have beanaresearch staff and most members ha\'e received training at CIAT.An active network of collaborators 
 has been established. Further selectivestrengthening of national programs ti rough training, consultative visits,
and other international c()operation 
 activities will be continued in the
1980s. The ultimte aiin is to) help all country progra 
ns become full andequal partners in the network. CIAT then can gradually adopt a researchbackstopping role. The point at vhich this progress occurs will vary considerably among cou ntries, and sone attrition is to be expected. 

Projected Research and Core Staffing 
The 1980s .vill see progressive changes in priorities in the Frogral'sbreeding activities (Fig.31. -1lowever,little change in overall staffing levelsis anticipated. Currently, all breeding lines leaving CIAT are resistant toBCMV; various sources of resistance to anthracnose are available and canrapidly be incorporated into breeding lines. Therefore, greater attentioncan be given in the short term to other diseases, including rust, angularleaf spot and web blight. In each case various races of the pathogens have 
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been identified but no single line is likely to be resistant in all locations. 

This emphasis, plus the neeI for additional work on control strategies for 

common bacterial blight and halo blight disease, will recluire the addition 

of a second pathologist (bacteriologist) to the team in 1982. As the discase 

breeding goals are realized toward the end of the decade, the Program 

should be able to decrease its emphasis on disease breeding and put more 

emphasis on integrated disease control strategies. 
Substantial variation in plant architecture and yield components has 

been obtained in the breeding and germplasm lines evaluated since 1976. 

Plant characteristics associated with higher yield are being sought and, 

once obtained, should permit development of lines possessing both im

proved yields and multiple disease resistance. Figure 3 reflects the increas
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ing emphasis to he given to bean plant architecture and yield. Snap beancharacters will be incorporated into particular elite lines during the 
decade. 

With most fertilizer rlices rising rapidly and the lack of credit for smallfarmers limiting their use of purchased inputs, future elite lines will needto be tolerant to several soil constraints. For regions such as l3razil and Venezuela, the Progra ,iwill need to develop varieties tolerant to mloderate Soilacidity nd( low soil phosphorus and with increased capacity for nitrogenfixation. Incorp(orating these traits into agrmom ically acceptable cuItivarswill require not only innovative breedin igmethodologies but also closer collaboration between breeders, agro(lmomists and soil m icrobiologists.
Obviously, tilie incre:ising capability of national bean programs wvill influence the scope and direction of CIAT's research. Training and networkactivities have helped h)build several stng national bean programs that 

are capable of developing their own varieties. CIA' should increasinglyassunie a backstk yng forrole these prograns, providing them withspecific genetic variability for their improvement progrl ills, postgraduatetraining opportunities and documentatioll SUIIp)ort. This would permitmore detailed assistance to sinaller proigrais whose breeders, agronomists and tathoulogists could becoime more involved in evaluating collaborative local breeding, nurseries to Cxploit specific adaptation. ProblCms ofnutrition ()I consulner ac(.'eptaCce coiild illSo) receive attention. ftl wever,the Bean Program XI)ects to continue producing Some finished varietiesthroughout the 1980s, because sonic national pr0granis probably wiim not
be self-sufficient ill research.
 

As the Pi-ograin evolves, 
 the bean geriplasn bank will be used constantly as a source for new variability. New collect ions will be made duiiring tihe 1980s to add genetic variabili!v froim regionns that current ly are
poorly represented or froin whereareas specific desired variability ismost likely to be found. C(llaboration with the lnternational Board for
Plant Genetic Resources (IBIGR)in these collection activities will ensure
that sufficient resources will be devoted to this iiportant task. The CIATSeed Unit is expected to help in the formation of a strong seed industry in
Latin America to promoite and 
 make available newly devehIfpcd germplasm. The Seed Unit will pay particii attention to the pri)lein of seed 

production for the small-farmni sector. 

Regional Cooperation 
The Bean Prograi's policy of continuing iln-depth evaluations of itsgerniplasm, along with siinilari ties in production conditions and constraints in the various bean-growing regions, has ensured that CIATderived materials are generally well-adapted to other production regions. 
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For this reason, it will not be necessary to deploy research staff away 
from CIAT headquarters. Specific regional problems, such as BCMV in 
Central America and Brazil, the lpion pod weevil in Central America, and 
the bean fly and halo blight in Africa, will be studied in collaboration with 
national prograis and, it is hoped, with the support of thIe recently 
formed Title XII Belia/Cowpea Collaborative Resea rch Support IProgram 
within United States unliversities. 

C('1trul AP?lt')fl ' 

This region, with nunerous smYall national bean programs and high per 
capita bean consumption, will probably continue to rely on the CIAT pro
grami dring this decade. Transfer of gerinplasin and technology from 
CIAT, and between national progranms, can best be served by stationing 
one scientist in the region. One outposted regional cooperation position is 
projected for 1984 when the existing Swiss government-funded project is 
scheduled to end. 

Brau:il 
Brazil, with 55% of the Latin American bean production, has a strong 

national program. Closer collaboration between the research programs of 
Brazil and CIAT will be developed to ensure two-way technology flow. 
Collaborati\'e developntnt of technology that overcon ws soil aIni in urn 
toxicity and low phosphorus in immportant bean production zones in Brazil 
will be emphnasized, Prjected or 1981 is an1 ontposted rcsearch scientist 
in Brazil who will work with Brazilian scientists as prt of national bean 
activities and also act as a liaison with CIAT. 

Southern Atudl'u Zone 

The Andean Zone is an iinportant bean-consu ming area. Production is 
concentrated oi small farms, often in higher elevations. Although produc
tion systems vary, climbing beans are important. ittie research has been 
done in the region. There is a great opportunity for the Bean Program to 
develop -in collaboration with these national prograis - new technology 
in both bush and climbing beans. One outposted regional position is pro
jected for 1986 for the Andean Zone. The staff member probably will be 
located in Peru, but will be responsible for developing collaboration in all 
of the subregion, including Argentina, Bolivia, Chile, and Ecuador. 

Eastern A/ric 

Eastern Africa, the second largest tropical bean production region, has 
a much higher per capita legume consumption (over 50 kilograms per 
year in sonic countries) tVan Ltin Anierica. CIAT materials in !Ihe IBYAN 
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program are well adapted to African conditions. It is likely that majorgains can be made with CIAT assistance, despite the distance involvedand germplasni quiara n tine rest rictionis. One OUtposted cooperation scientist is projected for this region. Special project funding will be sought tosupport this position, followed by Core-funded support starting in 1983,The scientist will be primarily responsible for the network C)ilaboration,training, and regional coordination of .germplasm activit\. The scientistwould lead a tea in located in the region under special project funding. 
Aiddle East 
Additional regional cooperation activities need to be developed for the 

Middle East; one position is projected for 1986. 
Bilateral Arraung;nc'its 
The Bean Program will contiite to use special bilateral funding tocooperate more closely vith individual national programs. At the presenttime one such scientist is working in Peru under Swiss funding. 

RICE PROGRAM 
Rice is one of the most widely cultivated cereal crops in Latin Americaand the Caribbean. The area planted lo rice is increasin, 2.4%and production is rising 3.3%. These rates have kept pace with 

ann ually 
)opu lationand income growth, which generates a 3.5% rise in demand each year.For the region as a whole, per capita consumption of rice has been rclatively stable over tl- past fifteen years, although dramatic increases havetaken place in Bciv'i'l, Colombia, the Dominion Republic, Guatemala,Haiti, Paraguay a-,d Uruguay. Per capita con su mpt ion (paddy rice basis)in the region was 44 kilograms annually during 1976-78.
Net regional imports remain about 150,000 tons per year. Trade within
the region has increased t )320,000 
tons per year, 36% more than 1963-65
 

levels.
 
If demand increases con tinuiC at the current 3.5% per year, rice production in latin America Will have to double by the year 2000 in order tosatisfy internal demanrid at ctiurrent relative price levels. In order to aciieea doubling of pr()duction over the ncxt twenty years, rice research mustbe strengthened and directed to principal constraints.

The CIAT Rice Program, basically a regional program for the WesternHemisphere, collaborates closely with IRRI's efforts in global riceresearch. Research on ma)jor regioml constraints is encouraged throughan active network of rice researchers collaborating in the International 
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Rice Testing Program (IRTP). The IRTP is coordinated by an IRRI scien

tist located at CIAT. 

Farrming Systems and Constraints 

About two-thirds of the regional rice production rowth in 1978 came 

from an increase in area planted Iainly in the uplaod sector) and one

third from yie'd increases nmainlv in the irrigated sector). Hlowe\'er, tlI ,ee 

overall trends do not accurately reflect the situation in all countrics or in 

all production systems. Sol-,n countries irc cxperiencin}, accelerated 

growth in I)IudILctil11 1nd uduci vity, whilc c-tlhc::s are making very lit

tle progress. The basic causes for this disparity are found in the pre

domii ant farming system in each count r'. 
Several quite distinct rice farming systems exist in the region. Often 

rice producti()n is divided - somevwhat misleadingly -- into two ni ii a sys

tems, irrigated and upland. In 19,8, irrigated rice comprised an esti m ,ted 

2.1 million hect ares, or about 28% of the total nrea; average yield was 3.!5 

t/ha. Upland rice i.e., all non-irrigated rice) covered 5.3 million hectares, 

about 72% of the area; average producti\'itv was 1.3 t/ha. To some extent 

this division obscures the actual pIoductivity of each farming s 'stcm and 

the potential productivity that can be achieved With research on speciic 

constraints. 
CIAT work with agroecosystem analysis Ihs hegun to identify and 

classify Latin Aimerican rice production areas. Five cropping systems 

have been identified. An evaluation of each system's contribution to total 

production will he made when mtre data are availahle. ['he most impor

tant distinction this classificati, n makes is the three upland rice produc

ion systems. Vast areas of upland rice cover a spectrum )f clinmatic and 

soil conditions. Progress in achieving substan ticl improvement in upland 
rice production through research depends entirely on understanding 

prevating envirnmental conditions where each system is used. 

HPiIly lFavrctedLTpoi ictdi, 

This system is generally confined to flat areas receiving over 2000 milli

meters of rainfall in eight or nine months Of the year. N rimally, there are 

no marked dry perods diring the rainy season. The alluvial soils are 

generally slightly to modenrtely acid and well orained. 'This system uses 

modern d'varf varieties, in proved agronomrnk practices and mechanized 

farming methods. Yieids average 2.5 t/ha, but better farms consistently 

produce 4-5 t na. The system is found in parts of Brazil, Central America 

and Colombia and coild be used on the large amount of unexploited land 

in tWe regiom. 
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Major constraints are grassy weeds after two or three harvests, riceblast (Pyriculariaozae), and lodging. CICA 8, developed ill a collaborative program between ICA and CIAT, is tile most pro, luctive variety
available at present for this system in i, number of countries. 

Moderatel f'iF(ored Upland Rice 
Most (if Central America and much of sub-Amazonian Brazil employ

this system. It differs from the preceding one ill having a shorter wet season with less (Jvera Iaii,fall, and with .;ome dry periods during tilegrowing season. Dwarf varieties used ill Central America yield about 2t/ha. Brazil grows tall varieties yielding an average 1.5 t/ha. Irregular rain
tall causes high yield variances.
 

Constraints include 
 mild to Moderate droughts, mineral deficieincies
{especially phosphorus), diseases iparticularly blast), and weeds. 

Unfavored Up/n, ,P ice 
This sVsteni -fou .ld ill areas having irreguiar, low total rinfall-is

highly mechanized, has lov, planting densities and utilizes tail varieties 
producing an average yield of approximately I t/ha. Yield variance is extremely hign. Much of Biazil's rice is produced with this system ill highlyacid soils naving relatively high levels of aluminum toxicity.

The ma . system constraint is dry periods occurring during the wetseason. ThIis stress is compol.nded by poor root development associatedwith a lu miin umiii toxicity illf lie subsoil. The degree of drought seems to affect the severitV of blast disease in this system. Phosphorus deficiency is aserious overalIconstraint, but, at least in the Brazilian case, fertilizer
levels are generally adequate, given he limitations imposed by the other
 
constraints.
 

Rainled Lohmd Rice 
This system is a transition one between irrigated and upland andutilizes rainwater trapped and held by field levees. Nevertheless, waterdeficits and/or deep flooding are common. Dwarf varieties can be grownwih adequate water control procedures, but tall varieties predominate.

Average yields are 2.9-2.2 t/ha. The crop may be transplanted or directlyseeded; few purchased inputs art' used. Rainfed rice is important incoastal Ecuador, Colombia's northern coast and the Doniinican Republic.
The main problmnn in this system is inadequate vater control, whichforces farmers to use tall varieties and, because of the risks involved, low 

levels of purchased inputs. 
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IrrigatedRice 

Half of the total rcgional production comes from irrigatted rice. This 

system is found in all countries and predominates in southern Brazil, Co

lombia, Cuba, Guyana, Nicaragua, Peru, Suiname, Veiezuela, and 

Southern Cone counries. Average national yields range from 3 to over 5 

t/ha. The system conitinue:; to have a compar'ti\'e advantage in maintain

ing and further increasing national yields and stabik1tv of supply. Inc reas

ing production cost, are starting to force larmers to adopt other systems 

in many countries. 
important constrlints include rice blast, wcak. i'n'ms and lodging and, 

in ;ome coun tries, suitable grain quality in the varieties availaole. Infra

structure problems in some countries limit the application of existing 

technology. The Southern Cone countries still grow tall varieties because 

dwarf materials with sufficient cold tolerance have not been developed. 
In atdition, this arca has very stringent grain quality requirements for the 

export mzarket. In Chile, where the entire crop is of the Japoriica type, the 

basic constraint is the lack of high-yielding varieties. 

Program Objectives 

Specific objectives fori iice Program work-in collaboration with na
the 1980s include:tional institutions in the Wcstern -lemisphere -during 

(a) 	 Continuing to devclop gernplasm-bast'd tcdhnology designed to 

ovcrr-ome the principal constraints to increased production of ir

rigated rice; 
(b) 	Developing new%germplasii-based technology to improve produc

tivity and stability of supply, particularly in the region's more 

favored upland rice environments; 
(c) 	 Continuing active collaboration with IRI in rice research, espe

cially the IRTP activities; and, 
(C) Continuing to help strengthen national rice research programs 

throug: training, consultative visits, and support to the active net

work of rice researchers which was establisbed in the last ten 
y'ea s. 

Research Strategy 

Since its beginning in 1969, the Rice Program's basic strategy has been 

to improve yields and production of irrigated rice in the region. This 

strategy was adopted because: (a) irrigated rice offered the greatest oppor

tunity for rapid gains, (b) irrigated rice technology was more easily 

generated and transferred than that for other production systems; and, (c) 
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liinited Core resoUIrce, did not permit simul taneous work on all produc
tion systems.

Varietal improvement ha. been the key element in CIAT's irrigated riceresearch strategy. Tall varieties were used throughout the area before1968, whn-n IR 8 was introduced. An immediate iicrease in productivityof 2 t/ha contfrmed the decision to \ink exclusively (Oi dwarf mnatcrialsfor thin system. The research has sough Varictics cornhiiing dwarfing,strong stems, insensi tivitv to photoperiod, long -rain with clear endosperm, resistance to the leafhoppcr (So,,,tzJt01s) and blast resi tance.Earliness and inlproved adaptabili K to acid soils are more rec(ent varietal 
objectives.

Once iinpr v)cld d.\a rf lines and 'arieties were produced, research wasextended to developing appropriate CnltUralI practices fo)r the highyielding varieties. Seeding rates and methods, fertilizer practices and timing of weed control were e'mplhsized. Improv\ement of varieties and culturali practices has continued. Recent emphasis has been on re'ducing production costs by using combinationS of puddling, redued seed and fertilizer rates and varieties with enhanced disease and pest resistance. Coliaborative research With the IFDC Oi inproving nit rogen fertili:er efficiency has recentl been i itiat,'d, since nitrogen prices alre a chief colnporent in higher pr)duction c'sts in the irripated sector.
The unexpeI:tet adoption of the newer dwarf varieties in recent y'earsin the highly aml inodera tely favored uplalnd systems allowed the Program to modify its orighial strategy. Entries for nurseries and regionalyield trials, especially for the two tav( red upland systems, we selectedfrom the advanc.d irrigated breeding lines and distributed to nationalprograms ior c(Mtinued local selection and evaluation. The Program hasconcentrated on Sogttodes and rice blast, the two principal biological constraints in virtially all systems. Thus, CIAT has contributed directly to
upland systems while focusing on irrigated varieties.
In 1981, CiAT began to expand its activities in npland rice.'' AllIca tion
of program 
 resources and general research emphasis for the irrigated andupland sectors will dififer during tHie decade because upland research is ata relatively early, stage of development in the regitm. AlsW, the relative im

portance of the spectruim of c)nstraints differs between the two sectors.Figures 4 and 5 show the Irogram's projected breeding emphasis foreach sector. In the irrigated sector the nurnber of crosses ill remain rela
12 A. till] d,-, riptim )It hc prip,,s , ( :\ inll( )1% t~n ill IIL 11lphild Pin I "l,l i l ,, Rl,'.xi-,'/t.;,r l.atin .i,'irh, ' SLt'cl r iS C'lIlltdint d.:1 K,'!"t t, , iI . S'~Nd,,nnltllf,,. i,n I "t'1~inI ]H',, C'I ,''

2cc Ii 1ii~r 1I q 
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Figuire -1. Relitivv Cipliioc, ilic( lth l'rogiini ill pl,10 t' I C n)L y 31v'CihlpriiviiC rrigtd 

lie l'- o iig ',ill b Irice ii, lh IeCh1s. (I ,ill'Fhiin" rkl-,1tld in t11Ir Ap,)-tio ,I cros, 's ill lrecding 

tively constant; increased emphasis will be put on breeding for early 

maturity and adaptation to soil stresses. Relative emphasis on blast will 

decline since some progress has already been made and blast is not as 

serious as in the upland sector. Many more crosses will be made for the 

upland sector. Major work will include breeding for stable blast 

resistance and research on such general adaptation problems as drought, 

low soil phosphorus iand aluminum toxicity. 
The following specific strategies for the 1980s have been developed for 

the various production systems. Different approaches are evident, par

ticularly with the systems in the upland sector. 
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ill thIL 1(itiiS I I~I,il\Vhil( r1illf I - , '11 -,,Ircrimiraboutl I tIh l TrigiiCt ricc 

I-I ihlv Favxored U~pland Ricc 
As already nwn21tione1d, SIL'Cted ines from the irrigated breeding program call serve ats the varietal component for expanding this system inl thleregion. SelctI0Itn; Combining slow,-blasting resistance rictduri, and. .. to

clear grain en.dospem will be evaluated ill collaboration with the respec
tive nat.i.a. programs, i the Plochic Valley of Guatemala and il Urabaand La Libertad, Colombia. F' latio of direct seeding combin"'td with
herbicide usc wIll be undertaken with ICA a--] thle Colombian Rice 
Federation IFEDEARROZ) inl order to develop agronomic practices withwider applicability CIA't will emphasize this sector because of its pro
ducion potential and low production costs. 
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Moderately Favored Upland Rice 

Berouse of the severity of constraints, a special research effort will be 

necessary to find tile varietal component for the areas under this system. 

