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Foreword 

This has been a transitional year or the Centro Internacional de Agri-
cultura Tropical, a transition from project plans to research programs, 
from architectural drawings to completion of some of the principal 
structures, and from discussions about production systems concepts to 
field efforts to identify, describe, and understand the components of 
various systems. 

These transitions have helped sharpen our objectives and to consolidate 
efforts toward achieving the basic mission of CIAT: To accelerate 
agricultural and economic development and to increase agricultural pro-
duction and productivity of the tropics so as to improve the diets and 
welfare of the people of the world. 

Several events helped management and staff to appraise present pro-
grams and to plan future activities. These included the Seminar on 
Strategies for CIAT in which all senior staff members participated in March, 
two meetings of the Executive Committee of the Board of Trustees, and 
two meetings of the Board. 

Actions of the Board included the appointing of a three member Pro-
gram Review Committee to meet in 1972 with the CIAT staff for a com-
prehensive analysis of the substantive aspects of the commodity thrusts, 
plus the decision to establish the position of Deputy Director General. In 
so doing, the Board recommended that the person selected for this post 
be primarily concerned with the international aspects of the CIAT pro-
grams and to provide direct leadership for overall agricultural production 
systems developments. 



While the multi-commodity approach of CIAT is dictated by the diverse 
agricuural production systems and food customs of the countries and 
areas served, it became important to establish criteria to guide management 
and staff in the selection of individual programs as well as overall 
strategies. The highlights of the criteria which emerged this year through 
the Seminar on strategies and subsequent discussions include the following 
components: Increase in real income, time for program pay-off to result, 
number of people served, income distribution effects, relationships with 
other agencies, input of CIAT resources required, nutritional importance, 
market potential, and the international nature of CIAT. This latter criterion 
suggests that CIAT select problems generally important in the lowland 
tropics and, of these, those least likely to he undertaken by other agencies. 

Program Highlights 

The following paragraphs present a few highlights of the accomplish-
ments and activities in CIAT's major programs during 1971. 

Beef. in collaboration with ICA at Carimaqua, a series of nine beef 
cattle production herds using grade Zebus native to tha area were estab-
lished to compare varying intensity beef cattle production systems. Pres-
ently available evidence indicates that beef cattle production levels and 
profitabiiity could be substantially increased using sound pasture man-
agement, feeding, breeding and herd health practices, along with some 
improved pastures. This is a 5-6 year study which will he based on 324 
heifers and the appropriate amount of pasture land. 

One of the major limiting factors to increased livestock production in 
the interior and coastal plains of South America is the low nutritive value 
of native grassland. A wide ranpe of genetic material of several important 
legume species is being observed at CIAT. Species of the leguminous aenera 
Stylosanthes, Centrosema, Desmodium, Glycine and Pueraria are promising. 
The addition of a legume to the native grassland pastures to supply the 
necessary nitrogen for the soil-plant-animal complex is considered the 
most economical way to produce more beef per unit area at lower cost. 
Several high-yielding types of Stylosanthes have been identified, these 
including two provisional selections both native to Colombia. Seed of these 
lines is being increased. Perennial forms of Stylosanthes are of particular 
interest in the legume testing program. Stylosanthes is adapted to low 
fertility, acid soils and has the ability to extract phosphorus from soils 
low in this element. 

Continuation of the animal health studies with blood parasites demon-
strates that premunition (infected blood and drug therapy) is the method 
of choice at the present time to prevent clinical anaplasmosis and 
babesicsis in Colombia. This information is being usacl in field trials at 
Turipana. The use of premunition has, under controlled conditions, 
eliminated deaths in cattle moved into endemic zones, and the techniciues 
developed for premunition are safe. 

Swine. Seeking an on-the-farm source of protein to balance diets for 
hogs, swine nutritionists concentrated this year on seeking economical 
and practical means for processing cowpeas so as to reduce the digestive 
inhibiting factors they contain. Soaking was of little value; results with 
germinated ccwpeas were inconsistent, but cooked cowpeas provided a 
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protein that was well used by the pigs even when it was the only source 
of protein. Growth rates and feed conversion of pigs fed diets based on 
cooked cowpeas were similar to those of pigs fed standard control diets 
based on corn and soybean meal. 

Rice. Adoption of the new high-yielding varieties of rice reached a 
significant level in 1971. Most of the area previously planted to high-
yielding varieties had been in 1R8, but the release in early 1971 of CICA 4 
and 1R22 leads to the expectation that these varieties will rapidly replace 
1R8 and will, in addition, be grown under many circumstances where 1R8 
has not. 

CICA 4 has been accepted, multiplied and distributed in Ecuador as 
INIAP 6 and in the Dominican Republic as Advance 72. A sister line is 
being widely distributed in Peru under the name of Nylamp. 

With the mounting interest in Latin America in the new rice varieties 
and the pcssible consequences of rapid increases in production associated 
with their plantinq, CIAT invited some 200 representatives of 23 countries 
to meet in Call in October to consider the issues associated with rice 
policies for Latin America. 

It was the purpose of this seminar to provide opportunities for decision 
makers to expand their horizcns so that they can make better policy 
decisions. More specifically, it was to indicate ways and means by which 
rice productivity increases may be achieved on a broad scale and in such 
a way that these increases and productivity may benefit, in terms of 
improved real incomes and diets, the greatest numbcr of persons in each 
country. 

Maize. One of the goals is to rroduce commercial maize hybrids and 
varieties with wider adaptation for the range of micro-climates in the 
tropics. Photooeriod sensitivity limits north-south exchange of germ plasm, 
but field studies in 1971 revealed a simple inherited system for sensitivity 
—possibly as few as two genes— and this genetic pattern is being 
tested. 

Search for a high quality maize with a flint endosoerm continued. 
Laboratory and biological results are promising, and preliminary studies 
on nitrogen balance in children confirmed laboratory and rat data. The 
quality of the yellow flint selections is essentially equal to the original 
floury opaque-2 phenotype. In a white hybrid, H255, selection toward a 
crystalline endosperm was accompanied by reduced lysine and tryptophane 
levels as well as a lower biological value when fed to rats. Success in these 
selections, despite the problems with the white hybrid, indicate that a 
commercial version of opaque-2 with a mcre acceptable grain type may 
be available soon. 

Cassava. Research in cassava was seriously hampered because of an 
outbreak of a bacterial infection, tentatively identified as Pseudomonas 
sp., in the collection and increase plots. This bacterial wilt is common 
in other areas of Colombia but had not recently been found in the Cauca 
Valley. To prevent the possible spread of the disease to commercial fields 
and other cassava collections, a vigorous attempt was made to eliminate 
the disease in the farm. 

A low-cost cassava chipper was designed and buiit, and the economists 
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surveyed cassava production methods in Colombia. Production costs appear 
to be equal on flat and sloping land with the techniques currently used. 

The germ plasm collection of nearly 2,800 cultivars is being cataloged 
and various observations made. 

Few varieties have produced a higher yield than Llanera, a variety 
collected by the Instituto Colombiano Agropecuario (ICA) from the 
Colombian llanos. Llanera consistently is one of the highest in crude 
protein content with about 6 percent. Although several other cultivars 
were found with intermediate to almost equal levels of nitrogen, Llanera 
was the only cultivar agronomically satisfactory under the conditions 
tested. 

Another aspect of the rapidly growing cassava program is the plan 
to establish, as part of the Library, a Cassava Document Analysis Center. 
With the assistance of the International Development Research Centre of 
Canada, the unit will attempt to collect the available world cassava lit-
erature and publish a comprehensive annotated bibliography. 

Food Legumes. Exploratory work in food legumes was expanded to 
include limited study of the available germ plasm with dry beans (Phaseolus 
vulgaris) and soybeans (Glycine max). Varieties of cowpeas (Vigna 
sinensis) and mung beans (Phaseolus aureus) have been screened for 
possible use in the tropics. A soybean study has demonstrated that it is 
possible to increase yield by genetically delaying the date of flowering, 
allowing the plant to grow larger before reproduction, and delaying the 
date of maturity. By setting these two character changes as goals, CIAT 
expects to get a taller plant, pods that form higher off the ground, and 
increased seed yield. 

Agricultural Production Systems. Data from field surveys, experiences 
of production trainees on livestock ranches on the north coast and on 
small farms in the Cauca Valley, and observations of many farming 
operations in the tropics have helped identify the commonalities of the 
situations and the possible goals for cooperative efforts with national 
agencies with respect to agricultural production systems. 

Regardless of the size or nature of the operation, it would seem that 
the agricultural production system goals fcr the people living on the land 
might well include the following: (1) Career opportunities in agriculture; 
(2) year-round adequate diets; (3) opportunity to produce, weekly or 
monthly, some cash income to supply the necessities they are not able to 
grow; (4) better housing and sanitation; and (5) improved educational 
and health facilities. 

Soils. As the availability of reliable inoculants is a major problem in 
most of tropical America, soil microbiologists have tried to obtain cultures 
of Rhizobium for the forage and seed legumes important to this region. 
The some 100 different cultures obtained represent the most effective 
cultures in Australia, United States, Rhodesia and Brazil. These, preserved 
by freeze-drying, are available for distribution. 

Work is now underway in Carimagua to identify acid soil tolerant lines 
of varieties, for use in crop improvement programs and for release for 
immediate farm use if such tolerance is combined with acceptable 
agronomic characteristics. 
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Work on the CIAT farm micro-nutrient deficiencies indicates that zinc, 
boron and iron are the most serious limiting factors in corn, sorghum and 
grain legumes. Zinc deficiency is most serious in rice, and the agronomists 
have obtained spectacular results with minimal applications of zinc in 
various forms. 

Agricultural Economics. The impact of rapid expansions in production 
of selected agricultural commodities on such factors as price, incomes, 
income distribution, investment, employment and foregn trade is now 
being studied. Preliminary data indicate that considerable increases in 
the demand for meats may he expected. The demand for rice will increase 
at a somewhat slower pace while that for maize and cassava will increase 
moderately. Higher income families tend to consume less maize and 
cassava as incomes increase, while low income families tend to eat more 
of these foods at a modest rate. As their income increases, low income 
families tend to spend a greater proportion of their money for meat than 
do high income families. 

International Activities. Throughout this report, CIAT scientists have 
detailed their activities to become familiar with and assist with the 
agricultural problems of various countries. Specifically, they have ex-
changed germ plasm, information, and other materials. Scientists are 
collaborating or assisting in several countries on beef, swine, rice, and 
corn projects, in addition to the cooperative work underway in several 
locations on plant disease, insects, and weed ccntrol. There is a constant 
flow of visitors from the countries to CIAT and from CIAT to the 
countries. 

In addition, during the year 82 persons from 15 countries participated 
in CIAT training programs, including 32 as postgraduate interns in research 
and 25 as production specialists. Nearly 200 policy makers from 23 
countries attended the Seminar on Rice Policies, while 16 scientists from 
all over the world presented a technical symposium to some 100 par-
ticipants representing most of the rice-growing areas of Latin America. 
The IV Andean Zone Maize Conference attracted more than 50 persons from 
12 countries. 

Administrative Developments 

CIAT's financial base for operations expanded in 1971 with three 
governments, Canada, the Netherlands, and the United States, joining in 
the support of CIAT. Through the U.S. Agency for International Develop-
ment, the Government of the United States became a full partner with 
the Rockefeller Foundation and the Ford Foundation in the basic core 
support with each of the three donors limiting their support to a maximum 
of $750,000 annually. 

Through the Canadian International Development Agency and the Inter-
national Development Research Centre, the Government of Canada estab-
lished funds approximating $4,000,000 to help finance CIAT's research 
and training programs in swine and cassava. Most of these funds will be 
spent directly by CIAT, others in behalf of CIAT projects through Canadian 
institutions, and still others in connection with outreach functions in other 
countries. The Government of the Netherlands contributed $125,000 to 
the core program. 



Special project funding during the year included support from the 
Interamerican Development Bank for the Seminar on Rice Policies and 
the production training programs, from the W. K. Kellogg Foundation 
to help finance general conference and symposia aciivities, and from the 
United states Agency for lnternaticnal Development, Washington, as well 
as AID country missions in Honduras and Panama for trainee support. 

Changes in the CIAT senior staff during the year included five departures 
and ten arrivals. Those leaving were Dr. Charles Mullenax, to join the 
World Bank in Bogota, Dr. E. R. Roberts, to join the staff of the new 
College of Veterinary Medicine at Louisiana State University, Dr. James 
Wilkus, to join the International Veterinary Science Program, University 
of Minnesota, and Dr. Gerald I. Trant, to become Director General, Eco-
nomics Branch, Ministry of Agriculture, Canada. Mr. Thomas Bloch com-
pleted his assignment as temporary librarian and became librarian for 
the Central American Institute of Business Administration in Nicaragua. 

New arrivals were Dr. Donald Bushman, ruminant nutritionist; Mr. 
Kenneth Buhr, visiting scientist in food legumes; Dr. James Cock, plant 
physiologist; Dr. Jerry Doll, weed control specialist; Dr. Peter Graham, 
soil microbiologist; Dr. Bela Grof, pastures and forages specialist; Dr. C. 
Patrick Moore, training ccordinator in animal science; Dr. Amador Villa-
corta, entomologist, and Mr. Gerrit Zemmelink, animal nutritionist on 
assignment to CIAT from the Wageningen University, the Netherlands. In 
addition, the Rockefeller Foundation assigned Mr. Neil Mac Lellan, ex-
perienced agricultural photographer, to CIAT for an indefinite period to 
assist in the development of our photographic services. 

