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Foreword 

The mission of the Centro Internacional de Agricultura Tropical (CIAηM 
to accelerate agricultural and economic development and to incr甜甜
agricultural production and productivity in order to impro凹 the diets and 
m防re of the people of the ωrld. In addition, CIAT 時 concerned 的th
lncrea肥s in buying po甜er of urban residents in the sense that they may be 
able to purchase more and thus benefit from the increased food suppl附﹒

CIA T, a non-profit 0苟仰自at的吭削rks 叫h governments, educational 
and research institutions, and p而vate enterprise 

CIA T's basic operat闖闖1 philosophy is: a) to develop and demonstrate 
a pace-5etting level of program excellence; b) to collaborate and cooperate 
with national 啥叫ultural institutions thrOl喀hout the lowland tropics on 
re5earch, educational and extension programs and to assist in the 
5t間ngthening of these institutions; c) to be catalytic in the economic and 
agricultural de凹lopment of the tropics; d) to maintain mutuaUy 
complementary programs and relationships with other international and 
regional 01曹anizations， particulorly the International Rice Research Institute 
μRRI)， the Centro Internacional de Mejoramiento de Maíz y Trigo 
(CIMMYT), the International Institute of Tropical Agriculture (/ITA), and 
the lnstituto Interamericano de Ciencias Agrícolas (IICA); and e) to establish 
and maintain cooperative linka軍es with agricultural research and training 
institut抽ns in the more developed countries. 

Programs and Príorítíes 

The Centro lnternacional de Agricultura Tropical is directed toward the 
agricultural and economic development of the lowland tropics. It seek5 to 
achieve these g個ls through problem-solving r扭曲rch， production-oriented 
training, and the development and stimulation of organizations and 
leadership. InitiaUy, it concentrates its efforts and resources on six n肘e句glectedd 
q句gl忱t必似c刮u吋4

c叮ropsι， food legumesι， beef, α側n吋dsu甜叫叫y正肋i訂切n間e.

CIA T' s goal in 訕。rkir啥叫th these agricultural products is to develop, as 
quickly 倒 possible， ne甜， highl Y produc t削 and profitable agricultural 
production sydems for farmers of the lowland tropics， 自pec阻lly in the 
Western Hemisphere. 5 
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It is concerned initiaUy with beef production IyJteml for (a) the aUuvial 
10m of the c個stal plainl and (b) for the vast expa閉目。If lato.ol.oil&, .uch 
曲的OlC of the 臼mpo Cerrodo of Brazil and the Llano. of Venezuela and 
ωlombia﹒ 5wine productωn 'yltems receive less, but important, emphω血，
即ith pa吋icular atlention to management and use of indigenouI and 
abund，αnt low-cost and by-product feed.. 

A mong the cultivated crops, atlention centers on rice, corn, and 
clISsa間， while the potential is explored for the improvement of other root 
crop' and the food legumes. Crop .equencel and rotation6 il間。lvÏ1苟 the6e

and other crops al&o are inved喀ated.

Work in agricultural economics and the other 60cial aspect6 of 
q而cultu間 re/ates not only to the profitability of production practice6 on 
the farm, but to matters of inter-commodity competition, of public policy a6 

it af!ects development of the tropical area6, and of marketi略 problem6. In 
cooperation with national agenci肘， research is undertaken to identify factors 
叫ich are obstacles to rapid adoption of new agrïcultural technology and to 
demonstrate more efficient 間ys of bri 

The research program is close佇 integrated with training and 
communication activities 叫圳的lp mobilize, energize, and qualify the 
personnel and 0啥叫izations in the lowland tropics nec甜甜ry and 
instrumental to establishing the production system. developed and to 
re濁的ation of the product山ty goab. Through these effort., CIA T expects to 
月duce s咚nificantly the time lags which usuaUy exist between the discovery 
of a ne甜凹的ty or agricultural practice and its wide.pr，帥d adoption by 
farmcrs. 

The multi-commodity approach of CIA T is dictated by the diverse 
啥叫“ltural produc tion .ystem5 and food custOm6 of the countries and areas 
served. To make a 5吟nificant impact it is essential to work 帥的 those

products likelf to be most instrumental in solving the complex problems of a 
multiple product agriculture. But it 甜的 not be efficient or passible to move 
foru旭rd simultaneοusly with the 祖耐 degree of program activity with aU 
commodities. Different degree5 of program intensity and p而ority are 
determined on the 仰sis of the foUo甜ing criteria: 

1. Area and number of people served. 
2. Prescnt level of development of production Iystems. 
3. Nu帥itiollal importance, particularly with re.pect to proteins. 
4.5喀nificallce for economic growth of country or ar個﹒
5. Income redist而bution effects. 
6. Expectcd time 峙。'f program impact: short vs. 蚣ng term dividends. 
7. Activities of national agencies and other international or regional 

centers. 



Similarly, the CIA T staff selects approaches and methods of operat 
甜叫hi圳ch m翩ax衍xi"訂仿mi叫叩z誌山帥iz帥ze t伽h恥e I叫nt即lt叩vo岫lt伽vem間n附E間削e肘仰n叫a“t and de 凹l均o叩pme凹nt 0吋1/ rl阿'el伽e凹van圳n川t n叫14叫aωtì馴o酬側nall 
institutions and enhance the muωlt句伊u恥er and d仇emonstrat的nal aspects of its 
actívìtìes. 

With the abo凹 principles and procedural policies as a g..恤， CIAT 
al/ocates resouπes among and within the various co用modity programs 

As CIAT moves from the dev.lopment of production systems for a 
s呵Ie commodity to the kinds of multi.commodity systems most likely to 
be acceptable and v祖ble in the lowland tropi白， CIA T considers such 
additional issues as the following : 

a. Rotations or alternations betu陣en and among crops. 
b. Multi.cropping and inter.tilling. 
c. Complementary animal crop systems, such as 

(1) Beef酬的 Pastures and Forages 
(2) Swine 仰的“啊凹，臼rn， Bananas, or Other Feed Crops 

d. Complementary and competitive aspects of various commodities: 
(1) With 阿spect to allocation of available land, labor, credit, machinery, 
po甜er， U且ter and other resources. 
(2) With respect to domestic and export markets, the local marketing 
and processing situations, and related mat'ters. 
(3) With 阿spect to the relative benefits to individuals and society. 

Development and test of a commodity production system is no 

assurance that a sign昕cant number of opera!ors will adopt it in a reasonable 
pe呵。d 0 f time. Man y other factors must be considered, most of these being 
economic, soc訓， infrastructural, and governmental, i. e. , associated 叫th

public policy. At the same time, effective implementation frequently will 
depend on training a sufficient number of persons who 叩iU be responsible 
for teaching others and help呵 farmers learn how to use the ne甜 technology
扭的facto吋y.

吼叫 CIATpe可orms several int軒.related roles: 

a. Resωrch on commodity pr吋uction systems, and additional studies of 
total ，啥叫cu/tural systems. 

b. Stimulation of concern about approaches to development in agriculture 
and related fields which take into account the total system involved. 
This goal can be pursued by disseminating information， 的rough

conferences and sympos悶， and by discussion 甜ith professional persons 
at aU levels. 

c. T，間ning of professionals and sub-professionals. 7 
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d. Eventually, in cooperation with national agenci帥， the organization and 
ωnduct of ÍI恥nsive area deve /opment projects. These 叫1 not only 
help improve the economic and social welfare of the people involved, 
but al甜甜ill seriJe as a demonstration and furn叫 a use[ul mechanism 
[or research and training. 

To the extent that we recognize the major role o[ CIATas an active and 
unique development αgency， β:exible in its organization, and staffed with a 
spectrum of inter-related competencies， 甜e 削11 be able to integrate our 
間而叫s activities into efficient, e[fcctive thmsts leading to the solution of -
significant deve /opment proble間﹒ Thus， research and training become means 
by and through which CIA T promoteι facüitat帥， and guides agricultural 
deve/opment in the lowland tropics 

The long rQf喀e goal, then, is the strengthening of institutions throlψ 
the development of individuals 甜ith the expectations that these institutions 
wül not only be more ef[ective in coping with the problems of today but 
alSo more competent 個 engage with the yet undefincd problems of 
tomorrow. 

CIA T headquarters near Palm甘a， Colombia 

The Government of Colomb岫 pu阿hased and leascd to CIA T at a 
nominal price a 52ιhectare [arm near the city o[ Palmira, Colomb圓， to be 
the main headquarters for CαlAT progr.間'am恥Z
near t仙he Experim甜en川B“t Station οf the ln肘2吋stitu叫&“to Col切ombη岫a阻'ano Agropecuario 
「μlCA) αnd one o[ the Colleges of Agr附t缸cu/t ur.阿e o[ the Un叫11叩v凹少河ersidad NacionaL 
Also, the ncarby Universidad del Vall悟， in Calι o[fers many possibüities [or 
cooperat的n in rescarch projects as weU as training programs. 

lJowever, because o[ the wide range of environmental conditions in the 
tropical lowlands, CIAT's research and training activities are located at 
several sites in Colombia and include coopcrative projects in other countries. 
Conscquent紗， during the period of training, a participant may be bαsed at 
two or more sites, and in addition, may be on temporary duty at still others. 
Training locations frequently involved, besides the hcadquarters near 
Palmira, include the expcriment statωns of lCA , such as Turipa間， on the 
Northern Coastal Pla ins (Monteria) and 臼nmag帥， located in the Eastern 
Plains (Llanos Orientales). 

Activitieø during 1969 

l'he [irst annual report o[ CIA T is based on team reports of progress on 
the analy叫 o[ problems and their possiblc solutions throl喀h research and 
training as rclated to tI.e six commoditi帥， without partic岫r reference to 
specific disciplines. lJowever, certain work of a more general nature which 
may not be speci[ically related to thc development of thc six commodity 
production systems is reported under each discipline. 



During the year covered by the present report, a major part of the 
activities have been directed to削rds laying the .found，αtions for future 
programs. The farm land 臼 being leveled, fenced, and an irr伊tion and 
drainage system is being installed. Temporary administrative q岫rters have 
been adapted using the old farm buildings and stables while the permanent 
buildings are being planned and built. Th臼， however, was a neces曲ry first 
step to insure a h茍hly functional ph ysical plant built specially to aid in 
medng the objectives of the programs of CIA T. 

Several accomplish ments were ach時間d during the year, some of them 
肌 cooperatíon 叩ith certain institutions in Colombia and other Latin 
American countries. 

Outstanding among these accomplishments are the fo /lowing: 

一 The participation in the training of more than 50 young men 叫o

will contribute 的 the future to 甜orld food production. 

Collaboration w圳 ICA 的 the production of corn strains adapted to 
the /o wland tropics which have incorporated the opaque-2 genes thereby 
Í1lcr，個sing considerably the nutritional value of this crop. 

The deve/opment of a survey procedu間 to determine marketing and 
other problems be呵 encountered in the utilization 0/opaque-2 corn. 

- Studies to帥rds de凹loping a highly productive beef and s卸的e

industry in the lowland tropics through breeding and selectωn of native 
stocks and utilization 0/ indigenous sources 0/ feed. 

The collection of more than 600 cultivars of c副組間， a highly starchy 
staple food of the tropicι to be used /or future breeding and selection 
to甜ards improving quality and increasing the protein content. Th悶
co/lection is 帥甜 being ex tended to other countries in Latin A merica and 
Asia. 

Besides these accomplishments, other programs are in process, such as 
the deve /opment 0/ new, improved, high yielding rice 叫ectωns re叫tant to 
Sogata insect damage and some diseases, and 酬的 the long grain and 
excellent cooking qua的y demanded by Latin American consumers. 

Although some delay u且s experienced in obtaining land and other 
necessary elements for the research and training programs, most CIA T 
programs are now under way and the organization looks forward to making 
rapid progress to岫rd the major objective of producing more and better 
q間的y /ood for the world's burgeoning population. 9 
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B 

A: Improved management of beef cattle. B: Prevailing manaøement system in 
the tropi個I lowlands. The揖 photos iUustrate the differen但s in body 
∞ndition between anirnals under improved and prevailing manaaement 
systems 



Beef 

The purpo且 of the Beef Cattle program of 
CIAT is to contribute to the development of 
efficient and economical systerns of beef cattle 
production in tropical 四n曲﹒ This effort is 
directed towards production systems 甜甜arch
and a sso CÎated production training and is 
d個igned to complement and reinforce similar 
activities of national institutions in the 
development and implementation of their beef 
production programs, fulfilling both national 
and regional needs. 

8tatus of the beef industry 

The livestock industry in Latin America is 
large in numbers but not effic站的 in terms of 
productivity. There are approximately 220 
million head of cattle in Latin America, i.e. 
about one beef animal per capita. This 
population produces about 5 million tons of 
carcass beef per ye缸， or 23 kg/capita. 
Extraction rates (percentage of total population 
s1aughtered annually) vary from 9 to 10 percent 
in Brazil to 29 percent in Argentina, with an 
overall average of 12 to 13 percent. This 
∞ntrasts shatply with the United States where 
100 million head of 個ttle annually produce 
twice as much beef, where the annual extraction 
rate is 35 percent and where slaughter animals 
are 曲ld at considerably heavier weights than in 
Latin America. In summary, production per beef 
曲的le unit 阻 four times higher in the United 
States than in Latin America. 

The two major factors contributing to low 
efficiency of production of the American beef 
cattle population are low net calf crops and low 
growth rates. A third factor is adult mortality. 
Effective calving rates as measured at weaning 
will average no more than 50 percent and are as 
low as 20 to 30 percent in certain low fertility , 
phosphorus-deficient soil areas. Growth rates are 
low; marketing steers on the average at 4 to 5 
years of age weigh 400 to 500 kilograms. 
Furthermore, adult death losses, usually in 
excess of 5 percent , deserve m吋or attention. 

The current market for beef is firm. Deficit 
be e f p ro duction, coupled with widespread 
∞nsumer acceptan峙， wou\d indicate continued 
strong internal and export dernands for beef, a 
fact that aggravates the problem since there will 
be an increa揖d str曲s on 闊的le pop叫ation

taking into consideration the slow rate of cattle 
reproduction and growth. 

S甘ategy to incre甜e beef production 

The basic CIAT Beef Cattle program 
approach in,cludes, fir鈍，. the application of 
available knowledge to resolve or improve 
production obstacles, and second, appropriate 
research to extend production capability beyond 
the limits of existing technology and germ 
plasm. 

Development of comprehensive beef catt\e 
production systems and training pr句ram 18 

based on an integrated mu\ti.disciplinary effort 
embracing a soil, plant, anirnal and market 
inter-relationship. The program will concentrate 
on the two principallivestock producing areas in 
the Latin American tropics, namely, the alluvial 
soil grassland areas of the tropical countries in 
Central and South America, and secondly, the 
latoso \i c* grassland areas of Colomb站，

Venezuela, Brazil, Bolivia and Paraguay. 

There is a heavy c四ncentration of beef 
catt1e in recent alluvium 由il regions of the 
lowland tropics. However, animal productivity is 
10 w and pasture and forage resources are 
inefficient\y used. These facts empha且ze the 
prime necessity toωncentrate on increasing 
productivity of these animal and pasture 
resources, through development, testing and 
application of improved production systems. 

The extensive latosoIic grassland areas of 
South America cover an area of at least 260 
堅堅哩。n hectares and are largely undeveloped. 
*La to目 ls are豆豆sely defined as híghly weathered acid soils with low fertility. ---~ -~-_.._- -- "'I:>"&J ..__...~.............. ..vu.> ....... 11 



Agriculture is e臨entially limi扭a to extensive 
beef cattle production. It is estimated that 
available p晶ture lands would support 5 to 10 
times the pr國ent pop叫ation of 15 million. 
Although certain areas are marginally suited for 
白。ps， in the main they are adequate only for 
阻tensive livestock pr叫uction. Con甜quently ，

the development of these vast under-utilized 
areas would produce a significant increase in 
beef production. Furthermore, this increased 
production would not be competitive with 
叮。ps ， thereby reducing somewhat the pressure 
on land resources that are more adapted to 回op
production. 

Principal ∞nsideration in the development 
of CIAT beef 臼ttle pr甸回m are feed supply and 
adequate life-cycle nutrition , control of dis揖ses

缸ld parasitism, germ plasm improvement and 
economics and marketing. 

F輯d 阻pply aod ad呵uate nu師t圓n

Year round feed supply and adeq祖te
life-cycle nutrition are probably the most critical 
factors affecting reproductive performance and 
growth rate，血d 刮目 sus由ptibility to disea甜S
and p缸直到t臼m.

As grazing systems predominate in the 
tro pics , we must first ∞nsider improved 
p品tur曲 and pasture management, maxirilÎzing 
net retums to 個，pital investment and labor. 
Exten國ve grassland ar國s produce at only a 
台action of their capacity. Inferior grass sμcies， 
poor p品ture management and under-utilization 
of 開此間e re田間ces contribute to this low 
productivity. However, through the u甜 of
improved grasses , grass-legume mixtures, 
improved management and cu1tural practic間，
beef produc組on in more developed rangelands 
∞uld be doubled and probably increa揖d four t。
. five times in 扭曲 developed gra盟，land 缸eas.

In addition, provision must be made t。
correct the nutrient deficiencies of grazed 
forages , using improved pasture management 
systems and supplemental feeding. Gra扭曲
gro wn on low fertility soils are generaIJy 
deficient in certain minerals, particularly 
phosphorus, and often n祖rginal in protein. 
Probably more important are the multiple 
deficiencies in protein, energy, minerl'ls and 

12 vitamin A of dry season past山e forage. 

In many tropical regions, the dry seasons 
are suff祖iently severe to resu1t in significant 
weight los時s ， markedly increasing the time 
required for animals to reach market weight. 
The盟 weight losses can oftentimes be minimized 
or eliminated through planned pasture 
management systems using lower, wetter areas 
for dry sea由n pastures, and employing grass and 
legume species that are rnore drought 扭扭stant

and/or have superior nutritive value as mature 
dry season forage . Also , protein or 
protein-energy supplements can be provided for 
grazing aJÙmals ωeliminate or minimize these 
losses. 

Another dry season altemative is to place 
自lÎmals nearing market weight in feedlots on 
rations ba且d on forages harvested during the 
rainy season . Additional nutrient 叩山ce

possibilities are by-products and other 
feedstuffs , such as 叮恤， molasses, cottonseed 
hulls, cull bananas, freshly chopped sugar cane 
個d c晶sava. Following this plan, animals 阻nbe

finished and marketed during the dry season and 
甜ld at peak seasonal prices for slaughter. 

C 0 n trol and prevention of di揖a盟s and 
戶間卻ism

It has been estimated that the beef 
production potential can be increased as much 
屆 40 percent by good herd health programs 
because of the multiple effects of diseases and 
p缸asitism.

D iseases and parasitism contribute 
significantly to low net 個lving percentages. The 
reproductive disea盟s， brucellos函， vibriosis and 
trichomoni扭扭， directly affect reproduction , 
while such others as foot and mouth disease. 
vesicuiar stomatitis. anaplasmosis. and babesiosis 
have debilitating effects that delay breeding. 
increase calving interval and consequently 
reduce annual calving percentage 

Herd beef production 盟 directly influenced 
by mortality. Calf mortality tends to be high. 
。此en ranging from 10 to 15 percent pa此icul缸ly
for calves bom during the rainy season when 
di甜ases and environmental stresses are maximal. 
Bacterial, viral. and other agents contribute t。
但lf mortality. As扭扭ment of the importan.ce 
and control of many of these agents is as ,yet 
undefined. In addition. adult mortality is often 
in excess of 5 percent. 



Low growth rate is a con時quence of many 
factors , including inadequate feed supply, 
diseø.ses and parasitism , and genetically 
transmitted growth potentiat Disease agents 
∞ntribute to reduced growth rate through 
a甜瓜ion of growth or weight losses during 
active infection, plus residual effects in lowering 
growth rate. Par晶ites p1ay several roles, such as 
being vectors of di扭曲e transmission or blood 
個r品i胎s (hemoprotozoan di揖a時s).

Unfortunately, avai1able knowledge has been 
poorly applied in the definition and 
implementation of effective herd health 
~ograms. A large po此ion of the technology and 
inputs ne甜甜ary for r甜甜，nably effective control 
and prevention of di扭扭扭 and parasitism has 
a1ready been developed. Howev缸， there are gaps 
which P旭ce definite limitations on production 
level, preventing anirnals from achieving their 
full production capability. Examples are 
effective ∞ntrol of foot and mouth dis國閣，
V聞cu1ar s切自祖ti惱， hemoprotozoan disea時趴

個If diarrhea syndrome and bovine enzootic 
hen祖tur詛.

The animal h個Ith program 阻 geared to 
participate integrally in the development_.of 
∞mprêhensive beef production systems. This 
inc1üdes definition and field testing of complete 
herd health programs through appli個tion of 
avai1able knowledge and reinforced by specific 
animal health r回國rch in certain critical 
i nformation gap ar個s. In ∞nsideration of 
avai1able 閉目urces and probable contribution to 
the beef 甜的le industry, production.problem 
oriented res個問h ∞ncentrates on 1) 個巨h∞d
diseases , 2) diagnostic capability for 
identification of disease agents and 3) 
investigatio ns 0 f selected disea時 agents 個usmg

major beef 由此le 10扭曲.

Ge曾m plasm improvement 

Genotype is the final limiting factor in 
determining an animal's beef production 
capabi1ity. 

The beef cattle population of the tropics in 
Latin Amerìca w曲曲蟬的ially C討。110 unt i1 fairly 
recently, when importation of Zebu bulls began, 
mating these with Criollo which has excellent 
crosslng ability and obtaining considerable 
hybrid Vigor. On the basis of these initial 
promising resulte. backcrossing continued, uSÎng 
Zebu sir四 unti1 a population of grade Zebu 
evolved. Unfortunately, in the ∞凹se of th函
development process, little or no provi訕。n was 
made 切 pre盟問e an adequate Criollo population 
to provicie stock for use in future Zebu.Cr.io11o 
目。曲breeding programs. No effort was made t。

characterize the magnitude of hybrid vigor in 
目。揖ing Zebu and Criollo stocks, nor to test 
continued rotational crossbreeding programs 
using sires of. the two species on crossbred 
females. There is a need to conserve and build 
up desirable Crio11o germ plasm as sire seed 
s to ck and to develop and test systematic 
two.breed rotational crossbreeding programs. 

The animal breeding program empha副zes
development of practi個1 breeding systems using 
existing germ pl晶ms. This includes selection of 
superior stocks within existing adapted breeds, 
particularly Zebu (80S ÎlldÎcus) and'Crio11。侈的
taurus), and crossbreeding between these and 
po路ibly other adapted breeds. 

E∞nomi曲曲d marketing 

During recent years the market demand for 
Latin Ameri個n bee! has increased faster than 
pioduction and has been ac∞mpanied b~. a 
general upward trend in beef 'prices. This 
íncr曲sing demand has been partly a盟ociated
with somewhat higher incomes along with a high 
income elasticity !or beef in the Latin American 
∞untries， and partly, by expanding demands 
outside the region 

A s prospects are good for a continued 
demand expansion , accelerated rates of 
production increase w i\l help to avoid 
U甜甜甜nable price increments. Incr圓sing beef 
production along with improved technology to 
reduce the cost of production wi1l keep the price 
at a reasonable level and encourage higher levels 
of beef ∞nsumption. Such an expansion would 
clear1y be advantageous considering the shortage 
of high quality protein in the diets of the people 
in many Latin American countries. Another 
likely result of increasing beef production would 
be to enlarge export earnings to the Latin 
American countries. 