A collaborative program vit h Brazil and/or other countries is needed in 

order to provide for screening and selection under production conditions. 

Such a program would allow two generations c, breeding material to be 

screened in one year (i.e., from April to Se)tember in Colombia, and from 

Novcmbe, to March in Brazil). An exchlange of segregating and advanced 

lines by collab)rating programs would halve tie time required to breed 

new materials. CIAT research in mutational breeding ha: indicated that 

dwarf lines can be produced from tali materials i, the N, generation, with 

Soei( adaptation features for the soil alrd climatic constraiits of this sec

tor. Early generation selection also will continiue in Costa, Rica, Guate

mala and Panama, in collaboration with national institutions. 

UTniw,ored ( rplait Rice 

Severe drought stress, cca.bncd with acid soil problems, is aIcondition 

not found ill Colombia and CIAT has no comparative advantage for direct 

involvement in this system. The Brazilian national program will continue 

to give substantial resources to these dilficult problems. CIAT will collab

orate by pro\'iding materials with slow-blasting characteristics and 

acid soil and drought. Obshortened, mutant Materials with tolerance to 

viously, any gains lade for the m1or'e favoCed areas will have s()m]e ap

plication ill the less favored system. 

Rainleld Lowhl/at Rice 

Water control, the limiting production factor, must be improved at Ie

gional community and farnm ,evels. The potential contribution from civil 

engineerin!, far exceeds that of research on other components. As water 

control is improved, this system can make more use of existing tech

nology from the irrigated sector. CIAT will continue to provide improved 

germplasnm. 

IrrigutedRice 

This system will continue to receive major attention. Stable resistance 

to blast is expected to increase regional yields by 0.5 t/ha; a similar gain is 

expected fron. better dwarf plant types with improved lodging resistance. 

Introdi,,on and evahlation of Korean Japonica dwarfs in Chile could 

have a dramatic effect on that country's production. 
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New Production Stvslem Research 
The vast savanna regiols (ofColombia, Venezuela and elsewhere receive high rainfall, but the soils are extrnely ac'id and infertile. Althodughno rice is produced onII these :a nds there is a clear need for a crop conliponen t in the pasture syten I eing develo -ed ',the Ir(,pical PasureS Pr)gram. Cropping would facilitate lind pli-paration fCr pasture, cstablishmerit. Upland rice c'tiId [t nCe)Iua pioneer crop elalbling the coCnolically sound developme,nt o4 the llalnos, a:; has beecn the case ill the Brazilian 

Cerrad(os.
A iintl n-inpt, niin imu ip-ti lage iceupland svste'n using cultivarshaving tolerance to acil soil and blast is a researchable possibility. Mutantdwarfs of upland land races and tall materials known to have toicrancc toalluninum toxicity'Will ieevaluated for yield potential, with a tairCt yield

o)12.11 to 2.5) Ulma. Artii evaluation of' tillage technlio.1lus including.Sod Seeding, \Vill be inlve'Stiga'te'd 
 at Ca i inlaguad. Tlhis reLsear-ch Will be inltegrated with the( 'Impical P'astu res P~rogrant. 

P:rogram Accomp)lishmenezts
 
'Ihe excellent Carl\ c,ollabmati,,n between the CIAT Rice Program and
ICA provided if very rapid impact 
 both in and outside oI (flmlmbia. Inaddit ni,teCStreL'g tIIof t IW IR RI p r,,grai is <1,it 1IrCne,p, lnI c(Inh,inpoilnt t )t the succe'ss,s chi\'dcC. [rIn, its co operative pro(gramI with11
CIAT, ICA has r ],asd seHt 
d,,lval-
 driCts with higulh yield pOtCntial.
All of these varietis ar' iov glwn internatiomial]. CIAT bree'ding lines
havC rsCti ltCd in n0c taint thirty otr rt valrieties rl'ased by n,Ia()HIL 

tioixil pi og1ams ill the legionl. The:se Varieties ar. nowA g"rowni onIabout 1.5ntllit m hectlals aItn nal l in irrigated, hig.hly 
favoed an iv(]
tdcerately
favorcd uplandl .ysvcists." lt nCV Varieties, t(t)gt her With inproved
culturai pract ics Iav 
niade itposible t i
.inI to 2 /An it additionalrice. ThC'Sle
si'' if)ptirductioln ilcoltlilsi 
 with these farmnilg systcnls hasedlualled o)r 
 x O'dCd !OUldtiol 
 grl ndt lC
erlyv all co'tnn'trieS lat
reachc, 
cdffcctiv' s'lf-sufficicilc'.
 
Rice c)lSlItllptiill hls 
cotinued to increase 
is lice has becOIIC
chlaper it relation to alftentaltivC foodIs. A dCtailed aialvsis (ofthe it lpct
of new rice technnlcigv ill(mlliambihwed that
low incomco'nSliCrs
have reccived nllit if the cu omic benfits resulting front thellar"e pro

luttion gaills.

CIAT has provided pleffcsSIlna 
 training il prduction agrolomy
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breeding and pathology to 211 rice researchers from twenty-three coun

tries. Consequently, there is an effective regional network of cooperators 

for exchanging information and evaluating technology. The Program's 

regional activities include IRTPI nurseries, monitoring tours, production 

courses within countries, and biennial conferences at CIAT for research 

workers. 
over the next decade should lead to a marked increase in riceResearch 

productivity in the region, particularly in those systems at the more 

favored end of the spectrum. 

Research Saffing Projections 

The Rice Program pr(jects toat a Core team of six scientists will be suf

ficient to study the production constraints in irrigated rice and alternative 
are entirely mutually exclusive; concensystems. These problems not 

trated attcntion on the more favored systems will produce resuIts useful 

in the most difficult farming svstels05 subsistence upland rice, ulnfavored 

upland rice and rainfed lowland rice). It is difficulIt to predict whether 

significant researcl conzitributions will be made to these latter systems. 

The Rice Program will be alert to research findings directly applicable to 

those systems. The six-man research teaM would be responsibl,_ for these 

activities: 

(a) An irrigated rice breeder, based a' CIAT, will conduct ni0re 

research on lodging resistance in dwarf varieties, development of 

early maturing varieties for drier areas, stable resistance to blast, 

and impro\'ed grain Liuality. Research will continue on main

tenance testing for s )drc'. that the pest doesresistance to ensure 

not again become economically important. Since ClAT-Palmira is 

not the ideal location for evaluations for these constraints, selection 

will be intensified at ICA experiment stations and other areas in 

Colonb ia. 
(b) 	The upland rice breeder will work Om stable resistance to blast and 

tolerance to acid soilIs {aluminui toxicity and phosphorus def;

ciency). Grain quality and Swgmtdt,s resistance work will be si,ilar 

to that of ihe irrigated pr(gram. It will include resealch on 

moderately tall to tall materials, as well as dwa rfs. Selectin and 

early generation yield evaluatioms will occur at ICA-La Lib 2rtad in 

Colombia and, possibly, in Brazil in collaboration with EMNBRAPA. 

(c) 	 The agronomist will participate in both the irrigated and upland 

systems. Shifts in production emphasis in irrigated areas to more 

marginal soils make it necessary to study those general problems. 

106
 



Research on general agronomic probhlems in upland rice W;ll nclue evaluating the agronimic practices for the new ger niplasm,which could be Of dV:X-,ent plant type than the land race's now 
being utilized.

[d) A physi(loisi/alr oiistfor ulpllild research will he c'cernlcdwith nIany production constraints not found inl irrigated rice. Ailijor research ctl-owt "ill be startcd on s eing nwtla(dol,)ies forevaluating drought and acid soil tolerances. This scientist mvix leadthe deveopent Of a lo-cost production svstni kw uplano rice oilinfertile sax'alin:1 soils. This position is projectcd for 1983.(e) Research In a piithokgist will c(itiliue on ricc blast, and specifically oniethods to (detect and e\'aluate sloW bHlislinw in distincgrowth stages itild metiods t) include reqj uired lcvels Of disease 
pressure inlr lplt ioIns and li iCs. MlillCancC !eseIrc'h ainidliinitoring will continue oin the nillor diseasts to avoid situations thatcould eleviate them to the level oft economic constraints.f) The economlist will he'lp Other scientists in definilng_ the best allocation of research restIlrces alnmi ng different ricc croppi ng systems.
Classificiatil of the, crlpping sx'stens and delineation of theiir Cnvironillental m daries will be cirricd out in cojUalinchIOn With tileagrOecOsystell anal'sis ,grFuOp xwhich is proploseCd in this plan. Theeconomist will evaluate rice rIdUction poItenItial at the co(ultrx'level ani conduct Su r'Cvs Of the 1nllm rice prouctiollareas, areaplanted, and yield and prductin I per cropping system, lie willalso evaluate h= pmrnduction incre'ascs will affect prices and potlential benefits toi be recCiV'eid by the various income strlti in urWanand rural areas. International trade pssibiii ties assoiciated with CxpanldeI rice production1 in selected ciountries Will also be analyzed.

The rico economics pisiion is projected for 1982. g Although not a CI AT-Iudgeted staff ImCimber, the IR RI iliaisonscientist fulfills a crucial rile in the rice teall. I lis duties involvethe selecitn, distiribution aid evaluation of gerialwsn nurseriesfrom IIRRI. Nurseiries created for (tistinct purposes are sent to alldcevelopin ci)lCuntries in the WesternlltenIisphc,re. AIso, special 
tnursuris Of elitv ClItT heepdi lines are diistribuiteid and evaluatCdthr{ghIllsiseS'i-es The pOSiinl retuiii res extensive internationaltIavel to promo('tC naional use of promising nursery materials. Withthe grow\ing vl timLe in nurseriCs and locations, and CIAT's expanded resea rch in upland systems;, it is ioubtful that only one research scientist can continue to handle tile responsibilities .)f this


position. Since all lI'llP activities in the region 
are funded by IRRI, 
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consultations will be held with that organization on future expan-
Sion of tile prograinl. 

Regionil Cooperatiol 
International rice activities have included activities of the IRR I liaison 

nascientist, international travheling and consulting by all staff, training of 
tional pr graln researchers at CIA' and supporting in-country training 

courses for produclinn aild exten sion specialists. This strategv has been 

relatvelv satisfacto,', and will be strengthened by the additional Core 

staff projected fir the Program in the M8Us. No Core-funded regional 

cooperationistaff i., Or o(.jc'tel for" the R{ICC l'rgrain. Should the demand 

for more direct CIAT, Coltact with national progralms increase greatly, it 

nIay be necessar\' to seek biltCral and/r r'egional special proJ CCts for this 

pu rp )sC. 

TROPICAL PASTURES PROGRAM 

The abulndanc of underutilized land resources in tropical Latin 

America seemns incwsistent with the existence of"a large sector of :;mall 

farmers. In mnist cou ntries the (cx xisteicC Of intensivC farming -both 

large- and small-scale- and eoftOf land is exthe abilanUl underutili/ed 

plained by a camlbinatiovi (4 t\vo') factors: 1a) the lOw or- fragilc fertility 

status of tile soils in the agricultural froltier, and 1h) tle' poor infra

in these areas. Cr p pr( ductii m with availablestructure develpencit 
-Ui.able' ,. Protechnology i: un ofitaible in these areasiv thOlut so sdiS 

ductivity is low under he dor fertility conditions, and soil alimildmllents 

are not economical duc to high input and t ranspirtatii vi c(s.s. 

Tropical and sobtropical areas of America have somS) inillion hec

tares of significantly onderoutiliMl savavinnis ald forests, t\\ -thirds of 

which have acid, infertile soils i)xisols and UlItisols). These areas have 

great aL.ricultural potential sincC t hey have abundant sunshinc, adequate 

rainfall and favrarblc tellperatuc regines ir cxtended gr) 1ving scasns. 

Topography' and soil physical properties are also gencrally favorable. 

In order to conti t to the dCvlopment Of ecologically sound, stlible, 

and prod LctivC s stmMs f r these areas, the Center aiins hi help bioadel 

the resource base Of Latin A,,icrican agriculture throogh a lo)w-co)st, low

input apprOach based almthe selection Of specie, most adapted to local 

eCdaphic and climllatic coviditionl;. Tropical pastures are CIAT's najor effort 

for these areas and ass iciatett efforts in upland rice ail cassava wyere 

described previohsly. 
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Potenltidl for Pasture ll)iroveuei t 
Tropical Latin America has an estinliat.d 19( million head of. cattle,

about 2(% of the w"rid total. pcr ciapita h l ill the re,.ion ofconstml)tion
16 kilognms per year is significantly highr than in AfriCal and Asia, '11(l
about tw',-thirds that o1f liuropc.

turingt t\\) dTciles Consistent increases illlast 
 b('e'Iro)duction
ha'e beel r'cmrced ist countrieCsill o of the reion utl \vith few 'x'e'p-
Lions, supplies., l.y llaggd behind demand gr(,wth. ;,As a result bet,
pl)ricCs inc'reaedin reil terms in Most Ciujitries durin th' period. 'hCse
price ililcases have scriols ipllicalions', Since the proportion of family
incomc spellt ,)i beel i'sextremelvy hiil lllihaong low-incolc irlban coll
st ii e rs. 

\ st\" t( I' IAl iii dtad fromi l Fanliv Bil!'iget Survey of twelve,
ILatii Anlliiician citiCs s l iwL'd t Lit tle h \v'et ilnl'CMnt group (qlUia'ti le) illthcse urbal s)ei 18'!;ceIte's I- i, hir fallil' icoinc,(in beef. Bcef
purchases rcpl'sn 10)-25' . of their tot., l(1 expnitures. Sil iilarlh,
low-incomIc families Spend 1-12- of their innlome or bCt' '('n 7 19o% Of
the food budgtct on dairy proidcts. Tellc' ' ' perc'ntagCs rc I ro(babl-

Ceve ilighcr in rural awira.
 

The, extre n tel v high la,ticitiesincome t CStinilll for the Iiw-incolnel 
qLUaltilesili the twelv'e citiCs KL t\\(Vn ().S ild 1.:; for bef, and (l(.8and1.6
for imilk) clytl, indicate the stiikll rften t or these' ciiiinolitics 
alniel thlL.url illp )r. ticlc,I hb and till Shoult I e ciinsidt'leCd Stale
bludns and waNc pl intYjiti al itit :\inniici. Ilii\vevk, ats incomes in_ct i e tl'l_ oilInall o hel
tbfand Milk is ex'ctd' to ciwitiiniCi to
ise laster thlia Iroucttii.ii h rIesuliting price incrcas.,s will havC a

ngc'ati\'c ci t b Illthe dicts and the1'ituu'ies of the poolr.

Such! tred call he ciuntliClctcl f appropriate livestock 
 tpr(Odluctionl

tCchi lio ig.y. is Civel )eil for the rcj(,on's vast unclerutiliicd land arcas.''lh',, areas auilive extiemely "i tii 
little or n )(ilp )rtillity 1 1c1t1a\'' 

hih lcllial cattletproduction with 
Tsl. 1h ge .Stiickiig I to' ill tile' lcid 

S~aValilildi, ()i (.1 2 a iii oclt i a ititalliid Iii be iiclCasCl noilre ihan tCnfold. In ldd it ill, aliLtln I b''f I il pe(,r ciiul-tuC tin alninmald be nio r than
o(uled. These ICas5 Citult also o,)titribut' sig.'nificatl tloiic'a ,sedmilk 

P1r)OCLucti)ll. Mist imilk aid lairy prlotucts ciinsumcd ill the regiiin cl"ic 

,'1-'),,,;lll, i .),n iih onttijii ,e' (' I' (.'I.I iiei llTl 

I5)9 

http:Iroucttii.ii


from small and medium beef herds, usually crosses of native ("criollo") 
and Zebu breeds. This type of dual-output production system is found 1I0o 
only in tile densely populated areas with fertile soils, but is also in frontier 
areas with acid, infertile soils. 

The Trpical Pastures Prc~ra seeks to develop -in collaboration with 
national prn gri: ils --appro)riate, past u re-based an inal production tech
nology for the acid, infertile soil regions Of tropical Latin America. Overall 
objectives are: 

(:i) to inc, ..' and milk production and productivity; 
)hW to promote econmically and ecologically sound expansion of the 

agrictural froin'ier in tropical America; and, 
(C) to relCSC mor fertile land for CxpaLndeCtd crop production. 

Rather than correct ilng soil deficiencicis with large amounts of fertilizer, 
CIAT has adot ctla low-cost, lo\w-input appr ach of sclecting grass and 

legume species adapted to acid, infertile soils. As a resuIt of the lrogran's 

acti'ities, paisture lnodiuctio. systems wilI be develped that pro'id e ade

qulte forage throughout the year, comlplenllted by cost-effective aniial 

Management and animal health practices. Natioial research and exten

sion institutions are both collaborators and clients; Cattle producers are 

regarded as the users of the technology; and, hot h proCIucers and con-

SuIImCerS alre r''drded as th' principal benefiaries, since the final objec

tive is to increase production and thereby [ower relative prices of beef 
and milk in the region . 

ProgrWym listorv 

The Tropical P stures Program evolved thlroigh three stages from its 

initial broad spectrum of disciplines related to animal production. 

During tile forrmnltive stage P 969-74), the Beef Production Systems Pro

gram d lt %\ith the identification of problems and potential solutions in 

the areas Of animal health, animal management adil cattle production 

systems. A relatively small proporti)i of prograiresln utrce"; Vis deotLed 
to pastures "Ind fora ges. M.ost field research w'as 'ndulltctld in Colombia . 
Information collected during this initial period showed that low cattle 

productivity in tr(Opical ILatin Aln-rica was lue In iinlv to Cxtrle 

malnutrition and nutrition-related diseases. lack of good Cluality, year

round forage was identified as the most commn critical constraint to in

creased production. 
Between 1975 and 1977, the (new) Beef Production Prtgram concen

trated nore on the acid, infertile savannas of Iatin America. The pogran 
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broadened tile geographical scope of its activities to include other countries and sharply narrow\'ed its research focus to pastures with the goal ofremoving the principal production constraints in the savanna ecosystem.
Grazing experiments in the Colombian I'ano)s documented the limited 

potential of the native savannas. It became e\iden t that the most seriouslimitations were the lOw productivity and poor quality of most native
Species combined with the low fertility status (f the Soils and varying dcegrees of seasonal water stress. These limitations resultcd in low animal 
production, malInutrition and high susceptibilitv to disease. Overall productivity, hoth per unit area and )el animal uhit, was extremely low.