Despite the unseasonal weather, labor and material shortages, and soil 
problems, contruction continued on the physical plant. At year's end, 
Staticn Operations was occupied, with more than 50 percent of the spac2 
being used as temporary offices and laboratories for commodity pro-
grams. Other buildings, expected to be ready for occupancy in the first 
quarter of 1972, included the Small Animal Colony, Field units for the 
beef and swine programs, and the green and screen hcuses. The agricul-
tural engineer, continuing the development of the experimental farm, 
used this as an opportunity to train a number of young engineers in the 
various phases of development and operation. 

Upon the departure of Mr. BlocK, Dr. Fernando Monge, associate 
communication specialist, was named as librarian. In addition to this 
principal responsibility, he will contiiue his active participation as a social 
scientist in various research and training activities of CIAT. 

Mr. Herant Akmajian, a consultant generously provided by the Ford 
Foundation, assisted significantly in the revision and establishing of new 
accounting systems and records. Similarly, the late Dr. Henry Tucker, 
professor of systems engineering, University of Arizona, provided the 
staff and trainees with considerable guidance and information on statis-
tical and systems engineering matters during a twc-week visit to CIAT 
in March. His sudden death while working at his desk at the university 
later in the year was a shock to his many friends, siudents, and profes-
sional colleagues. 
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Production 

Systems 

A viable beef cattle industry can 
significantly contribute to the overall 
economic development of countries and 
regions in the tropical belt. Beef cattle 
provide the mechanism for the rational 
use of extensive pasture land not suit-
able for crop production, as well as the 
immediate utilization of potentially 
arable lands for grazing until the neces-
sary infrastructure for crop farming 
develops. Beef cattle can transform 
these pastures and forages, as well as 
other cellulosic crop residues and by-
products, into high quality animal pro-
tein for human consumption. These 
fecdstuffs have no nutritive value for 
man, poultry or non-ruminants, but 
prcduce real income when fed to 
ruminants. 

Also, in many countries an expanded 
beef industry would not only supply 
additional animal protein for humai 
consumption, but would provide beef 
for export above effective local demand. 
These export earnings are often critically 
needed to support country development. 
Since both internal and expct demand 
for beef are strong, it would appear 
advantageous for those lesser developed 
countries with high beef production 
potential to exploit this opportunity to 
increase beef exports. 

Research and training programs are 
underway at CIAT in Palmira, the ICA 

Carimaguc station situated in the Ilanos 
and the ICA Turipana station located 
near Monteria on the ncrth coast. CIAT 
is assisting the INIAP Beef Cattle pro-
gram in Ecuador. It is anticipated that 
CIAT staff will cooperate at other loca-
tions in Latin America when current 
programs become sufficiently developed. 

Projects with outside funding include 
the Texas A&M University hemoparasite 
project, and a project involving visiting 
scientists from Wageningen. The Texas 
A&M hemoparasite project is completely 
financed by USAID. A portion of the 
funds is used to support graduate 
training and research in hemoparasite 
diseases at Texas A&M, and the remain-
der to support graduate student thesis 
and other research in CIAT. Wageningen 
provides salary and other perquisites 
for its visiting scientists. 

The following describes the participa-
tion of various professional groups as 
related to specific research and training 
objectives in developing beef cattle pro-
duction systems for the lowland tropics. 

Specific research objectives are ( 1 ) to 
provide adequate feed supply, (2) to 
control disease and parasitism, and (3) 
to develop economical systems of pro-
duction and marketing. Specific training 
objectives include training of profession-
als as production and research special-
ists. 



Feed Supply 

Soils, soil bacteriology, weed control, 
pastures and forages, and animal nutri-
tion specialists collaborate in developing 
beef cattle feeding regimes. Year-round 
feed supply and adequate life-cycle nu-
trition are probably the most critical 
factors affecting reproductive perfor-
mance, growth rate, and susceptibility 
to disease and parasitism. Primary 
attention is given to grazing systems, 
with supplementation only as needed to 
correct nutrient deficiencies. In addition, 
the use of other feedstuffs in more 
intensive beef cattle production systems 
is considered. 

Agronomy/Soils 

Development of a beef cattle industry 
based on grazing systems depends 
directly upon the inherent productivity 
of soils on which these pastures are 
grown, and the influence of soils type 
on forage yield and nutritive value. 

Soils fertility. In Carimagua, scientists 
have screened certain forage legumes 
and grasses for fertilizer requirements, 
and have cooperated in the establish-
merit of the molasses grass (Melinis 
minutiflora) grazing experiment using 
three fertilization regimes. Studies will 
be continued to determine time and 
fertilizer (especially phosphorus) re-
quirements of best adapted pasture 
grasses and legumes, as well as methods 
of fertilizer application. 

Soils Management. Molasses grass and 
Calopogonium muconoides have been 
successfully established in Carimagua 
with no mechanical seed bed prepara-
tion. These studies will continue to test 
selected tillage methods and chemical 
weed control to reduce costs, machinery 
requirements, management of residues 
and control of weeds. 

Soil microbiology. A freeze-dried col-
lection of Rhizobium cultures for most 
species is now ready and is being 
supplied to collaborators on request. 
Field and greenhouse testing of culture 
is in progress. 

Pastures and Forages - Agrostology 

One of the major limiting factors to 
increased livestock production in the 
interior and coastal plains of South 
America is the low nutritive value of 
native grasslands consisting of mono 
specific grass swards and inferior fire 
sub-climax vegetation. The addition of 
a legume to supply the necessary nitro-
gen (protein) for the soil-plant-animal 
complex is considered the most eco-
nomical means of producing more beef 
per unit area at lower cost. 

Scientists in the agrostology program 
have identified the following priorities: 

1) Collection, 	introduction 	a n d 
screening of tropical forage spe-
cies, with particular reference to 
tropical forage legumes. 

4fi 
Seed increase plot of guinea 
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Development of superior cultivars 
of forages and grass-legume mix-
tures adapted to pasture utiliza-
ion. 

Study of practical and economical-
ly feasible pasture establishment 
and range re-seeding techniques, 
with emphasis on legume introduc-
tion into existing native pastures. 

Study of possible Solutions to 
overccme limiting soil fertility. 

Seed production and regional eval-
uation of selected forage species. 

Evaluation of forages by livestock. 

Stylosanthes guyanensis re-
sponded strongly to fertilizer 
appilcation on a Cariniague 

latoso I. 

Pasture Plant Introduction and Eval-
uation. A wide range of genetic material 
of several important legume species is 
being observed at CIAT. Species of 
the leguminous genera Stylosanthes, 
Centrosema, Desmodium, Glycine and 
Pueraria show promise. New accessions 
and indigenous materials are being 
added to the existing germ plasm co!-
lection from other tropical regions. 

Stylosanthes. The perennial species 
(S. guyanensis) is a naturally occurring 
component of pastures in Colombia. It is 
fcund from sea level to 1,700 m in 
many forms and biotypes. The wide 
range of variability observed in this 
polymorphic species warrants detailed 
agronomic evaluation. The selection of 
productive types, adapted to pasture 
conditions, is in progress. Several high-
yicicling types have bcen identified. 
These include two provisional s&ections, 
both native to Colombia, one accession 
from Costa Rica and one from Brazil. 
Seed of these selected lines is being 
increased. 

Experiments at pilot plots in Carima-
gua indicate that several tropical forage 
legumes, e.g., the perennial species of 
Stylc, Pueraria phaseoloides, and Cab-
pogonium muconoides, are adapted to 
the Ilanos environment. 

Centrosema. Centrosema pubescens is 
widely recognized as a tropical forage 
legume, but other spccies of this genus 
have not received attention as cultivated 
forages. F3  and F4  populations derived 
frcm the interspecific cross C. brasilia-
num x C. virginianum are being assessed 
in a space-planted nursery. Selection for 
important agronomic characters, in-
cluding yield, stoloniferous development, 
and late seeding habit, were carried out. 
Twelve selected lines are being prop-
agated clonally for further testing and 
seed production. 

Desmodium. A range of ecolypes of 
bcth D. intortum and D. uncinatum are 
under observation and seed increase. 
Some of these were collected locally, 
others in Ecuador. The browse legumes 
D. distortum and D. heterophyllum are 
prom is in g. 

Glycine and Teramnus. Introductions 
from Southern Rhodesia, Australia and 



Promising varict v of Stvtsent h' 	t1vurinss from the (;ok)r)) loan Lianus. 

the local variety show gcod agronomic 
characters and adaptations to Cauca 
Valley conditions. 

Plant nutrition. Interest is concen-
trated on the latosols, red-yellow 
podsolics and other marginal soil types. 
These soils are generally low in plant 
nutrients notahy in phosphorus and  

nitrogen; they have a low base exchange 
capacity and are acid in reaction. 

S. guyanenss, grown in pot culture on 
Carirnague latosol, responded strongly 
to phosphorus addition, but not to potas-
siuni application. Maximum dry matter 
yie!d was obtained at 26.2 kg ha 
phosphorus level. A higher application 

Lei i oil 

FIGURE I Yield response of S. Guyancnsis to four Ieves of P. e. g.: PU = 
control, P1 = 13.1. P2 - 262 end P3 	22.4 kg/he. 
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rate-52.4 kg/ha—of phosphorus 
gave no further increase in dry matter 
yield (see Fig. 1, page 15). 

The effect of four micro-nutrients 
(Mo, Zn, Cu, B) in combination with 
phosphorus and potassium on the es-
tablishment of Stylo was studied in 
another pot experiment. Again, phos-
phorus gave the largest dry matter 
increase and showed a phosphorus x 
molybdenum interaction. Without phos-
phorus, all other elements were inef-
fective. 

Seed production. To reach even a 
fraction of the pasture production and 
grazing potential of the tropics of Latin 
America, enormous quantities of seed 
of selected grass and legume species 
will be needed. At present there is no 
organized forage seed production in 
Colombia. 

Bulking up of seed of stylo se!ections, 
centro, kudzu, glycine, greenleaf des-
modiurn, Brachiaria decumbens, B. 
ruziziensis and Paspalum plicatulum was 
initiated. 

Pasture and Forages - Utilization 

The feed supply for the beef cattle 
industry of the lowland tropics is based 
upon year-round pasture forage. There 
are extensive pasture lands which could 
support an expanded beef cattle in-
dustry. Unfortunately, these pasture 
lands are either poorly managed and 
sometimes overgrazed or are grossly 
under-utilized. 

The pastures and forages utilization 
program focuses on methods (1 ) to 
increase productivity of existing grass-
lands, and (2) to further increase pro-
ductivity using tropical legumes and 
improved grass species. 

CIAT Center 

Two grazing trials have been initiated 
to determine live weight gain and costs 
of production in intensive systems of 
growing-finishing beef cattle using 
Pangola (Digitaria decumbens) and Para 
(Brachiaria mutica) pastures. 

Pangola grazing experiment. Four 
nitrogen fertilization rates (200, 400, 
600, 800 kg N/ha/yr) and rotational 
grazing with three stocking rates are 
used. Gravity irrigation is provided as 
needed. This experiment was delayed 
because of the redesign of the irrigation 
system and the slow growth rate of the 
Pangola grass resulting from soil fertil-
ity problems and a high water table. 

Possible reasons for this slow growth 
rcte are (1 ) micro-element deficiencies 
including zinc, iron and boron as sug-
gested by that observed with rice and 
soybeans, (2) salinity, especially where 
land leveling cuts were made, and (3) 
high water table. Exploratory trials are 
being initiated to determine possible 
soil micro-element deficiencies affecting 
growth of Pangola. 

Para grazing experiment. This trial 
was begun in November, 1971. Three 
nitrogen fertilization rates (200, 400, 
600 kg/ha/yr) are being compared using 
a rotational grazing system. This exper-
iment will continue for two-three years. 
Whereas Pangola appears to be highly 
sensitive to soil mineral deficiencies, 
soil salinity, and high water table, Para 
is much better adapted to these condi-
tions. 

Diethylstilbesterol and Vitamin A. The 
effects of implantation of diethylstilbes-
terol and Vitamin A on growth rate 
were determined in grade Zebu bulls 
and steers maintained on pasture during 
the growing-finishing period. Duration 
of this trial was 672 days. A total of 
284 animals was used. Twenty-one 
bulls and eight steers failed to reach the 
450 kg slaughter weight. 

Table 1 presents average weight gains 
of bulls and steers calculated by three-
four month periods. The heavier animals 
and the best gainers were sold first. 