The high rate of popu1ation growth in Latin 
America indi個扭s that cropland acreage wi1l 
have to be increa時d to fulfill food needs. 
However, although we can expect continuing 
shifting of better grazing lands to crop 
production, a large proportion of the land 
surface of the world (20 percent) and of Latin 
America (30 percent), presently in pasture, will 
∞ntinue as grazing lands as the most feasible 
and profitable system of exploiting these areas 
in consideration of environmental limitations 
and input-output re1ationships. 

Another factor favoring an 阻pansion of the 
beef. cattle industry might be the development 
of non-conventional beef 圓的le feeding regimes 13 



such as nu甘ient reconstitution,by,fermentation 
products using ce lJulosic materials and 
non'protein nitrogen as raw materiaL 

Potential to increase beef production 

Short term 

Available field data from the Inst泌的。
Co lombiano Agropecuario (ICA) and other 
sources indicate that beef production ∞uld be 
doubled or tripled through app1ication of 
present knowledge to existing pasture and beef 
個ttle resourses and with 1imited seeding of 
improved pastures , This indication is based on 
increasing 田lving percentage at weaning from 
the preseñt level o( 40 to.50 percent to 65 to 80 
percent, marketing st開闊的 about 3 years of age 
instead of currently at 4 to 5 years and r.educing 
adult morta1ity fr<Ím 6 to 10 percent down to 
le盟 than 5 percent. 

1且ngterm

The present beef cattle population of tropical 
grassland areas of Latm Amenca could probably 
be increased four to five times, and total 
marketable beef production increased up t。
ten-fold through app1ication of available 
knowledge to existing pasture and animal 
resources ,- proper seeding of improved pasture, 
population with beef cattle of now idle grassland 
and development of improved breeding systems, 
particularly through selection and crossbreeding. 

Research activities 

The Beef Program of CIA T operates on a 
multi-institute, multi-national ba甜. The site of 
operations is the CIAT Center at Palmi間，

extending to other institutions in Latin America 

A collaborative project for research and 
training in beef cattle production has been 
es個blished by CIAT and ICA. This project 
describes working relationships and project and 
sub.project areas of mutual interest. Specific 
work programs and experiments within these 
specified project areas wiJl be developed 
bilaterally at the program level of the two 
institutions, conditioned upon being within the 
stated objectives and programs of the respective 
institutions and within their resources. This 
agreement facilitates cooperative work at ICA 
stations in Turipana on the North Coast, 
Carimagua . in the Llanos, the Veterinary 
Medicine Laboratory (LIMV) in Bogota and 
Palmi間， plus collaborative work a t the CIA T 

14 Center. 

CIA T has been invited to advise in the 
development of the national beef ca此le program 
of the Instituto Nacional de Investigaciones 
Agropecuarias (lNIAP) in Ecuador , b品ed at its 
tropical station , Pichilingue . CIAT is 
∞llaborating with Texas A&M University in a 
hemoprotozoan d甜甜祖 research and grad ua te 
training project funded by The Rockefeller 
Foundation and USAID. A memorandum of 
understanding has been established with the 
Univer且ty of Florida for certain Latin American 
graduate students enrolled in that institution to 
conduct thesis research in CIA T 

Preliminary exploration of the possibilities 
for ∞llaborative research projects are underway 
in El Salvador, Bolivia, Peru and Paraguay 

Animal Husbandry 

CIAT Cen扭E

Work was initiated in May 1969, directed 
towards developing and renovating existing 
pastures and handling facilities to operate 
grazing trials. These preparations were made to 
avoid interference with overall station 
development or with the 1ivestock operation of 
the previous owner , who maintained a 
∞mmercial dairy on the premises until the 
property was transferred to CIAT in October 
1969. On this date , 310 commercial grade Zebu 
yearling steers and bulls were delivered to the 
farm and shortly thereafter placed on a grazing 
experiment to determine the effects of 
castration (steers and bulls) , diethylstilbestrol 
implantation and vitamin A injections on growth 
performance. This trial wiJl be terminated in late 
1970. 

Trials to be initiated in 1970 include : 
inten 且ve maximum-yield grazing trial with 
P叩gola gra晶; development of highly impervious 
low productivity soil areas as pasture , and forage 
evaluation and metabolism experiments 

Carimagua 

In late November 1969, ICA purchased 
“ Carimagua" , an 18,OOO-hectare ranch located 
in the heart of the Colombian Llanos near 
Orocue in the high plains area south of the Meta 
river. CIAT was invited to collaborate in the 
development and operation of this station , 
emphasizing comprehensive beef cattle 
production systems with certain work in soils 
and crop production, particular!y rice . This 
collaborative ICA-CIAT program emphasized 
development of efficient and profitable beef 
product叩n systems in this extensive low-fertility 



grassland area. Projects inc1ude: ∞mmercial 
個ttle production systems using animals native 
to the area to which an improved management 
system is applied; establishment of improved 
p個tures ， p缸tic叫缸Iy molasses grass (Melinis 
m inutiflora); growing-finishing systems using 
improved pastures; mineral and protein 
supplementation of grazing animals; selection 
and cro甜breeding programs with Zebu and 
Crioll。訕。cks; development of efficient herd 
health programs. 

Animal health 

Many factors ∞ntribute to the lack of 
effective animal health control and disease 
prevention programs in the tropics. The number 
of private practitioners working in lowland 
zones is insufficient; tho甜 existing either 
operate drug stores or are employees of official 
government agencies. Transportation is a 
problem. Animal health field and diagnostic 
揖rvices often cannot 00 effectively provided 
because of ranch inaccessibility. Biological 
products (vaccines, etc.) are either not used or 
are used on a limited scale. Adequate 
pr.ese阿通tion of such products is a problem 
where refrigeration (electrical energy) is 
def甜甜的. Diagnostic services are not as reliable 
or efficien t as they shou\d 00. Per個ns
responsible for the diagnostic centers do not 
have the transportation or time available to 
handle both diagnostic and preventive medicine 
programs. It has not OOen possib誨， physically or 
financially , to provide adequate -mimbers of 
trained field practitioners and diagnosticians. 

Field experiment ∞nducted in Monteria 
to e咽luate the 祖r即us immunization 
products for anaplasm。訕訕le 3nimal 00 

the left (∞ ntrol) has become iU with 
anapJasmosis. The animal on the right is 
h曲Ithy

It has been demons缸ated in Colombia that 
effective animal programs can be developed 
when knowledge applied . in the field is 
supported by reliable diagnostic services. This 
points to the urgent need for complete control 
and prevention programs consisting of active 
competent technical assistance directed at the 
producer level, backed by diagr.ostic services and 
a research arm 個pable of solving the defined 
limiting factors. 

The animal health program embraces a 
two-pronged approach to provide more effective 
herd health programs for the producer. This 
includes pro:luction orierited re輯arch and 
training. 

Production research focuses on certain 
technological gap areas which significantly limit 
beef cattle pro.duction capability, which are not 
receiving ãdequate attention elsewhere and 
which complement programs of existing 
institutions. P門rime emphasis is OOing placed on: 
10扭曲 in young calves as a ∞nsequence of 
diseases and parasitism , and certain 
investigations of specific disea甜 problems

causing significant beef cattle losses. The 
programs in progress are concerned with: 
infectious and other agents specifi個lIy related 
to calf losses; the he motropic diseases 
anaplasmosis, baOOsiosis and trypano田miasis;
biological control of internal and external 
par晶ites; bovine enzootic hematuria and certain 
vesicular diseases. 



M酬。但呻ic dia<旭蟬，

The Texas A&M University group located in 
Colomb旭 serves as CIAT's b。叫ne hemotropic 
d揖阻e research 曲d train訟g unit. The program 
encomp扭曲s a multi-disciplinary approach t。
one of the major di揖ase problems of the 
tropical livestock industry. It includes b個ic
resear.ch and an active field program, t。
investigate the most practica1 means of 
co n trolling hemotropic disea眉s. Under the 
∞llaborative tra泌ing program with Texas A&M 
repo此ed above, three Texas A&M graduate 
students are in Colomb泊， one Colombian 
graduate student is at T扭曲 A&M， and two 
Colomb旭n graduate students are at the ICA 
graduate school. 

Hemotropic diseases (anaplasmosi.s , 
babesiosis , trypanosomiasis) are extremely 
preva1ent (up to 100 percent in some ar曲s) in 
the lowland 位opics. Anaplasmosis is being 
intensively studied from severa1 standpoints. The 
possibility of simultaneous control of 
åna plasmosÏs and babesiosis in the field and .t?e 
r e (a t i 0 n 0 f c hemotherapy using the 
Burroughs-Welcome 356C--61 and 4A65 
products with coinfectious im~u~ity 
(anapl晶m。且s ， babesiosis) is being studied at 
variõus localities. Excellent protection has been 
。btained on a limited number of young animals 
in field trials. A detailed pathogenesis study of 
anaplasmosis in intact animals is underway. 

Future anaplasmosis studies will include 
vector studies .with Anocentor nitens as the 
incidence of this tick on cattle is high. Also, in 
vitro culture of A. marginale in tick intestine 
tissue culture system will be initiated. 
Pathogenes阻圳dies using doubleμ . ma咿na哇，
B. "Îgemina) and triple (A . marginale, H 
bÎi{emina, T. vivax) infections will be-execu扭d.
An evaluation of the feasibility of an 盯adiated
A. ma摺mαle vaccine will be rnade in hopes of 
finding a more efficient method of 
immunization. 

All of the planned work involves the various 
pha時s of the A. marginale problem, i.e. the 
~ector. effect of infectiõn upon the anirnal, and 
studiés conc個ning the modification of A. 
maTginale for immunization purpo揖s .

Babesiosis is common in the lowland tropics 
and is responsible for serious \ivestock 10晶晶，
especially on cattle unported tothe tmpzcs
Babes岫 bÎi{emina infection is more prevalent 
than B. argentina. Comprehensive studies are in 
progress ,- and several norms have been 
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Chemical prophylaxis agamst bo討ne
babesiosis is a technique which may be 
incorporated into a control scheme 
“ Babesiacidation" of 個ttle was the basic 
chemotherapeutic prophylactic measure u睡d. It 
∞nsis胎d of the administration of a babe國acide
(Burroughs-Welcome product 4A65) with a 
prolonged residua1 action into 由此le in curative 
d。曲直的曲ortly before 但posure. Exper泊lental
and tickbome challenge of treated animals was 
used to evaluate the duration of the 
prophylactic period in the treated animals. 
Animals injected with 4A65 up to 46 days 
before challenge were highly resistant to 
blood-bome challenge with 8abesia spp. 

Attempts to produce immunity in cattle 
against 8abesia infections have been undertaken 
by 甜veral investigators with varying succe盟.
Immunity per帥ts as long as the anima1 remains 
ala峙的 car討er of 8abesia infection and through 
autosterili阻tion or effective chemotheraphy the 
animal becomes fully su甜eptib胎. Animals 
premunized with blood collected from patent 
carriers of Babesia bieemina and 8abesia 
argentina developed slight post-inoculation 
reãctions which were manifested by pa祖國temia
and anemia . After 3 weeks the扭 animals
recove凹d from anemia, and parasitenia was not 
detectable. When the animals were exposed to 
tick-borne challenge, Boophilus microplus 
naturally infected with 8. bige l1! ina and B 
argentina , they were highly resistant to 
ba-besiosis; however , all animals became 
naturally infected with A. marginale. A control 
group of non-premunized intact animals. was 
exposed at the 盟met凶e to tick-bome challenge 
as the principal premunized group. These 
control animals became infected with babesiosis 
and anaplasmosis after 4 to 10 weeks of 
exposure and 25 percent of them died. It can be 
concluded that the ticks pre目前 were carriers of 
both Babesia spp. and A. marginale and that the 
effective contl'òl of tick-bome di扭曲es at th且
location cannot be made unilateraly. 

。oss immunity studies are in prog扭曲 with
Babesia spp. Preliminary studies Sl訓ggest that 
there are strain differences; th曲。b盟"的lon 18 

being tested. 

Work is underway to collect and identify tick 
species that may be involved in the 
epiwotiology of bovine babe目。sis . To date 
Boophilus microplus was pre甜nt in enzootic 
甜甜S of babesiosis and anaplasmosis. Anocentor 
nitens, the tropical horse tick, was found on 
anirnals known to be infected with babesiosis 
and anaplasmosis. What is the role of this tick in 
the epiwotiology of bovine babesiosis? 



1icks ∞ncentnlled on Ihe skin of • Holstein .前mal
raised in Ihe lropics. 

Trypanosomiasis due to T. vivax, a disease of 
questionable significance, is a newly identified 
pro blem in the lowland tropics. In most 
instances, T. “vax infections are being studied in 
calves to determine the possible significance of 
this organism. 

In general' the studies realized to date have 
yielded vitally needed norms. During 1970 to 
1971 a model field control program will be 
d目igned 切 that the problems inherent in such a 
project can be studied and, if needed , new 
research projects will be attempted to solve the 
problems presented. 

Infeetious d凶ea輯g

In 1969 the virology section was in a state of 
缸ansition from work under the auspices of the 
division of Medical and Natural Sciences of The 
Rockefeller Foundation (Arbovirology) to work 
in CIA T d irectly in the beef production 
program. To this end , initial surveys were made 
among the cattle, horses and wild vertebrates of 
various areas of Colombia to determine the 
extent to which vesicular stomatitis virus (VSV) 
was active. 

There are three known 甜rotypes of vesicular 
stomatitis virus : New Jersey (VSV-NJ), Indiana 
(VSV-Ind) and CocaI. VSV-NJ and VSV-Ind 
have produced outbreaks among cattle which are 
undistinguishable from foot and mouth disease. 
In Argentina, Cocal 叫rus h品 caused at least one 
known outbreak of vesicular disease in hor揖s.

In an effort to determine more precisely the 
extent of these vesicular di盟a盟s in Colomb阻，
serological studies were carried out among cattle 
and horses from the states of Cordoba, 
Atlantico, Magdalena, Boyaca, Meta, Vichada 
and Tolima. These were done in collaboration 
with the Universidad del Valle, ICA, and the 
Middle America Research Uhit (MARU) in 
F叩ama.

Extremely high levels of VSV-NJ activity 
were found among cattJe and horses of the north 
∞ast states as well as those of the eastern 
foothills of Boyaca and Meta. co曲1 virus had 
never been known to exist in Colomb姐， but an 
extremely high level of antibody preva.le~ce "".as 
found among certain rodents (especially! the 
“spiny rat,"- Proechimys guayanensis) .o~. t~e 
eastern foothills. There was 刮目 definite 
evidence of previous infection of domestic 
animals and humans by the 國me agent. There 盟
evidence of widespread VSV一Ind activity 
throughout the country. 

During the 45 years since its disc旭very ， the 
virus of the New Jersey type ve由cu1ar stomatitis 
had never been isolated from an arthropod. 
While studying a severe outbreak of vesicular 
stomatitis among dairy herds in Antioquia, in 
∞lIaboration with the Universidad del Valle, the 
virus was isolated from the black f1ies (buffalo 
gnats), Simulium ex唱uum. This finding deserves 
follow-up as the basic means of transmission of 
vesicu1ar stomatitis viruses are, in fact , as 
enigmatic today as they were four decades ago. 

Foot and mouth disease (FMD) is 
undoubtedly the most serious animal d扭曲時
currently facing the livestock industry in South 
Ameri臼. Large research efforts 位e ex pended in 
various countries to arrive at a better 
understanding and a more satisfactory control of 
this disease. While CIAT will not duplicate these 
efforts, it can provide additional information 
and evaluate preliminary results obtained 
elsewhere. 17 



M吋or attention will be given to investigating 
rnicrobiological and other agents that contribute 
to calf mortality between birth and weaning. 
The目 death losses are often as high as 10 to 15 
percent. 

Bovine enzootic hematuria 

Enzootic hematuria, an around-the-world 
disease of catUe raised in the tropics above 
1,000 meters, is characterized by a progressive 
anemia from hemorrhaging produced by various 
tumorous formations of the urinary bladder. In 
many areas where th阻 disease is endemic, cattle 
must be disposed of at 4 to 6 years of age. 
Losses from this disease are serious, and until 
the etiologic factors are identüied, control 
measures will not be possible. 8tudies in Turkey 
剖ld Brazil indicate that Bracken fern is the host 
plant of this d扭曲曲. However, it 扭曲metimes
difficult to demonstrate such a plant-animal 
a曲。ciation.

To date, 457 random samples have been 
collected, 75 of which had gross lesions 
Although the study is just beginning, many 
sa mples had an early change of epithelial 
metaplasia on microscopic examination 
supporting an overall incidence of more or le臨
的 per闊的.

. This . study is in ∞llaboration with ICA at 
Manizales, the Universidad Nacional, and the 
Universidad del Valie where its elec缸on
ml叮oscope has been made available. 

Eωnomi峙。f beef production 

The upwards trends in beef prices and market 
demand , along with the low technical efficiency 
in cattle production in many Latin Ameri曲n

co untries, point out the need to identify 
methods to reduce production costs and expand 
beef producti叩. Investigations are needed ω 
determine the most efficient system of cattle 
production in the plains of the tropical 
countries. Furthermore, the relative cost of 
production in the various regions, both within 
individual countries and among countries, needs 
to be estimated 

Research in economics should not, however, 
be limited to production. More knowledge 
concerning the socio-e∞nomic problems 
associated with marketing and consumption of 
beef in Latin America 區 urgently needed. The 
export potential should be. anal~zed _ in some 
detail, whether the concern is beef trade among 
Latin American countries or expo此 to countries 
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CIAT studied, in collaboration with The Ford 
Foundation, the efficiency of alternative beef 
production systems for areas such as the Eastern 
Plains (Llanos) of Colombia. The study was 
intended to assist in making rational 
management decisions concerning the cattle 
production systems to be used in that area. 

Total costs and retums were estimated for 
three selected beef 曲的le production sys健ms:

1) An extensive, minimum input system 
typical of present conditions. 

2) A medium intensive system, including 
controlled breeding involving some 
cro ss- breedin噩， an improved animal health 
program, and a limited amount of improved 
past山e.

3) An intensive system based on improved 
p個tures and including intensive animal breeding 
and health programs. 

The study showed that a medium intensive 
system would yield the highest net returns to 
invested capital. The gains obtained by changing 
fro m t he present system to the medium 
intensive system were found to be large. 
However, an extensive substitution of improved 
pastures for native pastures was found not be 
profitable in the Eastern Plains (Llanos) under 
E臨時的 market ∞nditions. * 

In the area of cattle and beef marketing, an 
attempt is being made t。“take inventory" of 
the presently available research results. The 
objectives are to integrate these results and to 
produce a text about cattle and beef marketing 
for use in training programs. 

Future research efforts wiU include 
investigations concerning the feasibility of beef 
阻ports from selected Latin Ameri個n countries, 
studies of various aspects of cattle and beef 
marketing such as transportation price 
relationships and consumer behavior, and 
investigations to i mprove the economic 
efficiency in catUe production. The impact of an 
expanded production on such factors as price, 
income and income distribution, availability and 
甜泌的i1ity of marketin哥 faciliti間， etc., will 
receive special attention in order 切 minimize
potent阻l “second generation problems" 

Training 

In Ocωber 1969, a two-year experimental 
project was launched to develop and test an 
intensive, leam-by-doing approach for preparing 
livestock production spcialists to work in the 
lowland tropics. The project provides for the 
development of a ∞re staff as weli as materials 

• CIAT Special Report No. 1, 1969 



and g凶delines for continuing such a program 
beyond the initial project by relevant nationaI 
agencies if such action is indicated. Of the 12 
persons enroIIed, five came from the Institu10 
Colombiano Agropecu缸咽， ICA, and one from 
the Universidad de Antioquia. The other six 
were recruited by CIA T. 

After completing the initial testing and basic 
training period at CIAT headquarters, the group 
wilI move to the north coast of Colombia where 
the training wiII be carried on simultaneously in 
∞operation with the ICA research center near 
Monteria and on cooperating ranches near 
Sincelejo. 

Phase one of the training project is a 
three-month period devoted to trainee 
dvaluation and orientation, and provision of 
lectures，時minars and practical training utiIizing 
CIAT or coIlaborator faciIities to overcome 
deficiencies in basic preparation and current 
technological concepts in such areas as; animal 
disease , nutrition , feed production , breeding and 
improvement of farm animals. AI帥， trainees wiII 
obtain experience in ranch management, 
elements of agricultural engineering and 
∞mmunications， as we lI as aspects of the social 
sciences that have impIication for Iivesωck 
production. 

During the latter phase of the program, a 
period of 12 10 18 months, each trainee wiIl be 
晶signed 10 one or more ranches, depending on 
ranch size, where, under the cIose guidance of 
the su pervis凹， he wiII undertake to implement a 
production improvement program which he has 
developed in agreement with the rancher and 
ba時d on social, economic and production 
considerations. It is anticipated that trainees wiIl 
Iive on the ranch or ranches assigned tοthem 
and w iII pa此icipate intirnately in the daily 
routine in order to appreciate fuIly alI aspects of 
the oper的ion， to be able to pinpoint the le晶
。bvious problems, and to train ranch personnel 

After estabIishing the program the trainee wiII 
organize field days, meetings and/or short 
courses for the benefit of neighboring ranches. 
As his program becomes self-sustaining on a 
given ranch and he has time available , the trainee 
may assist neighboring ranches 

Each trainee wiII maintain complete and 
accurate records of the operation and 
operational changes on the ranch or ranches he 
serves as weII as cost/benefit figures. In addition, 
he wiII be expected 10 provide data concerning 
production and disease problems in his area 
along with estimates of the叮 eConomlC
signifi個nce.
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Sowsr配eiving individual daüy rations of 曲曲ava diets during gestation. 
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Swine 

The need to improve Iivestock production in 
的時 tropi曲，甜 a step toward better nutrition 
amongthe 扭曲 fortunate， is now recognized. The 
ability of the pig to ∞nvert available feedstuffs 
into edible protein of high biological value, its 
rapid rate of growth and the prolificne曲。f the 
species , justifi<臼 considering the pig as a 
po團ibility of high quality animal protein. 

Status of øwine induøtry 

The swine popu旭tion of tropical Latin 
America is substantial but not large when 
compared to the cattle pop叫“ion of the same 
u關. The tropical regions of Latin America have 
a total swine population of approximately 99.3 
million, but the annual production of pork is 
limited. 

New br，自由 of swine are not needed for the 
缸opics 甜 the pig rapidly adapts to varying 
temperature , humidi旬， altitude and feed supply 
environments. The improved breeds of swine 
now available 曲n be succe甜fUlly grown in 
almost any environment if properly fed and 
managed and di揖a揖s and parasites ∞ntrolled. 
臼nsequent\y ， new breeds of swine are not 
needed. The r曲dy availability of breeding stock 
wil\ make it po揖ible to move ah回d rapidly in 
order to develop a viable swine industry. 

The factors that Iimit the development of an 
efficient swine . industry in tropical Latin 
America vary by country, but three of these 
factors are univer祖1: management, nutrition , 
and disease and parasite control. Economic and 
efficient swine production systems are not used 
because of inadequate ability of personnel 
engaged in rese叮恤， extension and production, 
failure to apply existing technical knowledge 
and lack of information about available 
feedstuffs , etc. 

Swine production requires large amounts of 
energy feeds and moderate quantities of qua1ity 
protein. In the leading pork producing areas of 
the world, this energy is provided by cereal 
g剖ns available at reasonable prices. In other 
∞untries ， the annual production of cereal grains 
is insufficient to 且山fy human needs. 