Strikinlg impr((vements perforn onin herd ()neenative savanna wereohtained hy using appropriate mineral supplCmentatioji. The use of welladapted exotic grasses such as Hruelaiori ontzeei'ubos provided dramatic in
creases in carrying capacity and production per unit area. Iloweve-, I)trduction per animall con tinued to he disapp( un ting, especially the breeding
herd's reproductive perforlmance. Protein supplementation was suc
cessfulI but to() costly.

Preliminary experimenaI results ohtai ned during this period withgrass-leguome pastures indicated clearly that persistent associations under
lo'.-input conditions could provide lnlc monlicaIlv attractive solution tothe problem. )uring 1978 the Pro'grain cmsolidated its research alongthese lines, and its research was geared to ohtai ning inexpensive grass
legume associations tor the acid soil savannas. To retlect this new focus,

the Plr'grain 
was renamed the Tropica: Pasturs l'rograim in m'iI-1979. 

Area of Interest
 
A survey (f tropical Latin American regions with acid, 
 infertile soils was initiated in 1978. This classification of land resources in terms ofclimate, landscape, and soils provides a geographicafly oriented ecological

perspective to the Program's area of interest and seirves as the basis for itsresearch strate.v. l't Ia'vet 5eason potential evapotranspiration (TWP),
a measure Ot Cner, y avilable fo plant growth during the wet season, wasshown to pou\'ide a rluantitatiV\e ielth(id to account for native V'egetation
distribution. 'The area beenhas divided in11 fiv,' major agroecological 
zones (Fig. 6): 

D-opiaI \cell-draimed l'uUapmls 

"Llano-." type. This ecosystem is represented by the well-drained 
savannas of Colomhia, Guyana, Suriname and Venezuela and the savan
nas of Rorainia and Amapa in Brazil. 
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WELL-DRAINED ISOHYPERTHERMIC
SAVANNAS (mostly LIanos).
 
TWPEa901-1060 mm. 6-8 months wet c
DECIDUOUS FORESTS. CAATINGA
 etc. 
season. WSMTb .23.5oC. 

WELL-DRAINED ISOTHERMIC 
OTHERSc


SAVANNAS (mostly Cerrados). 
O 


TWpF 901-1060 mm. 6-8 months wet
 
season. WSMT -23.5'C. 

PORLY DRAINDS AVANS.5______ POORI.Y DRAINED SAVANNAS. AREA CURRENTLY BEING ANALYZED 

(Found in lowlands o tropical
 
L South America. iivarying climatic
cihcumstances.) 

AREA CURRENTLY BEING STUDIED 

00 SEMI-EVERGREEN SEASONAL FOREST.
 
TWPE 1061-1300 mm. 8-9 months wet
 
season. WS;MlT - 23.5°C.
 

dTWPE: Total Wet Season Potential Evapotranspirarn TROPICAL RAIN FOREST. tion.
 
TWPE 1300 mm.. 
 9 months wetseason. WSMT - 23.5°C. bWSMT: Wet Season Mean Temperature. 

LCNot included in the activity area of the Tropical 
POORLY DRAINED FOREST REGIONS. Pasture Program. 
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"Cerrados"type. Tile primary area is tile Brazilian Cerrado, which ex
tends into Paraguay and Bolivia. 

Trooicalpoorly driedsmaunnas 

Regions. Representative areas include the Beni in Bolivia, the Pan
tanal in Brazil, the Casanare region in Colombia and the Apure region in 
Venezuela. 

Islands. Floodei savanna "islands" are found throughout the well
drained savannas and forest areas. 

Tropical lorest 

Seasonal forests. These are found in vast areas in the Amazon and 
Orinoco basins in Bolivia, Brazil, Colombia, Guyana, Peru, Suriname and 
Venezuela, and along the Atlantic coast of Central America. 

Rainforests. Areas include the upper Amazon basin of northwestern 
Brazil, Colombia, Ecuador, northeastern Peru and Venezuela. 

The classification makes it easier to understand the differential re
sponse of germplasm observed across ecosystems. While preliminary re
suits of regional trials generally indicate wide adaptability of the most 
promising grass and legume germplasm, a distinct response to the dif
ferent ecosystems is shown in many cases. Edaphic conditions have some 
effect on germplasm response, but these differences are due mainly to 
climatic variations. Differences in legume performance are due largely to 
strong environmental interactions with diseases and pests. Thus, germ
plasm should be tested in all ecosystems. To date, major emphasis has 
been in the two well-drained savanna ecosystems through collaborative 
research with ICA at Carimagua in the Colombian Llanos, and with 
EMBRAPA at the Cerrado Center near Brasilia, where three research staff 
were outposted in 1978. During 1979-80, regicnal trials were established 
in the other ecosystems, to obtain preliminary data on the degree of adap
tation of many species to these distinct environments. However, major 
research thrusts are yet to start in the.-e three ecosystems. 

Research Accomplishments 

The Program has achieved many research advances. Major ac
complishments for tropical well-drained savannas, especially the Llanos 
type, include: 

(a) 	 The identification through farm surveys of major farm constraints 
to cattle production in savanna ecosystems and in-depth character
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ization of cattle production systems in Brazil, Colombia and Vene
zuela (a project partially funded by GTZ).

(b) 	The identification of several genera and species that are well
adapted to the conditions of one or more ecosystems: Antropiqon 
gayaums, Bnwhiariu spp., Stylosanthes spp., Dsmodiwm o 'o/i/,)iu 'li,
Puerariaplhs'oI(ddes, Zornia spp., and C'mroscina spp.

(c) 	 The determination of nutrient requirements of the more promising
accessions for the well-drained savannas.

(d) 	The development of simple, low-cost pasture establishment 
methods adapted to savanna conditions. 

(e) 	 The definition of the potential productivity of a large number of 
pasture grazing alternatives in the LlMos ecosystem, includingnative pastures, plan ted grass pastures and nu merous grass-legume
associations. Various grass-legume associations in low-input, con
trolled grazing experiments have produced annual liveweight gains
of 20( kilograms or more per animal, while vielding more than 300 
kg/ha.

(f) 	 The identification and epidemiological assessment of mojor cattle 
diseases in the ai-ea and their relative importance.

(g) 	The ex-ante determination of expected profitability of various 
pasture svstems. 

(h) Postgraduate training of 305 professionals from collaborating in
stitutions in twen ty-two countries in the region.

(i) 	The evaluation and subsequent release by Colombia and Brazil of a 
new grass cultivar derived from A. uyanus CIAT 621, and the de
livery of large amounts of basic seed to each country.
 

Other accomplishments more
of general applicability across eco
systems are: 

(a) 	 The computerized inventory of land resources in the area of in
terest, with edaphic, topographic, and climatic characterization of
the region organized in a systematic and easily retrievable manner.

(b) The development of a germplasm bank of 7200 accessions, with a
high proportion of material specifically collected from acid soil 
areas of many regions in the world. This ge rmplasm pool is comple
mented by a collection of Rhizobia from the same areas.

(c) 	 The development of rapid screening techniques to determine 
tolerance of plants and Rhizobia to soil acidity.

jd) The inventory of pasture insects and diseases, by forage species
and ecosystem, with an 	assessment of current relative importance. 
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(e) The initial development of a collaborative Regional Trial Network 
to evaluate germplasm for adaptation, productivity and persistence 
throughout the area of interest. 

Technical Constraints 

Despite these significant advances, many general and specific con
straints must be overcome. 

The savanna ecosystems are characterized by native vegetation of very 
low nutritive value - the major limitation to increased animal production. 
The low feeding value of forages results from species with low primary 
productivity and quality in combination with the extreme acidity and low 
fertility of the soils. Soil pH+ varies between 3.6 and 5.0 in the area. 
Aluminum saturation is high, often reaching 70-90%. Available phos
phorus levels are very low, usually below 3 parts per million. ,ather than 
using heavy applications of lime and fertilizer to overcome this con
straint, the Program has adop'ted the approach of selecting adapted 
species. 

Lack of infrastructure is common and varies in severity, depending 
upon topography and distance to market. Economic conditions (on-farm 
input and output prices, and access to credit and extension mechanisms) 
vary between countries and with distance to market. Machinery re
quirements, high costs of pasture establishr ment and maintenance, and 
erosion hazards during pasture establishment are other serious con
straints to the adoption of new pasture systems. 

Since all of these constraints are common to the five major ecosystems, 
the technical solutions to the ovrerall nutritional constraints must be in
expensive, of a low-input nature and suitable for a wide range of manage
ment levels. Variability observed in existing production systems within 
and across ecosystems and the need to develop alternatives for coloniza
tion programs suggest that various pasture systems are needed. This will 
allow farmers to adopt those pasture solutions that best suit their par
ticu lr situation. 

Other critical constraints vary between regions. Water stress is critical 
in the Cerrado type savannas but is less important in the Ilanos type; ex
cess water is the problem in the poorly drained savannas. Therefore, lack 
of good quality forage is the major constraint in the well-drained savannas 
during the dry season; in the poorly drained savannas, forage availability 
is the major constraint during the wet season. 

In terms of persistence and productivity, the success or failure of a 
species adapted to the physical environment often depends on its reaction 
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to diseases and insects. Most promising foragc legu me genera (St hsauties, Zornia, Centrosetna and Aeschvnomene) are native to the LatinAmerican tropics and are widely cistributed. Hence, disease and insectpests affecting thes forage legumes are also witdely distributed. Diseaseand insect surveys and regional trials provide clear c%idence that severalimportant diseases and insects are found in different geographical areasand that tolerance to them differs within species. This suggests the needfor using many locations to screen a broad range of geriplasni of pronising species and genera for which critical disease or insect pr (lemsbeen identified. AIsO , exotic mlltcria!s shouhl 
have 

be introduced. Rigorousselection by ecosystem is essential t) oercnw this mna.j)r constraint. 
Program Objectives, Organization and Research Strategy
 

The strategy to 
 achicve the Tropical lPastures l'rogram's gial ofdeveloping loxv-cost, lov-inptt pastUl e technology for tropical Amei ica's
acid, infertile soils is based on: 

(a) selecting pasture ge~mplasm adapted to envirunmental constraints 
(clinmate and s)ils) as well as to pests and diseases:(b) developing persistn t and productive pastures and basic practices
for pasture utiliza ti mland mangenen t aind,

(c) studying the role 4 improved pastures in the pr duction systemsand development of comp lemenhiry anima I management and 
an.l IaI health systlens co mponents. 

The tropical pasttres r,.- ,:h tcimn is comprised of twen ty seniorscientists; fifteen are based at he<,clua rters, two are bascd at Ca rinmagua,and three are oumtr, sted at CPAC near Braslia. he scientists xork in 
three functional groupin.s 

*Germnplusm ltleh),,wt Collectioii selection and breeding) andC\,clluCIti n inClUds the lgrononiists and lreeTders xWor0ing ill COllec
lion and igronlomic evaluation in ml-or screen ing sites and regional
trials, and suppoW specialists in the aleas (of s;oil microbiology, 
pathology, and entomliology (nine sellior scientists).°Pasture tewahntij, <(Pod ,1\,10 l( /)ntP! andinclutdes pasttiVre aigronoioists 
plant and animal nutritionists who work in regional trials, soil fertility, )asttire establishlntin and miiaintena nce, Seed prodcticion, pasture
evaluation under grazilng, ano Ipistlre nanagei1en It (six senior scientists). 
Pasture ex'ahmti w in pm/cit systems includes ianimal scientists, aveterinarian and an economist who evaluate pastures in alternative 
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cattle production systems and related animal management and 
animal health practices (four senior scientists). 

The activities of these three groups are based on a dynamic flow of 

germplasm and the development of appropriate production technology 

for the most promising materials (Fig. 7). The basic strategy is to exploit 

natural variability and adaptation of species to the various ecos;ystems. 

The research strategy consists of a sequence of germplasm screening and 

evaluation steps geared toward achieving the stated objectives. These 

steps, applied up to now only in the well-drained savanna ecosystems, are: 

(a) 	 The collection and assembly of pasture germplasm and Rhizobium 

banks based on geographically broad but ecosystem-specific 

criteria. Legumes receive eiphasis because of their inherent nitro

gen fixing capacity and nutritional qua;.ilit', especially' duiing the 

dry season. 
(b) 	 An extensive characterization and performance evalua on of acces

sions, which often include agronomically unkwnovn species. Char

acteristics sought include: tolerance to extreme soil acidity, high 

alumin in satu ration and low base status: adaptation to lOW phos

phorus soils: nitrogen fixation potential (in legumes); resistance to 

diseases and insects: tolerance to burning and dr(ought: vigor, pro

ductivitv and good distributi, n of yield; Seed pr)duction; ease of 

establish men[ and spreading; flreedom from toxins and estrogens: 

and high forage quality and palatability. 
(c) 	 The determination of minimuin nutrient requirements for each 

species and the development of low-cost methods of establishment 
and maintenance, as well as grazing management strategies re

quired for best pasture persistence and animal productivity. 

(d) 	 The estimation, for each type of pasture (usually grass-legume 

associations), of animal productivity potential per unit area and per 

animal unit, with associated economic input/output values. 

,e) The selection and fomation of cuItivars, candidates for release by 

natioaal prograris, and the )oduction of basic seed by developing 

produotion technologies to assure seed avai labi litv. This includles 

defining seed production sVstems and determining environmental 
requirements for satisfactory commercial seed yields. 

In summary, initial emphasis is upon collection of accessions, evalua

tion of growth patterns, and assessment of reaction to acid, infertile soil 

conditions. Then reaction to diseases and insects within each ecosystem is 

determined. Finally, accessions are evaluated after exposure to competi
118 



_ERMPLASMEVALUATION :IATCo,,ec,,on ,C"olt n Initial seed Climate ano 
exchn qe j multiplication soil tolerance 

Di e".seand 

pest tolerance 

Plantmprovement 

e 
F Chracterizationf plant animal 

interaction 
j 

• 

Characterization
of soil x plant

interaction 
.: 

A rn mc 
-

characterization / 

Seed 
productionL__ 

PASTURE EVALUATION 

Pas 
establishment Fni Pasture/management - / 

/ 

PASTURE EVALUATION 

Economic 
evaluations 

IN PRODUCTION SYSTEMS 

Pasture use 
4 in production- : systems 

7 

. 

Figure 7. Germplasm flow and research 

TECHNOLOGY
RELEASE BY "7! 

NATIONAL
PROGRAMS 

steps of the Tropical Pastures Program. 

Z* Germplasm Flow 

* Decision Points 

1-
K 

I 

National I 

L Institutions 



tion and grazing. As this evaluation prcess progresses, there is a continu
ing reduction in the nu mber of accessions utilized. 

Germplasm accessions are progressively classified in five categories 
reflecting the degree of promise of accCsso :ns in the svsteiratic screening 
and evaluatinu process. After testing, tho:;e accessioms that nweC't desired 
requiremen ts arc promoted to a higher catei iry where tlher f0irm tle 
basis for planning the next phasw of the evaluation. The relative ranking' 

of accessions within species in dMie separately tOr each eIIISVst ml.RCt 

q Li,'ICIents fiw progression toai igher catCgor''y Varv With the spcies, 
depcnding upon the prinidpal limitations of the species. The liiting con
strainlt of etwch species is used as tlh On umntion critcrion. 

The gerniplasni hank CategCory I acc,ssionst is llailtained at CIAT-
Palmira as seed id umsingle p,:.tcd plants, and at CIA'l'-Quilichao as 
spice'd plants i) the ti l.Activities at these lWations include ide-ntifica
tion, maint('nance' Iultiplication and initial characterizatiol Of IIa terials. 
All accessions jCategory I arC evluatCd for adaptation to Cdaphic condi
tions in introduction garicens at h th Carimagua and Brasilia. ,\ccCssions 
advanCC'd to CatC' Orv II undOro arommolllic evaluation at both 

Cariiiagua and Brailia. Selecte l ecessi is mii also evalttd in 
preliininary Rcgioiil Trials,l'yp' A) in thie \'ari us 'cosysteyis. Some ot 
them i rte'sted at additi iMal select'I I iat i,' iI Type Bi Regional 

Trial ;, une Stis\',Stetinsitle c( inditions. 

Selec cted iaccissio!s ldvancced to) ( II'Ill Iss c iat;Ited %\ithcateg( are 

grasses, and Iplacel under heavy interittent gralzil' to iissss their 

resistance to trmiiplilhL, competitive ability, dr matter productivity , 

quaiity and rclative gra g pI'C'CI..'I'hese evaIluations alrcoducteICd 

at Cariniaua, Brasilia and CAT'lT-Quilichai as well as in Type C Regional 
Trial locati ins. addTitiiin giss-le'ii iUixtuircs aie, -a/.dIn 1tecific 

miiatuities d.teii-mi' 

ability Of a,ssoci0tCL sp(ciC,,. 
Ill Catcgi)v IV the pasturc is Cvluatd' fIr potential aniiinal pI-olti,

ity, and its appropriate grazing managent is dCte'rineiICd. lCasuire
nilents aic illade Of s rd bOtlanical COimpuisitiin t.'lds ()\ie timelt', preSt'ln
taton yields. ai nimal grazing prterences, ail nutritive \'alIlC Of hC 

s)ecies, ii orcderIit explain the re'cIrd'd ain6iml pro tluct ivitv. \lsO, 

Regional Trials Typc 1)) are assCm',blCd ti leaSui thlI trilranceTof 

selected improved pastues aigains the traditional urc ill 

under differeni inlcnsities ad to re'lative, palat

.... given animal 
production systems inspecifi_ areas. 

Finally. in Categoiry V,the objecti\'e is t compltce ipr file fspcies 
and varietal cvaluatii ,toiobti in siiviple tech nohogy prior trletasC of the 
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cultivar by national prograis, and to define tile best pasture utilization
under different production systems. 

Program Projections 
Pr)jections for the ]_ 8()s are bascd ol two factors. First, progress onthe stated objectives will shdit rc lively more emphasis towards the advanced stages ()f nasttUre e'(aIualion and outre-ach. Second, betterknowledge of the area if interest and f gerniplasm perftrnman2e ,will

result int systematic mgalli/atiin 4ilhe Pirogr,a's gerinplasm evaluation
strategy within eacha ljor CCSvStelm.