These data indicate that diethylstil-
besterol implantation increased average 
weight gains in steers by 13 percent 
during the entire experiment, but did 
not effect the bulls. The greatest re-
sponse to diethylstilbesterol was ob-
tained in the initial stages with the 
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Control 747 408 

Vitamin 532 486 

DES 618 523 

Vitamin-DES 607 561 

Mean 632 494 

595 281 334 536 

579 244 292 507 

591 178 280 499 

571 213 268 455 

584 218 288 451 

498 

380 

340 

471 

501 

446 

450 

456 

447 

TABLE 1. Daily gain of weight of steers and bulls implanted with Vitamin A and diethyistilbestroL 

Steers 

Treatment 
Dec. 1969 
Feb. 1970 

Feb. 1970 
May 1970 

May. 1970 
Sept. 1970 

Sept. 	1970 
Nov. 	1970 

Nov. 1970 
Feb. 	1971 

Feb. 1971 
May 1971 

May 1971 
Oct. 1971 

Mean 
Dec. 1969 
Oct. 1971 

Control 519 427 480 262 241 459 371 383 

Vitamin 493 435 514 224 205 445 488 388 

DES 668 521 567 151 188 558 234 439 

Vitamin-DES 586 E23 553 176 262 366 342 439 

Mean 569 477 528 202 220 464 365 

Bulls 

Treatment 

Remp1anted cvery 120 days with 30 mg diethyThtilbestrol and 400 IU Vitamin A. 



ltegrowtli of natve savannah alter htiriiing. 

learing a path for fencing in the eastern 
plains of Colombia. 



faster gaining steers, with a generally 
negative response with slower gaining 
steers during the later phases of the 
finishing period. 

Injection of Vitamin A had no effect, 
indicating that pasture forage supplied 
adequate carotene. 

Turipana 

An intensive grazing trial is being 
initiated to determine costs of produc-
tion and live weight gains of steers 
grazing Para grass with and without the 
tropical legumes Centrosema plumieri, 
Desmodium intortum, Clitoria ternatea, 
Pueraria phaseoloides. Three stocking 
rates will he compared using rotational 
grazing. 

Basic concerns are: probable produc-
tivity and economic advantages of 
interseeding legumes with Para, and 
identificaticn of optimum pasture man-
agement regimes to maximize produc-
tivity and profit. 

Carimagua 

Carimagua, in the heart of the 
Colombian llancs, typifies extensive 
latosol grassland areas in Venezuela, 
Brazil, Bolivia and Colombia. Many of 
the native species are of low nutritive 
value. Primary attention is being given 
to determining ( 1 ) most efficient meth-
ods of native range management, (2) 
possibilities of establishing improved 
grass pastures, and (3) efficacy of 
interseeding tropical legumes in both 
native and improved pastures. 

Molasses grass (Melinis minutiflora 
grazing trial. A trial was initiated in 
October, 1971 to determine amount and 
cost of live-weight gain of cattle native 
to the Colombian Ilanos grazing molasses 
grass pastures. Fertilizer treatments at 
time of establishment included no fer-
tilizer, 75 kg PO5 ha, and 75 kg P205  
plus 40 kg K ha. Three stocking rates 
are used, 0.5, 1.0, 1.5 animalsha. 

Average daily weight gains after 56 
days grazing are presented in Table 2. 

TABLE 2. Weight gains of animals graz-
ing molasses grass. 

Stocking Rate Animals/Ha. 

	

0.44 	0.88 	1.30 
ADGgms - 

No fertilizer 	 2 	- 89 	- 15 

Phosphate —242 —346 —193 

Phosphate + 
potash 	—385 	—448 	—454 

Initial 56 (la\ periocL 

During this period and until the end of 
the dry season, reduced stocking rates 
are used to protect the pasture, as little 
information is available regarding effect 
of stocking rate. 

All treatments resulted in weight losses 
during this period, the beginning of the 
dry season. At this time molasses grass 
flowers and goes to seed, vegetative 
growth stops, and pasture palatability 
and nutritive value decline. Relatively 
minor losses were observed in the un-
fertilized pastures as compared to the 
fertilized plots. This perhaps was be-
cause delayed flowering and seeding in 
unfertilized plots produced a more nu-
tritious pasture forage than in the fer-
tilized pastures. 

Native pasture. This trial was initiat-
ed in September, 1971 to determine 
amount and cost of live-weight gain of 
native cattle grazing pastures native to 
the Colombian Ilanos. Predominant grass 
species include Trachypogon vestitus, 
Andropogon bicornis and Axonopus pur-
pusii. Continuous and rotational grazing 
systems are being compared using three 
stocking rates, 0.20, 0.35 and 0.50 
animals/ha. It seemed advisable to in-
itiate the trial with lower stocking rates 
because of the approaching dry season 
and lack of information using stocking 
rates heavier than 0.20 animals ha. 

Results to date are shown in Table 3. 
Average daily weight gains were least 
at the highest stocking rate as compared 
to the lower stocking rates using both 
rotational and continuous grazing. 

lL, 
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TABLE 3. Weight gains of animals grazing native pasture. 

System 	 Weight gains 
Stocking rate Animals/Ha. 

0.15 	 0.23 0.37 

Continuous 	 ADG, gms 211 	 213 271 

Per Hc., Kg 4 	 7 

F.otalional 	 ADG 	gms 253 	 270 03 

Per Ha., Kg 3 	 6 3 

Initial 85 day period. 

Weight gains per hectare increased as 	average daily gains of approximately 
stocking rate increased using continuous 	300 grams for animals grazing the na- 
grazing, but was erratic with rotational 	tive pasture during the onset of the dry 
grazing. 	 season. Compensatory growth gains can 

he discarded, as all animals had been 
Note both the apparent advantage of 	grazing similar native grass pastures for 

native grass during the dry season as 	more than four months prior to the 
compared to molasses grass and the 	start of this trial. 

Typical Cr10110 cattle at Carimagua. 



Beef Cattle Nutrition 

The beef cattle nutrition program is 
placing emphasis on ( 1 ) the nutritional 
factors limiting reproduction and 
growth rate, and how these can be re-
solved, and (2) beef cattle feeding re-
gimes in more intensified farming sys-
tem 5. 

Primary attention will be given to 
minerals, energy and protein, which 
appear to be the most critical nutri-
tional factors affecting reproductive and 
growth performance. 

In determining the possible role of 
beef cattle in more intensified systems 
during the next two years, the primary 
work emphasis will be on the feed value 
and productivity of certain cultivated 
forages, crops, crops residues and by-
products. The data obtained on each of 
these potential feed stuffs can be direct-
ly applied to more intensive crop live-
stock enterprises including: (1 ) farms 
of intermediate size which produce crops 
such as corn, cassava, sugar cane, rice, 
cotton, etc., (2) dairy-beef, and (3) 
small, highly intensified crop-livestock 
units. 

Control of Disease and Parasitism 

Animal Health 

The primary objective of the animal 
health program is to improve reproduc-
tive and growth performance and re-
duce mortality through control of dis-
ease and parasitism, with particular at-
tention to causes of reproductive failure 
resulting in lowered calving percentages, 
and to generally high mortality of calves 
from birth to weaning. 

The program includes investigations 
of toxic plant problems, selected disease 
agents, and the Texas A&M hemoparasite 
project. 

Toxic Plants 

The study of enzootic hematuria, prob-
ably caused by bracken fern (Pterdium 
equilinum) which causes chronic blood  

loss in the urinary bladder, continued. 
Calves on pastures which in the past 
had produced a high incidence of the 
disease were studied for eight months. 
While at least one of thorn developed 
the disease, no changes in the serum 
values measured were observed which 
might give an indication of the etiologic 
agent. The study of this disease was dis-
continued. There is no doubt that it 
causes severe losses in intermediate ele-
vation areas, but it is not a problem 
in the tropical lowlands. 

Toxic plant studies continued in Tu-
ripana. The weed Anamu (Petiveria 
alliacea) was identified as one respon-
sible for a syndrome locally called "va-
cas caidas", which is characterized by 
lack of coordination and muscular dys-
trophy, particularly in calves. 

A preliminary investigation which 
tried to associate the weed "Rosa vie-
ja" (Lantana camara) with photosensi-
tivity (piel caida) was unsuccessful, 
probably because of lack of sunlight 
during the feeding trials. 

Selected Disease Agents 

The search for the route of the infec-
tion with Vesicular Stomatitis Virus 
(VSV) continued on a farm near Popa-
yan. Despite a 40-year knowledge of the 
two virus types in this group, the source 
of the virus in nature and the route of 
infection are not known. In related study 
with VS virus, no evidence was found 
that bovine leucocytes play a role in the 
pathogenesis of VSV infection in the 
bovine. 

A preliminary investigation of bovine 
papillomatosis on a large farm in An-
tioquia, where this viral infection leads 
to a cancerous condition which causes 
severe losses of livestock, concluded 
that the problem seems to be only of 
local importance. 

During 1971 a serum bank was estab-
lished and at year-end sonic 3,000 
specimens were stored. 
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Texas A&M Bovine Hemoparasitic 
Disease Project 

Bovine anaplasmosis, babesiosis and 
trypanosorniasis are arthropod-transmit-
ted blood diseases which are associated 
with ether anemia and death or large 
production losses in surviving cattle, 
particularly in tropical areas. 

Hemoparasitic disease research and 
training continued at the ICA-LIMV re-
search laboratory in Bogota until Sep-
tember, 1971, when the unit was moved 
to dAT. 

The infective agents of bovine ana-
plasmosis (Anaplasma marginale), ha-
besicsis (Babesia argentina and Babesia 
bigemina) and tryponosomiasis (Trypa-
nosoma vivax, Trypanosoma evansil) 
were isolated and purified from spon-
taneous bovine field cases. The purified 
isolates were stored by a low temper-
ature method and used in laboratory 
and field experiments. Ultrastructural 
studies were performed on B. bigemina 
and T. vivax for comparative purposes. 

Micrcscopic and serologic diagnostic 
methods were developed and applied on 
a limited scale to the study of the in-
cidence and prevalence of hemoparasitic 
diseases of cattle in Colombia. The sur-
vey made of these infections in Colom-
bia has clearly identified the problem 
areas, as well as the clean areas. The 
correjatpcn of Anaplasma and Babesia 

The preparation of slides of blood parasites. 

incidence with various climatic zones 
reveals a pattern which would provide 
valid information for all parts of Latin 
America. 

Pathogenesis studios of single and 
multiple hemoparasitic infections in cat-
tle have significantly elaborated on the 
virulence, disease mechanisms and host 
reaction to the causative agents. 

Research demostrates that premuni-
tion (infected blood and drug therapy) 
is the method of choice at the present 
time to prevent clinical anaplasmosis 
and babesiosis in Colombia. This infor-
mation is being used in field trials at 
Turipana. The use of premunition has, 
under controlled conditions, eliminated 
deaths in cattle moved into endemic 
zones, and the techniques developed for 
premunition are safe. 

Experiments were conducted to eval-
uate the prophylaxis, therapy, effect, 
dosage, route of inoculation, oxioity 
and response of the animals injected 
with new drugs for anaplasmosis and 
babesiosis. The synergistic effects of 
combined drug therapy are currently 
in use in Colombia as a treatment to 
moderate Anaplasma and Babesia pro-
munizing infections. 

Experiments wore executed to iden-
tify arthropcd vectors of anaplasmosis 
and babesiosis. Boophilus microplus, a 
tick, was identified as the principal vec-
tor. The ticks have been purified and 
maintained under laboratory conditions. 
The vector of bovine trypanosomiasis 
was not identified. 

Attempts were made to develop ef-
fective diluted infected blood, irradia-
tion attenuated, killed, and adjuvant 
vaccines to control hemoparasitic dis-
eases of cattle. Under cxperimental con-
cliticn:, some of those vaccines have cx-
hihiteci promising results for further 
study and application. 

some of the projects in progress in-
clude the following: In vitro cultivation 
of Babesia bigemina, development of a 
Babesia vaccine utilizing infected tick tis-
sues, development of a fluorescent an-
tibody diagnostic test for bovine try-
panosomiasis, analysis and comparison 
of Babesia antigens, development of a 
Babesia rapid card agglutinations test, 



study of strain immunity, study of the 
effect of molasses grass on tick popu-
lations, and others. 

in the north coast has been planned 
for 1972. 

AGRICULTURAL ENGINEERING 
AGRICULTURAL ECONOMICS 

Economics of Production and Marketing 

The agricultural economists worked 
closely with animal scientists. Besides 
collabcration on experimental designs, 
a major research project was initiated 
and two projects were planned in 1972. 

Colombian Beef Cattle Sector. A re-
search project aimed at describing the 
Colombian beef cattle sector is in pro-
gress. The primary objective is to pro-
duce information on the basis of which 
the CIAT beef cattle program may estab-
lish guidelines for future activities. In 
addition to serving CIAT, the informa-
tion will be useful to other national and 
international agencies in establishing 
guidelines for credit, technical assistance 
and general public policy issues. 

Basic information is obtained from 
surveys arncng beef cattle producers. 
The information sought includes such 
matters as management practices with 
respect to cattle and pastures, credit, 
technical assistance and marketing. 

A survey has been carried out among 
487 ranchers in the north coast region 
of Colombia. The data are presently 
being analyzed. Tentative results indicate 
that for the north coast region average 
calving rates are about 61 for all farms, 
with slightly lower rates (55) for farms 
larger than 500 ha, and 62 for farms 
less than 500 ha. Variation among zones 
in the region is from 36 to 80. 

General rates of mortality in the re-
gion range from 2.2 to 10; the average 
for the region is estimated to be 4.4 
percent. Higher mortality rates are as-
sociated with smaller farms. 

Stocking rates vary from 1.3 head 
per hectare to nearly 2 per hectare with 
the average being about 1.5 head per 
hectare. 