A variety of crops for both human and animal 
consumption could be abundantly and 
e∞nomically produced in the tropical lowlands 
of the world. If these alr曲dy available or 
potentially avai1able crops can be incorporated 
into efficient production systems, it would be 
p曲sible to 阻pport a large and pr個pero山 swme
industry. The聞自。ps include tropical root 
叮。ps ， reject bananas, sugar cane by-products 
such 曲叮ude sugar and molas揖s， and certain 
grain legumes, but research data on the efficient 
utilization of th曲e feeds are limited. 

Generally, swine herd health practices are 
poorly understood by most producers and not 
employed effectively by tho臨時sponsible for 
health programs on swine farms. A ∞mplete 
health scheme includes adequate sanitation as 
well as vaccination. 

The disease patterns of swine depend 
曲mewhat upon the management system used 
曲d the sanitary precautions taken. The systems 
most commonly used are: “) farrowing 
operation, (b) finishing operation where feeder 
pigs are purchased, and (c) a combination 
farrowing.finishing program. D扭曲揖 control 
pr。曲d山個 in each system differ, as the animals 
in each vary in a阱， degree of susceptibili旬，
degree of immunity and stress factors 

There is ample knowledge and pe此inent
information on several acute diseases, such as 
hog cholera and foot and mouth disea靶， but 
。thers ， such as bru個110sis， are more difficult to 
d iagnose and require special techniques. A 
relationship should be established between the 
most important swine diseases and the 
management practices of the herd. 

Slralegy 10 increa時 swine production 

The potential1y important swine production 
are品加 the tropics have not been identified. 
Feed rep甜甜nts 75 to 85 percent of the total 
∞st of pork production; it is important to 
identify areas where feedstuffs are locally 
available and efficient production systems can 
be established. 21 



Each 缸曲 must necessarily be developed by 
na位onal institutions, but CIA T 個n cooperate 
through training pe自onnel ， evaluating available 
feed products , developing efficient and 
economipproductm systems and d過揖minati啥
information. 

Swine operations will be selected to represent 
the various management systems, and an 
in-depth study will be rnade of nutritional and 
infectious disease problems. Once this 
information is available, research projects will be 
developed and priorities established. It appears 
that the most urgently needed investigation on 
swine disea揖s concems the chronic, insidious 
diseases such as the pneumon血仇 abcesses and 
reproductive problems. Foot and mouth dis曲盟
泊 always a threat as adequate immuni回tion
proced凹es do not 且ist.

Initially, the emphas盟 lies in the development 
and evaluation of feed ingredients and the 
incorporation of these ingredients into sound 
life.cycle feeding systems as well as in training. 

Research in swine nutrition 

In collaboration with re甜arch institutions in 
Colombia and Ecuador, CIAT has studied the 
nutritive value and potential of certain 
feedstuffs that have univer祖1 importanoe in the 
lowland tropics. 

U盟。f tropical feedstuffs 

C回國~a

Thìs plant，刮目 known as manioc or yu曲， h品
great potent祖1 value as a carbohydrate (energy) 
feed for swine. Its protein content is low. When 
freshly harvested, moisture ranges from 60 to 70 
peroent. It can be fed to swine in the high 
moisture form , or it can be dried and 
incorporated into complete diets. 

The feeding of swine with ca揖ava requrres 
proper supplementation to the diet with 
vitamins, minerals and protein. Supplemental 
protein must be supplied through soybea!, meal, 
∞tton揖ed meal , sesame meal , fish me叫， meat 
meal and blood meal. 

Gestating 聞ws maintained in confinement 
have a normal daily requirement of 1.82 kilos of 
a complete feed ∞ntaining 16 percent crude 
proteirr. This same level of intake can be reached 
by feeding 3.1 kilos of cas且va and 0.62 kilos of 
a 40 percent protein supplement containing 
vitamins, minerals and proteins. lf the sows are 

22 maintained on good past凹e， they require 1 kilo 

。f a complete 16 percent diet. A similar level of 
intake is achieved by feeding 1. 7 kilos of fresh 
ca晶ava and 0.4 kilos of a supplement containin j( 
40 percent protein. 

Studies ∞nducted in collaboration with ICA 
to evaluate the揖 cassava diets for sows in 
∞nfinement and on p自ture indicate that they 
were adequately maintained, gaining more totál 
body weight during the gestation -period than 
∞n缸。l 曲ws.

The lactating sow is normally fed a diet 
containing 16 percent crude protein. She 
consumes daily 4 個 6 kilos of a typical 
grain.protein supplement diet. Resear,ch 
information indicates that the daily nutrient 
requirements of a lactating sow can be 
adequately supplied and high production 
maintained by either dry cassava incorporated 
irIto a properly supplemented 16 percent protein 
diet as a major so山曲。f energy or by fresh , 
chopped cassava fed in combination with a high 
protein supplement. The proper proportion of 
個品ava to 40 percent proteiri sUI>plement is 1 
kilo of fresh ca且ava to 175 grarris of protein 
supplement if the fresh cas阻va contains 2.54 
percent pro扭m.

Previous results reported by ICA indicate that 
fresh cassava is a satisfactory energy source for 
growing.finishing swine when either soybean 
meal alone or in combination with cottonseed 
meal was u揖d as the supplemental protein 
source. Later studies (CIAT- ICA) have 
demonstrated that c甜甜Iva can al四 be used as 
the major energy sour回 in growing.finishing 
swine 'diets with wide variety of pro扭m
supplements, when these are combined with 
other sources to improve the amino acid balance 
of these supplements or to overcome 
unfavorable palatability or toxicity factors. 

During the entire growing.finishing period 
from weaning to rnarket weight at 90 kilos, each 
individual pig will consume approxirnately 4 
kilos of fresh cassava and 0.8 to 0 .9 kilos of a 40 
percent protein supplement and gain 
approxirnately 700 grams of body weight a day. 
臼tton時ed meal should not be fed as the only 
曲urce of protein in the supplement because of 
l扭扭treme deficiency of lysine and its toxicity 
resulting from the p扭曲nce of gosypol, a 
pigment. 



BUlIJ\AS 

Studies similar to those reported for 個ssava
are being conducted with reject _ bananas in 
collaboration with the Instituto Nacional de 
Investigaciones Agropecuarias (INIAP), of 
Ecuador. Bananas, which constitute a maj帥
"的ion of agricultural exports in this country, 
are avai1able - at a reasonable eost for livestock 
feeding. During the harvesting , processing and 
packa-ging of green bananas for exp。此，
åpproximately 25 percent of the total 
pr<Ïduction from 180,000 hectares is disca~de~ 
because it does not meet the rigid standards of 
國ze. color，曲undness and shape for export. The 
resèarch is directed toward developing a 
Iife副cycle production system ba盟d on these 
reject bananas as the major 曲urce of energy. 

B甜甜缸. becau盟。f their high moisture 
∞n峙的 (80 percent) and their low protein 
content (1 pereent), must be supplemented with 
proteins as we l1 as with some energy for optirnal 
utilization. 

Ripe bananas are more acceptable to the 
growing pig than green bananas and, when ~d， 
produce faster and more economi個1 gains. The 
young pig cannot ∞nsume adequate quantities 
of this high moisture feed to meet his entire 
energy requirements for maintenance and 
growth. Supèrior performance is obtained and 
greater economy of production is realize~ when 
fimited quantities of energy in the form of grains 
and graiñ by-products are included in the ration. 
In practice, this is accomp1ished by diluting the 
40 percent protein supplement with corn or 
other energy 助urces to a level of 20 or 30 
percent protein. Under normal ∞nditions of 
high grain prices, the 30 percent supplement 
generally supports more economical gains wh i1e 
the 20 percent supplement supports the highest 
rate of gain. 

間ferenc自 in growth of pψfed a h祖h
q咽Iity diet ofωmmonωrn and 曲ybean

meal (C+S) , opaque-2ωrn (0), 
啊.mon corn+lysine+triplophane (CLT) 
and common corn (c) 

The gains and feed conversion of pigs fed with 
bananas and a protein supplement are slightly 
inferior to those obtained with a 
grain-supplement diet. However, pigs produced 
。n banana-ba揖d diets are more economical to 
produce be且U曲。f the high cost of grains in the 
tropical areas. 

The essentialit. 、 f limit.feeding gestating 
SQws to insure lalge 1itters of pigs at birth 
fac i1itates the use of bananas as the major source 
of energy for this class of swine. The daily 
nutrient requirement of a gestating sow 
maintained in pasture on tropical grasses can be 
adequately met by feeding 600 grams of a 40 
percl!nt protein supplement and 4.5 kilos of ripe 
bananas during the first 75 days of pregnancy 
and 800 grams of the supplement and 6 kilos of 
ripe bana-nas for the remaining 39 days before 
farrowing. 

The lactating sow , because of the high rate of 
feed consumption required to produce the large 
quantities of milk needed for a large, healthy 
litter of pigs, presents a nutritional picture 
directly oppo甜d to that for the gestating 曲w.
Because of her high energy and protein demands 
for sustained production, the lactating 回W IS 

unable to consume adequate quantities of the 
high moisture bananas to meet daily 
requirements of approximately 4 to 6 kilos of 
air-dry feed. 

Corn 

The development of corn hybrids into which 
the opaque-2 genes have been incorporated to 
modify the protein characteristics and improve 
the balance of 臨時的祖1 amino acids, especially 
of lysine and tryptophane , has made other 
approaches available to the swine researcher and 
producer. Biological tests with swine have been 
~nnducted in collaboration with ICA t。



ascertain the biological value ofthis genetica1ly 
improved corn and to compare it with diets of 
known nutritional value 

Y oung pigs fed common corn as the only 
目urce of protein, from 35 days to 165 days of 
age, grew poorly averaging only 21 grams gain 
per day. They showed the c1assi凹1 symptoms of 
protein deficiency and some died at the end of 
this period. In these deficient animals, changes 
of the sωmach ， duodenum and jejunum were 
characterized by growth arrest and atrophy of 
the lining epithelium and developmental arrest 
of essential organelle formation nece晶ary for 
normal cellular function. These animals also 
exhibited a distinct 扭曲的ion of skeletal system 
development 

In the protein deficient group (common 
corn), the livers of a\l pigs were fatty and friable , 
and microscopically , lobular fatty accumu\ations 
were observed. These histopathologi回1 changes 
are similar to tho甜 observed in kwashiorkor, the 
human protein deficiency d甜甜甜.

Pigs of the same age were fed an opaque.2 
corn diet under simi\ar conditions as the 
∞mmon corn diets. The twelve.fold increa甜 in
average daily gain (256 grams per day) and the 
overa \l macroscopic soundness and general 
absence of protein deficiency symptoms amply 
demonstrated the superior nutritive value of this 
new corn. Histοlogically， the opaque.2 corn 
permitted the maintenance of the cel1ular 
organel1e structures but the total epithelia 
structure still did not equal the 
o bserved in the 

臼mparioon of development of pigs that 
received d酬。f common 曲rn (C) and 
01"叫ue-2 ∞rn Ced as only 帥山ce of 
protein (0) 

個in祖Is ， nor did opaque.2 corn completely 
prevent the fatty changes of the liver. The corn 
fed as the only source of protein was able to 
mairitain an architectural1y normal, but 
somewhat redilced, skeletal system. 
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However, the greatly improved gains and the 
nutritional adequacy of the opaque-2 corn were 
inferior to the responses obtained from a diet of 
∞rn plus 曲ybean meal which contained an 
optimal level of protein and balance of am恆o
acids. 

The inability of opaque-2 com to suppo此
。ptirr旭1 growth indicates that either the level of 
protein or balance of amino acids is improper to 
ineet the daily amino acid requirement of the 
pig. Further tests have shown that lysine is still 
the first limiting amino acid of this 帥-called
“high lysine com" for the young, 8 to 10 kilo 
pig and that tryptophane and threonine are 刮目
Ïiñii.ting. When srnail supplemental quantities of 
the甜 thr但 amino acids were added to the 
opaque-2 corn or to the common com diets, 
gains and efficiency of feed utilization were 
improved by approxirnately 85 percent with t~e 
opaque-2 diets 血d to a 1扭曲r extent with the 
∞mmon com diets. 

Mineral derlCiencies 

The differential features of a calcium 
deficiency and a phosphorus deficiency in 
growing pigs were studied in collaboration with 
the ICA Graduate School and with ICA. There 
app甜甜切 be a distinct difference in the gross, 
microscopic manif的tation of the two deficiency 
diseases using the following levels of calcium and 
phosphorus: Control , 0.70 Ca; 0.55 P. 
Phosphorus deficiency, 0.70 Ca; 0.30 P. Calcium 
deficiency , 0.30 Ca; 0.55 P. Phosphorus 
deficiency involves endochondral bone 
forrnation in , the young pig whereas calcium 
involves primarily membranous bone formation. 

Econ!)mics of swine production 

Little information is available about the 
economics of swine production and rnarketing in 
South America. Two such research projec馳， one
to describe the produc位。n practices and one 
aimed at the marketing 阻ct凹， have been started 
within the ICA Graduate School in collaboration 
with the Nebraska Mission and CIAT. 

A number of cheap by-products, such as 
reject bananas, are available for swine feed in 
Latin America. More information is needed 
about the economics of using the田 products. A 
study is planned to evaluate least固cost rations for 
hogs with particular emphasis on by-products 
and available low cost feeds. 

Training 

A swine improvement sh。此∞回回 was held 
at the Santa Catalina station of the lnstituto 
N acional de Investigaciones Agropecuarias 
(lNIAP), in Ecuador. The two-week cour甜 was
sponsored by the Swine Production Program of 
CIA T and the N ational Swine Program of INIAP 
with the collaboration of personnel from the 
National Swine Program of ICA and from the 
University of Nebraska Mission to ICA. 

The 22 participants were swine producers and 
extension agents. The course offered an in-depth 
coverage of the m且tritional ， manageri祉， breeding 
and heal th practices e盟ential for life-cycle swine 
production with emphasis being given to the 
feeding and management of swine in tropicaJ 
and semi-tropical areas utilizing locally available 
.feed ingredients. 

Physical charact回stics of phosphorus deficiency 加 pigs.



A prom區ingd明rf 叫甜甜n of IR8 x 1R12 adjacent to Tapur駒， a 個U variety arown 扭扭ver叫
An悶悶n∞untries.

26 A maturi"8 incr圖輯 plot of a high q咽l虹y 叫ect國n f.咽m the cro眉目Peta/3 x TNl) x TKM-6 . 四世
fie1d Y睡Ided 7.6 ton/ha. 



Rice 

The Interamerican Rice Program started in 
1967 fo l1owing the transfer of its leader from 
the International Rice Research Institu恤， in the 
Philippines, to CIAT. As CIAT research fac i1ities 
were not available at the initiation of the 
program, work commenced at the Palmira 
Experiment Station in close cooperation with 
the rice program of ICA. By the end of 1967 
satisfactor y.- research faci1ities had been 
∞operatively acquired and developed by CIAT 
and ICA , including a driven well and irrigation 
system , land preparation equipme肘 a
S叮eenhouse and offices, cold storage fac i1ities, a 
quality laboratory , equipment and vehicles. 

In 1969, existing field plots measuring about 
300 ML were replaced by more convenient fields 
。 f 4 ,000 M2 that are individually irrigated and 
drained. The formation of these fields separated 
by permanent levees was ac~mplished by 
levelin~ the land in water. The advantages 
derived from this work included: elimination of 
many levees and canals giving greater elimination 
of nutsedge or “coquito" (Cyperus ssp), a weed 
i m possible to control with herbicides, and 
percentage of land area for planting; reduction 
of: water percolation , labor for irrigation , and 
個問1 and levee maintenance 

The cooperative program features an informal 
pooling of personnel, facilities and budgetary 
resources of both organizations for purposes of 
research and training. A major factor in the 
progress realized has been the ample cooperation 
of CIAT and ICA, both at Palmira and the other 
rice research centers. 

Slalus of Ihe rice induslry 

Since the main objective of the rice program 
is to increase national yield averages throughout 
Latin America, extensive travel has been made 
to Mexico , Costa Ri阻 Panama ， Guyana , 
Tr inidad , Dominican Republic , Ecuador , Peru, 
Brazi1 and Argentina having two main purposes: 
identification of yield limiting factors , and 
identification of personnel and stations for 
international testing of improved lines and 
varieties 

Latin America has several regional advantages 
which should favor the rapid adoption of 

improved varieties and cultural practices. These 
include a highly mechanized , direct seeded 
culture on large farms , good communication and 
transportation , availability of farm inputs, 
relative absence of language barriers, a standard 
requirement for rice quality, and somewhat 
similar disease and insect problems 

Regional yields are moderate1y Jow and 
production costs are high. The major factors 
limiting yie1ds, in order of importance，缸e: lack 
of high yie1ding varieties with acceptab1e grain 
quality and dis曲曲s resistance , inadequate 
cult ura1 practices (land 1eveling and water 
∞ntro1 ， seeding rates, fertilization rates and red 
rIce ∞ntro1) ， and the 1ack of adequate numbers 
of trained 扭扭arch and extension personnel. 

The rice revo1ution in tropica1 Asia had had 
1itt1e impact in Latin America. The IR8 varie句，
wherever adequate1y tested , has produced 
exceptionally high experimenta1 and farm yie1ds. 
Large farm yie1ds of 6 to 8 ton[ha are common 
in the American tropics . However, its qua1ity 
characters have limited its adoption to a few 
thousand hectares, principally in Ecuador, 
Co 10 mbia and Peru. Rough rice prices in 
Co10mbia for B1uebonnet 50 average one third 
higher than for IR8. 

Slralegy 10 increase rice produclion 

In view of the above , CIA T's rice program has 
established the fo l1owing priorities: 

1. Deve10pment of superior varieties for 
irrigated , direct-seeded areas. Initially , the 
re1ative1y small transp1anted crops and the vast 
up1and areas wil1 not be emphasized 

2. Training of research and extension 
personne l. 

3. Study of possible solutions to overcome 
limiting agronomic factors to insure maximum 
yie1ding ability of new varieties . 

Research aclivilies 

Br.凹ding program 

Crosses made since 1967 reach a total of 420 
Of the 92 crosses made in 1969，的 least one 
parent had some IR8 parentage and nearly all 27 



crosses were between advanced lines from IRRI. 
The principal objectives of these and earlier 
crosses are described in the following 
paragraphs 

們ant typc 

The IR8 plant type is ideal for tropical 
American conditions. But growth is greatly 
reduced and maturity is delayed when it is 
planted at higher elevations or in subtropical 
areas. IR8 in Palmira is about 30 cm shorter and 
3 weeks later in maturity than when planted at 
lower elevations. Many other lines have normal 
vigor and growth over a range of elevations. 
Strong seeding vigor, moderately heavy tillering 
and dwarf stature are emphasized. Several IR930 
(IR 8 x IRI2) lines have drooping leaves until 
about 70 days, after which the leaves become 
erect. This may be desirable for direct seeding 
areas where .water and weed control are 
inadequate . 

Maturity 

A range in maturity (揖eding to harvest) of 90 
個 135 days is desired for normal temperature 
regimes. Some selections from the cross of IR8 x 
Pe個舟-Belle Patna mature in 85 to 90 days in 
the Tolima Valley. These lines and crosses with 
Bluebelle have been used as parents to combine 
earliness with high-tillering, thick-culmed 
materials. Early maturity 時 needed for irrigation 

areas chronically sho此。f water , such as Tolima 
Valley in Co lombia and Coastal Peru, and for 
double or triple cropping (Guyana). All material 
selected is photoperiod insensitive 

81ast resistance 

Blast , caused by the fungus J'yri l'lL的na u川 Z酬，
C帥， is the most serious disease of rice in Latin 
America. It is often epidemic and increased by 
the liberal use of nitrogen and semi-upland 
regimes. Few lines have remained resistant after 
∞operative testing in Costa Rica, Colombia and 
Peru. Although the program emphasizes general 
resistance to overcome variability (page 32) 
two crosses probably having specific resistance 
have maintained their resistance to date: IR 
480-14 and IR 822. Selections of IR 822 (IR8j2 
x Pankhard) have been used as parents in crosses 
with lines that do not show the extreme floret 
sterility of IR 822 at Palmira. AIl plant 
selections are tested for blast resistance through 
the ∞operation of ICA plant pathologists at La 
Libertad 'Station. The four named varieties of 
IRRI , IR5 , IR8, IR20, and IR22 , are all highly 
susceptible in Colomb間，

R目istance 10 Hoja Blanca virU5 and SO[!Q todes 

O叮'zÎrola

For several years , the hoja blanca virus has 
been a serious problem in northern Latin 
America. Its vector , ."-.'ogalot!州 οr、 =il'O[" (Muir ), 

T.ble 1. Days until destruction of • 12-<1吋 old plant by nymphs, m.l.. .nd fem叫“

Variety 
Average dilYs until d阻Iruction

。f one plant 
Nymphs (. Males (ð) Females (叫 Resistance (b) 

Taichung (Native) 1 
IR 404 
Blueb旭nnet 50 
Belle Patna 
Nilo 3A 
Daen 
ICA-3 
Napal 
ICA-I0 
TKM 6 
Tapuripa 
PI 215936 
IR 8 
IR 5 
Mudg。

6，20 一(c)
6 ，4日
6,60 7,60 
7,20 
7,20 
7,20 
7,40 
9 ,40 
10 ，0。
10,80 
14,40 

10,40 
10,60 
5 ,80 
7,50. 
9 ，0。

11 ,60 
11 ,00 
10 ，0。
6 ,80 

12,20 

13 ,20 

pbpbra 

SSSS5SSSSMMMRRR 

{.) Ten insects 閏，. plant were used 
(b) 1 - 10 days Sl.!sceptible (S 1 

11 . 20 days = M呵erately susceplible (MS) 
= 1I was not destroγed Resista叫 (R)

(c) = The plant was not destr叫.d

Standard error ::;:: Nymphs 0,120; fem刮目 0， 12828 



cag眉 for Iarxe-scale evaJ圓tion of br自d阻.g mat...ial f or 
m甜甜ce to Sogatodes oryzicola. 

個uses even greater losses -through direct feeding 
darnage. A survey of several hundred varieties 
indicates that excel1ent resistance to in揖ct
damage exists in 討ce. Resistant varieties show 
little or no reaction 甜甜edlings or adult p1ants 
while susceptible ones are k i1led by the in揖ct.
No japonica varieties tested were resistant. AI1 
sources . of resistance found originated in 
回utheast Asia. The varieties grown in Colombia, 
except IR 8, are susceptible. 

A method was developed to evaluate 15-day 
old seedlings of individual plants selected from 
segrega ting lines. AI1 plant selections are 
routinely evaluated for insect resistance. 
Resistance appears to be highly heritable 目ld is 
easily combined with al1 other desired traits. It is 
not associated with tillering abi1ity or p1ant 
pubescence. 

Resistance to the vector is independent of 
resistance to the hoja blanca virus. It appears 
that varieties resistant to the insect but 

Resistance in rice, to Sogatodes 
oryzicola. The variety Mudgo 
(Ieft) is free of damage; 
Hiuebonnet SO (right) is dead , 
fo l1o吶呵盟ven days infestation. 

susceptible to the vin峙， such as IR8 , do not 
develop apprec岫le hoja blan個 symptoms
under field conditions. Resistance to the 'insect 
is being incorporated into all lines developed in 
the breeding program. It thus app曲rs po甜ible to 
eliminate or reduce costly insecticidal c油ntrol
programs. Studies with resistant and susceptible 
varieties indicated that plant resistance has a 
drastic effect on insect fitness. Insects lay more 
eggs, produce mr : e nymphs, survive two to 
three times longer, and three to five times as 
many nymphs reach adulthood on susceptible in 
comparison with resistant varieties. 