While these deveh wpments wi fOwe cmsidcrable changes in emphasiswithin [,,,-Program, they will result il niill ,nior an 
 d additions
to the Core research staff. Nla.ior changes ar pr jected in the allocatliun ofstaff time to p~incipal ,aictivitiesand ecosy'steis'.Research activities willcontinue to be emphasized during the first half of the decade. ()titreachactivities will be increased grtadually and require almost one-third Of thestaff time toward the end of the period. Research on the well-drained savanna eLsvste is "ill continue, hut new research activities will beginearly in the decade filr the poor-ly drained savannias and the htimid tropics
(Fig. 8A). 

LeIOhI i Rs ,nIiImiphusis1
Staff time allocatcd to gernnplasm development and ev'aluation will bemaintained during thlifirst half Of the decade, hut is expected to declineduring the secod half as promising germiplasni is upgraded in status (Fig.8B). AlsoI, mor e staff time will he de\'()ted to pasture developmnt andevaluation in hoth controlled experiments and actual production systems
Gernplasm Development and Evaluation. The Program will continue to exploit natural valriability therefore, gerIplasm collection 


play a critical i-lC throughout tle period. Il order to 
will
 

increase the cost effectiveness Of the overlall prograi, collectioi will increase during the first
half of the decade but shi 
i ld decline lite r as key species le identifiedand the Programil's Collection iieshecole nore specific Fig,. 9.-\). Futurecollections will locus on promising key species identified foi each nina,jorecosy stemiind ()n specitic goals such ls tolerance to anthr c-nose inStI'l maotlhes spp. and tolerance to, @Sh ' )mnu in /0,111'( spp.Although nio.it collections will be in tropical Latin American areas withacid, infertile so ils, some specific collections will he done in areas withsimilar soils in Southeast Asia. These collections will focus on :uch generaas Desmrodiu, znd lPmur-ria that are adapted to acid soiIs in geneial, and to 
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the humid tropics in particular. For giasses, eltlplhasis will be placCd on 
variibi lity as possible in suchgermplasnl exciange to obtain as much 

ii?.,which have all shown1nera ats Brhiorii, lJ itricul, and ,ldr( l1 i> 

general acdaptation to these cdaphic conciti lins. 

Agronomists \will continue screening for promising spe,ci, s in both 

welil-drainCd s\ivnA Ccosystcms. \,Whcn well-alaptcd s)ecics are iccn

tified, emphasis will be shifted to identifying lines with superior overall 

?n tomologist will assist ill identifyingperformance. The pathologist and 
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Centrosema spp., and Leucaena leucocephalo, individual lines may be 
nominated to different categories in the evaluation, while the iinal 
breeding products are incorporated into the gernip!dsm bank. 

As promising lines are identified and cultivars are about to be released, 
the following needs become evident: ia) the need to pro\vidie docu mented 
summaries of experimental performance and potential productivity of 
these new cultivars, since the species may he totally unknown; b) the 
need to collab)rate with national institutions in providing practical 
recommenda ions on pasture establishment methods, stockin - and Ian
agement practices; and, (c) the need for seed production ann processing 
technohgy to assist in rapid successful commercialization (f seed produc
tion, implemented in cooperation with national agencies that control 
cultivar release. 

Pasture Evaltatiol and l)ev. Iopmenlt. Agrononiic evaluation Of a 
large num1ber f accessio ns jCategories I, II and Ill at both Caringua and 
Brasilia) will identify an increasing numier of accessions for evaluation 
under grazing c nditions Fig. 9B). It is expected that the need to expand 
these activities will be met partially by reassigning respomsibilities within 
tie p-esen t teain, and partially by establishing more grazing exlriments 
in cooperation with national institutions. 

Once an adapted, proulctive lastore is defined kom a region, eitwr as a 
mixed or a pure Stilnd, ill( e),t'nsiV'e, Clficient 'stablishment methods \Will 
be needed that pro)vide adecquate stands for pewrsiste lnce and pro(ductivity. 
Seedbed preparation, ininimum ilcrtilizer requiremen ts, methods of 
applying alternative nutrient sources, seeding densities and methods, and 
pasture management systems are among the practical issues facing the 
Program "hen a cultivar is released. Soil fertilit status wvill he monitored 
under grazing in Order to determineminimuin fertilizer maintenance re
cuiremerts for persistence and stability of the associi.tio. 

Paslure E'aluation in Production Systems. The present monitor

ing of animal production systems in selected areas of Brazil, Colombia, 
and Venezuela will be explnded to include (ther representative areas in 
Venezuela, a poorly drained savanna area in Colomhia, a dual-purpo)se 
production area Panam, and representative areas in the Amiazonin m 
region. The resulting Liagnosis of on-farm production constraints, along 
with the farrm pn iductin and ( conomic parameters, will provide a data 
base that-cmobined with the Lrogram's experimental data-should 

simulate alternative pasture uses n the various production systems. 
Modeling will be used in anticipatih n of the expected outcome of alter
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native 'uses of alIouis pastures in the region's different pro..c. ..tion 
systems. 

On-farm validation' of in-provet Pasture technology-planting new"cultivars into pasture on a small "Zi)iibn of a farni and using thesepastUres for animals with the highest response capacity-has already
been initiated on four farms in the Colombian Llanos. Ai cukivars are released, this activity is expected lo increase throughout tho decade ima few
selectedd locations and in close crllaboration with national programs, I'H(-.should provide a means of validating pa,ture persistence and productivity
Under farm conditions and also of validatinl and improving modeling ac

*tivities. 

Evolution of Outreach and Feedback Activities 
Research and outreach activities are linked because national research
Sinstitutions are both collaborators and clients of the Program. Collaboration exists in the early stages of germplasn collection and evaluation, but
it increases rapidly as germplasm accessions advance through the, research process. Tile main limitation on expanded collaboration is the absence, in most countries, of strong national pasture 
research programs


working in areas with acid, infertile soilb. Existing programs concentrate
 
on more fertile soils, where beef and milk production have expanded in

the past and where most of the cattle are still located.
 

The proportion of acid, infertile soils and the degree of policy commitment towards developing such areas 
vary considerably aiiAAng tropical

Latin American countries. 
Therefore, collaboration possibilities, assistance required and feedback will differ among countries. Using these
criteria, countries can be categorized into the following five groups (see
also the International Cooperation Activities section of Chapter 6):
 

(a) Countries with large areas of, acid, infertile soils and strong
developnent prograis for those areas;

(b) Countries with large areas of acid, infertile soils but with less cle
fined development programs;


(cl Countries 
 with moderate areas of acid, infertile soils and well
defined development programs;

cl) Countries with moderate areas of acid, infertile soils and with less 
defined development programs; and 

(e) Countries with only small areas of acid, infertile soils. 
To date, the Program has developed strong research cooperation withcountries in the first group; collaboration with the other countries has

been limited to exploratory regional trials and training. Becaaise coliabora
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tion starts at the beginning of the research process and increases as it ad
vances, international cooperation will expand naturally as tile germplasm 
evaluation process advances. Thus, cooperation illresearch, mainly 
through advanced regional trials, will increase significantly with coun
tries in "b" and "c"groups. 

The Program's training activities are directed towards increasing the 
human resource base working in tropical pastures, especially in acid, in
fertile soil areas. In the past, training efforts included all animal produc
tion disciplines. Since 1978, the emphasis has gradually shifted towards 
tropical pastures in acid, infertile soils. However, the Program will con
tinue providing postgraduate training opportunities in pasture evaluation 
research methodology, as required by various countries. The objective of 
all training efforts is to achieve during the decade a critical mass of re
search workers iMtkey locations in cooperating countries. 

Germplasm exchange and testing through the regional trials network 
are another important outreach/feedback activity. This will be expanded 
substantially throughout the decade. Germplasm requested for research 
purposes will continue to be distributed. Exploratory regional trials (Type 
A) will be conducted in all network countries regardless of the extent of 
their acid soils. This type of trial will be conducted in all five major eco
systems. 

The full series of regional trials (Type 13, C, and D) for the two types of 
well-drained savannas will be extended to cover all coUntries having 
moderate to large areas of these ecosystems. As research in the poorly 
drained savannas and humid tropics starts early in the decade, and as 
promising material for each ecosystem is identilied, the full series of 
regional trials will begin at selected sites in countries with moderate to 
large areas of these ecosystems. 

Relati'" Ec(s.stcm Emphasis 

Well-drained Savannas. Until now, the Program has concentrated 
on the Llanos type of well-drained savannas. Research in the Cerrados 
type savanna started in 1978 with the outposting of senior scientists to 
work in germplasm utilization. Regional trials (Type A) in the humid 
tropics and the poorly drained savannas beg;,: in 1980, but so far these 
are exploratory; new research activities will begin soon in these eco
systems. By the middle of the decade the Program will be active in all eco
systems. The primary empha,;is, however, will remain on tile well
drained savannas, which will receive more than two-thirds of the staff 
time at mid-decade and more than one-half by 1990 (Fig. 8A). 
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Poorly drained savannas. This ecosystem is found throughout the
lowlands of tropical Latin America as small to relatively large "islands"
within other ecosystems. Small areas of poorly drai cd pastures are found 
on almost every farm. New thrusts in germplasn) *Iviauation and soil fer
tility'plant nutrition for this ecosystem will begin in 1982. C(ermplasm
evaluation wII concentrate on screening for adaptability and persistence
on the major soils subjected to flooding. Simultaneous, in-depth studies 
on farms will provide information on the role of improved pastures in dif
ferent lan,.i forms. Core staff additions will not be required because the
research 'ill be cmd ucted by agronomists at CIAT-Palmira, Carimagua
and BrAsiha, in close collaboration with national prograns. These ac
tivities will rcqiuire the equivalent of three senior staff man-years by 1985 
and ,imaximuin of iou r man-years by 1990. 

Tile lHuini(l Tropics. An expanded germplassm evaluation effort for
the humid tropics will give the Irogram n a much-needed germplasm
screening site characterized by acid, infertile soils and more extreme en
viron me-tal conditions than in savanna areas. This site will provide an
excellent location for screening for toleraince/resistance to diseases and 
pcsts. resulting in better understanding of resistance mechanisms.Increasing numbers of settlers are moving tiito the hunid tropics, as aresulIt of demogralph iC,socioeconomic and geopolitiCal pressures. Most
existing patterns of l]all. rapid degradation of so ilresources.use cause 

The most prevalent exploitation syst em 
 replaces the original v\egetation
with pastuores and Crops. I lowever, the productivity of the pastures
diminishes rapidly because settlers dIo not Use adapted forage species and
do not understand the dy nainit's of soil fertility after clearing. The useful
life of these pastures is often only four to seven yeairs. 1owever, \well
managed, adapted legu me-basetd pastures maintained at mii niluiii fertil
ity levels are efficient at recycling nutrie its and prov ide excellent erosion 
protection. 

A broaderlrange of adapted forage species anti appropriate pasturee\'elopmllent/iiilgeinlent technology are urgently needed for these
regions. It is estimted that more than one-half of the 6-8 inilion hectares 
of cleared AnmaiiWnian forest is in a state of degradation. Recovery of aleaS
already cleared is one of the main objectives of this new thrust of thie 
Tropical Pastures lrogram. 
Two outposted research scientists will be assigned to work with a re

search team of a collaborating institution, probably located in a seasonal 
forest ecosystem. The two positions are: 
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*A research agronomist whose duties will commence in mid-1982 and 
wi-i include major germplasm screening plus coordination of a series 
of regional trials within the two hunid tropic ecosystems. 

*A research pasture uievelopment agronomist, who will develop, start
ing in early 1983, strategies for renovation (,f degraded pVlstures and 
alternative strategies for pasture estIblishment and maintenance. 
This agronomist will also conduct related soil fertility/plant nutrition 
studies. 

These two staff members will receive operational support from present 
staff, especially in the areas of germplasm collection and evaluation, 
pathology, entomology, soil microbiology, plant nutrition and seed pI-o
duction. In many ways, activities within the humid tropics will comple
ment savanna-based programs, by broadening the ecological base for test
ing germplasm and technology. 

Staffing Patterns in the 1910s 

Although five additional staff positions are proposed for the decade 
-three in regional cooperation and two in research-the program staff 
will be increased by only three because two existing positions are to be 
terminated. A total of twenty-thre staff, to be reached in 1986, will re
main constant throughout the 1980s. 

Research staff. As described above, two senior staff will be located in 
the humid tropics. Two research staff positions currently located in Brazil 
will end in 1985 and 1986, respectively, as more intensive regional 
cooperation activities are initiated. The number of staff at Carimagua will 
remain constant although their activities will shift from soils and 
agronomy research to pasture evaluation and utilization. 

Although headquarters-based research staff will become incrcasingly 
involved in work on the poorly drained savannas and the humid tropics, 
the total number of staff will not change. Total research staff will increase 
from twenty to twenty-one during 1982-84, and decrease to twenty there
after. 

Regional Cooperation Staff. From zero in 1980, this staff category 
will grow to a maximum of three positions by 1986 and remain constent 
until 1990. The first two appointments are proposed for 1983 (1985 at the 
I-'est), followed by a third appointment in 1986. These proposed posi

as will be located in the following regions: 

(a' Central America and the Caribbean: This staff member will re
spond to the needs of a region having at least nine c untries with 
nationally significant areas of acid, infertile soils utilized cssentially 
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for beef production. Activities will include regional trial coordina
tion, on-farm validation trials and technology transfer. The posi
tion, located in Panama or Costa Rica, is iequ ired by 1985. 

(b) Cerrado: This scientist will assist in coordinating regional trials 
throughout the v\'rv extensive Cerrado ecosystem and adjacent, 
poorly drained savannas. The position shouId be filled in 1985,
coinciding with a reduction of one Core research position. Only 
two staff members \wi be located in Brazil by 1986: one in research 
activities, predomina ntly in pasture e\'valuation, and the other in 
outreach and regionalI trialIs. 

c) 	 Subtropical South America: This staff member will work in both 
Paraguay and Bolivia anrd could he located in either country. While 
the primary function will be to coordtinate regional trials, a second
arv lunction will he to provide liaison to national research teams 
working in the Chaco regions of Bolivia, Paraguay and northern 
Argentina where there is interest in testing ClAT's germplasm in 
distinctly different ecosystems. The position will start in 1986. 
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6 

International Cooperation 
Strategies and Projections 

The principal goal of CIAT's international cooperation activities is to
provide for collaboration in research and inter-institutional technology
transfer. Because the research programs in collaborating countries are
continually encouraged to define their needs and aspirations as related to
the Center, they determine much of 'he direction and emphasis of CIAT's
research programs. CIAT is most interested in strengthening the research 
capacity of its national counterparts so that they can assume more respon
sibility in the research process.

Cooperative activities such as the exchange of germplasm, operation of
international/regional testing networks and collaborative research are in
cluded in discussions of the individual research programs in the previous
chapter. This chapter explores chiefly those aspects of international 
cooperation that are part of the direct management responsibility of the 
Center. 

SELECTIVE INSTITUTION BUILDING THROUGH TRAINING 
In the 1980s training will continue to be the principal means by which 

CIAT collaborates with national programs to build their capabilities to
cooperatively and independently conduct agricultural research. Virtually
all of the training opportunities offered by CIAT are commodity-based 
and are on the postgraduate level. 

Types of Organizations Relevant for Training Assistance 
CIAT gives first priority for training to commodity research programs

in government research institutions, followed by universities with active 
research projects on CIAT's commodities. To help link research with ex
tension and private industry, third priority is given to selected leadership 
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staff in extension and development organizations. It is expected that ill
creasing emphasis will be given to universities during the 1980s, as they 
become more active in research and as international ceroters and national 
research institutions play a larger role in the unive, aity icacihing cur
riculum. The Center will train urniversitv staff who teach production 
courses that relate to CIAT's com nlodi ties and will help 'levelop teaching 
materials for such courses. Such efforts will have a significln t muiltiplica
tion effect on the utilization of CIAT's technology and will ( ntribute to 
increased productivity and production in tile respective commodities. 

Selecting Training Candidates 

The primary purposc (if training is to strengthen the abiliiY of national 
organizations to carry out research on ClAT's commod i ties. Accordingly, 
training participants must be actively working in a national research 
and/or development organization. The organization must also certify the 
continued employnment of CIAT-trained professionals and outline the 
type of work th, candidate will perform after training. National institu
tions have the prerogative for preliminary selection of training can
didates. Final selection is made after mi tual consultation and agreement. 
CIAT training is always determined by the national commodity programs 
stage of development and its particular nceds and priorities. In all cases, 
the training candidates are selected in order to form research teams for 
each CIAT commodity, or to trai professionals who v."Ibridge the gap 
between research and extension on the national level. 

Countries of Origin 

Reflecting CIAT's primary concern with tropical Latin America, ap
proximately 80%(ofthe past training participants (1700 professionals be
tween 1969 and 1980) have been selected from thli- area. In tile next five 
years, participants from Asia and Africa are expected to increase to ap
proximately 10% of the total trained each year, as regional cooperation ex
pands to those areas. Nevertheless, the great majority of CIAT training 
participants will continue to come from tropic.al ILatin American countries 
in the 1980s. 

Funding of Training Scholarships 

Approximately one-third of the scholarships for CIAT training par
ticipants are Core-funded. The rest come from special project funds or are 
financed by national institutions. This ratio is expected to continue 
throughout the 1980s and will allow CIAT to provide scholarships for rep
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resentatives of national institutions that cannot support their training candidates at CIAT. This arrangement stimulates active financial participation in CIAT-based training by collaborating national institutions that cansupport trainees and by donor agencies interest,.d in providing resources 
for manpower development. 

Thesis Versus In-service Research Training 
Many of CIAT's current training opportunities are non-degree programs. Because such training often does not result in commensurate professional and leadership opportunities for the trained worker, the Centermust strive to provide increased opportunities for thesis research in conjunction with cooperating universities. However, there are few candidates for graduate thesis work. Also, some Latin American countries require relatively short but intensive practical training allowto younggraduat :s to perform efficiently in practical agronomic research, validation of technology and technology transfer. With restricted b'udgetary and manpower resources, these countries cannot assign their personnel forlong training periods. Therefore, non-degree, in-service training is

pected o be in great demand for some time. 
ex-

Assistance to In-country Training 
Certain types of training, especially for research personnel with majorextension responsibilities, can best be conducted in the countries. To dateCIAT has collaborated with some fifteen countries in planning and conducting more than thirty in-country courses on research and productionof CIAT's commodities. Throughout the 1980s CIAT expects to continueto provide requested training in methodology and new technology toassist national programs in conducting courses that will strengthen their


technology validation and transfer capabilities.
 