Cost of production. An in-depth anal-
ysis of the cost of producing beef cattle 

Agricultural Engineering and Station 
Operations have provided leadership, 
training and supervision in the imple-
mentation of long span fencing, irriga-
tion, drainage, water supply and pasture 
establishment for the experiment sta-
tion areas at CIAT to be used in beef 
research and beef cattle producticn. 

Long span fencing with reinforced 
concrete corner posts and horizontal 
braces reduced total costs and provided 
more permanent fencing. 

BEEF CATTLE PRODUCTION SYSTEMS 

Beef cattle production levels are gen-
erally low in all the tropics of Latin 
America, particularly in latosolic grass-
land areas in the Colombian Ilanos and 
the Campo Cerracio of Brazil. Prelimi-
nary evidence indicates that productivity 
and profitability could be substantially 
increased using sound pasture manage-
ment, feeding, breeding and herd health 
practices, and using some improved pas-
ture. 

All CIAT beef cattle research projects 
are directed towards contributing tech-
nology fcr the development of complete 
beef cattle production systems in the 
tropics. This technology, combined with 
available knowledge, will he used in de-
termining productivity and profitability 
of various life-cycle beef cattle produc-
tion systems. 

In collaboration with ICA at Carima-
gua, a series of nine beef cattle produc-
tion herds using grade Zebus native to 
the area were established to compare 
varying intensity beef cattle production 
systems. Comparisons include (1 ) tra-
clitional versus improved cattle and pas-
ture management systems, (2) native 
grass versus native plus some improved 
grass (Melinis minutiflora ) versus all 
improved grass (Melinis minutiflora), 
(3) continual back crossing with Zebu 
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bulls versus rotational cross breeding 
using Zebu and San Martinero, a local 
breed, (4) mineral supplementation 
versus no mineral supplementation on 
native grass, and (5) effect of contin-
uous versus seasonal breeding on calv-
ing percentage. In addition, the effects 
of protein and energy supplementation 
on reproductive performance of cows 
grazing native, native-Melinis minutiflo-
ra and Melinis minutiflora pastures will 
be determined by providing supplemen-
tal feed for a portion of the cows in 
selected herds on these three pasture 
systems. 

This study will use 324 heifers and 
approximately 2,500 hectares of pasture. 
Duration of the experiment will be five 
to six years. A similar replication of 
this experiment will be established in 
late 1972 and early 1973. 

TRAINING AND COMMUNICATION 

Specific training oblectives include 
training of livestock specialists qualified 
to analyze, program, implement and su-
pervise livestock enterprises; in-service 
type training in a specific area to better 
equip various livestock specialists to 
direct research and training programs in 
their specialty areas; and direction of 
thesis research of selected graduate 
students. 

Other trainees. Since the inception of 
the beef cattle program in mid-1969, 
nine postgraduate interns and five grad-
uate student thesis research projects 
have been completed in pastures and 
forages, animal husbandry and animal 
health. These trainees have come from 
Colombia, Ecuador, Brazil, Costa Rica 
and the Netherlands. 

Texas A&M. Two Colombian and eight 
North American veterinarians have re-
ceived advanced training in tropical 
veterinary medicine with emphasis on 
bovine hemoparasitic diseases. Of the 
ten veterinarians, three have received 
the Master of Science degree and one 
the Doctor of Philosophy degree. 

Outreach 

Members of the beef cattle team have 
visited Mexico, Venezuela, Ecuador, 
Peru, Bolivia and Brazil to select 
trainees, provide technical counsel and 
to become familiar with the livestock 
industries. 

A unified program of plant introduc-
tion and evaluation has been arranged 
in collaboration with national pasture 
and forages programs of Bolivia, Co-
lombia, Ecuador, Peru and Venezuela. 
Because of international interests, CIAT 
has an opportunity to coordinate the 
scientific assessment of potentially valu-
able forage and fodder species, maintain 
a germ plasm bank, and take care of 
the dissemination of promising forage 
species. 

The CIAT beef cattle team is a mem-
ber of a Technical Advisory Committee 
for the INIAP Beef Cattle Program. 

Papers were presented by CIAT staff 
members at the third meeting of the 
Latin American Association of Animal 
Production (ALPA) in Bogota, and at 
the World Congress of Veterinary Medi-
cine and Animal Husbandry held in 
Mexico City. Dr. Osvaldo Paladines, 
CIAT Animal Scientist, was elected 
president of ALPA. 

Members of the CIAT hemoparasite 
project established a scientific working 
relationship with members of the Insti-
tuto Veterinario de Investigaciones Tro-
picales y de Altura ( VITA) located at 
Lima, Peru and with members of the East 
African Veterinary Research Organiza-
tion located at Muguga, Kenya. Emphasis 
was placed on a strong international 
working relationship in the field of 
bovine hemoparasitic diseases. 

A CIAT staff member presented a 
series of lectures on the nutrition of 
grazing animals in an intensive beef 
cattle nutrition course held in Turrialba, 
Costa Rica. This short course was de-
siged for investigators in universities 
and national research institutes. 

24 



Cassava 

Production 

Systems 

The 1971 Cassava Program continued 
to establish and evaluate Manihot 
esculenta variability. This will be used 
in development or selection of varietie3 
with improved resistance to disease and 
insects and having desirable agronomic 
characteristics. The variability of types 
is being studied to ascertain the pos-
sibility of using cultural practices which 
will increase the amount of cassava 
produced per unit of land per unit of 
time. Small plant types which mature 
early offer the potential for equal total 
productivity when compared with late, 
more vigorous types. But these will 
probably require modifications in plant 
populations, fertilization, and harvest 
time. 

Rainfall during 1971 was considerably 
above normal and resulted in high water 
tables in some experimental areas. Since 
cassava cannot tolerate saturated soil 
conditions, the heavy rainfall caused 
root spoilage and the loss of yield and 
root developmental data from many 
cultivars. 

An infection caused by a bacteria 
tentatively identified as Pseudomonas 
sp. occurred in the collection and in-
crease plots. This bacterial wilt is 
common in other areas of Colombia but 
had not recently been found in the 
Cauca Valley. To prevent the possible 
spread of the disease to commercial  

production fields and other cassava 
collections in the area, a vigorous at-
tempt was made to eliminate the dis-
ease. 

Experimental work indicated the bac-
teria are found mainly in the non-
lignified stem tissue, and cutting back 
plants below the infection along with 
other sanitation practices reduced the 
amount of infection. All experimental 
trials, increase plots and bulk fields and 
all but four plants from each collection 
were destroyed. These remaining plants 
were cut 50 cm from the ground and 
the top material destroyed. All refuse 
material was cleaned from the areas and 
the regrowth observed at least twice a 
week for reinfection. Any reinfected 
plants were then either destroyed or 
cut back to ground level. 

Reinfection was found in about 10-15 
percent of the plants, but with the 
coming of the dry season the biweekly 
inspection showed a considerable reduc-
tion in number of reinfected plants. The 
eradication of the bacteria necessitated 
a reduction in other activities within 
the program. With the decreased occur-
rence of infected plants, in-depth re-
search efforts are being renewed. 

Areas where work has been conducted 
with cassava in 1971 include agricultur-
al engineering, agricultural economics, 
agronomy and germ plasm evaluation, 
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cntcmology, pant patholcgy, and v,eecl 
ccntrol. 

Agricultural Engineering 

In cooperation with agricultural en-
gineering, station operations and agron-
omy, a low cost cassava chipper similar 
to a type used in Thailand was designed 
and built (Fig. 1). This prototype 
chipper uses a barrel end as a rotating 
grater (Fig. 2) which is attached to a 
power shaft driven by a tractor power 
take-off. The total cost of this chipper 
was less than US$100. Future models 
could possibly be built for less than $50 
without the power unit. A gasoline 
engine or electric motor can readily 
serve as a power source. A hand powered 
unit will be tested where cassava needs 
are limited or where lack of capit& 
prevents a greaer investment. 

FIG. 2. Close.up of the cassava 
chipper blade made from 
the end of a 55-gallon oil 
drum, 

FIG. 1 Testing the barrel head" 
cassava chipper, which 
uses a tractor for power. 
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Limited tests of the chipper indicate 
a capacity between 1,500 and 2,000 kg of 
frcsh roots per hour. The machine pro-
duced chips or flakes about 1 14 cm 
wide, less than 1/2 cm thick with a 
variable length. The thickness of the 
chip will depend on the size opening of 
the hole in the chipper blade. 

Because the cutting edges of the chip-
per are not sharp, there appears to he 
a tearing action on the chip, which may 
lead to a faster drying rate. Chips spread 
on a concrete floor in full sunlight are 
dried to a moisture content of 15 per-
cent in one day. 

Agricultural engineering gave techni-
cal advice and operating support to the 
Cassava Program on the determination 
of specific gravity, heat treatment of 
seed pieces, and description of the root 
distribution of the plant. In addition, 
equipment was provided for bed mak-
ing, irrigation, drainage, transport of 
cassava, and for eradication of diseased 
cassava within the quarantine zone. 

Agricultural Economics 

The following economic studies relat-
ing to cassava were conducted: 

1 . A compilation of FAO data for the 
last 10 years which indicates the pro-
duction, yield and production per capita 
of cassava on a world, regional and 
country basis. The data suggest that 
although total cassava production con-
tinues tc increase, it tends to do so less 
rapidly than population. 

2. A survey of cassava production 
methods in Colombia was started in 
1971; results from 110 questionnaires 
indicate the following tentative results. 
Production per hectare per month where 
cassava is cultivated on relatively flat 
land is positively correlated with: ( a ) 
the practice cf hilling cassava, (b) fer-
tilizer, (c) land quality, (d) seed quality 
and availability of credit. At the same 
time, plowing, number of plants per 
hectare and weeding seemed to have no 
effect on yield. Only on sloping land 
does plowing appear to have a positive  

effect on yield per hectare. Seed piece 
placement, i . e., horizontal or slanted, 
did not seem to affect production on 
either sloping or flat land. 

Production costs appear to be equal 
on both flat and sloping land with 
techniques currently used. Although 
land preparation and seeding costs are 
higher on sloping land than on flat, 
seed costs, weeding, fertilizer, and vigi-
lance costs are lower. 

3. Other studies in progress include 
an evaluation of cassava-starch plants 
in Colombia, and a detailed evaluation 
of cost components involved in cassava 
production. 

Agronomy and Germ Plasm Evaluation 

The germ plasm collection of approx-
imately 2,800 cultivars is being cata-
logued. Some agronomic characters, 
under conditions at the CIAT farm, 
were noted at 9-10 months after plant-
ing on approximately 550 varieties in 
non-replicated three-row plots. Llanera 
was planted every fifteenth plot as a 
test variety. 

Few varieties produced a higher yield 
than Llanera. Many varieties produced 
a greater total plant weight but had a 
less desirable ratio between roots and 
tops. Fresh weight harvest index 
(100 x root weight ± total plant 
weight 	fresh weight harvest index) 
varied from less than 5 up to 78. The 
harvest index of Llanera (60-65) is 
greater than the average for most vari-
eties tested (35-45). Preliminary anal-
ysis indicates that high yields are as-
sociated with a high harvest index. Some 
varieties with a particularly vigorous top 
growth and a lcw harvest index gave 
high yields (Table 1). 

The collections with high harvest 
indices are highly variable, differing in 
branching, leaf type, root distribution 
and shape. Some of these lines are now 
being multiplied for further testing 
under other climatic conditions and 
cultural practices. 
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TABLE 1. Fresh weight harvest index, root and top weight of selected Colombian 
cassava cultivars. 

Collection No. 	Fresh weight 	Fresh weight per plant (kg) 
Harvest Index 	 Rcots 	 Aerial Parts 

3 7.3 0.5 6.3 
2 32.7 3.9 8.0 

36 33.8 4.8 9.4 
9 37.1 5.6 9.5 

12 38.7 5.5 8.7 
73 43.5 5.4 7.0 
81 50.0 6.6 6.6 
71 54.0 6.8 5.8 
35 56.4 7.0 5.4 
22 59.6 5.3 2.6 

Llanera' 60.0 4,9 3.2 
08 75.0 5.1 1.7 

Ave. 121 cultivars 42.5 3.9 5.3 

Mean of 8 plots 

Density and dry matter are commonly 
used to estimate starch without doing 
the detailed and time-consuming chemi-
cal analyses. Density was determined for 
individual roots from each of five 
Lianera plants harvested from fertilized 
and unfertilized soil (Table 2). The 
range in individual root density from a 
single plant was greater than the range 
in average densities between plants. 
Roots from unfertilized plants had 
higher density than fertilized roots. The 
difference was small but significant at 
a 0,10 level. 

Roots from Lianera plants grown on 
soil fertilized at two rates and an 
unfertilized soil were divided according 
to size by weight and analysed for 
density and dry matter (Table 3). Both 
density and dry matter in roots weighing 
more than 250 grams from the fertil-
ized plots were essentially the same for 
all size classes. Roots of less than 250 
grams were significantly lower (0.05 
level) in density and dry matter than 
those larger. 

Fertilizer 	application 	significantly 
lowered density of the roots produced. 

TAELE 2. Average Lianera root density per plant and range of density for 
individual roots harvest from fertilized and unfertilized plots. 