Grain charac悟"

A long grain with clear endosperm , 
intermediate amylose content and intermediate . 
or low gelatinization temperature 區 desired
throughout Latin Ameri回. Many sources of 
superior quality are available, and all cro甜甜
made have primary emphasis on the 
recombination of cooking and mi1ling quality 
with dwarf plant types. 

Several comparisons of brown rice with m i11ed 
rice for determination of gelatinization 
temperat叮e showed that good results can be 
。btained with brown rice by slightly increasing 
the concentration of the KOH used in the 
analysis. However，扭曲me intermediate 
reactions were difficult to distinguish from high 
gelatinizing rices, the program in 1969 built a 
test.tube m i11er by modifying the basic design 
used by the cooperative Thailand Rice 
Department . Rockefeller Foundation program 

Gelatinization temperat凹e， white belly and 
grain length are determined for 811 single plant 
selections. Faci1ities are not available for 
amylo揖 determinations. Strict selection for long 
slende,-grain types is made in the field beginning 
in the F, generation 
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01her d血...，

8heath blight and a physiological d甜甜甜
a晶。ciated with reduced soils tentatively called 
"anaranjamiento" are diseases of local 
importsnce. 8heath blight in凹eased dramaticaIly 
in Colombia in 1969 and the leading variety , 
Tapuripa, is severely affected . IR8 and other 
program selections appe缸 to be tolerant or 
resistsnt under natural conditions of infec的。n.
Disease ratings of preliminary yield trial entries 
are made at the ICA ststion in Cerete. 

“An缸anjamiento" is locaIly severe on acid 
latosols and may be widespread in the great 
plains ar醋。f Brazil, Colombia and Venezuela. 
Recent observations indicate that several yield 
trial lines are apparently undamaged while 
others are nearly totaIly destroyed . If this 
suggestion of resistance is confirmed ， 配lection
will be made within breeding m主terial at the ICA 
La Libertad station 

Nur世間的

Five plantings were made during 1969 
(March , April , 8eptember, October and 
November) in order to spread work loads. 
During the year, 10,741 pedigree rows were 
grown . The most advanced material from the 
init岫 1 1967 cro扭曲 was in F 5 generation. All 
pedigree rows were evaluated for resistance to 
bl晶丸 Sogatodes and to hoja blanca, seedling 
vigor, earliness and quality. 

One hundred and three F 2 bulks of about 
4,000 plants each and 172 F 2 families (of 
variety x F J cros盟s) of 200 個 400 plants each 
were planted. 8trict selection for plant type, 
maturity and grain traits is begun with F 2 
plants. 

Yield experiments 

Observalional yield trial 

A totsl of 326 varieties and lines were grown 
in unreplicated observational yield tr祖ls. All 
lin e s were rated for diseases and insect 
resistsnce, grain traits, plant type and vigor, and 
yield. Although yields have been high with many 
lines yielding from 6,000 to 8,000 kg/ha , most 
lines have been discarded because of 
unsatisfactory grain traits. 

Advanced tests 

A total of 231 lines and varieties were grown 
in replicated plots 的 Palmira and other research 
centers in Colombia. Many lines yielded from 

6 ,000 to 9 ,000 kg/ha compared with yields of 
3,000 to 6,000 kg/ha for commercial varieties 
included in the tests as checks. 

8ince 1967 , the majority of the lines tested in 
observational advanced traits have been 
discarded , despite exceptionally high yiel品，
becau咽。f unsatisfactory grain traits. 80me 
lines, however, received from IRRI and others 
揖lected from bulk populations provided by that 
Institute combine superior plant type with 
acceptable grain appearance and quality. In 
September, 133 of these were planted in five 
locations in Colomb旭. Excellent evaluations 
were made for blast , h。句ja blanca札，月ogatod的4吋'啥s
an8r間an吋ljami泊entω。 and s油he閻at仙h blight r閃es剖IS“tance
About 20 of these will be selected for 
mu叫lt“ip抖li叩ca“ti岫on and advanced agronomi叩c tri抽als in 
1970. The most p戶roml時蚓s剖ing materials include 
IR8 x (CP8LO x 1且uang Yai 34), IR8 x (Peta/5 
x Belle Patna), IR8/2>x Pankhari 203, (Pets /3 x 
TNI) x Khao Dawk Mali , IR8 x IR12, IR8 x 
(8igadis x CPSLO) , (Pets/3 x TNI) x TKM6, IR8 
x Tadukan, and Nahng Mon 8.4/2 x TNI. 

Cooperalive variely 扭slíng

During 1969, 1 ,757 seed packets of fixed 
lines and segregating material were sent to 
Argentina, Brazil, Peru, Ecuador, Dominican 
Republic ， τ'rinidad ， El 8alvador, Panama and 
Uruguay. 

Yields obtained in Peru and Ecuador in 1969 
with seed provided by CIA T in 1968 were 
exceptionally high. The National Rice Program 
in Lambayeque, Peru, reported a yield range 
from transplanted plots of 3.8 to 16 ton /ha with 
44 dwarf lines yielding more than 9 ton /ha 
Growth duration of these lines ranged from 142 
to 171 while the loca\ check varie旬， Mochica , 

required 213 days 

The Universidad Naciona\ Agraria del Norte, 
刮目 in Lambayeque, compared CIA T- provided 
materia\ with local varieties. In a direct 且eded
test , 11 lines yie\ded more than Minibir 2, which 
produced 7.2 ton/ha. The highest yield of 9 .4 
ton /ha was produced by a selection of 8igadis x 
TN I. In transp\anted tests, 25 lines outyie\ded 
Minibir 2'syie\d of 7.2 ton /ha with the top yield 
of 10 ton /ha produced by a selection of (Pets/3 
x TNI) x TKM6. In both trials the dwarfs 
pr~vided by CIA T ave叫ed about 45 days 
國rlier in growth duration than the \0回\ variety. 

The first experimenta\ planting made at the 
Boliche 8tati冊， Guayaquil , Ecuador , al切
showed the high yielding ability of dwarf types 
under direct seeding. Many plots yielded more 



than 6 ton /ha. IR8 produced 9.1 and a selection 
of (Petaf3 x TNI) x TKM6 , now in 
multiplication at CIAT, yielded 7.9 ton /ha 

Ri目 pathology

Two major diseases of rice are important in 
the Ameri個s: hoja blan臼 and blast. The first is 
transmitted by a plant.hopper borne virus and 
the second is caused by the fungus P. oryzae. 

Hoja blanca 

Viruses have to be identified and 
characterized fully by direct means determining 
their size and shape and their physico-chemical 
characteristics to avoid misidentification by 
other ways such as transmission , 
symptomatology , etc. 

Pur見到ïcation and electron microscopy of the 
virus. To determine the characteristics of the 
particle itself, the vicus has to be isolated from 
the cells. A method of purification was 
developed for the hoja blanca virus 

Electron micros∞pe studies made with the 
∞llaboration of the Hokkaido University in 
Japan suggest that the particles of the hoja 
blanca virus have an exceptional shape and size 
∞mpared with those known for other leaf-- or 
plant-hopper--borne viruses. The virus particle 
has a long and thin threadlike shape 

The isolation of the virus leads to the 
determination of its physico-chemical prope此ies
and the production of an antiserum. The specific 
antibodies wi l1 be u肥d international1y to test for 
the possible pre盟nce of different strains of the 
virus in the various rice producing countries of 
the Americas. 

Varietal res u;L 、 e to the virus and its vector. 
Varietal resistan、 is the best method of 
controlling virus diseas自. In the case of 
plant-hopper﹒borne 剖ruses ， varietal resistance to 
the vector is being explored as a method of 
control1ing both the virus and the direct insect 
damage. 

Screening techniques for HBV were developed 
using a highly-active colony of the vector 
Sog'αtodes oryzicola (Muir) that permit the 
testing of a large number of lines in a short time 
A non-active colony of the vector was developed 
to be used to screen lines for resistance to the 
insect. Resistance to the virus was estimated as a 
percentage of affected plants and resistance to 
the insect in number of days of life span of the 
plant and the insect, number of eggs and 
progeny , and weight gains of the insect. 
Although the number of varieties used was 
small, it served to test the efficiency of screening 
methods for both the virus and the insect. 

Resistance to the vector is impo此ant in such 
cases where virus susceptible varieties escape 
infection probably just because of low numbers 
of vectors to spread the virus in the field 

T.ble 2 . Number .nd pe間ent.ge of Hojo 81.n.o - offected plants tested with • highly - .ctive .訓。ny of 
Sogatodes oryzicola 

VarÎely Number of affected 
phmts (a) 

ICA.10 
ICA.3 
Niio 3A 
Mudgo 
IR 5 
Napal 
PI 215836 
Tapuripa 
TK M 6 
Taichung (Native) 1 
IR 8 
Dawn 
Belle patna 
IR 404 
Bluebonnet 50 

1/150 
2/150 
41150 
51150 
71150 
91150 

181150 
20/150 
371150 
45/15日

511150 
56/150 
591150 
72/ 150 
891150 

Percentage Resistance (b) 

0,66 
1,33 
2 ,66 
3,33 
4 ,66 
6 ，0。

12,00 
13,33 
24,66 
30,00 
34 ，0。
37,33 
39,33 
48,00 
59,33 

nknk 

RRRRRRMMSSS5555 

(a) Numerator: Number of plants showi呵呵mptoms

Denominator: Number of tested plants 
(b) O. 10% resistant (R) 

11 • 20% m呵'"叫y resistant (MR) 
21 -100% ::::: susceplib!e (5) 

Standard error 2.268 31 
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Number of 句醉. progeny and wei&ht of in甜cts in djfferent \'arieties of rice 

having horizontal resistance has encouraged the 
undertaking of a similar project. Varieties with 
h 0 ri z 0 n tal resistan四 must have a relative 
resistance to all the races present and those that 
might develop in the future. This cooperative 
project with ICA and IRRI is being planted in 
10s Llanos, Colomb姐， where the disease is 
endemic and frequen tJy p甜甜的s epiphitotic 
characteristics. 

Rice blast 

The rice blast disease has been extensively 
studied throughout the world but no effective 
control measures have been developed for the 
tropics. The great variability of the fungus has 
made im practi個1 the use of r自istant varieties 
having m司。r genes for resistance. The success in 
the control of late blight of potatoes by varieties 32 



The tested varieties or lines were planted in 
nur時ries according to the method developed in 
IRRI. The ratings were from 0 to 7 , and any 
material having 5 or more w由 discarded. Those 
that were resistant in Colombia but susceptible 
in the Philippines were also eliminated 
Two.hundred and sixteen varieties or lines have 
kept their resistance through four plantings in 
1969, i.e. , about 20 percent of the original 
resistant material. 

The盟 lines wil\ be further tested for at least 
10 more plantings, and then they wil\ be 
co\lected in an International Blast Nursery for 
horizontal resistance. As囡ys wil\ be carried out 
cooperatively in different countries of the 
tropical and temperate regions of the world, 
searching thoroughly for this kind of resistance. 

The combined 閏e of resistant varieties and 
systemic fungicides may. provide the ollly 
method for controlling this disease in the 
tropics. 

Rice soils 

Some highly weathered 叩ils of the tropics 
pre目的 special fertility problems when flooded 
for ri田 production . Although there is no 
evidence to date, these problems are apparently 
associated with excessively high iron 
concentrations in the soil solution shortly after 
flooding and decreased phosphorus availability 
with prolonged flooding. Also , excessive 
nitrogen losses frequently occur, and other 
factors may be equa11y important. 

Concentrated attention to these problems is 
justüied be個U閣。f the large reserve of such soils 
in the tropics and their potential impo的ance for 
rice production. Flooded rice does not norma\ly 
need lime, even on extremely acid soils, a great 
advantage in areas where lime is expensive and a 
nece，晶ity for most upland 叮ops .

Consequently, some specific problems for 
re時缸ch 缸e:

Management of flooded soils 
-Water and fertilizer management to 
mcrea甜 efficiency of phosphorus fertilizer 
and native soil phosphorus 

一Use of slow release or delayed release 
nitrogen fertilizers to increase nitrogen 
fertilizer efficiency 

Problems associated with flooded rice 
production on high\y weathered soils are being 
studied in a series of screenhouse and 
greenhou甜 experiments conducted at CIA T. 

Anaranjamiento (“orange leaf" Or what might be 
ca1led “bronzing") symptoms have been widely 
observed in the piedmont region of the Llanos, 
near Vi l\avicencio , for several years. The 
symptoms are apparently associated with 
nutritional disorders on extremely acid soils 
which are very low in available phosphorus. 
Per-plant flooding for 20 days and phosphorus 
applications reduce markedly the symptoms and 
improve plant vigor. Longer periods of pre-plant 
flooding are of no benefit and frequently quite 
deleterious. Phosphorus availability probably 
increa揖s initia\ly 山lder flooded conditions, but 
sometime after 20 days , decreases, apparently 
quite markedly. lron concentrations in the so i1 
曲lution would be expected to initia\ly increa甜
rapidly perhaps reaching toxic levels for at least 
a short time before falling to sub-toxic levels. 

It has not been possible to grow in pot 
experiments what might be ca\led “normal" 
plants on these problem soils of the Llanos, 
regardless of pre-plant f1ooding, phosphorus 
levels and lime applications. Further 
investigation is needed to define Iimiting fact。自.

E帥nomicsofri臼 product扭n

A study is in progress to estimate the supply 
respon曲。f existing rice varieties. The study is 
曲目ied out in c∞peration with the Department 
of Economics of the Universidad del Va\le. The 
study attempts to estimate production functions 
on the basis of data obtained from rice 
producers in the Cauca Va\ley. 

Training 

At year's end, five men--from the Dominican 
Republic, Colomb盟， Ecuador, and Peru--were 
appointed to the first rice production training 
program at CIAT. This program wil\ emphasize, 
in the early stages, land preparation, land 
leveling, levee buildings and soil puddling 
preparatory to insta1lation of the first CIAT rice 
plots at the headquarters site. Following th間，
the trainees wil\ transplant and tend until 
harvest a number of promising new rice strains 
being multip1ied for more ex阻nsive field trials 

In addition, four post-graduate interns (three 
fro m Ecuador and one from Costa Rica) 
completed training periods from six to ten 
months. One . more post-graduate intern from 
Argentina wil\ begin a nine month training 
P自由d in January 1970. 33 
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。世Id 'e吋oYÏl1& a hoSþital m目I before 
re個rnir璁 to his “barr妞.. bome. He and 
h區Iittle brotber r旬ained bis b曲1th
through diets u.mg opaque - 2ωIrn as 
tbe prot翩翩rce.

A geneticist from Purdue Univers旬. Lafayet妞. Ind圓圓. who conducted 
re揖arch on the opaque- 2 g凹.e of corn. oboerves a child that regained his 
h且Ith at the Hospital of the Univer函dad del VaIle 伽ough diets u函ng
op明ue-2 個rn as the protein 甜urce
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The main objective of the Corn program of 
CIAT is to in叮e晶e pre揖nt leve1s of production 
and productivity of this crop throughout the 
tropical region of the world. Corn is a basic 
staple food for millions. 

Corn has been historically a paramount 曲回ce
of food in Latin America. In ar個s of Central 
.Ameri呵. it prov泌的 60 percent of the total 
曲loric intake and up to 50 percent of the daily 
protein supply. In Colombia. the Institut。
Nacional de Nutricion has estimated that 30 
percent of the national 回lorie intake comes 
from corn. This figure 盟 higher for per叩ns living 
in rural areas and incr個揖s ln an lDverse 
relationship with the percent of the family 
budget available for the purcha扭。f food. 

In the tropics. as in other areas of the world. 
there is a high ra扭。f rural urban migration 
which. combined with a high population 
increase. makes severe protein.caloric 
malnu缸尬的n an ever present threat. More and 
higher quality food must become available if 
stable nutrition patterns. necessary for the 
overall progress of the region. are to be achieved. 

The development of more productive and 
efficient varieties with an increased nutritional 
value. coupled with the most appropr祖te
production systems to achieve e∞nomic 
production and greater ∞rn yields. 缸e specific 
goals of the Corn program. 

Stra tegy to increa輯 maize production 

Jmprovement of nutritional value 

In the higher elevations of the tropical region 
of Latin America. floury types of corn with low 
lysine and tryptophane ∞ntent are used for 
human consumption and relatively small 
amounts are used for animal feed. At least. 25 
percent of the 叮op is used as green corn. A1so. 
的 low elevations. a considerable amount of corn 
isu揖d directly for human consumption which 
makes relevant the need to produce high lysine 
自ld tryptophane corn. 

In addition. perhaps up to 50 percent of the 
crop is used as feed . without any protein 
supplement because of the high cost of the 

latter. Con盟quent旬. the development of high 
lysine.high protein ∞rn will 刮目 benefit the 
e∞nomy of feed production and utili阻tion in 
the region. 

CJAT's ∞rn breeding program will undertake 
projects aimed at: 

1. Improving the nutritional value of corn , 
including the biological value of the protein and 
the modification of its content 

2. Increasing total protein levels from 10 to 
15 percent with presently available germ plasm, 
keeping in mind. however. the relationship 
between protein content and yield. 

3. Improving grain quality in the high 
protein.high lysine types. Also , in the higher 
lysine types. studies leading to increasing protein 
levels and to a greater accumulation of flinty 
endosperm , will be ∞nt泊ued.

4. Providing technical assistance to regional 
corn breeding programs to aid in the 
developme帥， maintenance and utilization of 
high protein.high lysine hybrid varieties and 
populations. 

These programs will also try to identify and 
develop systems for utilizing broader.gene basic 
genetic stocks that contain genes for improved 
content of other important amino acids. 

Genetic improvement 

Numerous plant breeding procedures are 
presently under study at CIMMYT and could 
effectively orient the corn breeding program of 
CJAT and related institutions. These studies will 
produce 凶th plant breeding information as well 
as improved populations which will be used 
cooperatively as basic stocks as soon as they 
become available 

A number of agronomic factors. in addition 
to yield per 時. require considerable attention. 
Plant height and ear length , rate of drying, area 
of adaptation and vegetative efficiency must be 
studied in large testing nurseries to provide the 
necessary information for selection procedures 
Plant physiology will supply important 
information background for these studies. 35 
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Specific re盟arch projects in th阻缸曲 wiU
mclude: 

1. Adaptation studies to evaluate the effect of 
temperat山e， elevation, daylength , disea揖s， light 
quality, etc. 

2. Definition of the most efficient plant 
structure , including the possibility of an 
increa且d number of ears per p恤nt as an 
lmpo此ant factor in increasing yield. 

3. Relative efficiency of dry matter 
accumulation. This has become an important 
area of plant breeding, particularly in the tropics 
where, under a short day system, inefficient 
plants may dominate in a population becau閣。f
early s圓圓nal advantages, as in the 個揖 of rice. 

4. Rate of dry matter accumulation and rate 
of drying of the mature grain. Pre甜ntly available 
hybrids and varieties dry slowly after maturity , 
的 least in p缸t becau揖 of long shanks; th函
character seems to be a峙。ciated with in揖ct
resistance. The impo此ance of these factors must 
be a晶晶揖d to orient 扭曲arch towards the 
development of corn types adapted to 
mechani曲1 harvesting in areas where this 
operation IS or isωbe practiced. 

5 . In some areas of low soils fe的ili旬， special 
attention must. be given to the relative value of 
∞rn and sorghum production. The Eastern 
Plains (Llanos) of Colombia and the Campo 
ceπ叫o in Brazil 缸e critical areas for these 
projected studies. 

Regional Collaboration 

There is no uniform formula that can be 
applied to regional activities. Up to now, these 
have been based on ∞operative projects in 
which part of the activity was carried at a 
個ntral location in cooperation with a regional 
organization 

F r equently, corn breeding programs lack 
facilities for seed production and promotion. 
Whenever possible, this matter will be discussed 
w: ith local program administrators and 
government leaders to emphasize the role of 
private industry and official inst泌的ions in this 
phase of development. 

The Corn program of CIAT will work in cl。甜
∞operation with CIMMYT in the following 
areas : 

1 . Methods of breeding 
2. Production systems 
3. Dísease and insect resistance 
4. Co l1ection, storage and use of regional germ 

plasm col1ections 
5. E∞nomic marketing and price studi的.

CIA T has initiated contacts with CIMMYT to 
define areas of mutual activity and has already a 
strong cooperative program with ICA in 
Colombia which wi1l also benefit from the 
contribution of ClI收MYT.

Research 

In order to evaluate the introduction of 
opaque-2 corn among Colombian farmers, a 
project was started in the second semester of 
1969 , in col1aboration with ICA. Package 
programs with a simple design were prepared, t。
be applied by about 60 farmers in six widely 
diverse com growing areas of Colombia. The 
project w甜 designed to comp缸e the production 
of opaque-2，目me local varieties and the best 
adapted hybrids under the technology used by 
local farmers , with production levels that 個nbe
obtained when using the full technological 
package (spacing , ferti 1i zer , herbicides, 
insecticides, etc.) 

In addition, a socio-e∞nomic analysis of the 
main obstacles to a successful introduction of 
opaque-2 corn in Colomb祖祖 bei呵呵Iried out. 
The objectives of this study are to identify the 
main social and economic obstacles to a 
successful expansion of the production, 
marketing and consumption of ' opaque-2 corn, 
and to suggest ways by which the揖 obstacles
may be overcome. Basic data are being obtained 
by means of interviews with produ個時，
marketing agencies and consumers. The study is 
expected to terminate in the summer of 1970. 

With respect to the farm缸， the study is 
attempting to determine﹒ 的 their reaction to 
~nd acceptance of opaque-2; b) the yields that 
farmers expect and are 個pable of obtaining; c) 
modifi咀tions in protein ∞ntent and quality 
that may r曲ult when opaque-2 is grown under 
farmer conditions; d) their level of 
understanding, in regard to nutrition and 
protein; e) their marketing problems; f) the 
degree of rappo的 that a young college graduate 
can establish with farmers with low levels of 
education; g) the type of working relationship 
needed among these college graduates and other 
professionals and agencies for the suc扭曲。f a 
program of this nature. 

Training 

Production 'P甜ialists

Six young men began work in August as com 
production trainees in the above mentioned 
research project with opaque-2 corn , in six 
geographical areas of Colombia. Their work 



included gathering data--agronom凹， sociological 
and economic--as well as helping the cooperating 
farmers with the 閉目arch plots. 

Conferenc間 and symposia 

CIAT launched its conference and symposia 
program in April 1969, with a 阻ientific meeting 
attended by more than 100 national leaders 
from nine countries in medicine and public 
health, agricultural research and policy , and 
industrial research and processing. This 
internationaI Seminar on the Utilization of High 
Lysine Corn (Opaque-2) was held at the 
Universidad del Valle , Cali. Participants reviewed 
the promising results of nutrition studies in 
which locally produced high lysine corn was 
used to feed swine and to treat children 
suffering from serious protein deficiencies. 

Scientists and officials discu品ed the great 
potentiaIity of the new corn , had first-hand 
observations of a community nutrition project 
and compared the physical condition shown in 
“ before" photographs of under-nourished 
children with the robust “ after" live 
performance of the re∞vered youngsters. 

\ 

Organizations cooperating with CIAT in 
sponsoring the 肥minar included the A叩ciacion

Colombiana de Facultades de Medicina, the 
Federacion Panamericana de Asociaciones de 
Facultades de Medicina, the Universidad del 
Valle and ICA. 