Relative Magnitudes of Training Activities 
Each year some 280 professionals participate in training at CIAT forone of twelve months (selected thesis students stay for longer periods).The average length of stay is four months. The number of training participants in the first half of the 1980s is expected to remain at approximately this level. In the latter half of the decade the number of professionals trained is expected to decrease somewhat, but their researchoriented training will be on a higher level for longer periods. At the sametime, more production-oriented training will be given through in-countrycourses. It is projected that during the 1980s, about 15% of the Center's 
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budget and an average of two man-years of training per senior staff 

member will te invested in training personnel from collaborating na
tional research institutions. 

CIAT's highly decentralized traini:ng is done within the commodity pro

grams under the supervision of senior staff personnel w-,ho devote 10-15% 

of their t1e to training. Training is ''oordihatd by the Training Office 

comprised of a senior staff cordinator and profc_ ssiorial support person

nel who serve as liaisoris between that office arid the commodity pro

grams. Tl s centralized coordination and decentralized execution assure 
effective integration of trai iag wlti rex:'h and C ,nter v.ie applica

tioni of uniform training, stalalrds. 

CONFERENCES 

CI AT has hng recognized the value of international and regional con

ferences and workshops as a means of: (a) focusing attention on a given 

research issue estaHfishie, priorities and defining inter-institutional col
laboration; (b) consulting with national counterparts on selected CIAT 

program .;trategies and mutual coordination of research; and, (c) con

suiting regularly oi the nature and operation of coinm dity-based re

search networks. 
All three types of conferences will be continued throughout the 1980s. 

The first two types of events will be scheduled as needs arise. One net

work workshop in each of CIATs commodities is expected to be held 

every other year. 
Because organizing and conducting conferences require considerable 

financial and time investments, conferences will be held only when they 
conti'ibute to achieving the Center's objectives. In general, Core-financed 

conferences will never exceed 0.75% of the total Core budget in any one 

year. In addition, co-sponsorship with other internatiomal organizations 
will be sought whenever the conference subject lies within their interests 

or mandates. 

CONSULTATION 

CIAT senior scientists and administrative staff provide technical con

sultation with national programs as needed. Staff spend an average of 

15-20% of their time visiting research projects of cooperating members in 

the various research networks. Upon request staff may also provide ad

vice on organizing and developing national research programs in CIAT's 

four commodities. Demand for such visits is expected to remain high in 
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the 1980s. Time allocated for consultations will remain the same becauseincreased consulting would conflict with research activities. 
CIAT encourages professional program staff and !eaders of national programs to visit the Center periodically to gain information on CIAT pro

gram developments. 

COMMUNICATION AND INFORMATION SUPPORT 
An international agricultural research center produces a massiveamount of technical information on agricultural research, new production technology and research met hodology. This information must be organized and made available to the regional and international research anddevelopment ( ommunities. CIlAT develops and produces technical message pac!.-ages that include the following pu blicat ions series: 
*Annual Reports. CIAT's technical annual report is published asseparate reports for each of the four research programs. Also, a yearly
CIA 7 Report is published.

*Newsletters. Periodic commodity-specific newsletters contain infor
mation on: (i)developments in the CIAT commodity program; (b)new technology (generated by CI AT and others); and, (c co mmodity
related work being done by cooperating national programs.

*Technical Publications. This series includes conference proceedings,
monographs, production manuals, field problem guides, and others.•Audiotutorial tJnits. Audiovisual instructional materials provide
technical information on CIA's commodities and zire used at CIATand at universities and national research institutions in various coun
tries.
 

*Public Information Materials. Selected 
 materials are produced to in
form the general public of the purpose and work of CIAT. 

Throughout the dL ,:ade the volume of CIAT's communication products
is expected to increase. CIAT will continue 
 to explore innovative alternatives for messageusing channels to improve the effectiveness ofmessages addressed to various audiences. Because the most important audience is the collaborating national research scientists, CIAT will assure
that its messages are always usable by these people.

In the technical information field (documentation and library services),CIAT has acquired international recognition for its timely delivery ofagricultural information services to national research scientists. Theseservices include abstracts, tables of contents, photocopying of researchdocuments, specialized literature searches, annual cumulative bibliog
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raphies, and the publication of monographs containing syntheses of 
technical information in selected fields. 

CIAT recognizes that providing timely technical information services 
both to CIAT and national research scientists is vital to the development 
of improved agricultural production technlogies. In the 1980s the Center 
will systematically strengthen its documentation services of research 
work in cassava, tropical pastures, beans grown under tropical condi
tions, and rice. These documentation efforts will be integrated with com
prehensive agricultural information systems (such as AGRINTER). The 
more general information services that are not linked directly to research 
ard development on CIAT's commodities will gradually be )hased out 
during the mid-1980s. The responsibi litv for providing information ser
vices in commodities outside the Center's mandate must be assumed by 
other regional and national organizatioms. 

CIAT has four senior staff positions in the area of communication and 
information. (A considerable portion ()f the work in this area is devo.'ed to 
direct support of general CIAT programs and is related only indirectly to 
international cooperation activities.) Neither the nutimber of senior staff 
positions nor the relative proportion of resource allocation to communica
tion/information activities is exoected to change sign' ricantly in this 
decade.
 

INTERNATIONAL COOPERATION SERVICES
 
IN RELATION TO NEEDS OF NATIONAL PROGRAMS
 

The mix of international cooperation services providetd to a national 
counterpart organization generally depends on the level of development 
of its research program in the CIAT commocities. Levels of p,'ogram 
development can be defined isfollows: 

Group I: 	 Advanced national commodity programi that have clearly 
cefined their research and development strategies and are 
equipped to carry them out; 

Group 11: 	 Developing national commodity programs in a dynamic 
state of growth and development; 

Group Ill: Developing national commoditv prograis at a b-eginning 
stage of development, staffed by personnel with bac
calaureate level degrees and lo,. levels of training; 

Group IV: 	 Organizations without a formal program on the CIAT comn
modity involved but whose country has good potential for 
producing that commodity; and, 
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Group V: 	 National commodity programs that because of economic 
and/or other circumstances are in a state of decline and 
need revitalizing. 

Clearly, CIAT's efforts to strengthen national commodity research 
must meet the different needs of these national programs as they develop. 
Table 9 provides a general overview of international cooperation services 
provided to collaborating national programs at various levels of develop
ment. 

OUTPOSTED PERSONNEL 

Outposted personnel- any CIAT staff stationed outside of Colombia
are a very important part of international cooperatiom services. Their 
number is expected to grow considerably in the 19" Os. The Center has 
three categories of outposted personnel: outpo:;ted staff for research, 
regional cooperation staff and bilateral contract staff. 

Outpostedl Research Staff 

Research staff will be posted away from CIAT only when three condi
tions are met: (a) the research problems to he solved are of significant im
portance to a givel re0ion {normallv CIAT Will not outpost permanent 
Core-funded research staff to coldoct research relevant to only one coun
try); (b) the research problems must (wcor ounder co nditions not adetluate
ly represented in Co lombia and theref )re require the mitposting of re
search staff: and, (c) there is a strong t ional or national research organ,
zation in the area that assigns high priority t) sl\'ing the research prob-
Icis and can provide effective research support to the outposted staff. 
Since the research conducted by this type of scientist is an extension of 
CIAT's commodity research programs, it is preferable that these positions 
be funded through the Core hudget. CIAT's plan for the 1980s calls for 
one outposted research position in cassava (begining in 1983) and a 
maximum of five cutposted positions in tropical I , ,ores. 

Regional Cooperation S.aff 

Regional cooperation staff are ou tposted to strategic locations in order 
to serve regions in which a particular commodity is important. In recent 
years a modest effort has been made to serve selected regions through a 
few regional cooperation staff positions funded by special projects. The 
1980s will bring iMaximu in expansion in regional cooperation staff, 
because stronger regional cooperation is hecoming imperati'e as more 
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technology becomes available. Until CIAT has added the full contingentof regional cooperation staff outlined below, the Center cannot be con
sidered fully developed.

All regional cooperation positions should be Core-fu nded and are SOprojected. Nevertheless, the funding situation at any one time may necessitate that given positions he funded Under special projects. 
I'Vithin the IVestern 1tmisphe, 
These staff mlmi;Crs are assigned to a specific national or regional program to assist in transferring technology in a given commodity and to provide feedback for the research process. Thus, they are essential in thetechnology generatien/technology transfer continuum. In close collaboration with national pr(ograms in their rCspectiV\e regions, they conduct orencourage research o n problems of special irnpoIance to that area. They

Specifically help organize international nurseries alid other collaborativetrials in the region, assist in selecting participants for CIArl' training andhelp develop in-courI try training courses. This long-tern plan cail. _,seven regional cooperation staff positions within the Western Hemi
sphere in the 1980s: three in beans, one in cassava, and three in tropical
pastures. 

Outsidetthe IVes t',"' fhmisphert,
 
These staff ale postcd to major regions outside the Western Hemisphere where a CIAT commodity is of great importance. These regionscan benefit from new CIAT production techhnologies with only minor research to adapt the technoh)gies to regional conlitions. Posted scientists
will be located at strong international, rcgional 
or local research institltions that assign high priority to the commodity research/development effort undor consideration. These institutions can provide sufficient infrastructure for training, germplasm quarantine, varietal selection and
seed muItiplicati(n .
 The pri ncipaI role of scientists posted outside theWestern Hemisphere is t) provide an organizational framework allowingfor regional adaptatin and validation of new production technology, andto stimulate active collabOration in this process by national programs inthe region. Generilly, these CIAT scientists will cover a larger geographicarea than their counterparts within the Western I lemisphere. They willorganize Much more regional training. They will select candidates for research training at CIAT only in those disciplines in vh ich adequate

regional training is not available. 
For the 1980s, CIAT projects a total of four Core-funded regional 
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cooperation staff positions outside the Western -Lemisphere: two in beans 
and two in cassava. 

Bilateral Contruct Staff 
These staff are appoin ted tcmporarily (usually three to five years) as 

local components of national or subregional research teams at the request 
of indiidual countries or small groups of countries. Their purpose is to 
strengthen an institution in their field of expertise while national staff 
complete training to fill such positions. Bilateral contract staff normally 
wil! work with om of CIAT's comnndities and will maintain very close 
ties with the r 'spective pr gra in in CIATI. 

Because tWee appointiments are temporary and depend m the avail
ability of special pr ljctfunds, it is ,.. possible Or desirable to projcct 
precisely the uC)OntriCs or which funds will become availabh and Which 
meet the criteria established by CIAT for considering bilateral contract 
staff. (Criteria are discusscd fully ill the CIAT publication ('IAT\s Strae't 5, 
lor Outre'ach Scr'icc,. Series 12101, 1979.1 It is anticipated, howver, that 
an individual commol it, program will not be involveu with more than 
three countries or engage more than five such hilatera! contract staff at 
any one time. 
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7 

New Core Initiatives 
and a Future Challenge 

Two initiatives to be incorporated into CIAT Core funding during the 
1980s are the Seed Unit and agroecosystems analysis by the Data Services 
Unit. Both complement the Center's existing,activities and are oriented to
wards the Western Hemisphere. 

SEED TECHNOLOGY AND TRAINING 
A special project funded by tile Swiss Development Cooperation (SDC) 

was initiated at CIAT in 1979 to help strengthen national seed-related ac
tivities in the region and to provide CIAT with the capacity to produce
and process seed of its commodities. This seed production will decrease 
the time required for new germplasm to reach the farm level. 

Initial plans called for Seed Unit activities to be decreased after five 
years of SDC funding to a level that could be maintained with existing
Core resources. However, the extremely positive response from national 
programs in the first two years of the project led to a reconsideration of 
earlier plans. Because a continuing need has been demonstrated for addi
tional seed-related activities at CIAT, the Sc,.'d Unit will be incorporated 
into the Core budget during the decade. The exact nature of the Unit's ac
tivities and staffing pattern will be detcrmined later by the Board of 
Trustees. This polio7y decision may somewhat alter the objectives, 
strategie, and projections tentatively described below. 

Objectives of the Seed Unit 
The principal factors limiting progress in national seed programs and 

the industry are lack crf trained personnel, often unclear and inconsistent 
government policies, limited supplies of breeder and basic seed for trans
fer to the seed industry, problems in producing, processing and storing of 
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good quality seed, weak marketing systems and lack of effective 
mechanisms for the transfer of improved seed to small farmers. The role 
of seed-related activities at an international center must be defined clearly
since these problems cannot be solved only at that level. The Unit has 
thus defined four objectives: 

(a) 	 To strengthen seed programs and local enterprises through training
of, and technical collaboration with, seed technologists in the 
region;

(NI 	 To provide assistance to national programs, including the produc
tion of breeder and basic seed by CIAT on 	 request, to stimulate 
more rapid use of good seed of the most promising materials avail
able; 

(c) 	To encourage research on seed-ielated problems limiting seed pro-
diLiuti)t and distribution, and to improve technical communication 
among seed technologists in the region; and,

(d) 	To foster discussion on the development of policies and strategies
that wxill permit greater use of improved varieties released by na
tional research institutions. 

Seed Strategies for the 198)s 
During the firsc plmse of the program considerable attention has been 

given to introductory training of seed technologists since only a limited
number of personnel have been trined specifically in seed technology.
Most persons in these programs received general agricultural training that 
did not emphasize sced-rel-ltedalctivities. To fill this knowledge gap,
CIAT developed a number of basic courses covering all aspects of seed
production, processing, narketing and quality control. Through the end 
of 	1980, 123 seeid technologists had 	received this broad training.

In the second phase of the training programincreaseI emphasis will be
placed on more advanced specialized courses and workshops on such 
topics as producing breeder and basic seei, organizing and operating seed 
prograni activities at the nationa level, seed quality c(ndtrol, seed drying
and processing, and seed marketing and national seed policies. l,eaders of 
public and private seed programs xill participate in these courses. 

The Seed Unit wiP provide increased assistance to national seed pro
grams to accelerate the use of rproved hybrids and varieties. Also na
tional programs will receive help in forming seed associations and new 
local seed enterprises. Much of this activity will be channeled through
professionals who have had previous training at CIAT. The Unit will sup
port local short courses offered by subregional groups and national pro
grams. 
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The Unit will continue its support to tile CIAT commodity programs by
multiplying breeder and basic seed of the most promising materials and
making it available to national programs and other interested orga niza
tions. CIAT does not propose to distribute commercial toseed directly
farmers since this is a national activity. Multilication of materials of ill
terest to national programs w\'ill be encouraged wherever possibh_.

CIAT has already established links with other international (enters,
especially ClNIM IYT and ICR ISAT, in order to assist them illtheir col
laboration with national prograiN1s, thIi rough produ ction and dissennation
 
of promising ma ter~als.
 

CIAT is helping to identify priority areas f(r research in seed tech
nology in its conmioditics. lan y problems of production, 
 harvesting,
storing, ad quality evauIoation nust solved ill,,, the course of intro(duc
ing new pasture species. Becamse tlhu species are entirely 
new\ to the
seed indust r a~Ic seed tech ni ilogy has n't been d(eeloped. For beans, 
cassava and rice, tile Unit expects to participate in research to facilitate
 
improved seed pro)duction adl distribution.
 
Illorder t) enc( u rage prOfessimonalisnil and g(o(l comnmunication among


the region's seed prograis tile Unit will provi' c information services on

seed acti'ities, inelud illg andLocumenlaltion audiotlitorial teaching
 
materials.
 

F'rojechIons for the 1980s 
The Seed Unit presently has two senior scientists and other supporting

personnel, provided entirely by the special project funding. Funding for
tile first phase of the project will terminate ill1984. CIAT proposes to con
ti nue seed-related activities as a 
separate unit throughout tile decad'. It is

hoped that the present donor can provide some continuing assistance.
 

Two Core-funded senilor positions are projected for tile Unit beginning

ill1985 and 1986. In addition, tile senior seed scientist in the Tropical Pas
tures Program \will be associated with the Unit. One of tile projected posi
tions will be in tile area of seed technology (processing, quality control and
enterprise management), and the other in seed production and allied re
search. The Tropical Pastures position will continue to be dedicated to the
problems assocmatedt with all aspects of seed technology in pasture species.

To maintain current levels of training, workshops, conferences, and
technical collaboration activities, special project funding will be required. 

EXPANSION OF THE DATA SERVICES UNIT: 
AGROECOSYSTEMS ANALYSIS 

The Data Services Unit was originally established to provide an essen
tial service to the Center through support in all statistical, mathematical 
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and computational aspects of research and administration. The Unit cur
rently consists of two major sections, Biometrics and Computing. CIAT 
proposes to add Agroecosystems Analysis as another section. 

Background 

The report of the TAC Quinquennial Review of CIAT (1977) recom
mended support for CIAT proposals for a progranm designed to collect 
ecological, land use and farming systems information. It especially 
recommended that the Center undertake an effort to integrate and 
classify regional information, particularly in areas where CIAT corn
modities are important. The Report of the TAC Stripe Review of Farming 
Systems Research in 1978 pointed out the lack of adequate characteriza
tion of the environmental and socioeconomic conditions in the areas 
where CIAT commodities are, or could be, potentially important. These 
two reports were followed by the recommendation of the TAC Subcom
mittee on Upland Rice (1980) which highlighted the pressing need for a 
more adequate description and classification of upland rice production 
zones in latin America. 

CIAT management and staff have always concurred with these recom
mendations by the various review teams. Since resources have been 
limited it has not been possible to mount a concerted effort, through Core 
funding, to adequately cover the needs of all programs at CIAT. Given its 
strong ecosystem emphasis, the Tropical Pastures Program was con
sidered to be the highest priority. Accordingly, a modest effort was begun 
in 1978 by utilizing visiting scientist provisions in the Core budget to pro
vide for agroecological characterization and analysis of areas of interest to 
that Program. More recently, limited work has been carried out for the 
Bean, Cassava and Rice Programs. 