Density 

Fertilized I  Not Fertilized 
Plant Plant Average' Range in Plant Average Range in 
N9 Individual, roots Individual roots 

1 1.087 1.068-1.104 1.103 1.080-1.111 
2 1.079 1.069-1.095 1.093 1.086-1.102 
3 1.089 1.076-1.103 1.094 1.064-1.121 
4 1.087 1.081-1.095 1.107 1.103-1.118 
5 1.087 1.078-1.095 1.092 1.072-1.114 

Average 1.087' 1.098* 

1. Fertilization rate of 60-60.120 kg of N, P20 and KO respectively 
Difference is signil'icant at the 0.10 level. 



Doctor Pierre Silvestre, 
France (left) and Dr. 
Efraim Hernandez X., 
Mexico, discuss cultivars 
from CIAT collection 
during a recent cassava 

conference. 

Dry matter differences showed the same 
trend but this was not significant. The 
greater variation in dry matter is prob-
ably associated with sampling proce-
dures. Approximately three kilograms of 
several roots were used for density 
analysis compared with only 50-250 
gram samples for dry matter determina-
tion. The larger samples permitted an 
averaging of variability from several 
roots. 

Root samples from more than 100 of 
the more desirable collections were 
taken to a small extracting unit to esti-
mate the amount of "industrial" starch 
extracted by commercial systems pres-
ently used in Colombia. These facilities 
for extracting starch, locally called 
"ralladero", have a root capacity of two 
to three tons per day with simple, low 
cost, locally built equipment. In the 
extraction of starch, the roots are hand 
peeled, washed and then grated with a 
rotating rasp wheel driven by a small 
gasoline engine or electric motor. After 
grating, the pulp is put into a perforated 
rotating drum lined with a cloth screen. 
Water is added to the material as the 
drum rotates and the starch is washed  

out into a large tank while the fiber or 
pulp of the root is retained in the drum. 
After the suspended starch settles, the 
water is drained and the starch is sun-
dried immediately or left to ferment in 
a tile-lined tank 15-30 days before sun 
drying. The starch, either fresh or fer-
mented, is used by numerous small 
bakeries throughout the area for spe-
cialized bread and other products. 

A comparison of starch extracted in 
the "commercial system" and the starch 
content as determined by using a con-
version factor for either dry matter or 
density indicates the amount of starch 
obtained in processing was more closely 
predicted by conversion from density 
measurements than from dry matter 
evaluation using a "standard" con-
version factor (Table 4). Cours's I con-
version table for density provided a 
fairly accurate evaluation; however, 
extraction of starch from some cultivars 
is probably more difficult, resulting in 
variations from the predicated value, as 
is shown by sample numbers 57 and 24. 

Cours, G. 1951. Le Manioc a Madagascar, 
Mcmuircs do L'Institul Scientifiquc do Ma-
dagascar, Tome Ill, seric B., p. 337. 
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TABLE 3. Effect of fertilizer and root size on cassava root density and dry 
matter. 

Fertilizer treatment I 

Root size High Medium None 
gms Density D.M. Density D.M. Density D.M. 

- 	250 1.066 25.4 1.074 28.1 1.096 35.4 
251- 	500 1.089 30.5 1.079 33.7 1.094 30.6 
501- 	750 1.085 33.6 1.090 35.2 1.103 32.6 
751- 1,C00 1.087 32.8 1.092 32.1 1.096 37.6 

1.000+ 1.088 31.9 1.097 32.5 1.035 31.1 

Ave 1.083 30.8 1.086 32.3 1.097 335 

1 Fertilizer treatments: 
High: 120-120-240 kg of N, F20 and K20 respectively per hectare applied preplant and 
incorporated. 
Medium: 60-60-120 kg of N, P20 and K20 respectively per hectare applied preplant and 
incorporated. 

Approximately 850 root samples were 
collected and prepared for laboratory 
analysis for nitrogen, the majority of 
the cultivars having a nitrogen content in 
a range of 0.08 to 0.56 percent. Llanera 
consistently is one of the highest in 
crude protein content with about 6 per-
cent, although several other cultivars 
were found with intermediate to almost 
equal levels of nitrogen. Llanera, how-
ever, was the only cultivar which was 
agronomically satisfactory under the 
conditions tested. Analysis of additional 
cultivars is in progress together with 
studies on protein composition and 
feeding value. 

Entomology 

Studies are underway on the identi-
fication, biology, distribution, economic 
importance, etc., of cassava pests. The 
preliminary review of world literature 
on cassava pests shows that there are 
about 100 species of arthropods pro-
ducing different types of damages to 
cassava. From these species, 37 occur 
in Brazil and 17 in Colombia. The most 
important pests of cassava in Latin 
America are: Erynnys ello Man. (horn 
worm), Carpolonchaea chalibea Widem 
(shoot fly), Coelosternus spp. (stem 
borcr) and Mononychus planky (spider 
mite). 

Preliminary work on the shoot fly 
indicated that 15 percent bud damage 
represents a population threshold level 
of economic importance. Control is 
easily obtained by a single spray appli-
cation when the level of damage is less 
than 15 percent. More chemical appli-
cations are needed when damage ex-
ceeds 15 percent. Differences in varietal 
susceptibility are shown through the 
high resistance of Llanera compared 
with other Colombian varieties. 

Studies of the horn worm indicated 
that leaf shape could play an important 
role on the preference of the insect for 
oviposition. Two larva parasites, two 
predators and a bacterial disease have 
been found to check this pest under 
field conditions. Future work will in-
volve evaluation of economic importance 
of various insect pests and the screening 
of insecticides to give emergency insect 
control along with the long range con-
trol through resistant varieties and 
biological control systems. 

Plant Pathology 

Quarantine: A total of 705 cultivars 
from five countries was heat treated and 
observed at the ICA Tibaitata Experi-
ment Station in Bogota before transfer 
to CIAT. Sixty came from Puerto Rico, 
76 from Ecuador, 326 from Venezuela, 
176 from Peru, and 67 from Mexico. The 
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TABLE 4. Comparison 	of 	starch 	extracted by 	a 	"Ralladero" 	with 	percent 
calculated 	based 	on 	dry 	matter 	and density 	determinations for 10 
cultjvars of cassava. 

Dry Matter Basis Density Basise 
Starch 

- Cultivar extracted by Total Industrial 
N9 ralladero Dry Matter Starch Density Starch Starch 

0,0  00 
0 04 0 0 04 

M-Col 	10 25 43.8 37.0 1.162 32.6 27.4 
19 25 42.6 35.8 1.142 28.1 22.3 

11 	

24 14 40.3 33.5 1.151 30.1 24.5 
11 	 39 23 43.0 37.2 1.144 28.5 22.7 
11 	 41 23 41.2 35.4 1.146 29.0 23.3 
11 	 57 9 46.4 39.6 1.158 31.7 26.4 
11 	 75 25 43.3 36.5 1.133 27.1 21.1 

80 13 35.6 28.8 1.107 19.7 12.7 
103 8 29.0 22.2 1.1CS 19.3 12.3 
110 15 37.7 31.9 1.103 20.2 13.3 

Percent starch - percent dry matter - 6.8 (factor for pelcd roots) 
From Hclleman, L. W. and A. Aten 1956. Processing of Cassava and Cassava Products 
in Rural Industries. F.A.O. Agricultural Development paper N.' 54, Rome, Italy, p. 82 
From Cours, G. 1951. Le Manioc a Madagascar. Memoires de L'Institut Scientifique 
(k,  Madagascar Tome III séric B: p.  337. 

clones from Peru were destroyed when 
common cassava mosaic was detected 
in some plants. A few clones from Ve-
nezuela were affected with bacterial 
disease and were also destroyed. The 
rest of the Venezuela collection was 
planted at the ICA Experiment Stations 
in Nataima, Espinal, and Falmira. Five 
wild cassava species from Venezuela, 
14 cultivars of yams, and 40 sweet 
potato varieties were also quarantined 
in Tibaitata. 

Viability of Cuttings: Cassava cut-
tings kept at 4? C for 29 days failed to 
germinate, while cuttings remained 
viable for 65 days when stored at room 
temperature with the cut ends protected 
with fungicide. Dipping the ends in wax 
extended viability to 85 days but the 
wax must be removed prior to planting 
or the cuttings will not germinate. 

Virus Diseases: The common cassava 
mosaic virus was detected in some of 
the collection from Peru with the elec-
trcn microscope. It is a flexous rod, 500 
microns long and 15 microns wide (Fig 
3). The symptoms in the plant and the 
morphology of the virus coincide with 
the common cassava mosaic present in 

Brazil. The African common mosaic was 
also compared by electron microscope 
studies with the American common 
mosaic. No virus particles were ob-
served in ultra-thin sections or in the 
leaf dip of the African mosaic. Another 
difference between the two mosaics is 
the method of transmission. African 
common mosaic is white fly-transmitted, 
whereas the American mosaic does not 
have a known vector. 

The high thermal-death point (709 C - 
10 mm) precludes a hot water treat-
ment for control of American common 
mosaic; other methods must be sought. 

Bacterial Disease: The bacterial dis-
ease was studied as a doctoral thesis 
through ICA-CIAT and the University of 
Wisconsin cooperation. Fifteen different 
isolates of the pathogen were collected 
in infected plantations from Brazil (Sao 
Paulo), Venezuela, and 10 different 
states of Colombia. It was found that 
the penetration of the pathogen was via 
stomata or inlured  tissue and that it 
induced symptoms of leaf spots, blight, 
dieback and wilting, depending on 
cultivar susceptibility. Spreading was 
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mainly by raindrops splashing the bac-
terium from plant to plant or by using 
contaminated tools. Infections are 
spread from one crop to another through 
the use of infected cuttings. 

More than 1300 different cultivars 
from the CIAT collection were inoculated 
with bacteria and 21 cultivars were 
found to be resistant/highly resistant to 
the organisms tested in accordance with 
a scale which rated the above mentioned 
symptoms. Cultivars 642, 647, 667, 
1184, 1155, and 1079 showed the 
highest resistance. Leaf spot invasion did 
not occur in cultivars 647 and 667. No 
cultivars showed immunity. 

Limited tests indicate the pathogen 
was able to survive for 5 1/2 months 
in necrosed stems, 2 1/2 months in 
diseased petioles, 35 days in necrosed 
leaves, 20 days in sandy-wet soil. These 
trials were conducted in a growth cham-
ber maintained at 22 C and 70-80 
percent relative humidity with an 800 
foot-candle light intensity for 12-hour 
photoperiods. No infection occurred in 
plants grown on soil which had been 
artificially inoculated six months previ-
ously. 

To identify and characterize the 
cassava bacteria, 26 biochemical and 
physiological tests were performed with 
14 isolates of the cassava bacterium. 
The utilization of 19 carbohydrates and 
sugar derivates; 32 fatty acids, decar-
boxylic acids, hydroxy and other acids; 
20 amino acids, 16 aromatic amino 
acids, amines and related compounds; 
and 15 nitrogenous substrates have 
been determined. 

Serological studies showed that iso-
lates of the cassava bacterium have a 
similar relationship when agglutination 
and agar-double diffusion tests were 
performed. They did not show any 
serological relationship with four iso-
lates of Erwinia chrysanthemi pathotype 
seae, one isolate of E. chrysanthemi, two 
isolates of E. caratovora, nine isolates of 
Pseudomonas solanacearum (three rep-
resentatives to each of the three races),  

one isolate of each of Xanthomonas axo-
nopodis, X. malvacearum, X. campestris, 
X. pruni, and six non-pigmented xantho-
mona. No lysis was observed to rep-
resent isolates of the same species in-
cluded above by an isolated bacterio-
phage and a Bdellovibrio sp. which 
showed specificity only to the bacterium 
isolates of cassava. Theoretically, both 
organisms could offer biological control 
for the cassava bacteria; evaluations 
have not been made up to the present. 

In a test using 15 different chema-
therapeutants, the bacterium was resis-
tant only to Penicillin (10 u g) and 
Macrodantin (100 u g). It was sensitive 
to dihydro-streptomycin, Novobiocin, 
Chloromycetiri, Rifampicin, Bristaciclin, 
Rifamicin, Gararnicin, and Neomycin. 

Fungi Diseases: Phomopsis, an im-
portant disease of cassava caused by the 
fungus Phoma sp. or Phyllosticta sp., 
was found in the states of Cauca and 
Valle. Preliminary symptoms in young 
seedlings consist of wilting. Longitudinal 
section of infected plants showed dark 
brown streaking, leaves that have dark 
brown to black colored lesions and 
plants that present a die-back symptom 
somewhat similar to the bacterial dis-
ease. The difficulty of making the fungus 
sporulate in the laboratory was over-
come through the use of artificial light, 
opening the way for massive screening 
of the cultivars in the germ plasm 
collection. At least two clones observed 
near Popayan (Cauca) under serious 
epiphytotic conditions were highly re-
sistant. 

Anthracnose. Necrosis and death of 
the stems were observed in the affected 
plants. The spores produced in the 
lesions were pinkish in color. The dis-
ease is caused by a Gloeosporuim sp. 

Glomeretla sp. Another cassava dis-
ease caused by Glomerella sp. showed 
black canker and white mycelium on the 
surface of those cankers. 

Ascochyta sp. A disease characterized 
by concentric rings in the dark brown 
leaf spots was found in Caldas and Cau-
ca. This disease may be caused by an 
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FIGURE 3. Particles of cassava mosaic virus 
found in Latin America taken by 
an electron microscope. 