Results of the meeting were quickly 
mani(ested in the formulation of action 
programs in some countries, enthusiastic 
commitment of several major industries to carry 
out large scale processing and marketing 
a ct i v i t i e s, and widespread recognition and 
appreciation of the multi-disciplina祖ary research 
(仰agricu叫lltur阻a叫l
possible t仙h盟 r間ap叭id progr間嗆s由s with opaque-2 corn. 
The most pervasive concerns of the conferees 
were the need to accelerate the research in more 
areas 叩d to seek ways to facilitate and expedite 
the widespread production and consumption of 
this new corn. 

Post conference activities were widespread 
and almost immediate. Corn processing 
industrialists in the United States held a seminar 
in Iowa; a conference, similar to the Cali 
meeting, was held in Venezuela with the 
但此icipation of severaI members of the CIA T 
staff; and, one Cali processing firm , within 4 
months, had two products in test markets. One 
of these is a baby food and the other is a 
prepared mix for making “ arepas" one of the 
traditional ∞rn-based foods of Colombia. 

37 



Food legumes 

Proteins as a food 助自由 are deficiently 
represented in hurnan diets in the lowland 
tropics. The problem is acute and 沾自凹gent
that it be remedied. To meet the dernand for 
föod legumes that will be pre曲的 by the yeal' 
2000, production of grain legumes, the most 
lmpo此ant and efficient plant protein producer 
must at least be doubled in rel泌的n to actual 
levels of production. 

About 20 species of edible grain legumes are 
produced for food purposes. The" most 
Important species grown commercially in the 
hot, humid lowlands are : soybean (Glycine 
max); pigeon pea (C咖nus cα戶n); cowpeas 
(Vi /!, na sillensis); hórse gnim (Dolichos 
unij1orus); dry beans (Phaseolus vulgaris); lima 
beãns (l'haseo"lus IUllatus) and peamits (Arachis 
hipogaea). High temp~rature~ ， .high.humi?it.y 
and - the altp"咽ting dry and humid periods 
present in the tropics have traditionally limited 
commercial p.oduction of these grain legumes. 

As a group of plants, food legumes have a 
high protein content, with levels rangin@ 
between 17 and 25 percent in the dry 甜eds. By 
contrast, in the cereals, the levels of protein 
content vary between 6 and 14 percent. 

Except in a few cases, little research has been 
done so far in the tropics to improve f∞d 
legume varieties and productivity. It is believed 
that, with adequate supply of technical inputs 
and good management , three crops of short 
時a目n legumes ∞uJd be produ個d annuaJ ly in 
the lowland tropics. Before this situation can 
become a reality , research must define input 
levels for economic production and management 
techniques. At present, only one crop is grown 
annually ar叫， in the absence of proper storage 
facilities and industrial utiJization , greater 
consumpt由n of the甜 high protein foods 
prohably occurs after harvest and becomes much 
[ower at other times of the year. Any 
production system for food legumes in the 
tropics must also be concerned with prep缸atíon
after harvest, sto~age and utilization. 

Dry edible legumes supply as many calories 
per unit weight as cereals. When compared in 
this respect with energy food sources most 

38 commonly consumed in the tropics (ca闊別a ，

plantains, yams, etc.), the comparison favors the 
l句umino山 plants. Most )egumes commonly 
U揖d for food contain some fat and are fairly 
good sour四s of vitamins and some minerals. 
About 80 P扭曲的 of the proteins and 97 percent 
o f the carbohydrates in food legumes are 
absorbed. The digestic!l of food legumes and the 
absorption of their nutrients 區 practically as 
complete and about as effective as with cereals. 

Legume proteins are chiefly glob叫ins;

albumins 缸e also pre國nt in a f" w species. The 
high protein content of food legumes is highly 
sign曲曲的 but the quality repre闊的ed by the 
amino acid composition, which are the units 
necessary for growth and rnaintenance, is 剖50
important for nutrition. In general, legume 
proteins are poor sources of the 
suJphur-(!Ontaining amino acids methionine and 
cystine and some are relatively deficient in 
tryptophane. But food legume protein is richer 
in lysine than protein of cereals, in which this 
essential amino acid is relatively deficient. As 
cassava protein is also deficient in methionine 
and cystine, as well as in lysine , pre時nt food 
legume varieties are, therefore, poor food 
supplements to 個國ava. This points to the 
importance of a breeding program aimed at 
eliminating this specific deficiency in grain 
legumes as well as in Cassava. 

Strategy to increa.e production 

Food legume re時arch will focus on the 
following ar個s:

1. Determination of the productivity of the 
potentially most important food legumes, 
particularly soybeans, cowpeas and pigeon peas, 
in specific lowland environments with emphasis 
on their nutritive composition and variation in 
response to environmental and éuJtural 
∞nditions. 

2. Development, if so required, of new food 
legume varieties having the following 
characteristics: adaptation , high yielding ability 
p缸 unit area and unit time, insensitivity to 
daylength , ac咽ptable degree of maturity, 
resistance to disea時5 and insects, tolerance to 
alternating dry-wet conditions, ability to 
r e s pond to fertilizer applications and high 



ph。ωsynthesis efficiency in specific tropical 
lowland conditions. 

3. Implementation and demonstration of 
cro pping practices and production systems 
de且gned to maximize yields and economic 
returns while lowering production costs in the 
缸。pics.

4. Active participatio:l in a program designed 
to survey , assemb峙， evaluate, maintain, 
distribute and exchange valuable food le鄧lmes
germ plasm 

5. Training of personnel in production and in 
the discip1ines related to crop improvement in 
an effort to provide and support trained 
leadership for national plant protein 
i mprovement teams. A \so , to provide 
information and materials for cooperating 
national food legume improvement and 
production programs. 

6. Cooperation with the ICA food legume 
program and , at the international level, with 
programs established for the improvement and 
uti1i且tion of these 位。"的 national research 
institutions. 

At present, the Food Legume Program is 
being organized. Qualified staff members are 
being 阻ught and it is expected that by 
mid.1970 a program leader will be identified. A 
Colombian agronomist is being trained in certain 
甜pects of legume diseases. CIA T is c油operating
with ICA in the introduction and exchange of 
food legume germ plasm 

Research activities 

B個ns

These plants are an important protein so田ce
in many American countries. However , in most 
of them, viru盟s cause heavy losses. Since few 
studies have been made in these countries on 
virus characterization, CIAT has initiated a 
project to identify and characterize the bean 
wuses 

“mmonb國nn回鈕IC

The virus was isolated from different varieties 
of beans in the ICA experimental farm near 

Palmira and tried in a systemic host, the variety 
D旭co1 Andino. 1且cal lesions were 0 btained in 
the varieties Kentucky Wonder Brown and 
Kentucky Wonder White, the former being the 
best for bioassay. The virus is transmitted 
through 甜ed ， mechanical means and aphids. 

&抽血ernbeanrr甜甜ic virus 

This virus is being studied in the laboratory 
comparing biological 晶晶ys and analytical 
density.gradient centrifugation as the means for 
determining physico-chemical characteristics. 

Soyb個由

Soybeans host more than 30 viruses. Many of 
them, as well as several from beans, are seed 
transmitted, an important fact to be considered. 

Two m吋。r diseases are being studied , one 
that shows apparent virus symptoms and the 
other, a bacterial disea祖. The virus-like disease 
has been mechanically transmitted and it shows 
symptoms that do not resemble any of the 
rep。此ed virus disea甜s. It shows lesions that 
resemble bacterial pustules in the inoculated and 
in the first systemic-affected leaves. Then , the 
newest leaves turn chlorotic and finally a curling 
and d血tortion of the leaves is observed. In 
揖veral trials, bacteria 苗。lated from the spots 
have not been pathogenic. 

The pathogenicity of the baeterium isolated 
from the other di揖a時 h抽 been demonstrated 
and it is now being identified. 

E∞nomics of plant protein production 

A study is in progress to estimate return to 
scale and least-cost resource combination for 
producing red beans in the Cauca Valley. The 
technique used is to estimate a statistically 
determined production function based on data 
derived from a stratified random sample of 
sorghum produ田間. The production function 
will then be u盟d to estirnate not only ret\ll'n to 
5 ize of operation but al品 the production 
respon揖 of the producers to relative changes in 
prices. This study 曲 carried out in cooperation 
with the Department of Economics of the 
Universidad del Valle. 39 



2 曲Uection of Cassava varieties at 
n includes promi吋na mater詛 I for 
mt ímprovement purposes and 
servation of de且rable agronomic 
1l8cters. 

Ac叫“珊r ofC扭曲珊. known as 
L1ar晴趴曲lIected in the Eastern 
Plains (LIanos) of ω10mb函. has 
yie組ed more than 100 ton/ha in 
a 10 - month period. 11 is well 
.ccept吋 by f.rmers.nd by the 
consumers of this important 
揖urce of energy. 



Tropica1 root crops 

Several plant species are important major 
food sources for the inhabitants of the tropical 
lowlands. Of these, the root and tuber producing 
species are the major so叮ce of energy in the 
form of carbohydrates. In this group of species 
the most important are: cas且va (Manihot 
esculenta Crantz); sweet potato (Ipomoea 
ba仰的s (L) Poir); yams (盟veral species of 
Dioscoreα);. taro (Colocasia esculenta L. Schott); 
tania (several species of Xanthosoma); arracacha 
(Arracacia xanthorhizαBank) and arrow-root 
(Maranta αrundinacea L.). There are at least 28 
botanical families , with species that produce 
roots, tubers, rhizomes or corms that are used 
for food or feed in the tropics. Cassava is 
probably the most widely cultivated 
starch-producing species in the lowland tropics 
of the world. 

Re甜arch to improve these species and to 
develop efficient production systems has been 
extremely limited and has mostly been focused 
on the description of the origin, history and 
geographical distributi凹， with minor attention 
to botany , agronomic practices , plant 
protection, genetic improvement and utilization. 

The Tropical Root Crops program of CIAT 
will study in depth the problems that limit 
production in the most important 
starch-producing species and will focus 扭扭arch
on cassava, sweet potatoes, yams and probably 
taro with the idèa of understanding their 
limitations and potentials, and to try to develop 
improved varieÜes with higher nutritive value 
and the efficient agronomic pract凹的 required to 
r剖盟 yields subtantially. 

CIAT's initial efforts concentrate on cassava 
and , as the program develops and more facilities 
become available, work will be started with 
other starch species 

“晶ava

This plant , also known as manioc, mandioca, 
guacamote and yuca, is one of the major sources 
of carbohydrates for the inhabitants of the 
lowland tropics in the Western Hemisphere and 
Africa. Its present day distribution.\s worldwide 
in frost lree latitudes, between 30u North and 
300 South, at elevations ranging from sea level 
切 1 ，800 meters. 

C扭曲va production 

Production statistics are inaccurate as a large 
po此ion of the crop is consumed locally and does 
not enter the market. In Colombia, during 1967 , 
由ssava was produced on 150,000 hectares with 
a total production of 885,000 metric tons giving 
an average of 5.9 tons per hectare. Data available 
from F AO indicates that 83.2 million tons of 
roots were produced on 9 million hectares in 
1964 giving an average of 9.2 ton/ha. Africa is 
the world's largest regional producer, while, 
individually Brazil produces more cassava than 
any other country 

Cassava is often described as a back-yard crop. 
Large acreages are seldom grown on a farm. In 
general ,. small plots are planted for the suppo此
of the family. However , there are areas in l3razil 
and Thailand, where the crop is grown to 
provide both for local requirements and as a 
C晶h-crop export to the temperate zones. It is 
cultivated in pure stands or in multiple cropping 
schemes with corn, bananas, yams and sweet 
potatoes 

Yields and nutritional value 

As an unprocessed food , cassava roots are 
boiled or fri叫， or consumed as .crude flour 
Commercial products that can be derived from 
cassava include starch for paper sizing, laundry 
starch , adhesives and tapioca. Fresh or dried 
roots are used as animal feed 

Cassava is considered a prodigious producer. 
Although the world average is 9.2 ton/恤， some 
producing countries such as Brazil, Thailand , 
Cambodia and Boliv站， have national averages 
ranging from 14 to 18 ton/ha. 

Where cassava is well tended as a plantation 
crop for commercial use , average yields of 24 
ton/ha are common and yields of 50 to 100 
ton/ha have been reported from individual 
plantings. One cultivar, Llane凹， collected in the 
Eastern Plains (Llanos) of Colombia by ICA, has 
yielded more than 100 ton/ha in rich black soils 
in a 10-month period. 41 



Cassava is a long-term crop, taking from 10 to 
18 months or longer from planting to harvest. It 
C泊的且由 30 to 40 percent dry matter. Roots 
contain a relatively smaIl amount of protein 
(usually, 0.5 to 1.5 percent) and minimaI 
percenta噩es of fat , vitamins and mineraIs 
Analyses of 87 cultivars have shown the 
possibility of finding clones with a higher 
protein level. Ûne of the collected cultivars 
contained 7.25 percent protein , (based on NL x 
6.25 且Ic叫ations， with zero per凹nt moisture 
content). However, a portion of the totaI 
nitrogen present in 扭曲va may be non-protein 
n i trogen of low nutritive vaIue for single 
品。mach animaIs. Amino acid content is simil缸
to that of . corn, methionine being low and 
threonine twice as high as in corn 

C晶晶va leaves are rich in protein. Ûne su凹ey
of varieties showed a range of 3.7 to 10.7 
percent protein on a fresh weight basis and of 21 
to 36 percent on a dry weight basis. E臨ential
antino acids are well represented , having a 
deficiency only in methionine. Lysine content 
of 5.6 切 8 percent is acceptable. 

There are toxic and non-toxic c晶晶va
varieties. Toxicity results from the pre肥nce of 、
hydrocyanic acid (HCN) which is derived from 
linamarin , a glucoside. Another glucoside, 
lotaustraIin, can be pre時nt 剖曲 in ntinute 
amounts. Sweet or non-toxic varieties have a 
∞ntent of less than 50 rng of HCN per kilogram 
of fresh roots, while bitter, toxic types have well 
。ver 100 rng per kilogram of fresh roots 

Varielal improv自nent

Cassava has been largely overlooked by 
re甜arch workers in temperate climate countries. 
No tropical country, where the crop is grown in 
Iarge quantities, h晶。rganized and maintained 
an improvement program of satisfactory scope 
and duration to produce significant results. 

The genus Manihol has probably some 150 to 
200 species, all native to the new world 
Although, it is likely that the rnajority of the扭
曲-caIled species would be cultïvars rather than 
distinct species. Several experiment stations have 
collected and do maintain varieties of the 
cultivated species, M. escu/enta. At pre臨的，
fairly large collections are located in Brazil, 
MaIagasy Republic , Uganda , Congo , Colombia 
and India. However, it app甜甜 that most 
workers have not gone beyond the evaluation of 
their collections and multiplied and distributed 
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Hybridizations within the cultivated species 
and inter-specific cros目s have been rarely 
attempted. For example , during the period 
1932-1942, efforts were made in Java ω 
increase root protein content through 
intra-specific 叮0扭曲 between M. escu/enta and 
M. saxico/a. Some resulting clones initiaIly 
contained more than 2 percent protein but these 
were repo此ed to regr曲s to norrnallevels (0.8 to 
1.5 perc凹的 after continued propagation. It was 
co ncluded that there was little chance t。
increase protein content through selection 
following hybridization. In view of the 
∞nsiderably higher protein content ob揖rved in 
ca且ava collected in the Colombian Llanos, it 
would seem worthwhile to repeat this work 
M凹的ver， former yu且 res個rch workers report 
that individual protein anaIyses have reached 9 
percent or more in related M，αnihol species. 

A more succesful breeding project has been 
reported from the Malagasy Republic where 
workers 目睹ht resistance to mo且ic， a serious 
virus di揖a甜. Numerous part旭lly controlled 
pollinizations resulted in 15 ,000 to 鉤，000
甜edlings per y個I. These were screened for 
mosaic resistance and starch content. The 
resulting varieties were claimed to be 閥割stant to 
mo且呵， to shów increa時d adaptability to low 
fertility soils and to have incr曲時d yields from 
12 to 30 ton /ha. 

Agronomic praclic個

Actually, very little is known about the vaIue 
of improved culturaI . p闊的眩目 in relation t。
varietal types. ca晶ava supposedly responds in 
yield to appli個tions of P2ÛS and K2û , but 
there is a po阻bility that this is morë clo揖ly
related to native soil fertility than to a 
fertilizer-variety interaction. 

Nearly all reports stre晶 the fact that 
applications of nitrogen fertilizers do not 
mcr且揖 ca攝制a root yields. A11 workers agree 
that stem and 1個f weight. show a positive 
response to nitrogen. Furthermore, limited 
spacing studies indicate that optimum spacing, 
on low fertility 甜山， is closer than that on 個i1s
with normaI fer包lity. This fact combined with 
the generaI u自由pon剖vene國 in root production 
to applied nitrogen would suggest that the 
fertilizer respon甜 is impeded by mutuaI shading 
resulting 企om excessive vegetative development. 



ca國祖 di盟臨S

The lack of attention to ca品的a disea時S 區
illus虹ated by the observation that, in 1966, The 
Review of App虹ed Mycology published two 
references to ca品ava dis甜甜s， 17 to 個rnation
diseases and 234 references to research on 
tobacco disea甜s.

In general, the literature implies that d起eases
and pests are not important on 曲曲ava， although 
sound information on dis胡se and pest losses is 
S個X由. Mo姐ic ， one the three of four known 
virus d扭曲ses of 晶晶ava， was estimated in 1956 
to have cau甜d an 11 percent 10盟 in the British 
Afri回n colonies. Fields with 100 percent mo扭扭
infection yielded one ton or le曲 per hectare 

Strategy to improve 個圖ava production 

C扭曲va has a gr曲t potent血1 as a rnajor food 
and feed sour目 and as raw material for industry 
in the tropical lowlands. The development of 
th區 potential merits a strong r曲曲rch effort. 

CIA T has established the following goals in 
order to develop economic production systems 
for increasing food production in the tropics. 
These goals are: 

的 To explore and ∞llect cultivars and related 
w誼d species of Manihot in the countries where 
variability is present, with emph晶is in the 
pri血缸y cen七ers of origin (Northern South 
America and Middle America), in order to 
establish a gerro plasm bank repre盟的ative of 
the world 's variability. 

b) To classify and evaluate the genetic 
variability of the collected material as a basis for 
future work. The gerro plasm bank will 
constitute a reservoir of breeding material 
available to 閉目archers throughout the world for 
the improvement of this important tropical 
crop 

c) To identify superior cultivars that can raise 
present yield substantially. 

d) To find production systems that maximize 
the efficiency of planting methods; control of 
pests, di時a甜s and weeds; adequate fertilizer 
application and harvesting procedures 

的 To develop more practical and efficient 
systems of drying and using ca晶ava as human 
food, animal feed and for industrial use, with 
emphasis in econoroic mechanization schemes 
that can be u田d by small or 1訂ge growers. 

f) To obtain superior varieties through plant 
breeding with higher yield capacity, increased 
starch and protein content and nutritional 
quality of the roots; with resistance to diseases 
(p缸ticularly ， mo臨ic) and adapted to c凶tivation
in heavy 由山， and with levels of HCN content in 
accordance with the final use of the roots (food, 
feed or industry) 

g) To provide practical trainin2 in varietal 
∞llection， eValuatiòn, iinprovement and testinll 
品 well as in crop production methodology and 
in plant protection, to young scientists from 
n祖Jor c晶晶va producing are個.

h) To exchange information, materials and 
scientists with other national and international 
institutions concerned with the improvement of 
cas阻va throughout the world. 

Research activities 

CoUection of ca蟬va mater祖l

In May 1969, CIAT started a systematic 
∞11配tion of genetically diverse c晶晶va ma terials 
present in Colombia. CIAT obtained the 
c∞per"tion of the Secretaria de Desarrollo y 
Fomento del Valle, this organization appointing 
the Oirector of the Cauca Valley Botanical 
Garden to work with CIAT in the collection 
procedure. 

A general collection plan was prepared and a 
special form designed for th臼 purpo揖. One 
CIA T trainee and a botanist of ICA were trained 
in collection techniques. Through the efforts of 
the collection team, a total of 611 cultivars of 
cas且va were collected in 20 Departments of 
Colombia. All materials collected were planted 
at CIAT's farm and an intensive program of 
observation and data gathering has been 
undetway since. Information is being obtained 
on sprouting, branching, growth patter悶， foliar 
characteristics and other morpholog1cal 
characters to be used later for classification 
purp囚的. The collection of cas國va cultivars will 
be actively continued during 1970 and initiated 
in other tropi阻1 countries in Latin America, in 
cooperation with national programs and 
organizations. 43 
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Planl Protect卸n

Aware of the importance and dangers 
represented by pests and d扭扭扭s， p缸tic叫arly
tho甜 caused by virus, when ωnducting plant 
introduction schem帥， CIAT initiated a 
cooperative project with the plant pathologists 
of ICA. 

The Plant Protection program was designed to 
develop an efficient plant quarantine scheme 
that will insure the prevention of introducing 
contaminated materials into Colombia. It h晶
been agreed that introductions from foreign 
countries will be quarantined by ICA, in an 
insect free and especially adapted greenhou目 at
the Tibaitata station. CIAT, in cooperation with 
ICA, is training a young agronomist in the 
techniques of plant quarantine. 

The success of an initial breeding program is 
b品ed upon the genetic variation available to the 
breeder. The first step, therefore, should be the 
establishment of a germ plasm bank. The 
introduction of genetic material of ca盟aV3 ，
which is vegetatively propagated , brings the 
danger of the importation of pests and di扭扭曲，
particularly of viruses not pre目前 in the ho的
country. To prevent this possibility，時ver叫
experiments were designed to find a suitable 
way to inactivate viruses without severely 
damaging the buds of the cuttings. 

Hot-air and hot-water treatments were applied 
ωcuttings 20 cm long. !he hot-~ temperatures 
included -from 50 to 560 C, at 2"c intervals, for 
8 hours. Thirty percent of the cuttings 
germinated at 500 C but not at temperatures 
beyond 5訟'C

It was conciuded that cuttings could be 
tr句ted safely at 52uC for 20 min , as well as at 
50U C for 60 min , with hot water. Although virus 
or viru揖es ， mycoplasma-like organisms and 
bacteria may be inactivated by th區 treatment ， it 
will be nece晶缸Y to repeat it to insure a 
complete virus-free stock. After the treatment 
the cuttings must be protected with a fungicide 
to avoid root-rots and stem-rots during 
germination. 

The introduction and storage of large 
quantities of cuttin噩s may bring about a 
problem of germination and de曲y. To gain 
some experience on this matter, studies are 
underway to determine the best conditions for 
long storage periods which inciude different 
temperatures, chemical treatments and wax 
protection 

Attempts are being made to identify and 
characterize a bacterial disease of cas祖va p扭曲的
in the northern part of Colombia 

Multiple cropping 

A multiple cropping experiment with cassava 
was started in November 1969. The purpose of 
this program is to evaluate the possibility pf 
growing a relatively short season crop, like 
soybeans or corn , during . the initial 
establishment phase of the ca晶ava plants 
Soybeans or corn were planted between the 
ca晶ava rows. Both crops were planted at the 
same time. To allow comp缸1品几個ssava was 
叫ωinterplanted between and within soybean 
rows which had been planted about 45 days 
earlier. 



Agricultural economics 

Efforts to accelerate economic growth in the 
lowland tropics of Latin America must be based 
on changes in technic划， social and e∞nomic 
factors within production, distribution and 
consumption systems. Neither the immediate 
CIAT objective of expanding food production 
nor the ultimate one of improving the welfare of 
people 回n be successf凶ly Mfilled strictly by 
introducing improved techniques of production 

Optimum allocation of available resources 
among alten祖tive production possibilities is 
determined by economic as well as technical 
relationships. Furthermore, economic analyses 
play an important role in determining the 
impact of these alternatives on general economic 
progress and welfare of the people. Hence, the 
Agricultural Economics program is an integrated 
part of the overall CIAT program. 