One of the most important underlying reasons for doing agroecological 
analyses is that crop and pasture improvement for I''s-favorcd areas and 
their wider div'rsity of production constraints imposes severe problems 
on new techno!ogy design, development and transfer. Less-favored pro
duction zones-i.e., most nonirrigated areas in the tropics with a wide 
range of soil constraints and insect and disease pressures-are the main 
targets of CIAT research. The rate of progress in genetic improvement of 
any species is generally inversely proportional to the number of con
straints to be overcome through new genetic variability. It is clear that ac
curate information on the relative constraint spectrum, from zone to 
zone, is essential at all stages of increasing production and productivity of 
basic food commodities in the tropics. This need is even more critical in 
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the small farm situation since the environmental conditions on farms inthis sector -particularly those in Latin America-are generally moresevere, and constraints are more varieci than in the case of the large farmsector. Given the very great diversity of prevailing climates, soils, cropping systems and socioeconomic conditions, the need for an invento-y ofproduction conditions in the small farm sector is pressing. 

Objectives for Agroecosystems Analysis 
Some general areas have been identified that represent common needsacross CIAT programs with respect to agroecosystem information for theareas of interest in each commodity. These needs are reflected in the 

following objectives: 
1. 	To develop a system for environmental and economic assessment ofconditions in tile production areas of present or future importance ineach CIAT commodity. Such assessment will allow for a more accuratedefinition of research priorities, and thus the allocation of research resources among tile wide range of alternatives available for action.2. 	 To develop an agroecological information system which can be integrated with the germplasm development process. This improvedprocess would provide for a more cost effectii'e amd elficient operationofthe cooperatieegermplasm tranis/eramd eealuatiotn programswith collaborating national institutions. The objective is essentially to reduce theburden on national institutions imposed by testing all germplasm in all 

locations. 
3. 	 To develop a data system which would permit the evaluation of responses of new genetic variability when exposed to wide rangea ofselected conditions ini terms oi meteorological, edaphic and agronomicfactors. One example would be crop/weather relations in international 

nurseries and in other experiments.
4. 	 To develop a data system which will provide a firm base for comparatve socioeconotminc studies on the wide diversity of productionzones. This system will enable both ex-ate and ex-post assessments ofthe impact of new technology, in particularwithin the small farm sector, sothat the research process can be further focused on real needs. In addition, the data system would provide a medium in 	 which to assesseconomically the development priorities for underutilized frontierlands, and to analyze marketing and associated economic constraints 

to increased production and productivity. 
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Research Strategy 

A computcr-bascd i 'mt i(,n system designed for the needs of four 
quite ecologically divergent commodity programs must be flexible in 
order ti,at the degree Of detail and scale pr x'ided is appropriate in each 
case. In addition, the collection of data, and its storage, retrieval and 
analysis must he at a level of definition appropriate to the resources 
available. In other words, ClAT could not impleienIt a massive new sur
vey involving a great deal of field work. Accordilngly, a ietholdology has 
been dcvcloped which relies (n prior surveys, census informantion, and 
local knowledge of the situathim in each zone. ',f.,mationis gained on an 
opportunistic basis by CIAT pers01ni'iel during duty trael and from the 
large number Of visiting scientists and trainees from the region who visit 
CIAT.iii this way, a cost effective collection system has been developed 

which appears sufficientlv accurate. Any attempt at 1ore detailed ap
proach v(uld pro hably be frustrated by lack of accurate local data. 

The following co>mtp(onents of the data system have been developed to 
provide the necessary flexibility and coverage. 

Land ',stem lNa to 

The concept of the land system has been redefined as an "area or 
groups of areas throughout which there is a recuing pattern of climate, 

landscape and soils.'' This analysis relics om satellite and radar imagery 

and occasionally, On aerial phot()graphy -to> pr)v ide a ",eographical base. 
Each land system is a regionally based reference unit with a strict 
geographic boundary t( the basic data element. EIAxisting information on 
soils is compiled and restructured to a common base fc r storage of 
descriptors of the land system. 

The land system concept has its main role in the definition of condi
tions at the agricult ural frontier in the uinderutilized lainds of the region. 
The scale 1:1 mill onl is appropriate for use in the areas of interest of the 
Tropical Pastures I'rogram a d in defining potential areas for upland rice 
and cassava in the tropical lowlanos. 

Crop Alicr) '/j ata 

The concept of the crop iicroregi( n has been defined in analogy to the 
\as relatively uniforland system as "an area or groups of with a pat

tern of climate, edaphic factors and cropping system for a particular crop 
commodity." Early studies have begun to define these microregions for 
the present production areas of rice, cassava and beans. Each microregion 

17. C. S ijihriti,,; A ,\ "., rt..' ':,, ; h i m ' I)za'k ,': ,, 10P')', jCSIRO. 

Australia IiW31 
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will eventually be described by a series of edaphic, climatic,meteorological and cropping system descriptors. Initial emphasis hasbeen placed on the Western [-lemisphere but could l)e extended later tobean areas in Africa and cassava areas in Asia. 
Climatic and Aieteorol(wi'al Dat 
Long-term climatic normals have been collected and processed for3800 meteorologi,:al stations in the Western Hemisphere. Historic dailyand weekly observations are being collected at selected stations. Thesedata will provide a flexible system for climatic definition of microregionsand will be useful in studies to define appropriate locations for regionaltrials and in the evaluation (tcrop/weather responses. While lonig-termaverages are relevant for defining microregion-s, short-term meteorologicil data are needed for studies on climatic risk involved withnology, as as new techwell for interpreting crop performa nce and regional trial 

results. 

Sociocconiomic Data 
Data on input/output prices, traiisportation costs, distance to markets,distribution of farm size, etc., will be managed on a microregion basis asare t' e cropping systems data. dataThe will provide the meansevaluate socioeconomic cmstraints faced in 

to 
each zone isan importantinput in the research design. Commodity program economists work withthe Agroecosystems Analysis Sectim in this portion of the study. 

Progress of Agroecosystem Analysis
in Commodity Programs
 

The following examples 
 illustrate some of the work completed

planned in the various programs. 

and
 

Tropical Pastures 
The study oi the South American Io%,lands1" has enabled a classification of the major ecosystems making up the Program's area of interest. Aggregation of the land system units withiin each major ecosystem has permitted a quantitative assessmen t of the natural resources available ineach ecosystem. The basic philosophy of the Program outIined in thisplan revolves around this classification.
In tech nology evaluation and transfer, the study has provided directionfor defining sites for regional experiments within the germplasm evalua
18i . T. (, ich1 ,. i A p ',I,I f,,\ Al, ,l:,, Il I' " Land t?',,u,-,, StudTriiop -al ,' q

(', ( Iiit,r, a Ca.',i ,1,i),, .\ Y PisI 
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tion scheme of the Program. In the future, an accurate definition of the 

environmental constraints in each land svstem wvill provide a means for 
defining new technology -,pecifications, particularly With respect to germ
plasm characteristics, for each zone. E nnomic studies on the relative 
comparative advantages Of different zones with respect to tuture develop
ment will facilitate national policynaking. The studies are already in use 

at CIAT and in Brazil and are in the form of ColnpLlt r files in EMBRIAIPA. 

The Pr(ogral has been considerably aidmd by early studies in defining 

research priorities and strategies and in the location of its primary sites 
for the first tw stages At the germplasm evaluation program. A climatic 
analysis of the 11t) bean micrregions permitted an assessment of 

crop/temperature conditions. It also verified that growing season 

temperature conditions at CITAilinira and CIAT-Popayan are clearly 
representative (4, and bracket, the major proportion .fproduction zones 

(with respect to temperatureI in latin America. 
In the future the Pro,,rain will link its detailed and computerized data 

file on breeding acti\ities (SIFRI).I\ th the agrnmecosystem files in order to 

better predict the pitential for particular experimental lines. This will 

greatly facilitate the lmingrains desire t reduce the quantity of inter
national material needed tobe evaluated by already overworked and 
understaffed national bean pr(grams. 

ice 

Initial studies have begu n to define, locate and classify the micro

regions of production of upland rice in South and Central Amierica. Census 
data have defined municipml level information on which to aggregate data 

into definable ald relatively homnogenous microregions. This information 
is vitally needed to help define more closely the research strategy for the 

upland sector. As in the ither crops this will be followed by applying the 

system to) all stages .f the research and technology transfer process. 

The cass\av pr1utCtimn ne Or ecosystem classification provided in 

this plan is a preliminary mi. A ,qluantitative assessinent of the accuracy 

of these definitions and of the location and relative prodiuction impor
tance of the various zones is now in progress. One early result of the sudy 
would suggest that the location of markets plays an extremely important 

role in determining the INcation of cassava production zones. 
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Projections for Agroecosystems Research 
The planned expansion of the functions of the Data Services Unit to encompass a formal Core-funded activity in agroecosystems analysis hasbeen based on a thorough trial of the potential value of this work. Tieplanned activity ,,Will constitute a centralized service function to the fourcommodity programs since the basic natural resources inventory andmethodologies are common to all. The research will contine to be done incollaboration with program scientists. The positions requirednew tocarry out the central research within the Data Services Unit are anagrometeorologist (starting in 1982 and a land systems specialist (startingin 1983). Until the positions can be Coi'e-funded, CIAT Will attemptcontinue existing activities at a level consistent with presently available

to 

Core resources. 

A FUTURE CHALLENGE 
Within the wide spectrum of on-going basic research in the biologicaland physical sciences perhaps no onc area is more important to CIAT'sfuture than the dynamic field ranging from tissue and cell propagation toresearch in molecular genetic engineering. Results of research in areassuch as anther culture and the production of new variation in somaclonescultured from protoplasts suggest that traditional plant breeding methodsmay be overtaken to varying degrees by these and other methodologies.Thesc new genetic man ipulltion techniques cou ld lead to importantchanges in present plant breeding systems, particularly with respect tothe time needed to produce new variability. As a center largely dedicated
to producing such new variability, CIAT is keenly aware of the advances
 now 
being made and will constantly monitor future developments.

Other more basic research institutions are better able to conduct this
type of work. CIAT has not projected any direct Core involvement in this
area beyond the existing physiologist position in the Genetic 
 Resources
Unit. Applied research in the meristem propagation of cassava, and in anther culture in rice, is already well advanced and is designed to be directlycomplementary to the needs of the research programs. Scientists in basicreseari institutions Will be encouraged to carry out research on the cornmodities in the Center's mandate. In the future CIAT may need to assist inencouraging special projects for such research in those institutions. At thesame time, CIAT facilities could be made available for short terms to enable scientists from those institutions to validate their methodologiesunder tropical conditions. CIAT could thus play an important bridging 
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role to speed up the application of these new techniques, particularly in 
tile more intractable research areas where ready genetic solutions are not 
presently available. 

The future application oft the new methodologies in the germplasm 
development progra ins of the Center will depend on the practicability of 
tile met hodulogies and their advantages when compared to traditional 
breeding approaches. 

This plan does not make any major special provision for this type of 

research. Any chalmes required to facilitate tile use of such new metliod
ologies will be possible through rearranging projected program resources. 
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8 

Expected Costs and Benefits 
of CIAT Activities 

The first section of this chapter presents the budgetary implications ofCIAT's long-range plan for the years 1982-90. Tile second section juxtaposes estimted compatable values for benefits and costs to arrive atbenefit/cost ratios for each of the Center's i -search programs. Due to theprecarious nature of any ex-ante estinates of the impact of new technology -Ind the concomitant importance of tile precepts underlying suchestimate this latter section also makes explicit the methodology used,and ass- .. ptions made, to arrive at the benefit/cost ratios reported. 

BUDGET PROJECTIONS FOR THE PERIOD 1982-90 
The budgetary implications of ihe lon -ra ng,, plan presented in thisdocument are principally a func .f the projected man-years of senior
scientists. Table 
10 presents a brie aown of actual senior staff positionsfor the period 1978-81 and projections of Core-financed positions for the
period 1982-90. Figure 10 summarizes actual and projected
positions in senior stafftile areas of research, research support c '"(Iministration,


and regional cooperation.

Table 11 lists the projected CIAT Core budgets .... year 1982
through 1990 in constant (1981) U.S. dollar 
 terms. The estimates arebased on the projections in this plan with respect to staffing andassociated requirements in operations, working capital, and capital. 

ESTIMATED 'JENEFIT/COST RATIOS 
In ordcr to rel-ite the above investments to expected economic socialbenefits, it is necessary to arrive at monetary values for costs and benefitsthat allow for a direct comparison of the two values. While costs of re
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TABLE 10.
 
CIAT"actual Core-financed senior staff positions for 1978-81 and projected Core-financed positions for
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TABLE 11. 
CIAT Core budget projections to 1990. 

Millions of ConstantYear 
1981 U.S. dollars 

1981 jactual budget) 
17.8 

1982 
18.4

1983 
19.1

1984 
20.7

1985 
21.7 

1986 

22.91987 
23.7

1988 
24.0

1990 
24.0 

. ............. . ... 
...... - --  -- ..- 24.L 

NOTE: Sc Appendix 16 for mcthodhlogy tused in calculating 
budget estimates. 

search can be projected with a certain degree of accuracy, it is difficult topredict the results of research, and even more difficult to estimate how,where and when such results will be applied by national agencies in aworld that is experiencing rapid social, political and economic changes.The predicted results presented here should be viewed in light of the factthat CIAT is but one link in the research/productio1 continuum. Hence,the overall Outcome will greatly depend on the actions of other links onthis continuum, as well as on the agricultural and economic policiesadopted by each country. Accordingly, the real outcome could be signifi
cantly different from that projected here.

The estimates of benefit/cost ratios presented in this chapter are singlenonprobalistic values and are only neant to convey the order of magnitude of the economic benefits resulting from CIAT's work. The estimateswill, of course, be subject to continuous refinement by CIAT as additional
information becomes available in coming years. 

Estimated Social Benefits ,ICIAT Activities 
Monetary social benefits of new technology were assessed by estimating the effect of increased supplies made possible by new technology onthe economic welfare of both consulmers and producers. (For consumersthe increase in welfare is derived from the commodity price decline,while for producers, the increase in welfare is derived from the increasein return to production factors brought about by a decline in unitary costsbeyond the market equilibrium price.) Due to the ex-ante nature of this 
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analysis, a series of assumptions pertaining to supply and demand had to 

be made. Whenever possible, these assumptions were made on the con

servative side to guard against overestimating potential benefits. Explana

tions in Appendix 17 summarize the general and program-specific as

sumptions underlying this exercise. 
'he miethodology used to arrive at social benefits in cluded the follow

ing procedures. 

'Calculations of economic benefits to be derived from CIAT produc

tion techicl'gy we,'re made for the case of tropical America only - i.e., 
the effects of new technology on other geographic areas were not in

cluded in the calculations of estimated social benefits. 

*Prices used are at the wholesale rather than the retail level, implying 

that consumer bencfits are underestimated. 
'The resulti n estinates of an nuial real benefits were converted into a 

present value estiniate using two alternative real discount rates (5 and 

10('n, assu ning that the opportu nity cost of capital from the donor 

agencies lies within that range. 
,Since part of the total v\alue of the estimated benefiis is attributable to 

national prograim cfforts, it was assumed that only one-fifth of the 

benefits was due to CIAT's work. 

Estimated Cost of ('IAT Contribution 

The projected costs of CIAT operations for the years 1981-90 (Table 11) 

served as the basis for estimating costs to the year 2020, the time frame 

used for calculating expected social benefits. Procedures for arriving at 

-ippropriate cost estimates ivnolved the following steps: 

e'Total pro jected CIAT costs were allocated to the four research pro

grams according to the relative proportion of the projected senior staff 

positions in each program. 
comoThe resulting costs for each program were divided into three 

ponents: (a) new research cost (e.g., cost of developing higher yielding 
research costs (e.g., cost of sustainingvarieties); ib) maintenance 

achieved average yield levels over time); and, (c) regional cooperation 

(e.g., cost of providing assistance in the diffusion process). All three 

cost components were included for the period 1981-9). Thereafter, 
the first component was deleted at the point where the adoption proc

ess is assumed to start in most countries: the third component was de

leted at the point where adoption is predicted to approach its ceiling. 
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TABLE 12. 
Anticipated benefit/cost ratios of CIAT research programs at two discount 
rates. 

Benefit/Cost ratio 

Resa rch Program 
with i 5% 

discount rate 
with a 101% 

discount rate 
Beans 13:1 8:1 
Cassava 
Rice 
Tropical Pastures 

13:1 
15:1 
31 :1 

9:1 
t0:1 

15:1 

*As in the case of estimated social benefits, the estimates of annual real 
costs were converted into a present value using the two alternative 
real discount rates of 5 and 10%, respectively. 

Comparison of Benefits and Costs 
The comparison between benefits derived by the developing countries 

in the Wester- Hemisphere and the cost of CIAT's research programs
result in the expected benefit-to-cost ratios presented in Table 12. 

The interpretation of the ratios reported here is explained by taking the 
case of the Bean Program as an example. Assuming that the opportunity 
cost for financial resources ini-vested in the CIAT Bean Program is a real
annual return of 5%, and using this percentage as a discount factor to ob
tain the benefit/cost ratio in present value terms, it is estimated that the
economic benefits accruing from the efforts of the Pean Program will out
weigh investments in this program by a ratio of 13:1. 