Bacterial infected cassava showing typical 
stem lesions and bacterial exudate from the 

green, immature stem or branch. 

Typical symptoms of bacterial wilt in cassava. 
Younger, fully mature leaves wilted and dried 

green on erect petiols. 
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Ascochyta sp. Further studies for 
characterization of these diseases are 
planned, as well as the development of 
mass screening techniques for resistance. 

Weed Control 

Little has been done in weed control. 
A thorough search of the literature 
yielded only seven specific references to 
weed control, many of them contradic-
tory. 

Preliminary results of a weed compe-
tition study in cooperation with ICA, 
Turipana, indicate that cassava must be 
kept weed-free at least 45 to 60 days to 
avoid competition losses. 

Since little is known about chemical 
selectivity in cassava, plans are to screen 
a large number of herbicides at the po-
tentially safe rates and two and four 
times these rates to determine selectivity 
and observe herbicide iniury  symptoms 
if they appear. 

Because of the long growing cycle of 
cassava, integrated control is of great 
importance to obtain full season con-
trol. In the cultural practices experi-
ments, effects such as row spacing and 
plant densities should be evaluated in 
terms of the competitive ability of cas-
sava. These recommendations then must 
be incorporated with economical and 
feasible chemical and/or mechanical 
methods. 
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Swine 

Production 

Systems 

The Swine Program seeks to help 
increase pork production in the lowland 
tropics by emphasizing the identifica-
tion and resolution of the malor  barriers 
limiting swine production and the 
training of persons fcr national swine 
production and research programs. 

Small Farm Production Systems 

Most of the pigs in the tropics are 
produced in small herds on small or 
subsistence farms; level and efficiency 
of production are low. Pigs presently 
supply a readily available income for 
many people in the lowland tropics. 
With greater production efficiency the 
present swine population could produce 
greater income and amounts of animal 
protein with less feed. 

A project to study ways to improve 
the efficiency of swine production on 
small farms has been launched on the 
north coast of Colombia. Also, initial 
efforts are concentrated in a locality 
representative of many such areas in the 
tropics. The factors which limit eco-
nomic swine production and those which 
limit the introduction of technology and 
improved practices are being studied. 
The project initially emphasizes three 
phases: 

1 . Determination, through field survey, 
of the existing level and efficiency 
of production, husbandry practices, 
feeding systems, health problems 

and market systems to establish a 
base-reference point. 

Introduction of improved practices 
specifically designed for local condi-
tions to overcome factors identified 
as limiting production. Although a 
"package system" is envisioned, the 
practice will be introduced gradually 
as a "spiral" approach. 

3. Future evaluation of the effect of 
the introduced systems on produc-
tion and income. 

The original data indicate an average 
of H pigs per farm. A herd usually 
includes a sow and 10 pigs, the ages 
ranging from birth to two years. The 
unimproved native pig (Zungo Pelado) 
predominates and, although litter size 
and reproductive capacity appear satis-
factory (about eight pigs born per 
litter), growth rate is extremely slow. 
Pigs are marketed at 12 to 18 months 
of age, weighing about 60 kilograms. 

Many factors appear to influence 
these low production levels, including 
deficient nutrition, heavy infestation of 
internal and external parasites, poor 
genetic stocks, and inadequate manage-
men t. 

Pigs normally roam the area for fallen 
fruit, worms, roots, sprouts, grass and 
other foods. When they return home, 
they are fed shelled common corn; if 
corn is scarce, the pigs get small quan-
tities of cassava or yams. When avail- 
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Swine production offers an opportunity to subsistence farmers of the lowland tropics 
where human diets are notoriously deficient in proteins and sources of income are very 

scarce. Both factors retard progress in these areas, 

able, farmers use rice bran as a supple-
ment. Whey from home-made cheese is 
fed on some farms, as are small amounts 
or kitchen waste. Vitamins, mine-
rals and protein are not commonly avail-
able, and where obtainable are seldom 
used because farmers do not appreciate 
their value or do not have the money 
to buy them. 

Examination of fecal samples and au-
topsy of animals have identified para-
sites, including lungworms, round-
worms, nodular worms, coccoclia, cys-
ticercus, and sarcoptic mange. Many 
animals exhibit a general syndrome of 
fatigue, accompanied by cough and nasal 
discharge, and many deaths result. The 
cause is not known. 

There is little influence of improved 
breeding material, the majority of the 
pigs being characterized by wattles and 
lack of hair. 

A uniform marketing system does not 
exist. Pigs are sc!d by the head to trav-
eling buyers when cash is needed, and  

there is little knowledge of actual weight 
or market value. 

Training and Institutional Development 

Eight animal scientists from Colom-
bia, Ecuador, Mexico and the United 
States have received production and re-
search training. One scientist is com-
pleting a master's degree thesis and 
another a doctorate in international 
animal science at the University of 
Illinois. 

The production training program now 
being designed will consist of two parts. 
The first six months will he devoted to 
teaching and applying proven produc-
tion procedures and practices. All train-
ees will complete this period of train-
ing which will be considered as adequate 
for extension agents and university 
personnel who will teach swine pro-
duction. After completion of the ini-
tial training period, those involved in 
national research will receive additional 
training in experimental design, analysis 
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of results and the preparation and pre-
sentation of extension and research ma-
terial. 

The training programs are of value 
only if those trained return to their 
countries to work within effective na-
tional institutions. Collaborative work 
with INIAP in Ecuador has been suc-
cessful. The swine programs at Santo 
Domingo and Santa Catalina, developing 
rapidly, are contributing to the national 
industry. Two members of the Ecuado-
nan prcgram will complete master's 
degrees in early 1972. Plans are to de-
velop a third swine unit at the Boli-
che Station. 

Efforts in 1971 helped initiate swine 
research and training facilities in Costa 
Rica, Bolivia and Peru. In Bolivia, there 
will be a production and teaching fa-
cility and herd at the "José Benlamin 
Burela" National College of Veterinary 
Medicine, Santa Cruz. In Peru, prelimi-
nary studies have been made for a swine 
research unit at the IVITA Station at 
Pucailpa. The program, supported by the 
University of San Marcos, will be ini-
tiated in 1972. Collaborative breeding 
and nutrition studies continued in ICA, 
Colombia, facilities. 

Feeds and Swine Feeding Systems 

Materials available for swine feeding 
in the tropics are diverse in type and 
quality. Energy sources presently avail-
able include maize, sorghum, sugar, mo- 
lasses, 	cassava, 	bananas, 	plantain s, 
yams, sweat potatoes and rice bran and 
polishings. Estimates of future rice pro-
duction increases indicate that this 
grain may also be considered for use 
in swine rations. 

Cassava: Cassava and cassava meal 
are a valuable energy scurca for swine. 
Although satisfactory results are ob-
tained, analyses indicate that the pres-
ence or absence of some factor of factors 
influence the optimal use of this food. 
The nitrogen and glycoside fractions are 
being studied. 

Studies by CIAT personnel at the Uni-
versidad del Valle indicate that approxi-
mately 40 percent of the nitrogen pres- 

ent in cassava is protein nitrogen, the 
remainder being non-protein nitrogen. 
Fernando Calderán, a Costa Rican stu-
dent at the University of Florida, is mak-
ing a more detailed evaluation of the 
nitrogen fraction and will continue p:o-
tein evauation studies at CIAT in 1972 
as a thesis project. 

Swine and poultry studies demonstrat-
ed that methionine supplementation of 
diets containing high levels of cassava 
significantly improves growth and feed 
efficiency. Although cassava is deficient 
in methicnine, these results might not 
be expected in view of other results with 
sugar based diets which indicate that the 
methionine level of soybean meal is ade-
quate for optimum growth when used 
as the only source of protein. However, 
additional methionine is necessary to 
support the best gains when cassava 
meal prepared from the Llanera variety 
is used as the major energy source. 

This need for additional methionine 
may be the result of inactivation of the 
methionine by the hydrocyanic acid 
(HCN) present in the cassava. Although 
definitive published results are not avail-
able, some information related to the 
cassava-eating population of Africa in-
dicates that thiccyanates are present in 
the blood and urine of cassava-consum-
ing humans, and goiter develops after 
long periods of cassava consumption. If 
the low level of HCN present in the 
cocked cassava combines in the liver 
with the sulfur from methionine and 
cystine to form a thiocyanate, this would 
explain both the need for supplemental 
methionine and the development of 
goiter. 

Thiocyanate formation in rats fed cas-
sava with high levels of HCN is being 
measured. Urine and blood serum sam-
ples are being analyzed for the presence 
of thiocyanates, and nerve and thyroid 
tissue will be studied histopathologically 
to assess any morphological changes 
from HCN toxicity. Diets containing 
sugar or dried cassava are included as 
ccntrols for measuring toxic effects of 
fresh cassava which is high in HCN. 

Preliminary results indicate that the 
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ccnsumption of cassava containing high 
or low levels of HCN will definitely 
increase- the normal cutput of thio-
cyanates by the rat. The liver appears 
to be the site of HCN detoxification. 
Within this organ the CN- of hydro-
cyanic acid ccmhines with sulfur and 
probably iodine and potassium to 
form thiocyanates. As the level of thio-
cyanates builds up in the blood stream, 
it is excreted by the kidney and appears 
in the urine. 

The normal level of thiocvanate ex- 
cretion by rats on diets containing no 
HCN is approximately 0. 11 mq (mea-
sured as potassium thiccyanate) per 
day. Similar groups of rats fed diets 
ccntaining dried cassava meal preosred 
from Llanera roots containing low levels 
of HCN excreted 0.48 mg ner day. When 
fresh cassava containing high levels of 
HCN was fed to rats, the level of thio- 
cyanate excretion was increased to 3.70 
mg or 8 times the dried cassava diets 
and 33 times that of the control diet 
based on sucrose. 

The total significance of thiocyanate 
production and excretion based on diets 
containing HCN is not yet known. But 
from previous reports and these results, 
it does appear that HCN per se can 
increase sulfur amino acid requirements 
(methionine and cystine) of non-rumi-
nant animals by deactivating the amino 
acid by combining with the sulfur por- 
tion. Thiocvanates thus formed can fur-
ther interfere with iodine uptake 
through the formation of iodine com-
pounds and, therefore, play an impor-
tant role in goiter production. 

Bananas: Collaborative research with 
INIAP in Ecuador has demonstrated the 
usefulness of bananas as a source for 
growing-finishing, gestation and lacta-
tion. Although fresh, ripe bananas are 
an excellent source of energy for grow-
ing-finishing and gestation, they can-
not be used effectively during lactation, 
and, therefore, dried green banana meal 
must be used to supply the maior por-
tion of the ration. Dried ripe bananas 
are not commonly used because of dry-
ing difficulties. 

Ripe bananas supported faster and 
more efficient and economical gains 
than green bananas. Other studies focus 
on the factcrs responsible for these dif-
ferences in feeding value because of dif- 
ferences in ripeness. Pair feeding studies 
with INIAP (Santa Catalina, Ecuador) 
demonstrate that the feeding value of 
both ripe and green bananas are similar 
if the pig consumes equal quantities of 
cach banana. Similar groups of pigs 
were daily fcd equal quantities of either 
ripe or grc,-:i bananas along with equal 
quantities c a protein supplement. Af-
ter 28 days, pig gains and efficiency of 
feed conversion were not different, in- 
dicating that the poor performance of 
pigs fed bananas in previous studies was 
due basically to the low level of banana 
consumption caused by the poor palata-
bility of the green bananas. 

The poor palatability of green bana-
nas is apparently associated with the 
presence of active tannins. Although the 
total concentration of tannins, or "vege-
table tannates", does not vary between 
the green and ripe banana, during the 
ripening process the level of active tan-
nins, which imparts a bitter taste to 
the banana, decreases progressively dur- 
ing ripening. Although it is not econom-
ically feasible in a commercial operation, 
removal of the green banana peel-
ing will reduce the active tannins level 
as the active tannins level is higher in 
the peel than in the pulp. 

More detailed studies will determine 
the digestibility of the component parts 
(protein, fiber, fat and nitrogen-free ex-
tract) and to measure the digestible and 
meabolizable energy value of ripe and 
green bananas both as the fresh fruit 
and as dried meal. These data are hein 
obtained as a thesis project by a CIAT 
research scholar from Ecuador. 

Maize: Experience has demonstrated 
the value of normal maize and th3 level 
of supplemental protein necessary for 
efficient use of maize. Substantial quan- 
tities of supplemental protein are essen-
tial for proper utilization during all pha-
ses of the pig's life cycle. However, sim-
ilar experiments with opaque-2 maize 



have shown that this grain can providc 
sufficient protein during all phases of 
the life-cycle except for the pre-weaninç 
and growing periods. Both periods re-
quire supplemental protein for efficient 
use of the opaque-2 maize diets. Pigs 
at 22-25 kg make optimal gains on 
opsquc-2 maize-based diets containinç 
only 12 percent protein; at weaning 
weights less than 18 to 20 kg, however, 
the 12 percent protein diets support 
slightly less rapid growth than a stand-
ard 16 percent protein control diet. 
Studies indicate that an opaque-2 maize-
based diet containing 13 percent protein 
will produce gains not different from the 
control but inferior to similar opaque-2 
maize diets containing 14 percent pro-
tein. Pigs fed 14 percent protein diets 
based on opaque-2 maize-soybean meal 
gained 8 percent more rapidly than 
those fed 16 percent protein normal 
corn-soybean diets. 