The agricultural economists seek infom祖tion

on three related types of e∞nomic problems. 
The most fundamental of the揖 is the evaluation 
of the economic considerations involved in 
determining re甜arch， training and action 
program priorities. But，切 deal in a 組tisfactory

manner with 油田 problem， two others must be 
∞nsidered. The first of these factors has to do 
with the nature of economic barriers to the 
widespread adoption of the technical advance 
being considered. These barriers include, on the 
production side, analysis of factor and product 
pri ces , p hysical input-output relationshi阱，

availability of 扭曲ntial inputs, including not 
only n祖terials but also technical assistance and 
叮edit.

Once the economic barriers have been 
determined and analyzed, there still remains the 
揖∞nd problem of the economic con揖quences
of the wide-spread application of the technical 
change. With regard to this matter, questions 
that arise include the following: 

1. What is the effect on total agriCultural 
income of various levels of increase in 

agricultural prι -， uction for individual 
∞mmodities? This requires knowledge of both 
domestic and foreign demand for the product in 
question, as well as a clear understanding of 
prlce ∞ntrol mechanisms used and/or available 
to the various regions considered. In addition, 
detailed information is required on 
transportation, storage and credit facilities 

2. What are the likely income distribution 
effects of incr甜甜d production not only 
between agriculture and the rest of the 
e∞nomy ， but al曲 within agriç叫ture? A closely 
related matter is the effect of the new technique 
on employment within agriculture and elsewhere 
in the economy. New techniques may be labor 
intensive or extensive. 

3. How will production increases affect the 
region's balance of trade? This involves 
knowledge of the potential export markets for 
the product in question not only in terms of size 
and special restrictions but 刮目 in terms of 
quality of product that is acceptable 

Economic analysis of the type indicated is 
essential to the long term success of CIAT 
programs. For example, failure to take into 

.. account market conditions before launching a 
個mpaign to increase the production of one 
product may well result in strong price 
reduction of the product, which in turn may 
produce a more serious adjustment problem 
than the original one. 

The general approach of the agricultural 
economics group may be separated int。
research, training and advisory 甜rvices to the 
general administration of CIAT 甜 well as to 
individual CIAT scientists on economic matters. 

Research and training is c缸Tied out in two 
distinct but related programs. One program 
includes cooperative research with plant, animal 
and social scientists, other than economists, in 
the commodity teams integrated within CIAT. 45 



In th且 program， an agricultural 自on。血且t works 
但 a member of the t個m designated to study an 
individuaI叮op or livestock production system. 
The e間>00血ist helps to 時，lect the 缸eas of 
扭曲arch and participates in the design and 
exe叫“。n of the r借閱rch program of the 
individual teams. On the basis of team r師團rch
the agricultural economics group is responsible 
for economic research related to corn, rice, food 
legumes, tropical root crops, beef cattle and 
S精凡ne.

Since neither an individuaI crop nor an animal 
is produced inωlation， knowledge about the 
economics of competing 叮。ps and livestock 自
essentia l. Without this information, it is 
diffic叫t ， if not imp。臨ble， ωsuggest re屆onable
ways ωincrea且 the quaIity and quantity of 
food available in the regions being 盟凹ed by 
CIAT. Consequently, in addition to participating 
in the commodity teams, the agricultural 
economists al曲 investigate some crop and 
1ivestock activities for which no teams have been 
established. Studies of demand, marketing, 
international trade and agricultural policy al個
will be carried out independently of production 
teams. 

Two areas of investigation considered to be 
particular1y important and relevant are: the 
economic adjustment within the existing state of 
t e chnology and the adjustment po阻bilities
using new production techniques. 

The adjustment problems as related to farm 
size will receive special attention. While 
development and introduction of new 
technologies may benefit large commercial 
farmers , the adver甜 effects on small farmers 
may be of such a magnitude that the net effect 
of the technology is negative for the farm 甜ctor

as a whole and even for the total economy. 

The adjustment problems in the agricultural 
臨的or are determined not only by internal 
agricultural factors but by a variety of 
relationships in all 闊的。目。f the economy. Such 
problems , among small farmers , for example , 

may be largely determined by employment 
possi bilities outside the agricultural 盟cωt

H e n ce, research 個nnot be limited to the 
adjustment within the agricultural 甜ctor.

The interactions between the agricultural and 
non-agricultural sectors will be analyzed to 
determine the impact of alternative changes in 
the agricultural sect且r on such key factors in 
national economics as employment, income 
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Major emphasis will be placed on re國arch to 
predict product prices, income distribution and 
expec峙d “bottlenecks" in marketin噩 under
個rtaina且urned 且pansions in the production of 
the commodities in the CIAT progra血. Through 
this type of research it is hoped that the 
曲-called “second generation problems" may be 
fore時間 and ∞叮ective me甜山臼 suggested to 
reduce or eliminate the adver甜 effect of such 
problems. 

Studies completed or in pr句;re個

Thè majority of the economic studies 
∞mpleted or in progr唱s relate to the various 
∞mmodities. Hen間，他揖e proj自t8 缸e rep。此ed

in the respective commodity 時ctions.

A study that relates to all the commodities 
for which teams are established is presently 
being planned. The objective is to estimate the 
impact of inCrE盟且d levels of production of the 
various food ∞mmoditi個 on such key factors as 
pric目， levels of income and income distribution 
both within the agricultural sector and in the 
total economy. The flrst pha閣。f this study will 
be an estimate of the pri個 elasticity of demand 
at the consumer level. 

Cooperation and coUaboration with olher 
agenCle8 

Aside from collaboratlon with other 
departments of ' CIAT, the Department of 
Agricultural Economics has formed close links 
of cooperative 扭曲arch with the Department of 
Economics of the U凹的idad del Valle, ICA 
and the Ford Foundation agricultural advisers in 
Latin Ameri也.

Training acfÏ'吋討問

_ An apparently 8uccessful 開rt of the training 
program has been the participation of p1ant 
science traine田 m 目Clo-e∞nomic f:缸血 surveys.
After a short int[(地uction to interviewing 
techniques the trainees are 峙的 to the field to 
interview a nurnber of farmers. lt is app缸ent
that the trainees' ability to ∞mmuni個te with 
farmers improves greatly during the period of 
int前V時wing.

In cooperation with the Corn program of 
CIA T a survey was made in six different corn 
producing areas of Colombia in order to obtain 
曲me 個cio-e∞nomic information regarding the 
introduction of opaque-2 corn. 



Soils 

Millions of hectares of generally smooth, 
weU-drained tropical soils constítute the world 's 
príncípal reserve of undeveloped, potentíally 
productive crop and past回e land. 

In Latin America, the majority of tropical 
10 w 1 a n ds are essentially uninhabited 
Paradoxically, many of these regions are better 
suited , from the standpoint of topograp旬，
drainage and soil physi曲I ∞nditions， to the 
d evelopment of efficie肘， highly productive 
啥叫叫Itural systems than traditional agricultural 
zones of the tropics, especially the 刮目p
mountain regions and foot hills. Geologic 
erosion on these sloping soils continually 
exposes fresh 開rent ma阻rial as a natural 圓urce
of pla-: nutrients thus providing a ba甜 for

aεriculture at low levels of management. 

Trop;cal Pla;ns and Plat聞us

Status of 帥ils re揖arch

Soils research related to tropical soils, both 
fundamental and applied, lags far behind the 
need for information on which to base efficient 
production 'systems. There are many other needs 
including adequately trained farmers , market 
and transportation research and development, 
technical assistance, etc. 

CIAT's re揖arch program 

The Soils program of CIAT is devoted to the 
study of problems in the lowland humid tropics 
related to the successful management of soils for 
maximum economic production. Special 
attention is being focused on the following 
areas 
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Tropical Areas of 40" or more Annual Precipitatlan 
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Tropical areas of 40 inches or morc of annual pr，回ipitat妞"

a. Efficient use of fertilizers and lime for the 
production of forages and cultivated crops on 
the highly weathered soils. (extremely acid 品ils

of low fertility) of the tropical lowland pl也ns

and plateaus 

b. Soil management stlidies, including 
minimum tilla阱， residue management and soil 
conservation practices, the latter aspect being of 
great importance on the old 叩ils of the lowland 
plains and plateaus 

c. Reclamation o f poorly drained saline and 
alkaline soils found primarily in alluvial valleys. 

d . Special fertility problems associated with 
highly weathered soils . used for flooded rice 
production (see section on Rice). 

e. Soil microbiology including symbiotic and 
non.symbiotic nitrogen fixation in both fertile 
alluvia l soils and residual soils of low fertility 

f. Soil studies at the CIAT site and other 
48 research centers. 

Use of fertilizer. and lime on highly 
weathered 50ils 

Latosols and red-yellow podzolic soils, in 
general, have low levels of fertility and are quite 
acid and , therefore, are incapable of adequately 
supporting large human populations in the 
absence of technology and without the use of 
relatively high rates of fertilizers and lime 

The major obstacles to the development of 
efficient agriculture on the weathered soils in 
the tropical lowlands include lack of 
transportation facilities (or high transportation 
∞吼叫 which contributes to high “on farm " 
fertilizer and lime pri ces and lack of 
fundamental knowledge regarding fertilizer and 
lime use on weathered tropical soils. 

Fertilizer prices (at plant) have been reduced 
drastically in the post World War II period and 
abundant suppli臼 are available today on the 
world market. This fact , perhaps more than any 
other, points to the beginning of a new era for 
the lowland tropics in which it will be 
economically feasible to produce crops on many 
師ils formerly not utilized. 



Specific stu刮目

-Nutrient cycling and leaching los目s_ Well 
drained tropical 叩ils are highly permeable and 
therefore subject to excessive leaching losses of 
N, K, Ca and Mg, when trad泌的nal fertilizers and 
management systems are used_ 

-Phosphorus fixation_ Th時間 especially serious 
in high-aluminum, high-iron soils_ 

-Micro-nutrient and second缸y nutrient 
deficiencies (B, Zn , Cu, Mb , S, Mg)_ These are 
very frequent , especially on low organic matter, 
∞缸甜-textured 品ils_

So il ßl8 1區gement

Little is known about managing highly 
weathered tropical soils for efficient production 
and adeq回te soil conservation_ Historically, 
such 田ils have been exploited almost exclusively 
using primitive 切。ls and cropping systems_ The 
results have usually been low levels of 
production and rapid destruction of soils_ 

Latosols are in general friable and should lend 
thernselves well to minimum tillage systems. At 

the same time , they are found in regions of 
moderate to high rainfall and are susceptible to 
er個凹， even on moderate slopes and will , 

undoubtedly, require vigorous application of 
conservation methods to prevent soil 
destruction_ These two considerations, plus the 
availability of new chemical 缸ld mechanical 
methods for controlling weeds, point to the 
need for devising and testing new systems of soil 
management for the lowland tropics. 

Specific studies 

-M i n i mum or no-tillage planting systems 
where soil physical conditions permit. 

-Chemical control of native (undesirable) 
species for direct seeding of improved forages 
without tillage . 

Tillage systems for row crops which 
n.aximize soil protection with residue and/or 
∞ntrolled 曲d.

-Direct seeding methods for flooded rice, 
including seeding into water and into mud. 

Lat050/5 and Red- Yellow Podzolic 50115 

司官
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Approximate world distrib叫ion of lato9015 and red-yellow podzolic 甜甜5_ These h也hly w國thered 帥i1s

are generaUy found in tropi個I or subtropieal re&io醋。f high rainf.U and smooth to roU呵 t開血-
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Tropicol Sovonnas 
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Tropical 即岫18. are 圓圓lly Cound 00 h祖h1yw國thered 曲i1s aod relatively smooth terrain. 

Wor/d Popu/atlon , 1961 
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In tropical Am宙間. the Iowlaod pla面. aød plat個UI are almost uninhabited w恤 tbe 扭曲ptioo oC 
50 alluvial valleys and 圓圓lines.



R"，迦mat扭nol 圓liDe and 酷地ic 甜i1s

Many 缸opical 站luv血I 曲i1s are natUtally 
poorly drained and rubject to salinization un扭曲
adeQuate art1 ficial drainage is provided. 
lrIJ~atlOn aggravat.揖 the problem if water 
qu仙"區 P∞r and/or adequate drainage 盟鈍。t

戶oVlded.

The CIA T farm near Pa1mira, has large ar國s
of saline 甜i1s and some sod甜甜i1s. The Iatter are 
晶pec鼠IIy diffic叫t to r前Iaim 扭曲U閣。f their 
low permeability. Saline 甜i1s are 刮目∞mmon
at TUtipana and in other irriga位on projects on 
the North Coast of Colombia. These first h目ld

problems，∞upled with the general occurrence 
of similar problems in many lowland valleys, 
emphasize the need for inv甜tigation .in this 缸國

商間H"IC 5ludies 

-Leaching of saline and sodic 曲。s u且ng

traditional amendments including 臼804 個d

elemental suIphur. 

-Surface leaching of the甜甜i1s where low 
permeability prohibits vertical leaching，山ing

amendments to displace 甜dium. This procedUte 
shouId be especiaIIy usefuI for rice 間i1s where 
water leveling is indi個ted.

-In∞rporation of re割dues or green manUte 
臼ops to improve structUte, permeability and 
internal drainage. De∞mposing vegetation 
shouId 刮目 aid in displacing exc國S1ve 且lts .

50圓圓crobiology

Soil microbiology has been neglected in most 
of tropical Ameri個. CIAT's concern for forage 
and gr祖n 1，略ume production req甜甜 8缸ong

阻pport in the 缸ea of symbiotic nitrogen 
fixation. Little is know of the. spe口fic Rh血ob旭

requirements of legume species and varieties 
adapted to the r何!Íon.

Non-symbiotic nitrogen fixation is apparently 
more important in the tropics than in temperate 
regio肘， yet little is known in detail as to specific 
organisms and proce晶晶 involved. There is c1ear 
need for increased research activity .in th起缸缸，
個pecially in relation to tropical forage gr甜甜s.

8pecific are曲。f 甜甜arch will be identified 
and d研eloped by a 田iI microbiologist， 助。nto

join the CIAT staff. 

Studies .t ClA T's 國te and oth.. 甜甜arcb

ænt..s 

CIAT's farm near Palmira and ICA's TUtipana 
rese缸ch centet are the major sites for research 
on alluvial soi1s. R扭曲rch WiIl include soil 
managemènt and soi1 microbiology studies, and 
reclamation of祖line and sodic 個ils.

The Palmira site 回 now ready for initiation of 
field research , especiaIIy that rela蛤d t。
reclamation of 且line soils. Drainage has been 
inlproved dUting 1969 by the installation of a 
perimeter open ditch drain and 目me internal 
drains which shouId facilitate 揖It removal by 
leaching since annual rainfall is approximately 
1,000 mm. One irrigation well is operative but 
adequate distribution diwhes are still lacking. 
Irrigation water quality is good. 

Soi1s at the CIA T site are being mapped in 
detail. Field work is being executed, with 
emphasis on soi1 salinity and profile depth. 
Major Iand leveling will be required in several 
fields , where 助益 depth is sufficient, to provide 
for adeq岫te sUtface drainage and to permit 
irrigation. 

A systematic 國mpling of the farm is 
underway. Labora.ωry analyses have revealed 
low Ca:Mg 闊的。s in many fields with levels of 
exchangeable magnesium often higher than 
exchangeable calcium. The implicat岫ns of th旭
situation are not entirely c1ear but there are 
ap伊間的 damaging effects, either direct or 
indirect. Boron deficiency was observed (and 
confirmed by later greenhou且 experiments) in a 
∞mmercial field of grain 甜rghum on the 國te in 
1969. Further res祖rch is in progress 切 check
the pos國bility that Ca:Mg ratios may effect B 
availability or metabolism. 

Laboratory experiments conducted in ICA 's 
Iab，的 Palmi間，泊di個te that sodic soils wiII be 
difficuIt to rec1aim by vertical leaching becau甜
。f extremely low permeability. on the other 
hand, sUtface leaching appears to be feasible, 
especiaIIy on ri時間i1s which are water leveled. 
The removal of high sodium water from areas 
being surface leached without damagiilg adjacent 
fields or farms along the drainage canal may be a 
problem. 51 
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Table 1. 50;1 chemic.1 ch.racter;.lic. for EI Porven;r (CIAT he.dqu.rter. .1 P.Im;r.) , Turlp.n. .nd 
Carima阱，. resea阿h .1.I;on. 

Sampte identification P.H % P.(PPM) 

Organic Bray 11 
Matter 

Porvenir (0.30) 6,7 4,4 47,5 
Carimagua (0-20) 4,5 4,6 3,0 
Turipana (0-10) 7,0 1,2 15,2 

Cation Exchange Capacity 

AI 

2,6 

The cooperation of the ICA 回ils program has 
provided valuable support to field studies and 
made possible the initiation of soil 
characterization studies. 

Lack of irrigation water at Turipana h晶
seriously limited agronomic research at that site. 
Land leveling research and demonstrations were 
initiated in 1967 to permit the study of various 
irrigation and surface drainage systems as well as 
rnanagement of irrigated soils. This work will 
continue when irrigation water becomes 
available. 

Research on highly weathered soils in 
Colomb圓明11 be conducted prirnarily in the 
Eastern Plains (Llanos Orientales). The soils staff 
h品 P盯ticipa ted actively over a period of four 
years in the execution of regional trials in the 
Llanos. Based on experience gained with these 
trials, a suitable site for an experiment station 
was selected. An 18,OOO-hectare ranch known as 
Carirnagua was purchased by ICA in 1969 and 
developmental activities were initiated late in 
the year. Most of the land will be devoted to 

c. Mg K N. C.E.C. .. 

MilliequivaJent/l00 9 of soil 

11 ,6 10,6 0,69 0,67 24,4 
0,40 0,38 。，28 0,08 11 ,3 

13,7 7,4 0,26 0,74 19,8 

livestock research and demonstration. A srnaU 
area will be used for agronomic 扭扭arch with 
emphasis on forage crop establishment and 
management , flooded and upland rice 
production problems, cas且va， sorghum and 
grain legumes. Soil management, microbiology 
and fertility studies are basic to the successful 
rnanagement of all these crops. 

A 田ils program trainee has been assigned to 
Carirnagua where an agronomy research field of 
approxirnately 20 hectares is being readied. A 
srnall irrigation system has been insta11ed to 
permit dry season (January-April) research and 
to provide for flooded rice production research. 
A chemist was hired la扭 in 1969 to work 
temporarily in the ICA Soils Laboratory at 
Palmira until CIA T laboratory facilities are 
available 

Work is underway with soils from 甜veral sites 
in the Llanos and from the CIAT Center. Two 
回dic 田ils from the latter site are inciuded in a 
∞lumn leaching experiment being conducted in 
the ICA laboratοry. 



AgroDomic systems 

Status and strategy 

The Agronomic Systems program 時eks to 
identify 曲lutions to problems en∞untered in 
the production of 叮ops on a commercial scale. 
Where sufficient background information is 
available, recommended practi明s for crop 
production are employed in the evaluation of 
net returns using some of the alternative 
practices which normally are available. Where 
阻perlmen凶 evidence 區 limited， the program 
initiates and conducts investigations as needed 
切 provide a base for the selection of alternative 
cro pping practices which can fit into the 
management systems on farrr區. The肥 practices

should provide for high economic returns to the 
producer and must contribute to the production 
of foods and feed materials which are needed 
and can be used in the lowland tropics. 

The overall objectives of this program 缸et。
ev剖uate:

1. Production costs and returns from current 
叮opping practic臼 and systems. 

2 . Net returns where more intensive 
management and cultural practices are followed. 
This includes irrigation, high fertilization, more 
than two harvests per year and multiple 
cropping systems. 

3. Production systems for miscellaneous crops 
which app曲r to have high food production 
potential but are presently grown on a limited 
non-commercial scale. 

4. Production problems and solutions to the肥
problems, when: 

A. More intensive c叫tural practices, 
such as continous cropping, short 
rotations or “ off-揖aωn" cropping 
practi曲5， are implanted. 

B. Results from small scale 
experiments begin to be applied to 
∞mmercial operations. 

C. Land forming or other land 
modification practices are followed in 
preparation for irrigation or drainage. 

D. Presently grown varieties were 
developed for “hand" type 0 f cultural 
pract甜甜 rather than mechanization. 

E. It is necessary to produce sizable 
quantities of various crops which may be 
used for further studies in storage, 
processing and utilization. 

Considerable work has been done to breed 
and evaluate the production potent祖1 of 
numerous crops. This work must be reviewed 
and continued because of changes in technology 
and the shifting needs of the world. Further 
work should be done to integrate and evaluate 
crops and varieties into rotations, monoc叫tures
and ∞mbinations in cropping programs for areas 
with differing clirr祖tologi個1 conditions. Clo揖
∞operation and coordination with national 
pr甸回ms are essent旭1 to avoid duplication of 
work. 

The following 1區ting of general work areas is 
not all inclusive and other areas of work will 
develop as the program progresses. 

1. Choice of crops or crop adaptation and 
crop sequence. 

A. Annual 叮0戶 a single cro p harvested 
from 個ch planting. 
a. Food or feed crops. 
b. Çrops for industrial and 

manufactured use. 

B. Biennial or perennial crops which 個n
beharv閻健d several times from a single 
planting. 

C. Perennial 回0戶 which would be utilized 
primarily for forage purposes either as 
p晶ture ， green chop or silage. 

D. Perennial fruit and nut crops utilized 
for food , feed and industrial purposes. 53 



2. Cultural practíces or systems. 
A. Land preparatíon 
B. Crop establíshment 
C. Seedlíng management 
D. Ra切on 目。p managment，個此icularly，
甜可hum. Varíetí曲， fertilí且tíon， tíllage 
practíces , írríga tíon , harvestíng 
systems，間idue dísp。臨1.

3. Harvestíng, storaie and utilízatíon. 
A. Grain, oíl and starch 目'ops.
B. Harvestíng of perenníal forage crops 

and problems related to contínued 
productíon of the揖 crops such as 
írrígation, fertilizati凹， soil ∞mpactíon
and others. 

C. Harvestíng of seed and other 
propagat這on II祖ter旭1.

4. Mís四Uaneo山 consíderatíons for crop 
productíon. 
A. Climatologícal data. 
B. Physiologícal and e∞logical data. 
C. Specialízed 叮op production and 

utilízatíon programs such as opaque-2 
corn productíon , proc國silll! and 
utili且tion.

Re時arch and related activitieø 

Crop pn訓duction at CIAT fann 

The majoríty of the work on Agronomíc 
Systems ín 1969 was carried out the CIAT f缸m.
Some land was offícially turned over to CIAT on 
March 1 and seedíng of the fírst crop began 
March 4. The primary objectíves of the work 
were to evaluate soíl condítions and the 
production potential and problems of corn, 
回ybeans and sorghum on the 70 hectar曲
planted. Records were kept on all fíelds to 
permit an analysís of costs , Most of the rnachine 
work was done with rented equipment. As the 
growmg 盟a甜n progressed, numerous problems 
were investiga個d on a rather broad scale. About 
100 hectares were planted to sorghu血，曲ybeans
and corn the second semester. Crops were 
rotated on the land cropped the f祉鼠目mester to 
evaluate differential crop or variety r晶pon甜.