Of course, the monetary expression of benefits relative to costs is but 
one criterion to be applied to the evaluation of research resource alloca
tion. Other important criteria-such as the implications of new tech
nology on income distribution, employment generation and nutrition im
provement, or the contribution tc the catalyzation of agricultural research 
and development efforts-may be equally or even more important than 
benefit/cost analyses. In this regar I the reader is referred to the discus
sion of the role of CIAT technolo r in the socioeconomic environmejit
presented in Chapter 1, and the r, ie of CIAT in relation to national 
re'.earch and development agencies discussed in Chapter 2. 
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APPENDIX 1Percentage Growth Rates of Demand and Supply of Food 
in Latin America, 1966-77 

Food......... .
 Fool prod uctionPor c.pita income Total fooI by-,opulation,incnteC, elasticityb (-;rowthL p)oduitionw small farmersd,
Mexico 3.5 2.8 0.51 .1.8 4.0 1.8 

Caribbean 2.1 1.8 0 21 2.5 1.4 2.5
Costa Rica 3.0 2.0 0.51 4.5 .4.6 3.6El Salvador 3.3 1.8 0.62 4.4 3.9 4.3Guatemala 2.5 2.8 0.53 4.0 5.011on1du ras 	 3.22.3 1.8 0.62 3.4 2.3Nicaragua 	 1.92.7 3.5 0.76 4.4 3.9Panama 	 3.83.1 3.8 0.52 4.1 3.4 2.1Central America 2.8 2.8 0.46 4.1 3.9 3.1

Venezueli 2.9 2.2 0.40 3.8 4.6Bolivia 	 2.22.8 2.7 0.47 4.1 2.4 2.0Chile 1.9 0.6 0.14 2.2 2.8Colombia 	 2.22.6 2.7 0.51 4.0 3.4Ecuador 	 4.22.9 3.8 0.17 4.7 1.7Peru 	 2.92.9 2.5 0.62 4.5 1.1 1.7Andean Countries 2.6 2.1 0.49 3.5 2.6 2.8
Brazil 2.7 4.2 0.50 .4.8 4.7 2.6 
Argentina 1.3 2.5 0.27 2.0 2.3Paraguay 	 0.82.8 2.1 0.47 3.8 3.7 2.2Uruguay 0.6 0.4 0.37 (1.7 3.3River Plate Countries 1.3 1.9 	

0.1 
0.30 1.9 2.2 1.6

Latin America 2.6 3.0 0.34 3.6 3.6 2.5 

SOURCES: Data for 1966-70 based on Economic Research Service, "Agriculture in the Americas: StatisticalData,' FDCD Working Paper, U.S. l)epartment of Agriculture, JW'ashington, ).C., 1976), pp.1-8. l)ata for 1971-77 Ised oi1 Economics, 	Statistics and Cooperative Service, Indwes ol A'ricultural I'rod'tuon br th. ',st'rn tlH'tmsph 1'r,w l6.) 1 77. U.S. l)epartment of Agriculture,(Washington. D.C., 	 1978). The income elasticities of demand were t'SimatLed fromt Food andAgriculture Organization of the United Nations jFA() iltud. (Comm tY l'rojections,
1970.7& Rome, 19711. 

a. Over 1960-75. 
b. Estim ated from the propotiOn l w eights of average Lonsu1ti1 n of Ve t db' Md a n al productsand the FAO incoHIe elasticities deetnband.c. 	Calculated as d p ofi) - 1-' *I,:where, d is the rate of demand growth for fod, I' is the rate of populationgrowth, E', is the income elasticity of demand for food, and v is the rate of income growlth.
d. Over 1966.67. 
e. The small farmer crops were defined by the USDA as maize (except in Argentina and Uruguay), rice(except in Colont hial r potatoes, sveet potatoes, cassava and pJulses. 
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APPENDIX 3
Percentage Distribution of Present Land Use 

in Latin America by Countries, 1978 

Ar~bImnj1L{gi,. intdc.)ultvyr T Al]\rab
pri~urnI~I('[ 1MI L1nt Fosrtand the1r", .' , l'trinll,, ,t atlurc w Ol1lainhl illnd 

Ljnitcd StllttS 'S 2)2 i 20, 31 20
Tropical latin Amricrca 1 22 55 5Bratil ') .3 .1 1 2(1 9 15Mexico 
 ''7 12 11 1 38 3 12Colonllib 
 .1 1 15 6's 16VCnCtIUl 1)7 5 1 ISIPtrlU 53 20

l100 3 2 1 21 .17 isEcuador 98 9 6 3  52 27'a rii1 ,,ay 8 3 2 1 37 50 8Bolivia ()q 3 3 - 25 51 20Cuba 100 28 22 6 19 18 :,15I)onlinican i pti l ic. )() 25 18 7 31 23 21
Central Amcrica< 97 14 11 3 19 52 12Nicaranua 01) 12 I0 2 26 48 5
Costa Ricci )10 10 (1 4 31 49 10(ialtnIal,i d) 17 1-4 3 8 S3 21H Salvidor ('s 32 24 8 29 13 25h( I Irir Io 2 18 63 3 

16 1.1 
Panama )9 7 6 1 15 54 22
 

Cariblbean 
 93 7 5 2 7 74 6( aU~lal 92 2 2 - 85 1IHaiti 
 9 32 20 12 19 
Inn 

7 42jla itei 
 99 24 5 19 45Irinitatld and tithia() 
19 

1i100t 31 14 17 2 44 23'tl rat latihl AMTrica 99 12 9 3 46 22 20Arptnti '99 13 9 4 52 22 13Uruguzay 99 II I 10 I 79 3 5Chil' 
 9 8 7 I 16 27 48
lialtin AIn'rica 9, 7 6 1 26 49 1 

SOURICE: Iod aintl A\glculture ()r ta,,i/tio n of the United Nations, P'roduct, Yearbook.'in 1979, 
Rotllit 19801,) 

a. Land rca under river, and lake's, 
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APPENDIX 4 
Daily Per Capita Nutrient Availability and Requirements, in Mean National ConsUmption,
 

Latin America, 1972-74 Average
 

Caloric, I'rmtcin gramns 

Supply o,a Supply as a 
pcrccnta11c t percentage of 

Region and country Availability Rcqthron . ..requirments Availability Rcuircmcnt,, rcquirements 

- Mexico 2687 233) 115 o 3s.1 172 

.. Central America 2103 228(0 92 55 ) 35.1 15.1 

Caribbean 2453 2280 108 L 35., 157 
.,


Venezuela 238 2430 S 62.6 36.7 171 

Tropical South America. 2 193 242 91 52.4 38.) 138 

Brazil 2537 23k(1 100 63.2 3S.7 163 
Tcmperatc SOuth AmericaI 3113 23) 118 93.8 38.8 242 

501. CE: 1 d and Agriculture ()r.ganization of the United Nations jlAO1 Pr,,moal Food Balane Sheets 1172-74 -Iverage. Rome, 1977). 

a. Bolivia (A ihia EcualdOr Paraguay and Peru. 
b. Argenina. Chile and Uiruguay 



APPENDIX 5Estimated Percentages of the Population Consuming Inadequate Amounts 
of Calories in Various Latin American Countries, 1973 

Beflow 90{I';
Be~low mllli mll.ll1l WCrttOMl1l1lt'llt(td
Country caloric levels ilht ic lcvcl, 
Brazil -15 
Chile 
 33 IO
Colombia 61 46costa Rica 34 2(l)ominican 	Republic 58 44Ecuadtor 70 6 1El Silvador 72 61GUitemali 69 .181 lomduras 60 50Jamaica 30 21

Mexico 34
Pana itia 51 
 38Peru 53 -11Lruuialy 33 20gellz' cla  5  .47 

SO URCIIS: 	 S. Reutlinger and II. Alderman. '[hc I'rev'altelle III Ci hultr l)elicicnt I)ick i,] I )ev op
ing Countries,' World Bank 	 \Working P'apr No. 371, i\shington 1). " Marth I1(80). 
pp. 27, 28 ofr further dittail, S. RCutlingcr and \ Sclo\skv .\lalnut tin andiI'o Vrv l'lyaglnilLet dIld I',)yIm\v )l1 t 1 \Vild Rink ()' ioInl il'p, No 2A lJohns 
IIopkin Bialtimliro, I(17W 

NOTE: Data Irt, iividLlibh ftm timt. Fo I"I)kit ,III I tII,1N IuI Iltu rr m -IIIi/I I 1t 
iFAO 1M lit'MIilc cmnsm mlmjtirm AldIIc I".\( I lmla hmimm tiirmmltt'Io 'I 	 c i cj req ireIo, llIs. TIe dIstiblmtim I tilt inl mmImIl lll hVtm y kilholi ll' m ltm r mItili. es immmme(listributimio 	 mlmt mld tilt' 1t1mI'tiummal rlme illi lCttrtst oric )IIttIIi 1ir cial oll illldi0oirre. 
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APPENDIX 6
 
Percentage Contribution of Various Foods to Total Caloric Consumption in Latin America, 1972-74
 

Region and c u nlrv Sugar .\Iai/ \Vh,lt Rit 1. a aIva I'ltm( )il s Icans Bl't Moat 

Mexic," 1-1.7 A7. I 1.4 1. ( ()4 82 5.1 2 2 3.4
 

r) . . 5 4
CntlIt A ILh, . 7.t ) ). f. (() 0 4., 2,2 


Caribbean 16.9 1'. I 13.3 2., .4 , 2.1 3 1 5.7
f 3 

\ene/1n'.1a 18.A 1(,.2 15.1 .3.0 13 0.8 8.0 93111.Av 	 f 

Tropical South America I1S.3 12. 11.0 9.9 -5.0 3.3 8.4 1.1 :1465.41 

B,olivia 12.7 1.-).S 19.2 -1.9 4.3 10.3 6.9 0.7 3.7 0.9 
S 	 Coloimbia 24..6 12._f 5.7 12.5 3.7 3.6 7.1 0.8 4.3 5.4 

['Ecuador 18.3 11.9 8.8 9.2 2.8 5.5 10.4 2. 2.5 4.4 

Peru 14.8 11.3 18.1 S.6 2.8 9.3 9.9 1.5 1.9 4.7 

'araguay 	 8.3 1,S.1 11).2 3.6 14.-1 2.6 S.7 5.1 8.8 12.o 

Bra/il 	 17.1 f 2 10.7 15.5 9.4 0.8 7.9 7.6 -1.3 6.7 

",Impcratc Smith Anicrica 13.1 1.3 40.,9 2.0 0.3 3.6 12.2 0.6 11.1 16.) 
A rg,-'1i na 12.9 1.1 27.2 1.7 0.4 4.6 12.2 0.3 1:. I 17.Li 

C.,1it 13.3 1.7 -42.9 2.4 - 3.7 9.2 1.8 :'4.) 6.2 
1'rupiay 12.3 2.32 27.'2 3.5 3.9 8.7 0.2 14.3 2,.-1 

801.'lC' : Fold a nd Agriculture Organization of the United Natio)ns FAOI. 'rovisionl Fwd Balance Shees. 119-72-71, 1977).-Rome, 

NOTE: Sin I'C n t all food corn moditics are included. r),.%s will rot sum to 100;,. 

http:ene/1n'.1a


.0 

APPENDIX 7Percentage Contribution of Various F'oods to Total Protein Consumption 
in Latin America, 1972-74 

l/t.giil,
and k,luntlv 
 ,\a~i,/ \\hv-at 
 Rice lIckall. BLh.,-f 

".12. 1.5 I1('Ctll it i lW 7.\I I5 7.57 -1.7 12.1 
A3 IS7 ).. 2.9 

,.1
 

Vt'lII I 


Ciaribii 

/Itit 
 ) SI3A I i. 3., 3h,8lrt)ic,1 Sotl Alliu'i l .2 
I), 1A 2 8.4 2.8B/<.ivial 11.5).6i 2 1'- 3l.7 1.7 10l.6
 

C'll iiii 1,1.A 7.1)I'ttiiduir 11.3 2.413.8 Il.ih 8.1 1. .7,1.- 8.3t 
l'1ru . 22.5 6. 3.8Iguli'Ilr ilII)1)7.0 

2. 12.0 1 .'s 
BrIail 
 8.2 1IA 1'2.2 21 13.s 
"TL'lllj SMlIthhdtr . AllCi 'il l. 21.5 1.3 1. 2 l.8 

Alit.8lil 
 IS 21.3 1.2 0.61..1 
CIhiI .1iL'ruti'l 1.8 -1.1 8.3iy 
 1.6 23. 1 2.3 t).5 28.9 

St) 'E l"i,,l
and Agritultire Orginization (f Ihe United Nations JiFA(), Prlooi Blanetl)I.*l'd

Swt.s 19t72174 kloi 1977). 

NOTE': Sizice 11t Al ftoI.CM sitiCs MC.i lcIltm'I..lnt rows Will not sum to 100) . 
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APPENDIX 8
 
Percentage of Total Family Food Budgets Allocated to Commodity Groups in Ten Andean Cities, 1967-69 

...... .... . . . ..... .. ... .. LT,,n n ,,ditv r~ ui; all,,cat is) - . . . . . 

fi rcid aiii i 'tath s 

Inconie rclated and sini- Dry 
City categories Beetf Milk Chicken Pork products Wheat Rice Maize lar tubers vegetables 

Bogota ) 11.3 1.2 0. )0 ().S 5.7 2.5 10.9 1.5 
I 14 .( .3 . I 0.01 10 0.5 6. 1 1.9 11.2 2. 1 
2 15,.2 ).9 0.2 1.4 ').q 0,5 5.6 2 () ,., 1.7 
3 1-1.0 11 1 1.3 0.3 8.7 0.6 .5.1 1.0 3.4 1.5 
• 12, I . , 3.() 1.3 7.8 0.3 2.3 OI. 3 4 .5 

Barranquilla 0 17 S 93 ()2 0.6 6.7 0.1 11.1 1.9 5.0 1.8 
1 17.A l1.1 01.4 '.0 6.3 ).1 10.3 1.6 4.2 2.0 
2 IS.0 1(12 11.8 0.8 6.9 1.1 9.2 1.5 3.6 1.7 
3 l. I .()S 2.7 0.8 6.9 0.1 7.5 IA 3.M 1.9 
4 1S 7 11.0 3.5 0.9 6.9 0.3 6.3 1.2 2.5 1.9 

Cali 0 24 2 5 8 1.1 0.9 5.3 0.2 9.6 2.2 5.8 5.6 
1 2i , S 1 0.6 0.5 6.1 0.2 8.6 2.) 5.1 4.( 
2 2'2.1 S 1.1 1.4 5.5 0.4 6.9 1.5 3.8 3.9 
3 21 () 12 3 1.6 2.4 6.4 0.2 5.5 1.1 3.3 30 
4 1( >- 13 ( .3.0 2.5 6.2 0.3 4.5 1.1 2.2 2.3 

Medellin 0 21 1 ') 5 (1 0.3 3.9 1.8 7.0 6.3 6.0 6.8 
1 21. t, 11.1 .02 0.7 5.2 0.2 5.7 4.7 6.0) 5.9 

2 21.2 1)0, 0.3 2.5 5.4 0.3 5.1 4.4 4.7 5.3 
3 1s8 12.3 0.6 4.2 6.0 0.14 4.2 3.3 37 .4.4 
4 15.), 13.14 2.5 6.3 5.9 0.6 2.8 2.0 2.6 2.7 

Santiago 0 10.2 1. 2.1) 0.2 16.8 1.2 2.4 0.2 4.1 1.8 
1 9.8 7.8 2.4 0.6 15.7 1.4 2.1 2.3 4.2 1.9 
2 9.9 8.1 3.3 0.5 !3.7 1.1 1.9 0.3 3.4 1.4 
3 9.3 8.7 4.5 0.7 12.1 1.0 1.7 0.2 2.9 13 

4 5.5 7.3 3.9 1.0 9.7 0.6 1.1 1.1)3 1.2 0.7 



Quito APPENDIX 8-Continued0 8,7 8 I (.5 04 Ll S (.8 5.7 2.7 7.812.9 ) h ().H7 OA 
0.6 

12.2 ().7 7.22 13.6 10-4 1.9 7..l 0.50.8 (),I 11.2 ().6 5.7 1.6 6.23 15.7 13.3 o 0.6I).T I10. .5 5.5 0.94 14.1 141 2,o .1.3 0.71.3 . (.; 3.7 (1.7 3.0Guayaquil 0.70 f,()0 ( 15 0).2 S) .4 13.9 1.1I 17.6 1.; 3.3 1.614 (.2 7.5 0.3 14.2 0.1 3.12 18.1 I 1, 2.0 0.3 1.2
7.1 (.33 12.4 0.2 2.818.1 12. 1.93 1 (.6 6.6

41 (.2 1().I (1.215.7 1"2 2.4 1.849 1.1 6.) 0.3 6.3 ((.2 1.9Caracas 1.5
11.3 13)7 2.5 1.8 6.8 0.1

1 . 2.5 2.2 2.611.3 13.8 3.., 2.1 
2 

6.4 1 3.3 ().1 2.611.9 13.1 -I.1 2.4 6.77 (. 
3.1 

2.3 2.63 11.5 13.3 4.4 2.1 
2.5 2.3

6.8 (1 2.2 2.1 
(1 L.7 

4 12.5 1(.2 1.3 26 
1.6 1.8 

\laracaibo 0 
5.8 1.1) 1.6 1.09.11 I 3-. 1.3 7.8 .I 4.1 1.0 1.71 1O.6 I.2 3.6 2.1 

1.6 
7.0 0.1 3.7 3.52 11.3 17.4 5.0 1.7 2.11.5 7.0 0.1 3.4 3.03 1.711.6 18.2 1.7- (1 1.5 6.3 0.04 3.11 2.111.9 I1,8.4 7.9 1.5 1.22.6 6.6 O. 2.4 1.6 1.8 1.7

Li1a) 2.S 10.5 2.8 0.31 15...1 1 1.2 8.4 (.2 5.8 1.22.5 0-7 I0.() 0.3 6;.9 3.7 0.51.01 4.6 ()82 17.3 12, 4.7 O.4 9.2 ().1 6.9 ((.8 4.21 1j)17 0 1 ._; 4,., 0.3 8.0 0.2, 5.6 ( 1.717.5 IO 41 1..A .4 0.86- (0.2 4.2 (0.7 2.5 0.5 

SOI '(.)I': Sur%\-cy d. . m, Ow,t t .(u l., 'Itg,,,r st'hrei i lI rac ,) Ec.mnoijlica
mlllp p

)i t i ' I-liIlla lliricana lCl-l.i'r,ki, s lSc i inl[,tnl ."nwri[,an itics. tIt ti , "-)srvey 4 con

a. Family ic M)I, Catc()rv codcs: i ) I(-511(25 1U.S. dollars) annually: I = $1126-1652- 2 = S1653-2759: 3 S27601486,, 4 = nicre th"n$14866. 