A pilot study with female rats is be-
ing conducted to determine what effect  

a life-cycle feeding of normal corn, 
opaque-2 corn and a control corn-soya 
diet have on growth and reproduction 
and on the growth characteristics of 
their offspring. Growth rates during the 
growing period confirm previously re-
ported results which indicate that 
growth is slow on common maize, im-
proves with opaque-2 maize, but is su-
perior with 15 percent protein control. 

Available reproductive data indicate 
that rats fed any of the three experi-
mental diets will cycle and produce lit-
ters. When opaque-2 corn was used as 
the only source of protein, normal 
breeding and gestation with litters were 
similar to those obtained from the con-
trol (15 percent protein) rats. Rats fed 
opaque-2 corn throughout growth and 
breeding could not support a normal 
lactation (litters with low weaning 
weights) because the opaque-2 corn was 
nutritionally inadequate. 

When common corn replaced opaque-2 
corn in the diet, all the females cycled, 

Large healthy litters are the result of production systems that combine adequate nutrition, 
breeding stock and proper management with sanitation and disease control. 
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were bred, and produced litters. 
However, the litters were small in num-
ber and weight, and survival poor. 

If similar results are obtained in pigs 
as in rats, the recommended use of 
opaque-2 corn in swine rations will be 
drastically affected. As previously re-
ported, results obtained from studies 
conducted at different stages of the life-
cycle of the pig indicate that opaque-2 
corn alcne is adequate for the finishing, 
gestation and lactation periods. How-
ever, these preliminary rat studies ap-
pear to indicate that although in isolated 
periods of either gestation, lactation or 
finishing the opaque-2 corn is adequate, 
it may not be adequate if used as the 
only source of protein during consecu-
tive and coitinuous periods of the life-
cycle. 

The soft, lightweight kernels that are 
characteristic of opaque-2 maize prevent 
or reduce widespread acceptance for 
human food and cause storaqe problems. 
Studies have been made with the maize 
program to evaluate crystalline selec-
tions from commercial opaque-2 maize. 
Although results are promising, long 
term studies will be required to pro-
duce, evaluate and understand the in- 

heritance of these crystalline character-
istics. 

In colleboration with ICA, seven 
double cross hybrids containing te 
floury-2 genes or both floury-2 and 
opaque-2 genes and eight floury-2 lines 
have been biologically evaluated. Results 
to date indicate that the nutritional 
value of the floury-2 crosses and lines is 
inferior to opaque-2 hybrids. 

Triticale: In collaboration with 
CIMMYT in Mexico, three lines of tnt-
icale were tested for nutritive value 
and compared to methionine-supple-
mnted casein and Colombian opaque-2 
corn. When fed to rats on an isometric 
basis, the higher protein iriticale sup-
ported faster gains than opaque-2 corn 
and gains only slightly inferior to those 
produced by the control (10 percent 
protein) casein diet. When compared 
on an equal protein basis, all three tnt-
icales were inferior to casein and also 
inferior to the opaque-2 corn diet that 
contained slightly less protein. The ef-
ficiency of protein utilization (PER) was 
less than 50 percent of the casein diet 
and only about 69 percent of the 
opaque-2 corn. These data (Table 1) in-

dicate that a kilo of tniticale has a higher 

TABLE 1. Protein values of triticale1, opaque-2 maize and casein. 

Diet 

Average 
Daily 
gain, 
qrams 

Average 
Daily 
Feed, 
qrams 

FeEd/ 
Gain 

Protein 
Efficiency 

Ratio 
(PER) 

Control 	(Casein 	& meth.), 	10% 3.41 8.88 2.03 3.82 

Opaque-2 Maize, 8.31% 2.20 9.80 4.42 2.74 

Triticale-24, 10% 1.35 7.43 5.55 1.80 

Triticale-63 	10% 1.28 7.22 5.66 1.78 

Triticale-106, 107, 1.57 8.05 5.27 1.94 

Triticale-24, 	16.5694 3.20 10.52 3.30 1.83 

Triticale-63, 	17.71% 3.00 11.11 3.47 1.63 

Triticale-106, 	14.72% 2.69 10.35 3.82 1.78 

1. The analysed crude protein content of these three lines of triticale were: Triticale-
24, 18%; Triticale-63, 19.25940; Triticale-106, 16.0%. 
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TABLE 2. Effect of germination and cooking on nutritive value of cowpeas for 
growmg swine. 

Avrrage Avrrage Feed! 
Treatments Daily Daily Gain 

Gain Feed Ratio 
(Kg) (Kg) 

 Control-Maize + Soya 79911 2.4411 2.53' 

 Crude Cowpeas .551' 2.01'' 3.42 

 Germinated Cowpeas .498e 1 	971 3 . 45(1 

 Cooked Cowpeas 816' 2.39" 2.50 

 Crude Cowpeas + Meth. .483e 1.71(1 3.09 

 Germinated Cowpeas + Meth. .649b 2.03L'cll 2.70' 

 Cooked Cowpeas + Meth. .815a 2.28"' 2.431 

nutritive value than a kilo of opaque-2 
corn; however, one gram of protein 
from triticale has only about 69 percent 
the value of one gram of protein from 
opaque-2 corn. 

Cowpeas: If swine production is to 
be made efficient, economically attrac-
tive and readily available, economical 
sources of supplemental protein must 
be found. Grain legumes appear to offer  

are underway. Soaking does little to re-
duce the inhibitors; germination appears 
to reduce the toxicity of the inhibitors 
in cowpeas but results are inconsistent. 
When fed to growing pigs, black-eyed 
cowpeas that had been allowed to ger-
minate and then dried at 60C until the 
moisture content was reduced to 10 to 
12 percent failed to support growth 
even at a rate obtained with crude, 
unprocessed cowpeas. 

the 	most 	immediate 	opportunity 	for 
both animal and human food. Previous However, 	it 	appears 	(Table 	2) 	that 

pilot studies with rats have demonstrat- the drying process may have destroyed 
ed that some grain 	legumes provide a some of the sulfur amino acids as the 
fair supply of the amino acids needed to addition of methionine to the germinat- 
supplement 	the 	diet; 	however, 	most ed-dried 	cowpea 	diets 	improved 	pig 

grain legumes have two limiting factors growth 	to a 	level 	superior 	to that ob- 

associated 	with 	their 	use 	as 	feed 	for tamed with similar additions of methio- 
non-ruminant 	animals. 	These 	are: 	(1 ) nine to the crude cowpea diets. Cooked 
inhibitors 	which 	limit 	the 	digestibility cowpeas 	provided 	a 	protein 	that 	was 

and release of amino acids in the upper well used by the pig evcn when it was 
levels of 	the gastrointestinal 	tract, 	and the only source of protei 	. Growth rates 

(2) 	a 	deficient 	level 	of 	the sulfur-con- and 	feed 	conversion 	of 	pigs 	fed 	diets 

taming 	amino 	acids, 	methionine 	and based on cccked cowpeas as the protein 
cystine. Although 	the factors 	are 	listed source were similar to those of pigs fed 
separately, 	they 	are 	interrelated, 	with standard 	control 	diets 	based 	on 	corn 

the 	inhibitors 	limiting 	the 	efficient 	re- and soybean meal. 
lease and utilization of the sulfur amino In the pig studies, cowpeas alone sup- 
acids. plied all the protein. Preliminary studies 

Studies 	to 	determine 	the 	most 	effi- with rats indicate that germinated cow- 
cient and economical processing method peas supplemented with 0.05% DL-me- 
-soaking, germination 	and cookinq—' thionine 	adequately 	supplement 	diets 

that 	will 	supply 	a 	satisfactory 	product based 	on 	opaque-2 	corn 	and, 	in 	fact, 
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promote growth and feed conversion 
efficiency not different than that pro-
duced by soybean meal. 

This second limiting factor, deficien-
cy of the sulfur amino acids, has been 
studied in collaboration with a doctoral 
student from Purdue University working 
at ICA and the Universidad del Valle. 
Nutritive value can be determined by 
roughly screening the sulfur content of 
beans (Phaseolus). After chemical anal-
ysis to determine protein and total 
sulfur, diets were prepared from beans 
containing different levels of total sulfur. 
When these diets were fed to growing 
rats, it was not possible to predict 
precisely the protein quality on the 
basis of their protein and total sulfur 
contents, but it was possible to separate 
those with low from those with high 
nutritive value. More precise separations 
based on total sulfur content are prob-
ably not possible because of differences 
in ratios of methionine to cystine. It is 
known that cystine can be used to 
replace only a proportion (40-50 per-
cent) of the methionine requirement. 
But if the cystine content is greater than  

the methionine content, then that 
surplus of cystine over me'thonine is of 
no value to the animal. 

Varieties of cowpeas have been 
analysed for crude protein and sulfur. 
These analyses (Table 3) indicate that 
there is a range of crude protein in the 
141 varieties from 18.70 to 29.82 per-
cent and a range of sulfur expressed as 
percentage of protein from 0.61 to 1.43. 
Through selection based on protein and 
sulfur content and screening for nu-
tritional value, it may be possible to 
obtain a cowpea that will supply ade-
quate sulfur amino acids for pigs and 
humans. 

Agricultural Economics 

The work carried out by the agricul-
tural economists has been integrated 
with the swine nutrition studies. A 
model was developed to estimate the 
econcmic feasibility of replacing one 
feed with another in life-cycle swine 
diets. 

A research project to determine the 
major bottlenecks in swine production 
and marketing in two regions of Colom. 

TABLE 3. Distribution 	and 	range 
varieties of cowpeas.  

of 	crude 	protein 	and sulfur values for 141 

Protein Sulfur 

Range. C/( N9 Range (% of Protein) N9 
18-19 1 .60- 	.70 18 

19-20 1 .70- 	.80 54 

20-21 2 .80- 	.90 44 

21-22 11 .90-1.00 17 

22-23 17 1.00-1.10 6 

23-24 25 1.10-1.20 0 

24-25 30 1.20-1.30 1 

25-26 18 1.30-1.40 0 

26-27 21 1.40-1.50 1 

27-28 7 

28-29 6 141 

29-30 2 

141 
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Practical, low cost farrowing stalls built with 
local materials reduce pig losses on small 

subsstence farms. 
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On-the-farm demonstrations clearly indicate 
to subsistence farmers the need for proper 

-(1in, manaL m-nt and disease and parasite 
control. 
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bia is in progress. Finally, a preliminary 
study to determine the economic feasi-
bility of producing swine in the region 
of Pucalipa, Peru, is in progress. 

Opaque-2 Maize for Swine. A study 
was made of the economic feasibility of 
replacing common maize by opaque-2 
maize in maize-soybean oil meal diets 
given various prices of common maize, 
cpaque-2 maize and soybean oil meal. 
Basic nutritional data were obtained 
from the swine nutrition studies. The 
analysis was divided into four parts on 
the basis of the nutritional require-
ments during the life cycle: gestation, 
lactation, growing, and finishing. A 
mathematical model was developed to 
estimate the relative net returns using 
diets of opaque-2 and common maize. 

If the price of opaque-2 maize is equal 
to that of common maize, it appears 
profitable for the farmer to replace the 
common maize-soybean oil meal diet by 
an opaque-2 maize diet during gestation 
and lactation, when the price of soybean 
oil meal is above that of common maize. 
If the price of soybean oil meal is more 
than 120 percent of that of common 
maize, opaque-2 maize can also be 
used during the finishing cycle (50-90 
kg). It does not appear profitable to 
replace common maize and soybean oil 
meal by opaque-2 maize during the 
growing cycle. 

Opaque-2 maize yields approximately 
10 percent less than the best common 
hybrid in Colombia. Assuming a 10 per-
cent price differential, it would be prof-
itable to replace a common maize-soy-
bean oil meal diet by an opaque-2 diet 
during gestation, lactation and finishing 
if the price of soybean oil meal is more 
than 138, 150 and 180 percent of the 
price of common maize, respectively. 

It was found that Latin American 
swine producers who do not use any 
protein supplements in the swine diets 
could greatly enhance the net return by 
replacing the present diets with an 
opaque-2 diet during the whole swine 
life cycle. 

Swine Prod'jction and Marketing in  

Colombia. Tt- e Latin American domestic 
demand for meats is increasing rapidly. 
In a number of countries the price of 
pork is high relative to that of beef. 
Pork production is increasing at a mod-
erate rate, and a research project is 
underway to determine :the  major 
reasons for the slow production in-
crease. The project is a case study of 
two regions of Colombia: one is be-
lieved to use a relatively high level of 
technology and has easy access to a 
major market; the other uses low levels 
of technology and does not have easy 
access to a major market. Basic informa-
tion is being gathered from producers 
and marketing agencies on management 
and marketing practices, and a detailed 
economic analysis of the production and 
marketing system will be carried out to 
identify major economic bottlenecks and 
to suggest improvements in the system. 

Swine Production in the Pucallpa Re-
gion, Peru. This study forms a modest 
contribution to the national efforts to 
develop the rain forest region. The 
major economic problems associated 
with large production expansions in the 
region are the cost of transportation 
and the risk associated with storage and 
transportation. 