Results and observat帥ns

In both 盟mesters， soíl 曲línity was found to 
be a problem ín many of the fields. Numerous 
relatively small 缸曲s were found which had a 

~4 ' sodium content 晶 high as 50 pelcent. In t扭曲

缸甜甜，甜íl structure w曲 poor and pr屆ented

difficulty ín 回ed bed preparation and p∞r seed 
gennination in all 叮0戶﹒

corn 

Corn was most seriously affected by soíl or 
climatic ∞nditíons on the farm. The hybrids 
H207, H208 (opaque) and H253 were grown but 

、 production was unsatísfactory. In 曲me 缸曲s，

plant development appeared norrnal but there 
was no kernel development. Further work will 
be done. to ascertaín the cause of this problem as 
moísture cf'nditions at pollinatíon tíme in both 
揖mesters appeared to be adequa祖 and no 
simple explanation could be found. 

SOIghum 

Two 甜rghum varietíes were grown for graín: 
1 CA Pal 1 , a d warf variety, and p.筍 a
moderately tall v缸íety. ICA Pal 1 displayed a 
stunted type of growth accompanied by white 
streaks ín the leaves. Foliar application of 
micro.nutrients faíled to give any improvement; 
however, th甜e applications rnay have been made 
t∞ late . P-25 showed 田me of the same 
symptoms but to a le臨er degree. Sorghum yields 
were consíderably better than corn yields 

Soyb國間

Soybean production from the varieties H曲
曲d Pelican was approxírnately two ton per 
hectare which ís slíghtly above the average for 
the ar個. No seríous problems were encountered 
in soybean production. Essentially, all the 
個ybeans grown ín the Cauca Valley are hand 
p凶led and placed in windrows. A combine with 
a pickup attachment is then u且d to thresh the 
阻ybeans. Thís system provides labor for many 
per曲目 but pre盟nts numerous problems. Some 
of the di且dvantages are dirt adheríng to the 
roots, the seed harvested ís often dír句， reduced

acreage harvested per day because of insufficient 
hands to p叫1 the soybeans, difficulties in labor 
or per曲nnel management , shelling 10扭曲 from

handling the mature plants and additonal 
production costs. Dírect compar誨。ns between 
soybean harvesting systems were not po閏ible

becau時 combínes equipped for picking up 
windrows and cuttíng dírectly were not 
avaílable 



A cost analysis and soybean 10晶 evaluation

was made between the variety Hill (hand pulled) 
and Pelican (∞mbined). Results indicate that 
direct combining is possible with costs 
approximately equal to hand pulled systems. 
Seed los揖s are slightly Iùgher when 曲ybeansare
∞mbined directly but these higher I。且es are 
oft且t by' no charges for p叫lin置 ， less dirt and 
dockage in the 四ed and reduced ∞mbining and 
hauling charges which are ba時d on a fixed 
charge per bag. 

Some preliminary work with soyb甜n
irrigation indi閻健d that further problerr祖 in
pulling 阻ybeans might be expected since root 
systems in irrigated plants remain viable longer 
and were difficult to pull. 

Minimum tiUage op個剖面n.

Minimum or reduced tillage operations were 
done to keep production costs as low as 
possible. Init旭lωil preparation in the first 
盟mester consisted in disking with a heavy Rome 
disk followed by one or more light diskings 
instead of the usual plowing and numerous 
diskings. Satisfactory seedbeds were formed in 
all 扭曲s except in the saline are晶.

In the 且cond semester the land was plowed 
but, becau峙。f the dry ∞ndition ， d區ks did not 
break up the large chunks. A land leveler was 
U盟d to level the land and to reduce the 且ze of 
the chunks. After the first rain, the lumps slaked 
down and a field cultivator with a springtime 
harrow attachment was used for final land 
prep缸ation.

The reduced tillage operations left the soil in 
a loose condition which permitted rapid 
infiltration of subsequent rains. Further work 
with reduced tillage is warranted to lower 
production costs, to reduce land preparation 
time and to provide optimum root environment 
for plant growth. 

Pesticide appli個a岫nme由電站S

As ground equipment was not available to 
apply pesticides, all appli個tions were made by 
airplane or helicopter, or manually. Aerial 
appli個.tion of herbicides to all three 叮ops and 
m時cticides to soybeans gave very 國山factory

results. Insecticides applied by air did not give 
satisfactory control 0 f insects attacking the 
whorl of the corn plant. Excellent control was 
obtained when granular material was applied by 
hand. 

Large variations were found in the quantity of 
material applied by different workers. Minimum 
recommended application rates were as effective 
曲 the higher rates often applied. 

Bird ∞nll叫

Numerous speci晶 。f birds ' pre臨的 some

damage to crops throughout the area. One of the 
most 祖rious problems 扭曲used by the eared 
dove (Zenaida auriculata). This large dove eats 
the cotyledons of emerging soybeans, either 
kiIling or greatly retarding the seedling. The 
most effective control, at the pre~ent time, is t。
have people in the field chasing the birds. This 
may requrre .one or more per叩ns per hectare for 
a period of 4 to 7 days. Flag “ scarecrows" , 
skyrockets, firecrackers, shotguns and other 
devices were tried in efforts to increa揖 the
effectiveness of the 戶。ple chasing the doves. 
The amoúnt of benefit from any o( the甜 devic借

自 questionable

A preliminary triaI with a chemi個1 ， DRC-736, 
ßupplied by the United States Department of 
Interior (Bureau of Sport Fisheries and Wildlife, 
Division of Behavioral Re甜缸ch) ， gave good 
results in 阻祖11 plots. Further testing in larger 
plots and evaluation of co恥， residues and other 
factors affecting its potent回1 u肥， will be made 

。op production at T凹ipana

Cooperative work with ICA has been carried 
out on the North Coast of Colombia at 
Turipana. Approximately , 40 hectares of land 
were leveled to co叮ect drainage problems and t。
permit surface irrigation. Cuts and fills ranging 
up to almost a meter in depth are found in the 
area. The work initiated was designed to 
evaluate pract扭曲 which are needed to restore or 
mcr扭曲 productivity on these areas where land 
forming has been done . Actual work 
ac∞mplished during 1969 was limited becau揖
the above normal rainfall prevented 時eding the 
crops on time. Delays in the completion of the 
irrigation system preven扭d any work with 
irrigation during the dry periods. 55 



An un國tisfactory stand of soyb回ns. Nearly 100 0/0 
of the cotyledons were 個ten by the 曲red dove when 
un甘國ted 揖ed was sown. Most of the plants shown in 
this photo survived be個use t he first true 1國V眉 were
large eno崎h to continue th國r growth after the 
∞tyledons we時間noved. (Photo taken 40 days 8ft叮
恤nting)

A 團tisfactory 且and of 個yb曲曲 was obtained when 
seedtr國ted with a 10 % Mens凹甜甜lution was 
帥wn. Approximately, 2S % of the 曲tyledons 咽re
removlωby the doves when the 揖edlings emerged 
(photo 個ken 40 days 8fter planting) 

Crop protection 

Environmental conditlOns in the humid, hot 
lowlands of the tropical world favor accelerated 
reproduction and growth of insects , diseases and 
weeds. Their individual or combined effects have 
traditionally constituted a strong limitation to 
an efficient and diversified agriculture 

Any economic crop production system for 
the tropics must , therefore, include scientific 
knowledge of these detrimental factors 
(including superior animals like rodents, etc.) as 
well as the information required to efficiently 

泊 counteract their devastating effects. 

CIAT's efforts in the areas of plant pathology, 
entomology and weed control wil be focused on 
understanding the complex interactions among 
predators, pests, diseases and weeds and their 
effect on the economy of crop production. This 
multi-disciplinary approach will include assessing 
the economic importance of pests and disea揖h
and deve 10 ping efficient control measures 
accordingly. In close collaboration with crop 
production specialists, research will be carried 
out to identify genetic resistance and to 
incorporate it into improved varieties 



Agricultura1 engineering 
(and statioD operations) 

Since the beginning of CIAT, the agricultural 
engineer has been in charge of Ststion 
Operations, guiding the development of the 
experimental farm while at the 曲me time 
developing plans for future agric叫tural
e河詛間也可甜甜虹ch and training activities. 

The Agricultural Engineering pr句ram will be 
oriented toward the 曲lving of problems which 
limit economic production , harvesting, 
transport , pr凹曲sing ， packaging, storage and 
marketing of food in the lowland tropics. Most 
of these problerns occur in the following ar個s:
drainage, roads, fences, land clearing, water 
supply, irrigation, land prep缸ation， cultivation, 
P個t control, harvesting of 叮。ps， proc揖sing ，

electric power, machinery usage, machinery 
maintenance , machinery development and 
s缸uctur個.

The orientstion will be towards e~eering 
design , planning , decision ma址ing and 
super討sion to solve problems rapidly and 
e∞nomically. Mechro咀個1 ， electrical, chemical 
and civil engineers, as well as man ufacturers and 
。ther persons will be drawn into the solution 
proce國 to strengthen and complement the 
activities of “ ingeniel9s agrono mos" and 
句ricultural engineers. 

The balance of this section reports on Ststion 
Operations activities in 1968 and 1969. 

In developing the 也perimental farm the f控st

step was to obtain a map of the area. A reque此
for 田rial photographs and a ba且 tnap drawn 
upon the揖 photographs was rnade in June 1968. 
Photographs were taken to the Instituto 
G四grafico “Agustin Codazzi" and a m旬，配叫e
1:2000, J'Í仙 2.meter ∞ntours， was prepared 
from thé photographs by October 1968.τ'he 
land for the 阻P句iment station was not available 
for rnapping during this period, but maps with 

2.meter ∞ntours were obtained in November 
1968. Limited available dats on 曲ils and 
topography did not permit detsiled planning 

In January 1969, some office space was made 
a vailable by the owners of the land and 
permission given to enter the farm to take levels 
a t the building site 缸個s. A topographer, 
∞ntracted to obtain detailed levels on an 虹ea of 
82 hectares in the 田nter of the farm, completed 
this work in Febtuary. This area was disked and 
fenced and arrangements made for right-of.way 
to the highway for the main entrance. At this 
point, mapping and planning was postponed 
until other portions of the land were tumed over 
by the owner in Ap祉 July 缸ld October, 
respectively. 

Mapping continued from March to October, 
with the final 11祖p being completed in October. 

Ro8ds, drains 81凶 weUs

Three dump trucks and a loader arrived in 
August and ballasting of the roads started. 
Additional dump trucks were contracted to 
finish the rnain roads before rains made traffic 
lmp屆國ble. Approximately, 13,000 cubic meters 
of gravel were applied to about 16 kilometers of 
roads. 

The first drainage work started in May but the 
peripheral drain was begun in July and 
∞mpleted in December. Approximate旬， 眩，000
cubic meters and 13,800 lineal meters of 
peripheral drain were made to serve as main and 
interceptor drains. The甜 drains al田 serve as a 
natural barrier, reinforcing the perimeter fence. 
The drains removed considerable water even 
during the dry sea田n. Soil excavated from 
drains served as a perimeter road base. 

One 盯igation well and pump 明th 2000 GPM 
capacity was on the property when purcha揖d.
Drilling operatio悶 for five more wells started in 
December. 57 
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Irrigation sy，臨風 bridges and fenc甜

The design and instaJIation of an irrigation 
system depends upon the u睡。f the Iand, soil 
type and quality, and funds available. Land u時
and soil data are being assembled and pl缸祖

being made to level areas to be irrigated. In the 
meantime , surface ditches for irrigation are 
plowed as needed 

Approximately, 30 kilometers of old three -
and four-wire fenc曲 were 臨lvaged; the wire and 
pc的ts were removed and saved for reu甜. A totaJ 
of 7,000 new concrete posts were set, and 
時，000 linear meters of four-wire fence were 
rebuilt with the saJvaged wire. 

Service facilities and electricaJ po哨E

GeneraJ floor plans were drawn for a group of 
service buildings to house agriculturaJ 
engineering , motor pool, farm equipme帥， farm 
shop, farm operations, and supply roorns. An 
additional group of buildings of similar 
construction was dra wn to hou甜 field

operationaJ sections of the pIant and animal 
飢:!lences.

While permanent building plans are being 
developed and implemented, an old dairy stable 
and field Iaborers quarters are being used for 
sho戶， offices and supply roorns. These became 
available in JuIy and have 時間ed as temporary 
housing with a minimum of remodeling. 



Trainingαnd communication 

The establishment of the Centro Internacional 
de Agricultura Tropical provided opportunities 
to incorporate from the beginning philosophies, 
prograrns and facilities so that training and 
∞mmunication might be effectively integrated 
into the research and developmental activities of 
the organization 

By doing so , CIAT expects to reduce 
significantly the time lags which usually exist 
between the discovery of a new variety or 
agricultural technique and its widespread 
adoption by farmers. At the same time , CIAT's 
program provides opportunities for decision 
rnakers in the various countries to interact 
effectively with agricultural scientists on policies 
relating to development and economic growth. 

During the first 18 months of CIAT 
development, one of the principal concernS of 
the senior staff was how to integrate .
physically, conceptually and administratively -
the behavioral science approaches necessary for 
effective training and communication with the 
projected production-oriented , 
mult卜disciplinary team approaches to the 
solution of agricultural and economic problems 
in the lowland tropics. 

These considerations have significantly 
inf1uenced the basic design of buildings and 
offices to facilitate the inter-disciplinary 
interaction and communication desired as well 
晶 to provide the specialized facilities nece田ary

t 0 h a n dle visitors, hold symposia, process 
information , house and feed trainees and 
conferees and expedite intra-organization 
communication 

These developmental steps provide a firm 
foundation upon which to build, as part of the 
overall CIAT operation , the International 
Continuing Education and Conference Center 
visuaIized in the initial propo國ls.

Behavioral science approaches to information 
dis時mination and training are the basis of all 
training and communication activities in CIAT 
in contrast to the more traditional concepts 
associated with publications, public relations, 
information, extension and adult education 

These approaches to und e rstanding , 
predicting and influencing human behavior have 
practical applications in information 
dissemin泌的几 organizational administration , 
academic instruction , in-service training, 
continuing education and agricultural extension. 
Successf叫 development depends not only upon 
the technological brea:kthroughs which research 
makes possible, but al叩 upon the ability to 
solve key behavioraI problems and to influence 
people's attitudes and what they know, 
understand and are able to do. Few technical 
problems are independent of people or social 
lssues. 

Program development 

Goals and 0 bjectives for the training and 
communication program have been clarified and 
expressed in the context of th~ overall mission 
and operational philosophies of CIAT. 

The specific objectives of the training and 
commumcatlOn program are: 

1. To develop strategies and 
techniques for the rapid spread and 
adoption of improved agricultural 
materiaIs and practices. 

2. To provide specialized instruction 
and experience in specific research fields 
for young scientists, and 切 provide
opportunities for such persons to engage 
in supervised research on problems of 
significance to their countries 59 



3. To develop and demonstrate more 
productive approaches including various 
intern prograrns, for pre- and in.service 
preparation of professionals and 
n on. professionals as agricultural 
production specialists. 

4 . To 揖sist other inst泌的ions to 
e stablish , conduct and evaluate 
educational and training programs 
appropriate to the needs and 
institutional capabilities. 

5. To help national leaders and 
policy.makers understand and 扭扭曲 the

agricultural potent旭ls of their countries 
and how these can be realized 

6. To provide information and 
instructional rnaterials for reference and 
use in training programs of other 
institutions. 

7 . To provide orientation and 
∞mmunication services for the staff of 
CIAT 

These objectives were forged in discussions 
with the CIAT staff, in meetings of the Board of 
Trustees, and in conferences with repre甜ntatives
of other organ且zations. Long range plans were 
projected in the report of a Program Study 
Team which visited nine institutions in Mexico , 
Central America and Colombia, in January 
1969. This team of veterans in adult and 
∞ntinuing education identified training needs 
and suggested how CIA T might meet these 
working in cooperation with other institutions. 

Early in 1969, the director of CIAT and an 
architect visited Michigan State University to 
inspect the Kellogg Center for Continuing 
Education and to confer with university officials 
associated with the management of the facilities, 
conference, and educational activities. Later, the 
head of Training and Communication visited 
co n tinuing and adult education centers in 
California, Oklahoma, Nebraska, Iowa, Michigan 
and New Hampshire to gather background 
information on physical design, programming, 
e q u i pment and furnishings and oprrational 

ωproblems. 

He 回lected a consultant on kitchen design 
and food service from Michigan State University 
who later spent two weeks in Colombia 
surveying local food purchasing and processing 
routines , conferring with equipment 
manufacturers and distributors and developing 
preliminary designs. 

Meanwhile, buildings on the old hacienda on 
the CIA T construction site were renovated to 
serve as a temporary training base. The 
bunkhou目 was cánverted into a dormitory for 
20 trainees; part of the milk這ng stable was 
remodeled to provide a large classroom plus 
three offic目 for the training staff and the 
remodeled kitchen began regular food 甜rvlce
the first week of 1970. In March 1970, offset 
reproduction and other equipme帥， already on 
hand, will be installed in the school building 
which will serve as headquarters for the Training 
and Communication program until the new 
construction program is ∞mpleted. 

Training 

Initial training activities were limited by the 
lack of physkal facilities, but within the first six 
months following July 1, 1968, a few trainees 
were enrolled in pr句rams ranging in length from 
a few months to master degree programs of 18 
to 24 months . 

Post graduate interns 

With the acquisition of most of the 
headquarters site, CIAT established a new 
training category, the post graduate intern, to 
provide direct , on.the.job agricultural 
production experience for new agricultural 
college graduates. These one.year appointments, 
in addition to benefiting the trainee directly, 
demonstrate to educational institutions a simple 
way to fulfill an urgent need for farm 
experienced graduates. At the same time, such 
appointments give CIAT an opportunity to 
eval咽te and train a number of future junior 
staff members for it四lf and other institutions. 
By year's end, 12 interns had been named. 

Between July 1, 1968, and March 缸， 1969，
11 trainees completed sh。此 training periods 
with CIAT and ICA working at ICA experiment 
statjons. These included eight Ecuadoreans 
(three in rice , three in plant pathology, one in 



時ed certification and one in swine production); 
one Costa Ri臼n， in rice production and two 
Colombians , one each 扭曲ils and crop 
production. In Table 2 these 11 trainees were 
retroactively c扭曲ified 甜 po8t-graduate interns. 

b叫uctionspec區1ists

Many of the livestock and crop p刮到duction
pro blems can be 扭曲Ived economically by 
adapting and applying existing or new 
technology and management techniques. This 
pro甜甜 requires a 個pable generalist working in 
the field directly with producers. The generalist, 
品 envisioned here and as contrasted to the usual 
extension worker, is an individual 臼pable of 
applying production . packages and conducting 
practical re揖arch and field trials in local 
environments. The generalist is a link between 
the specialist and the producer but today there 
are few such generalists 

Such a generalist-specialist, it is projected, 
must have or acquire through training and 
experience a set of complementary 
∞mpetencies : 

1. Technical competency, or the level 
of the knowledge and understanding, 
relevant to the crops or livestock the 
farmer produces , the production 
practi個s involved, and the physical 
environment in which the production 
takes place. This includes, but is not 
limited to, the abi1ity to diagnose typical 
problems and abnormalities correctly, 
plus knowledge and understanding of the 
application of proper treatments. 

2. Economics ∞mpetency， or the 
ability to weigh (e .g . , calculate 
cost-benefit ratios , interest, etc.) 
al七ernative farm production management 
and product , commercialization 
s trategies. This includes, but is not 
limited to , determination of that 
strategy which: 

的 Minimizes ∞sts in the production 
。f 叮op and/or livestock yields that 缸e
significantly greater than those obtained 
by the farmer using his pr曲ent practice 
and its 晶晶ciated input costs; and 

b) Maximizes production 
commercialization profits sufficiently 
that 'net return (ba1ance to the farmer 
after paym~nt of input ∞成s) 缸e
S喀nificantly larger than tho揖 obtained

by the farmer u國ng his pr曲ent prac位ce
and its a晶ociated input ∞8ts. 

3. Scient垠c ∞mpetency， or the 
abi1ity to conduct a simple, replicable 
experiment which objectively tests (in a 
microenvironment) that employment of 
the innovation ha8 品 its reward points 
2a. and b (listed above), and identifies 
facto自 which may require adaptation to 
the environment. 

4. Farming competency, or the 
willingr祖國 and skill to perform the range 
of physical tasks involved in producing a 
specific crop or animal. This includes, 
but is not limited to , the ability to 
perform the range of physical tasks 
within the existing competency of the 
farmer. Also, as mechanization advances, 
he must have the relevant knowledge, 
understanding and skill in the operation 
and maintenance of various kinds of 
motor-driven machines and proces時&

5. Communication competency, or 
the ability to identify specific behavioral 
o bjectives for various audiences, for 
example, farmers or trainees. This 
includes, but is not limited to , 
understanding of the value of feedback 
and abi1ity to obtain 尬， and the ability 
to plan, prepare and present appropriate 
mes揖ges ∞nsidering the cultur祉，曲C划，
e∞no叩ic and performance stat山 ofthe
audience. 

If he is to be successful in his work with 
farmers or future traine肘， the generalist must be 
confident in his own abilities, be dedicated to an 
objective in the pursuit of development 
objectives and po晶e田 a sense of urgency. It is 
expected that he will develop or acquire these 
attitudes and orientations as a by-product of the 
training and through interaction with senior 
staff members involved in his training. 

Reports on the production training activities 
in beef, rice and corn are pre揖nted in those 
時C也ions ， respectively. 61 



η，. CIAT trainees get firsthand experi聞自個 animal
ar吋 plant production sy刮目ns.

Re田.rch scholars 

社s. candídates 

Arrangements were completed with the 
National Univer且ty of Colombia and the 
University of Valle, Cali, for cooperative 
academic and 甜甜arch programs through which 
some CIAT trainees each year might work 
toward advanced degrees. One research scholar, 
from Ecuador, was enrolled in 1969, and three 
m。凹， one each from Colombia, Ecuador and 
Brazil, were accepted for the academic term 
beginning January 1970. 

Three Colombian agronomists, selected for 
their potential as future staff members in 
training and communication, were enrolled in 
the new master's program in agricultural 
co m m unication at the National School of 
Agriculture, Chapingo, M臨時o. In this program 
they have full opportunity to work and leam in 
the Puebla Project, a program designed t。“ increase rapidly com yields on small holdings. 

B個個ral candidates 

CIAT ∞ntinues to explore arrangements with 
graduate level f山lding organizations in various 
countries whereby doctoral 個ndidates at 
universities in the developed countries might do 
their dissertation re甜arch on agricultural 
problems of the lowland tropics under the 
direction of CIAT scientists. One doctoral 
candidate from Purdue University, funded by 
the Foreign Area Fellowshlp Program, arrived in 
late summer to undertake 扭曲arch in field beans 
on a joint project between the ICA experimental 
station at Palmira and CIA T. 

Continuing education activities 

Effective agricultural development programs 
depend , first of all , upon dynam凹，
well-informed leadership above the technical 
level. Those who make and influence national 
policies , control and allocate credit and 
re so urces , manage manufacturing and 
distribution systems, and provide such facilities 
揖 transportation， marketing, processing and 
storage need unbiased sources of reliable data 
and estimates of production potent祖Is and 
requirements. 

Moreover , agricultural scientists have a 
responsibility to communÎCate effectively with 
this leadership -- to make known what 
agricultural developments are feasible and what 
policies and facilitation are required to incre品e
productivity in specific areas and countries. The 
developing CIAT program will include facilities 
and activities whereby national leaders may 
interact wi th the 蛇ientists of CIAT as well 自
those of the national agencies. 