APPENDIX 9
 
Food Expenditures by Food Groups for Different Income Strata, in Northeastern Brazil, 1975
 

})I'dt.X'i.. t tnrt',rulctr, * 

mnll,flllC strata i~rtll~c,,,pt'r}car 

F-,d -rmups 

Lss llrthan 

.16l 

4 {). 1"0 
u7'1' 

.8),)0 
s. II 2 

t)
1 

I .t.)3 
I j 

1 1 
Il 7''' 

1 ,0 
2253n 

"22 )) 
35 

,M re ihant 
1 

CcrCM Mnd d'rivatives .'74 5, S55 l0)11 1319 1454 1W5o. 1803 2143 

Ricc 131 273 3i10, 45, 51 ,24 51 56f 604 

.Iari (t2 135 171 16) 228 185 1-19 1-2 14) 

Wheat products 77 1i8 275 130 53ot S sz02 1 L; 12011 

)t hc r, 5 11 15 24 32 26 53 03 19 

'I u,t'rrs 2)2.11 1 4S9 4t,7 52.A 514 43$h 41) -142 

P' ,tat,s"s 1 I I 2-1 38 67 133 

l-h -,lS .i)V 11 2"3 26, 24- 28 30 23 22 21 

'jssa.a th ur 229 351 410) 32) 406 -11- 31)16 282 82 

Othcr tubers 19 30 ;S 62 72 77 70 0681 

117 181 22$ 25) 31, 324 336 363 45) 

[.cguin3 .14 493 557 5('a 6h3 5S7 525 15K 135 

F-id bcaosec(ss pvas 282 443 -,11 516 579 538 492 433 40s 

Other legumes 32 5) 46 -:9 54 49 33 25 27 

\a-,tablcs 47 11)6 152 183 231 271 3"29 157 703 

Fruit. 50 98 152 1)) 2311 268 391 538 741 

\ lta and lish 51.1 99_2 (36)) 1712 20159 2361 27)15 1472 4759 

Beel 175 35i- 56 3 74!1 919 1- t 112)0 183) 27 ) 

Vork 46 175 21S 258 265 .35 285 115 W02 

Chic ken 5o) 111 181 231 3)6 3:11 1105 54)0 742 

Uinned mltls 2 5 15 19 411 34 (.2 114 

Fish 128 221 2.11 266 296 31s 30)5 3172 471 

Others 63: 117 14S 199 252 28s 267 t41 1))h 

Eggp 25 51 82 96t 128 1-12 164 217 297 

.MilkitlldChVese 7S 183 284 1i, 40J7 522 5S2 S2
1 

12 ;IS 



Oils and fats APPENDIX 9- Continued49 119 175 23 304 366 392 563 805 
l151)ra.50 
 239 293
1:s, 338 369 .416II)~idC ISC 

161 
476 605 89491 229 3437 469 722Ti.-l,()d eXl)enscs 
570 1027

1959 3622 4857 58)) 7726 8477 10,482 13.932 

t Npt's' r 
 4 61 4 52 :8 17 
So LRC I: Feid aiii)d91nstitutl. Brasih-iro decGcografia e Estatistica iFI BGEI. l-'ftidoI uf) al dcaIDespesa Faniliar.Dscpesas das Famdia , Regiao V, (Rio deJane)iro. 1978) 1). 82. 



APPENDIX 10 
Diet Composition and Consumer Costs for Calories, 

in Northeastern Brazil, 1975 

Antlul cost tI tnlsttme 
n11),1rtin i )f InI it 1oII Iit i i ng L' 1s11 II I 

C'alrics of to>tal of 1001calorics per day 
frol each fIod"ter personl Calories 

Fo t -groups per _L-.) .cru. ciros . 

Cereals and derivatives 518 26.8 34 

Rice 212 12.5 29 

,\lai/e 
Whealt 111M UTlcS 

108 
161 

5.6 
8."3 

2.1 
,1( 

0t1hers 7 0.4 80 

Tut'IrS 446 25.7 16 

PIotatoes 2 ().1 175 

Fresh cassava 13 0.7 22 

Ciassava fHour 454 23.5 14 

OtIerS 27 1.4 36 

Sugars 210 1().9 21 

1,eguIIesC 
Fitld beats'cowpeas' 

11 
280 

16. 1 
14.5 

34 
31 

Other legutiles 31 1.6 27 

\egetahltes 10 0.5 364 

Fruits 35 1.8 110 

Meat and fish 179 9.3 172 

Beef 71 3.8 191 

Pork 46 2.4 88 

'hickcn 13 0. 32'3 

Can net Ieat 2 11.1 175 

Fish 23 1.2 207 

Ofthers 21 1.1 157 

l-ggs 10 (.5 182 

Milk and chets 67 3.5 () 

Oils anid fats 84 4.4 52 

Beverages I() 0.5 630 

Tlotal 1930 1(it) 53 

SOURCES: Calculatted frottm Funtlacnao Instituto Brasilciro dt (;etgratfia t Estatistica IFIBGE), t:stllio 

,aucitm l 'h'lmj 's i itiilia.r, Ilpe, slt ds Ft1Sitlltls, Rcgiao V. (Rio dc Janciro, 1978), p. 

82: and from IiE, lstid. ,\'Ftnltl lichl )esls' IadoMliar (.nm.stoo .limentar An

0rpIM10n t iI. Rt'giaO V. Rio dC Jtnciro 11)781, p. 21. 
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APPENDIX 10-Continued 

a.Calculated rimni the ENI)EE data on annual eXlenditur._,s per family hv dividing these expenditures ,ythe numdber of eoiple i tlee aerae family jfie) Iiiid then Lhidiiti i Ihiesc expenditures bythe average n,.:-'her (itcalorics per day. WVhenIIltilIld hW 100t ItheSeCi' theI crZil"'Costs (if oh4 100 cilloliC's per (Ifeavh itLrndur ig the eiltire se "fr a'h pel-Sol. o:xL'nL'SM] Iiieals-; 
oLtside the Ilouts' were Hot iteiLne' henceT iV Could not hC categuri/ed. Iwcver trey were ulv5.71N, of total food Cxpenditure, aMid would lutsihlN, he hiiSed towaIds tie hiigher qulil" foodbeverages. I Ilice the-r (isi 

md 
wotuld bias downward expenditurt dala (Inlhi-quality foods amdheVe'rages bult llotIhstantiall' ittecttilt' 


h. Field leans aunt peas Ire gi'en litsanietPrtugiie'S 

cilnpari os ofIltIII\ -cw lteauric Sthiles. lhC caleulatiun 
iS ilde if) the til ng iannter: 

Pcl['i liiiilv 
x - x 100):•
('iliries/lersinI tas' liloC'lrics/l)av 

c. w\ird. ("imWlis pircdoinite iniiortheasternl Brazilian pictnCtio llt k[lit fild h'ill)eiIaItreI l'llvll,ier'.hr 1ihrell ('lllsip'ioll is prob
ably aboi ut equally di'id d lett\.,in lii' two ini lie, N'rtliiist. 

173
 



APPENDIX 11 
Diet Composition and Consumer Costs for Protein, 

in Northeastern Brazil, 1975 

Anil cost to coIsuier 
Protein Proportion of maintaining 'omsumptioli 

per person of total of one gram of I rotein per 
per day protein day from each food-, 

Food groups .grains) . .. . I " .cn iros) 

Cereals and derivativs 13.20 21.7 13 
RMce 5.12 8.4 141 
Maize 2.81 4.6 10( 
Wheat products 5.110 8.4 14 
Others 0. 17 0.3 34 

Tubers 2.59 .1.3 32 
Potatoes 0,05 0.08 71) 
Fresh cassava 0.07 (1.1 60 
Cassava flour 2.11 3.5 30 
Others 0.36 0.6 27 

Sugars 	 (.0 0. 1 553 

Legu mes 21.23 34.8 4 
FiILid heaniS/cows i1 19.09 3 1 .3 4 
Other legumes 2. 14 3.5 4 

Vegetables 	 0.4) 0.7 91 

Fruits 	 0.51 0.8 75 

Meat and 	fish 18.14 29.6 17 
Beef 7.46 12.2 19 
Pork 1.69 2.8 24 
Chicken 2.23 3.7 18 
Canned meats 1.13 0.2 27 
Fish 4.45 7.3 11 
Others 2.08 3.4 16 

'ggs 	 0.79 1.3 22 

Milk and Cheese 3.43 5.6 	 20 

Oils and fats 	 0.20 0.3 217 

Beverages 	 0.51 0.8 124 

Total 	 60.98 1(O0 17 

SOURCES: 	 Calculated froim FindacOO Instituto Brasileiro de Geografia e Estatistica I BIE), Etstudo 
N.a'oil (it' 1)Oles';sa Iohtar, Oespesus Ias l"onihas, Regiao V, (Rio de Janeiro, 1978), p. 
82: and from FIBCE, lstudo Naional da Despesa Familior, ('oisiloo A1ih1e1tr -IiF 
troponietria, Re'giao V (Rio dC Janeiro, 1978). p. 21. 

a. For calculations, footnoC I, Appn(dix 10.4see 
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APPENDIX 12 
Growth Rates of Food Demand and Production in
 

Latin American Countries, 1966-77
 

6 

5 

Peru 
* Ecuador 

Bolivia 

Andean countries, 
Honduras. 

Mexico Brazil 
Nicaragua @Costa RicaEl Salvador, 

Central America
Panama. 9 I GuatemalaColombia. utml 

CParaguay Venezuela 

Latin America 

E 

2 -

Caribbean 
9 countries * Chile 

Argentina 

UruguayiII I I J 

1 2 3 4 
Food production growth rate (%) 

5 6 
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APPENDIX 13
 
Agricultural Research Expenditures: Total and as a Percentage of the
 

Value of Agricultural Product, in World Regions, 1965-74
 

T[otall m!lllulal I'('rC'C'lt~ (Ifiotil
.,C, 


arrch tcxptloldittrvexpenditureiI rI... 

lit , ( 71 o value (1 

conshI, t 1.S. $1 agrictiltmal Ir)th1ILt 

n IL) UT)7 117-1 1905 19)71 1974 

Western l'o r1pe 10)7 o71 733 1.4 2.0 2.2 

Eastern lIropl and U.S.S.R. h27 S ,I 1.7 1.8si 1.5 

Noith America and Oceania Sli 1203 1289 1.9 2.6 2.7 

Africa 1 14 139 1.11 1.3 1.- 1.4 

Asia, 3510 10 h (16 I ., 1.8 1.9 

Latin America 73 146 1701 (.6 1.1 1.2 

Total 23:83 3588 :38.11 

NI.yce and )Oevenlopmenuth'rraptis,Agricul

tural I)evelopnent Cmiincil. iNew Yirk, 1(175). 

SOUR.E: J. K. R. E. Evens m, A,',,cltiul R.'acpc/h and 

a. Excluding I' 111s Re-pub1lic t1 China. 
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APPENDIX 14Research and Extension Manpower Resources Relative to the Value of
 
Agricultural Product, 1951-71
 

(QualiyAdjslettd
scit'ntist/nllnillr) pe'r
Itllnmillion 

th O..L.l5. Nfrsagrit-t lural pisthct .Rcgi n 1951 1959 1965 1971 

__i_-- M cmluuantl 1071 LU.S. ddlar.sl
Wcstcrn Eu'opc 0.85 ).9.1 ().St 0.91
Eastern Iurope anid .S.S.1. 0.22 00 0.70 0.86North America altilOTania 0.91 1.91) 1.17 1.10
Iatin AnIcrica 

0.2 b0.26 0.33 ().34
Africa 0.46 1.-16 
 0.55 0).(13Asia., 0.56 (1.(69 0 84 ((.92 

t.\vh'ic
t n wi 'krp / r h'ii null: in 
U.S. dlir.s ia.gir,'al ri ,, .


Western Eurnop 
 - 7.36 7.1.1 7.71 
Eastern E'urope and U.S.S. R. -
North Aicrica andi OaTnia 3.75 

latin Ancria 


- 3.33 3.64 
- 3.24 4.29 9.05

Africa - 21.4)( 53.1 b 63.89 
As . . .
 1 m) -17.76 5'3.31 

SO'RCE: J. K. Hly'c ani IR. h. EvenIs ii .lcull ra1 R':s':r'had l)eveo/n'nt P.ram. Agri
cultural I)evelupnent Cincil, New York, 1751 lable I.()). 

a. I'xcutli:ig I'tpi)es Rcpublict ) China. 
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APPENDIX 16 
Methodology Used for Projections of Budgets 

in CIAT's Long-Term Plan 

OPERATIONS 
Budgets for the research proigrams and units ae assumed t0 increase illdirect priporltion tothe increaIsed nianM-yeilrs. N(o acc(lunt is taken (ilwdhether the exti positioms are forresearch staff, research support units or rgional coopcraiimi stalf. This mnay be a littlegCIIeIr S since regioIal coIel ltionl sitilltal n()te-xpected otOoN[its uCs itlsi fullv Slipported research scientist. ()Onthe (oth' hIld no ilICreilSt'SiaIISSIIIIed for research supportfunctions (i.e., labo)ratory s0I \'i'es ind setIsI ()tllt'oh whelthall iasLior Stilff IHIIbeIr isaidd(ed: ill,hose years the incre' i probImlV ti0i ti'nerMIs Iherey'L ciiinpenisatino for-Other 

yea'S wVhenll SoIIIc ilCise lllil\' eLTeCl.be 
Through 1988. ilnttrititill CM)Iraititnl eCXCllmtliIg tilt'reional ('otiperiltioll prsitiMelwho are budgeted illthe'  serlCh Iniits1 is ISSnMld to illc'lse bV I S.$2t)ttitttt) iinual]\for increases illtr inii .ind m'lmlllllllnicitioIlneeds dl'th) tie et''it staff andti lie eXpIanded 

regional cohperatioi activities. 
lT'h Biimma if ''InUtSt , [)irt-orI (;ieih'ri s odice ll t,scnior staf' csls t)"thI (.[11Cmtroller and l'Executive Oflicer illea ' i,- tMi toSista CistitlI. Tilt othef costs illtHi ('oit+troliers office ale ilSSlliel t()inmlere'aLs illprlp(iiltiin to tic total selior tilltf.''lietther

c,)sts for tilt'ENxTcutiv, )ffic'r dlC iISStIMmi(I too i C irlse iS il 'rt Iortiilti Ile IIimdLjUdrtlers
based seIlii" stilt.
 

General (opIrailig .xpeilses 
 arit 
ills( ) itssunlIe It iCrlt'ilSC ill p)ipirti(Il t0 t1eL'
 
hlt'illhthumrtrs-iilseti staff. 

CAPITAL 
Budgeted andprojcted unliunls Ir \'ears to) t Ilavltxe been adjusted ti reflect the different pattern of senior stiff increases illthe lmg-terili plan. N Inlaiimr cistruct iim is allticim ated at ladqutirters. SiIIce l ,OSt ,SS(I tile illCrl illS iiir stilff illefur oitpostit , it isissumIied facilities Will be prii'ided by lltiSt iiistitImtions i,-renited.
Capital fUlds for the mIrIOmlill eqLipillemi t reL(iiir'lIemmts of 'xistilg lctivities are assuIIedto be U.S.S5tttt(tO aimI lly.Additioinal il llmlt are inIclmIuded iii the 'ears when new 

sen imir staff arc ildded. 

179
 



~-Selected ASS''lpi 'San~d Method5 1ogicalYP 'cedures Undcerlyinig tlhe2~ 
Estimates of the Economic Benefits ot CIAT Technology 

GENERAL ASSUMPTIONSEOR ESTIMATING 
SUPPLY AND DEMAND 

. It was assuMed Hlat ill the absence of CIAT-generated technology, supply and de
wtical roes throughout the period under analysis. This implies 

that real 'prices are assumed to remainc onst'ant at 1981 levels. Sice cliring the last decade 
andi in the cases of most crops-except rice-production growth has been well below 
growth in demand, thisissumption impliesan underestimate of potential benefits.'> K 

2. For dland projecions, per capita income grwth 'durinlg the period to which tie. 
calculatios'sappl: was assumed to b constaiiti at the low rate of 2.5% annually across 
countries, and inconie lasticities were assimed to' decline as income rises over tim6 

3, Demand and siip~ply price cla~ticities were assumed1CC to be below the level of available 
.estimates in those \cases Where estmates were, not available, the. Values of these 
elasticities were extra )olated from estimates for other cou ntries. 

4. A closed economy was assumed i all cases, . - .
ES--TIMATING ..... 

PROGRAM.SPECIFIC ASSUMPTIONS FOR ESTIMATING 
" SUPPLY AND DEMAND 

Cassava .4-

potential cassava markets included inl thc'calculations are: fresh roots (urbanl, fresh 
roots (rural), -"fanrinha" or-flour 11Brazil only), and animal feed concentrates. Other potentil 

4 

markets such as alcohol,. fresh feed, processed food, or industrial markets (e,., composite 
flour, siarch, etc.) were excluded. ll the model the concentrate market sets a floor price 
which remains constant uinder the asumpti that cassava sUpplies o ly N.: 4 

* ~place feed grain imports Up to a nliaxinmio-f 20%Yt of the feed imix , and thierefore do not' af
feet equilibriumi prices of mnai ze and sorghium. Sonme of the other assumptions regairding - -

t(ile adloption process and the expected average yield increases are presented inl Table 17-1.' 
It should be noted'fli"at expected yield levels, while implying a large percentage increase, 
are still Well below those obtained: in'international yield ltrials. Only those benefits ex 
pectecito be accriied inl Latin America wvere included. Africa andI Asia - regions producing .

40 and 30% of the world total, respectively  ere excluded from the calculations 

4 Beans "4 

Expe'ld improvement iln national a ,erage bean yields are onl the order of twice the 
cur rAyields (Table 17.1), It is anticipated that this will be achieved largely by reducing 
yfld variability at the lower end of the yield distribUtionl. However, projected levels re

; lllaill substantially below yields registered inl international yield trials, and are 33%) lower 
than those achieved in North America in the late 1970s. dther important bean production 
regions such as East Africa and the &iddle East, were excluded from the analysis thereby 
underestimating total potential benefits. 
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Rice 

Three major rice production systems are included: irrigated, favored upland and uin
favored upland. Expected average yield increases were assumed to be 0.5 tlha in each of
 
the systems, representing increa'ses of 15, 20 and 50%, respectively Adoption 'of high
 
yielding varieties is already underway in the case of irrigated systems and is expected to
 
start in 1985 in favored upland, and in 1990, in unfavored upland table 17 1). It was esti
mated that twelve years are required to reach the adoption ceiling. Area increases are
 
projected at historical rates. Benefits due to the increased production of rice byproducts
 
are not included. Total costs of rice research for Latiii America were calculated by adding
 
to CIAT costs the costs of outposted staff from the International Rice Research Institute
 
(IRRI) and T.e Rockefeller Ioundation, fid multiplying this totfal by an arbitrary coeffi.
 

* . cient of 1.2 to reflect the indirect contribution of IRRI. 

Tropical Pastures (Beef) 
. The case of beef is somewhat different 1rom crops, since herd growth restrictions have P 

to be explicitly taken into account in supply shift projections. Each coUntry was divided in. . 
to four major ecosystems: welldrainec acid savannas, poorly drained acid savannas, 
humid tropics, and the rest of the country. Estimates for production growth with and with
out technology were restricted by the existing initial herd in e6ch subregion. Interregional 
movement of cattle was assumed to be negligible, A similarly conservative route was 
chosen by assuming: (a) no increase inmilk production; (b)no technology spillove r effect 
in the rest of the country (where by far the largest proportion of stock is located in most 
countriesl; (c) no benefits from the increasedproduction of cattle products other than beef 
le,g., leather, offal, protein concentrates, etc.); (d) no benefits from the increase in land 
values due to land improvement; and (c) no benefits from the liberation of more fertile 
land for crop production. 
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