Encouraged by the success of several 
continuing education centers established in the 
United States by universities, as well as by those 
of major industries for executive training and 
community service , the CIAT operation 
envisions a similar facility , appropriately 
designed and staffed. The facility will serve the 
leadership of many countries handling not only 
the functions described above, but also housing 
the training and communication staff, providing 
roOms for the trainees in residence at the Center, 
a n d d a ily preparing and serving food for 
conference and scientific symposia attendees, 
trainees, staff and visitors. 



Although CIAT's own facilities are not yet 
available, plans and activities for a series of 
conferenc晶 and symposia are already in proce晶.
One international conference, on the uti1ization 
of opaque-2 ∞rn， was held in 1969 (時e Corn). 
Such activities are developed and carried out 
jointly by the training and communi個tion staff 
and the leaders of the ∞mmodity . programs 
directly involved. 

In late November, the head of Training and 
Communication met in Bangkok with 
agricultural ex悟nsion ， training and development 
。 fficers wor king in South曲st A函a. This 
pre\iminary meeting considered the tirneliness 
and appropriateness of scheðuling a large 
intemational conference, or a 阻，ries of regional 
symposia, b可inning in late 1970, on the 
sy此em-wide facto白血揖S國ry for carrying out 
effective 曙ricult曰“ development programs. A 
report w幽 prepared for wide circulation among 
agencies concemed with sponsoring or funding 
agricultural development. Further developments 
are expected. 

Jnformation 輯rYÌceø

One publication, CIAT Special Report No. 1, 
entitled “Altemate Beef Production Systems for 
the Eastem Plains of Colombia," was produced 
in a prelirninary English edition. After further 
refinement and translation, a Spanish language 
version will be printed. 

G冊up 戶rticipot妞n in .U.呼叫soffarm
life stimulat個﹒咽ren間。f ....ctic.. as 
wdl..th酬謝reticaJ個闡d甜甜ions.

Other inforrnation activities during the year 
included a number of special memoranda for the 
Board of Trustees; Administrative Memorandum 
No. 4,“Policies and Procedures for 
Administering Trainees," written in consultation 
with the 揖nior staff and published on May 12, 
1969; the rnanuscript for a bulletin on the CIAT 
training programs for circulation 切 prospective
trainees and their E, )loye由; brief articles about 
CIAT for various publications, and materials for 
the liv由tock production spec區list training 
project. A major feature,“A Matter of Life and 
Dea訕th

。pa叫qu凶e-岔.2 c∞。肘m凡 a叩pp戶e缸e“d 趴n The Rockef eUer 
Founda叫f岫n Quarterly , No. 1, 1969, and later an 
abridged version, in Spanish, in Agricultura de 
las Ameri胡亂 November 1969. 

Work was begun on a brochure about CIAT 
for general circulation throughout the world. By 
November, the manuscript was complet冶d， the 
photographs and artwork 時lected， and the 
rnaterials forwarded to the printer. 

臼operative and advi開ry servic咽

The International Ri個 Research Institut. 
invited the head of Training and Communi曲的。n
ωp盯ticipate for two weeks in the 1969 Rice 
Production Trainin噩Program in the Philippines 
in which 36 students from 14 countries were 
enrolled. Following thia, he visited Vietnam 
Ceyl凹， India, West Pakistan and Thailand to 
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Activities in... .th區缸個 were lirnited t< 
preliminary d盟C凶函。ns with various agencies, 
within and outside Colomb妞， about possible 
∞。perative research projects and the design of 
que品IOnnalreS 切 be u時d in ∞nnection with 
socio -economic studies 甜甜ciated with the 

。戶que-2 and livestock production spec鼠list

位前ning projects. In both 個S間， the work was in 
c∞pera討on with the agric、ùtura1 e∞nom盟ts of 
CIA T and participating agronomists and 
livestock spec旭lists.

P自limihary discu晶ions with 目ci刮目ientists
from univer且ties of the Midwest Con間的ium
suggested the possibility of developing 
coope問世ve arrangements for future research 
projects involving staff members and graduate 
students of those universities. 

T.bl. 1. CIAT Train .. ‘ 1968.1969 

C個叫'y Flold lMtgth 0' Tr.lnlng St.tUI 
Poo. Gr“咽t. In..rn. ,.,.1“ D.cember, 1969 

(Mon'hs) 

5alvador, Jυ l io César Ecuador Rice 6 Completed 
Rodrlgυez， Marat Ecuador Plan't Pathology 5 Completed 
Navia, Daniel Ecuador Plan't Pathology 6 Completed 
Orellana, Hug。 Ecuador Plan't Pathology 8 Completed 
Arévalo, Miguel Ecuador Rice 10 Completed 
Andrade, Francisc。 Ecuador Rice 10 Completed 
Abad, Faust。 Ecuador Seed Certification 2 Completed 
Hervas, Eduard。 Ecuador Swine 5 Completed 
Murillo, José 1. Costa Rica Rice 6 Completed 
Bravo, Eduard。 Colombia 50il. 12 Continuing 

AL州Ldan。spgnsee。tzl。，'，yAHGhleiblcdNetra。etrrl。ds。。n 

Colombia Yuca 12 Continuing 
Colombia 

Plant Pattlihhn。。eell。。rgginy y 
12 Continuing 

Colombia Plant Pa 12 Continuing 
Colombia Agr. Engineering 12 Continuing 

Arango, 5ilvi。 Colombia Animal Health 5 Completed 
Forero, Orland。 Colombia Beef 12 Continuing 
Guzmán, Víctor H Colombia Animal Health 12 Continuing 

Roouddriegl υ凹I Mario Colombia 50ils 12 Continuíng 
Agudelo, Fernando Colombia Crop Production 12 Continuing 

Jetter， wLl。balfrgda。ng cA。rgl。emntbinlaa 
Rice 9 Beg;n 1/ 70 

Rivas, Agr. Econom ics 12 B句in 1/70 
Huerta, ..[iernarido Perú Plant Pathology 3 Begin 1/70 

ProducUon Sp.叫“Istl

D。mlrlc。iin，agLuuFeiezs r ,Hugo 
Colombia Livestock 18 Continuing 

Gallo. Luis 0 Colombia Livestock 18 Continuing 

Garda, Fernando Colombia Livestock 18 Cont inuing 

Gómez, Francisc。 Colombia Livestock 18 Continuing 

Herrera, José Benit。 Co lombia Livestock 18 Continuing 

Ortiz, Camil。 Colombia Livestock 18 Continu1/in7g 0 
Crυz， Javier Colombia Livestock 18 BBe回gln 
Barrera, Jaime Colombia Livestock 18 egin 1/ 70 

Flórez, Bernard。 Colombia Livestock 18 Begin 1/ 70 

Alvarez, Alons。 Colombia Livestock 18 Begin 1/ 70 

Góngora, Santas Colombia Livestock 18 Begin 1/70 
64 G凸mez， william F. Colombia Livestock 18 Begin 1/70 



Length of Tr.ining 
Period 

(Monlhs) 

( Conl.) CíAT Trainees 1968.1969 T.ble 1. 

SI.lus 
December，刊的

Continuing 
Continuing 
Continuing 
Continuing 
Continuing 
Continuing 
8egin 1/70 
8egin 1/70 
8egin 1/70 
8egin 1/70 
8egin 1/70 
8egin 2/70 
8egin 2/70 

12 
12 
12 
12 
12 
12 
6 
6 
6 
6 
2 
5 (IRRI) 
5 (IRRI) 

FI.Id 

Op.qu.長2 Corn 
Opaque.2 Corn 
Op.que.2 Corn 
Opaque.2 Corn 
Opaque.2 Corn 
Opaque.2 Corn 
Rice 
Rice 
Rice 
Rice 
Rice 
Multiple Cropping 
Multiple Cropping 

Country 

Colombia 
Colombia 
Colombi. 
Colombia 
Colombi. 
Colombi. 
Dominican Rep. 
Dominican Rep 
Perú 
Colombia 
Ecuador 
Colombia (CIAT) 
Colombi. (ICA) 

Produc“。n Specl.IIst. 

8arreneche, Raf.el 
80nill. , Cés.r 
Escobar, C.rlos 
Góm缸， Iván 
Sánchez, Hernán 
Vera, Gustav。
Reinoso, Ernesto A. 
C.brera , José 1. 
t;scurra , Cels。
Pérez, Iván 
Salvador, Julio César 
ví lIegas, Gustav。
Higuita , F.bi。

Continuing 
Continuing 
Continuinq 
Continuinq 
8egin 1/70 
8egin 1/70 
8egin 1/70 

18.24 Chapingo 
18.24 Chapi ng。
18.24 Chaping。
18.24 (ICA) 
18.24 (ICA) 
1 日.24 (ICA) 
1 日.24 (ICA) 

Communication 
Communication 
Communication 
Plant P.thology 
Anim.1 He.lth 
Swine 
Animal He.lth 

Colombi. 
Colombia 
Colombia 
Ecuador 
Brazil 
Ecu.dor 
Colombi. 

Re...rch Schol.n 
(M.S. C.ndid.'﹒叫

Flor, C.rlos A 
Cano, Jair。
López, Marcelian。
Rodríguez , Marat 
Resende, Mauricio 
Clavijo, Héctor 
Arango, Silvi。

Continuing 24 Field 8e.ns 

Docloral Candidales 5叩開叫“ by Olhers 

USA.Purdue Porter, Wavne 

T.bl. 2. Summ.ry of CIAT Tr.ineo蝠. by Tnining SI.lul, 1968.19岳，
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Library 

One of the present objectives of CIAT 盟 the
establishment of a Library as rapidly as possible 
to support its research and training programs. It 
is anticipated that eventually the Library will 
become a major interna位onal center for the 
collection and dissemination of information on 
tropical agricuJture and aJso will play an active 
regional role in the advancement of cooperation 
among agricuJtural libraries. 

The Library will be developed in clo時
∞nsultation with CIAT's scienti呦， and always 
around CIAT's multi-disciplin缸y approach to 
agricultural problems. The suggestions, requests 
and needs of CIAT's researchers will constsntly 
b e s 0 li c i t ed and examined to insure the 
∞Jlection will meet, as f缸品 po晶ible ， aJl 
demands placed upon it. 

The Library will make every attempt to 
collect and make available papers, reports, 
documents, etc., in relevant fields . It is realized 
that in many 個ses publications such 晶 the甜缸e
e盟ential to research and that the Library must 
provide access to these materials. 

Service will be the keynote of the Library. It 
is felt that there 區 little u甜泊 cataIoging and 
classifying information without actively 
exploiting it and bringing it to the attention of 
th()se who need it . The Library will constantly 
seek new ways to do this, and to develop stron.g 
and viable lines of communication with CIAT's 
staff and others interested in tropical 
agriculture. 

The Library will be able to perform literature 
searchers and prep目e bibliographies on demand. 
Since it will bë several years before the Library 
吋1 have resources approximating tho甜 of the 
outstanding tropical agncuJtural libraries, there 
w世1 be estãblisJÏed lines of communication with 
the盟 and other agricultural , scientific and 
medical libraries of tJÏe world to produce needed 
information as required. 

The Library will be able to provide rapid arid 
inexpensive duplication service from printed 
materials and from microforms. If needs dictate, “ a microfilming unit may be established. 

The ling山的ic problems of a library , who揖
materials will be 個 estimated 85 percent in 
English, in providing services to an international 
目的er in a Spanish-speaking part of the world 
are obvious. To aIleviate and ameliorate these 
problems as much as possible , the Library will 
provide services in Spanish and English, and 
whenever necessary wiJl provide translations of 
a此icles in any Janguage desired. 

Most libraries in the world have limited 
financial 扭曲urc蟬， and to th阻 the CIA T library 
區 no exception. In order to éxploit regional and 
international bibliographical 呵呵urces， the 
Library will participate in inter-library 
cooperation , including inter-library loans, 
∞nsultations and other 輯rvices. The Library 
will be developed in terms of regional resources 
already existing and proposed. Library 
development will be seen in the context of 
service, cooperation, sharing of resources and 
mutual assistance. 

The CIAT Library was established in 
temporary quarters at CIAT'i;- center near 
Palmira in October 1969. 

A nucleus of a collection aIready existed at 
that time. It consisted of some botanical and 
scientific journals, a few books d曲ling with 
various aspects of tropical agricuJture, some 
bibliographical works, and a large number of 
papers, reprints and documents concerned with 
Colombia and Co lombian agriculture. This 
material was arranged for use by the end of 
1969 

A large number of publishers in the United 
States , England and Latin America were 
contacted for 個talogs. Boo k orders were placed 
mainly for library reference bo。隘， trade 
bibliographies, reference books in science and 
agriculture, books on tropical agriculture, 
Colombia and Latin America. More than three 
hundred titles in Spanish were purcha時d t。
meet the immediate needs of CIAT's livestock 
U且nees. Five hundred periodical subscriμions， 
selected in consuJtation with CIAT's scientists, 
were ordered. Ca個logs were requested from 
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about 200 manufacturers and dealers of 
equipment and suppli目 suitable for CIAT's 
programs. Plans for the p前manent Iibrary 
bui1ding were developed and refined. 

An exchange program will be initiated 
shortly. The exchange addres時s of the ICA 
Library in Bogota were acquirec!, and the East 
A企ican Forestry and Res且rch Organi且tion in 
Muguga, Kenya, was contacted in an attempt ~ 
obtafn African exchange addres揖s. It is 
expected that exchallg個 will become a most 
important part of the Library pr甸回m.

Four significant gifts were received in the few 
months of the Library's 位istence : a collection 
of back i晶ues of important botani個1 journals, 
w h ich came through The Rockefeller 
Foundation; a I甜ge collection of reprints dealing 
primarily with phy訕。logy and back runs of 
several important veterinary journals; a 
∞lIection of farm joumals and Iight reading 
materials; and a collection of agricultural and 
scient証ic books and journals. 

Communications and consultations were 
established with the Instituto Colombiano 
Agropecuario Library, with the Universidad del 
Valle Library in Cali (without whose generous 
lending of bibliographies and reference books 
the initial book orders could not have been 

U伽ary work 國 basic in 8ny student 
trainir單 program. A11 trainees 8t CIAT 
h8ve opportunity to bro“個 their
prof，曲曲nal oomμten自 by 回祖叫“嗯

ba祉 r<"Íerences in their 戶rticu1ar field. 
of stlldl' 

∞mpiled 曲 quickly) and with the Library of 
the College of Agronomy of the Universidad 
Nacional at Palmira. 

The ICA Library in Bogota provided 
invaluable assistance for the establishment of the 
CIAT Library, and an arrangement was made by 
which it b配ame possible for the acquisitions 
librarian of the ICA Library to purcha甜 books
in Bogota for the CIA T Library. 

Abr曲d， contact was established with the 
National Agricultural Library and the National 
Library of Medicine in the U.S. , the Royal 
Tropical Institute in Amsterdam, the Library of 
the State Agricultural University in Wageningen, 
Netherlands, the Tropical Products Institute and 
the Intemational A晶。ciation of Agricultural 
Librarians and Documentalists in London, and 
the A目ciacion Interamericana de Bibliorecarios 
y Documentalistas Agricolas, Turrialba, Cos個
Ri且.

的 the end of De個mber 1969, all complete 
back volumes of joumals were either bound or 
in the proc目s of being bound. 

The Library staff consisted of the LibrarÌ!ln, a 
開cretary ， and a part戶time Iibrary attendant. 
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FINANCIAL REPORT 

Annexed a re the Palan ce Sheet ‘ thc Statement of Income and Expenses , and the Statement 
of Changes in the Fund Balance as audited by Price Waterhouse , and distributed at the 
meeting of the Board of Trustees held in Cali , Colombia on July 16-18 , 1970 . 

REPORT OF THE AUDITOR 

PRICEV也包~ERHOUSE B. CO. 

To the Board of Trustees of 

Centro Internaciona1 de Agricu1七ura
Tropica1 (CIAT) 

AP企圖T.A. DO .A.aR.也 ‘"。
C .t. Ll . OO LOV: BI .ã. 

May 8 , 1970 

We have examined the ba1ance sheet of Centro Internaciona1 
de Agr1cu1tura Trop1ca1 (CIAT) as of December 且， 1969 and the re . 
1ated statements of 1ncome and expenses and of changes 1n fund ba1-
ances for the year. Our exam1nation was made in accordance with 
genera11y accepted audit1ng standards and accord1ng1y 1nc1uded such 
tests of the account1ng records and such other aud1t1ng procedures 
as we cons1dered necessary 1n the c1rcumstances. 

Certa1n comm1tments as of December 31 , 1969 for future 
purchases and expenses have been 1nc1uded 1n the f1nancla1 state-
ments. As a resu1t , expenses (ma1n1y mater1a1s and supp11es) , prop
erty and equipme肘， otheF assets (books and per1odicals)and ac-
counts payab1e are overstated by $88 ,275 , $56 ,962 , $12 ,632 and 
$29 ,109 respect1ve1y and the advance to The Rockefe11er Foundation , 
New York, for purchases 1s understated by $128 ,760 . 

In our op1nion, except for the matter referred to in the 
preced1ng paragraph, the accompany1ng f1nanc1a1 statements examined 
by us present fa1r1y the f1nanc1a1 pos1t1on of Centro Internac1ona1 
de Agr1cu1tura Tropica1 (CIAT) 的December 況， 1969 and the resu1ts 
of 1ts operat1ons f or the year , in conformity w1th genera11y accept
ed account1ng princ1p1es. 

后一以)的心-~



BALANCE SHEET 

DECEMBER 31,1969 

(EXPRESSED IN US DOLLARS - NOTE 1) 

ASSETS 的ote 2) 

Cash and banks 
Time and demand deposits 
Advance to The Roc】曲feller Foundation, 

New York, for purchases 
Advances to employ個s and others 
Miscellaneous accounts receivable 
Property and 閃uipment (Note 3) : 
L血ld

Fumiture, fixtures a凶。任ice equipment 
Laboratory equipment 
Farm equipment 
Vehicles 
Construc位。n in progress 

Leasehold land improvements 
Otl田r assets: 

Experimental livestock 
Books and periodicals 

Total assets 

443 , 009 
.1..!且正主2

13 , 285 
12 , 465 

~起立

3, 206 
92 , 251 
38 , 942 

175 , 814 
123 , 094 
」盟d旦

23 , 578 

一~且主

LlABILITIES AND FUND BALANCES 

Liabilities : 
Ac∞unts payable 
Accrued employees' benefi包

Total liabilities 

Fund balances (accompanying statement) 
Capital Asset Fund 
Opera位ng Fund 

Total fund balances 
Total liabilities and fund balanc問

51 , 570 
19，盟主

1, 886 , 685 
」星斗且

1, 533 , 141 

38 , 208 

541 , 970 
62 , 559 

一~旦旦

2, 314, 898 

一一

71 , 494 

L主主盟主
2, 314, 898 - 69 



STATEMENT OF INCOME AND EXPENSES 

FOR THE YEAR ENDED DECEMBER 31. 1969 

(EXPRESSED IN US DOLLARS) 

Income: 

Operating grants received: 
The W. K. Kellogg Foundation, Batt1e Creek 
The Rockefeller Foundation, New York 
The Ford Founda位on， New York 

Interest 

Sale of farm produce and miscellaneous income 

Expenses: 

Salaries , wages and employees' benefits 
Agricul tural and other materials and suppli間
Freights and mi8cellaneous shipping expenses 
Travel 
Trainees' a\lowances and expenses 

Maintenance and repair of equipment 
Consultants and profes8ional fees 
Conferences 
Insurance 
Telephone , telegraph and postage 

Rent 
Trustees' compensa目。n and travel 
Security services 
Entertainment expenses 
Exchange los8 

Subscnptions and books 
Miscellaneous 

Excess of income over expenses 

70 See fùllowing pago for "Notes to Financial Statements" 

133 , 032 (Note 4) 
522, 363 
500 , 000 

35, 178 

~旦8

427 , 984 
193, 944 

50 , 656 
98, 650 
59 , 562 

25, 156 
30, 263 

8, 631 
8, 073 
7, 798 

7, 504 
6, 655 
2, 375 
1, 667 
2, 983 

1, 952 
~互54

1 , 203 , 151 

一~旦旦
1, 155 , 395 

9笠A旦Z

255 , 744 
===一=



NOTES TO FINANCIAL STATEMENTS 

nFCEMBER 31. 1969 
(EXPRESSED IN OS DOLLARS) 

NOTE 1: 

All foreign exchange tr個sactions are controlled by the Colombi個 government and. according旬， aJ l 
foreign exchange recetved in Colombia must be sold thr叩gh official channels. The followtng exchange 
rates were used to translate Colomblan pes曲(的個 U . S. dollars ($) 

但II
Peso balances included io cash 阻d banl曲 ， dep咽i阻 17.85

advances , acc明.mts receivable, other 個sets and 
1iabilities 
Peso disbu闊別nents for property and 間uipment and 17 .46 
expenses 

Peso income 17 .44 

NOTE 2: 

Approximate year-end 且cbange

rate 

A verage montlùy rate of exchange 
appltcable to sales of dol1ars 

Average month1y rate of exchange 
applicable to sales of dollars 

CIAT operates under an agreement signed 00 November 7 , 1967 with tOO Colombian government. The 
most impor個.ot stipulat1。悶。f this agreement are as follows 

1. The agreem開t is for ten y甜甜 but may be extended if so desired by the parti曲 thereto .

2. CIAT 旭。f a permanent nature and terminati∞ of the agreement would oot imply cessation 
of CIAT's existence 

3. If C[AT ceases to exist, a11 o( its asse旭 will be transferred to a C冶Jombian e也cational o r 
other inst1個tion c叩sidered appropriate by the parties to the agreement . 

4. CIAT Is exempt from a11 taxes 

5. CIAT 區 permlt悟d to import, free of customs duties and other taxes. a11 the 明uipment and 
materials required for i世 programs.

6. The govemment is to provide land for CIAT's purp咽es under a long term rental contract at 
a nominal rent. 

NOTE 3: 

In confon叫ty with generally accepted accounting prtnctpJes appli目.ble 岫 nonprofit organizations , 
CIAT does not re∞rd deprectation of 1ts property and e叩ipment

NOTE 4 : 

Grants received from the Foundati曲s are normally d間Ignated as 10 purp個e (閻明isit10n of capital 
assets or payment of e耳。咱es). However, 1n the case of a grant of $191 , 015 received (rom The 
W . K. Kellogg Found揖i咽 no such s阻ctftcation was made. Accordtngly, the part of these funds 
used to purchase capital asse蝠， $57 , 983. h胡 been lncluded ln the 個pital asset fund 個d the re-
mainder, $133.03~ 1s shown 扭扭∞me . 71 



晶晶

。a

RTATEMENT OF CHANGES IN FUND_BALANCES 

FOR THE YEAR ENDED DECEMBER 31 , 1969 

AND OPENING BALANCE FOR 197D 

(EXPRESSED IN US DOLLARS) 

Fund balances , December 31 , 1968 

Capital grants received: 

The W. K. Kellogg Foundation, Battle Creek: 
Cash 
Cash (part of general grant used for equipment purchases) 

The Rockefeller Foundation New York: 
Cash 
Equipment (assigned by the Foundation in 1968) 
Adjus切間的 of capital gr缸1t received in 1968 個d

charged to expenses in that year 

Minus : Reimbur.sed Unexpended Balance during 1970 
Adjustment of Capital Asset Fund from Interest 
received on Capital Funds 

347 , 631 

一~且豆豆

Fund Balances , November 15 , 1970 

句erating

Fund 

100 , 975 

主笠正主主
356, 719 

J單之立

一一=

Capital Asset 
Fund 

1 , 157 , 715 
57 , 983 

509 , 445 
151 , 012 

10, 530 

1 , 886 , 685 

+ 9ι旦旦8

1 , 895 , 773 

一一