Animal Health 

Isolated identification has been made 
of many diseases and parasites in the 
swine population in Latin America, but 
no systematic study has determined the 
economically important diseases of the 
tropical region. For 1972, 25 percent 
of the effort of the animal health pro-
gram will be dedicated to swine. A 
systematic survey will be made of ex-
isting swine diseases to determine those 
of economic importance as a bask for 
establishing effective control systems. 

A study of foot and mouth disease was 
initiated as part of the requirement for 
a doctoral thesis. The emphasis in this 
year-long study is on the pathology of 
this disease in swine infested by differ-
ent routes. 
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Adoption in Latin America of the 
new high-yielding varieties (HYV) of 
rice reached significant levels in 1971. 
Mexico, Central America, Cuba, Colom-
bia, Venezuela, Ecuador, and Peru have 
more than 25 percent of their areas in 
the HYV. Approximately 500,000 has 
were grown, representing about one-
third of the total area excluding Brazil, 
where adoption has been minimal. 

Most of the HYV have been in 1R8. 
In Colombia the area planted to 1R8 
rose from 0.5 percent in the second 
crop of 1968 to 37.5 percent in the sec-
ond crop of 1970. Costa Rica, with 
about 70 percent of its area in IR8, suf-
fered a severe epidemic of rice blast in 
1970, illustrating the dangers of genetic 
vulnerability when large areas are plant-
ed to one or a few related varieties. 

Yields have risen parallel to the 
adoption of lR8. In the irrigated areas 
of Colombia they have increased from 
3 tonha in 1966 to 4.9 tonha in 1970. 
As a result of increased production, the 
area in irrigated rice has remained 
relatively constant, while the upand 
rice area is declining rapidly. 

CICA 4 AND 1R22 

CICA 4, developed cooperatively by 
CIAT and ICA, was released for com-
mercial use in early 1971, along with 
1R22 which was named and released by 
IRk! in 1969. (See 1970 report for de-
scriptions of CICA 4 and lR22.) ICA  

in Colombia provided foundation seed 
for farm plantings of 350 has of certi-
fied seed of CICA 4 and 250 has of 1R22 
during the first crop o 1971. The best 
yield data available indicate that CICA 4 
averaged about 7.0 ton/ha and 1R22 
about 6.5 ton ha on farms in various 
areas of the country. The production 
from these seed fields is sufficient to 
plant approximately 30,000 has in late 
1971 and early 1972. 

CIAT distributed 6.3 tons of CICA 4 
in Colombia, mostly in units of 100 
kilos, to evaluate further its yielding 
ability in areas not covered by the ICA 
seed multiplication program. Of this, 
1,400 kg of CICA 4 were donated to 
ICA for free distribution to farmers in 
upland and otherwise marginal areas. 
Similarly, CIAT distributed 3,600 kilos 
of IR22 in Colombia. The yields report-
ed from this seed provided by CIAT 
were similar to those given above. 

In addition, CIAT sent 4,769 kilos of 
CICA 4 and 1,965 kilos of 1R22 to 34 
countries with nearly all of the seed dis-
patched to Latin America. Seed requests 
of one to five kilos were sent free of 
charge. Larger shipments, to a maximum 
of 300 kilos, were sent air freight collect 
with no charge for the seed. At this time, 
the few yield results reported from other 
countries confirm the experience in Co-
lombia. 

CICA 4 has been multiplied on a large 
scale in Ecuador for distribution locally, 
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where it was renamed INIAP 6. It is 
known as Advance 72 in the Dominican 
Republic. IR22 was renamed INIAP 2 in 
Ecuador. The National Rice Program of 
Peru is presently multiplying the variety 
Nylamp, selected from a segregation 
population provided by dAT. Nylamp 
comes from the same cross as CICA 4, 
and the two varieties are similar. Large 
stocks of Nylamp will be distributed to 
Peruvian farmers in 1972. 

The massive international multiplica-
tion and testing of CICA 4 and IR22 in 
1971 allowed a more detailed apprecia-
tion of their varietal advantages and 
disadvantages. IR22 and a closely relat-
ed selection were badly hit by blast in 
Central America, CICA 4 has remained 
resistant to date but will probably be-
come susceptible in the near future. The 
grain appearance of IR22 is widely ac-
cepted and is slightly superior to that 
of CICA 4. Both meet local preference 
for cooking quality. CICA 4 tolerates 
moderately low water and air tempera-
tures whereas IR22 does not. CICA 4 has 
performed well under upland conditions 
when rainfall is not critically limiting. 
Both varieties are moderately susceptible 
to shattering, and farmers are cautioned 
to reduce speed of the pickup reels and 
to harvest at mcisiure contents above 22 
percent. Both varieties will be signifi-
cant in those areas wherc they have 
been adequately tested, but they are con-
sidered transitory, to be replaced ra-
pidly with new, superior types. 

SEMINAR ON RICE POLICIES 

Some 200 representatives of 23 coun-
tries met in Cali, Colombia, September 
10-14, 1971, the central focus being the 
oppertunities and implications associat-
ed with the introduction of new, high-
yielding rice varieties in Latin America. 

Many of these new rices have emerged 
from country programs, while others, 
such as CICA 4 and IR22, were devel-
oped through cooperative efforts of the 
International )Rice 'Research Institute,.  

the Centro Internacional de Agriculture 
Tropical, and the Instituto Colombiano 
Agropecuario. 

significantly, and indicative of the 
mounting interest in rice in Latin Ameri-
ca, nearly 80 percent of the participants 
came at their own or the expense of 
their organizations. 

They first learned about the new rices, 
the conditions necessary for their suc-
cessful production, and the possible 
econcmic implications of increased rice 
supplies. Then, in small discussion 
groups, they analyzed rice production, 
marketing, and consumption data for 
specific countries. They explored the 
possible consequences of various poli-
cies and identified factors to be inves-
tigated further upon returning to their 
cc ui tries. 

It was the purpose of this seminar to 
provide opportunities for decision 
makers to expand their horizons, so that 
they can make better policy decisions. 
More specifically, it was to indicate 
ways and means by which rice produc-
tivity increases may be achieved on a 
brcad scale, and in such a way that 
these increases in productivity may ben-
efit in terms of improved real incomes 
and diets the greatest number of per-
sons in each country. 

The typical Latin American diet is 
relatively high in calories but low in 
proteins, particularly those of high qual-
ity. Although rice has slightly less total 
protein than the other two important 
grains, maize and wheat, the quality of 
its protein is excellent. Hence, nutrition 
could be improved greatly if it were 
possible to substitute rice for a sub-
stantial part of the low protein plantain 
and or cassava in the typical diet. Such 
high rice diets would provide sufficient 
protein for both adults and children. 
Therefore, in terms of human nutrition 
and well being, increased rice production 
coeld play a vital role in the food econ-
omy of Latin America. 
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Visitors attending rice policy conference inspect rice variety experiment. 

Experiences in Asia and Central Ame-
rica clearly indicate that the obtaining 
of maximum benefits from the intro-
duction of new high-yielding semi-dwarf 
rice varieties depends upon the devel-
opment of coherent and complete ac-
ticn programs. Possibly the best way to 
understand this is to consider the va-
rious steps taken by countries that were 
successful with their rice action pro-
grams. 

Such a program for an individual 
country involves at least the following 
steps; in some countries additional ones 
will be required because of unique cir-
Cu m stances. 

1 . In order that the country program 
can realize the benefits of this increased 
production and reduced cost, it will be 
essential to provide rice growers with 
adequate supplies of locally adapted  

varieties and inputs as well as appro-
priate cultural practices. Provision for 
the multiplication and distribution of 
high quality seed is essential; in some 
cases this can be left to private firms, 
in others, some mixture of government 
and private enterprise may be best. 

2. Along with the improved adapted 
varieties, technical information on the 
growing of these new varieties should 
be provided if their potential is to be 
realized. This will require a well devel-
oped technically competent group of 
rice production specialists. Thc.ir servi-
ces will have to be combined with ade-
quate supplies of appropriate inputs 
such as fertilizer, chemicals, and ma-
chinery. These inputs should be made 
available to all producers at reasonable 
prices, in the right amounts and at the 
right time and place. But the concom-
itant benefits of increased production 
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depend upon an adequate marketing 
system involving two essential compo-
nents, physical and financial. There are 
the physical issues: Specifically, ade-
quate transpert facilities are needed 
between farm and mill and storage, and 
final market. There is the necessity for 
adequate drying, storage, and milling 
facilities. These critical factors will de-
termine the final quality of the rice 
available for sale. Spoilage and losses 
will occur if drying and storage facili-
ties are inadequate, and a favorable per-
centage of unbroken long grain rice will 
only be possible if modern rice milling 
equipment is used. 

3. Prior to the prcduction of these 
quantities of rice, decisions will have 
to be made as to the proposed final dis-
position of it. Some Latin American 
countries will be able to maintain their 
exports of rice, and some will be able 
to enter the export market for the first 
time, if they follow aggressive policies 
leading to low cost production of a good 
quality rice. Current trends, however, 
suggest that this will be difficult to 
achieve, in the face of declines in world 
prices that are expected to result as ex-
porting nations increase their produc-
tion and importing countries achieve 

The levee divides the varieties 1R22 on the 
left and CICA 4 on the right in nitrogen 

fertilization experiments. 

self-sufficiency. It may be expected, 
therefore, that the typical Latin Ameri-
can country will produce primarily for 
its own domestic market. 

BREEDING 

Crosses. A total of 69 new crosses was 
made in 1971, bringing the total since 
1967 to 581. All 1970 crosses involved 
the varieties Tetep, Mamoriaka, C46-1 5, 
and Dissi Hatif, which are suspected to 
have generalized resistance to rice blast. 
Thirty-three of the new crosses involving 
these parents were backcrosses to high 
quality, dwarf parents giving a total of 
2,667 F1  plants. Other crosses involving 
F1  (dwarf) x blast resistant parents pro-
duced 3,470 F1  seeds. The crossing pro-
gram is concentrating on blast resistance 
now that earlier crosses have provided 
vast amounts of segregating material 
having superior plant type, grain charac-
teristics, and resistance to Sogata. 

Nurseries. Plantings of breeding mate-
rial were made during 1970 on the ICA 
experiment station in Palmira in April, 
May, July, August, November, and De-
cember. These included more than 
17,000 pedigree rows (Fj  to F) that 
were evaluated thoroughly for grain and 
plant traits. 

Eleven F., single cross populations of 
4,000 to 8,000 plants each were grown 
and selected. These were from crosses 
of high quality dwarfs and the varieties 
mentioned previously as having general-
ized resistance to blast. 

A large pedigree nursery of F:1  lines 
from crosses of dwarfs and Colombia 
1, a local variety which has maintained 
its blast resistance in hundreds of tests, 
was evaluated for blast resistance com-
bined with dwarfism and acceptable 
grain. Few useful plants were found. 
The same single crosses backcrossed to 
the dwarf parent were evaluated in 
1,010 F2  families having about 200 
plants each. About 50 percent of the 
families were susceptible to blast, and 
were discarded. The remainder, carrying 
resistance to blast, had excellent com-
binations of resistance, plant type and 
quality, and produced approximately 
7,000 selections. 



The new rice selections with improved plant types are compared with the traditional 
variety Bluebonnet 50 in variety trials. 

This F 1  material appears so promis-
ing that bulk populations were sent to 
seven locations in six countries for local 
selections and evaluation. The observa-
ticn that single crosses did not result 
in useful F:5  lines, whereas backcrosses 
to the dwarf parent prcduced excellent 
F2  segregates, illustrates the need to con-
centrate on dwarf traits and rapidly 
eliminate the undersirable plant and 
grain characteristics of the blast resis-
tant parents. 

A number of excellent F41  lines from 
crosses of 1R930, 1R579, 1R532, and 
P622 selections combine all desired 

traits except blast resistance. About 360 
of these were simultaneously planted in 
both F rows and in observational plots 
and were sent to other countries for 
wider evaluations. It is expected that 
one or more of these will become a nam-
ed variety as a further improvement on 

1R8, lR22, and CICA 4. There is urgent 
need to develop a range of improved 
varieties even though they are all poten-
tially susceptible to blast. Until general-
ized resistance to blast is bred into 
superior backgrounds, farmers must 
have a choice of several potentially sus-
ceptible varieties as the blast organism 
adapts itself to existing varieties. 

In summary, nearly all material in the 
program is dwarf, has excellent milling 
and cooking quality, is early in maturity 
and has good resistance to Sogata feed-
ing. Blast resistance, now the major ob-
jective of the program, continues to be 
a difficult breeding problem. Promising 
F. and F2  material must be rigorously 
observed for a few more generations 
before firm conclusions can be drawn. 

Yield Trials. A total of 119 lines were 
evaluated in June. These included selec- 
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TABLE 3. Nutrient content of CICA 4 rice leaves. 

Leaf condition Zn Fe Mn 	 p 
ppm ppm ppm 	Percentage 

Slight Zn deficiency 14 78 406 	0.127 
Healthy leaves from 
Zn deficiency plants 22 79 198 	0.266 

Severe Zn deficiency 	 17 	127 	 277 	0.236 
Healthy ]eaves from 
normal plants 	 38 	71 	 516 	0.165 

Dry ashed for 6 hours at 475C. 
Courtesy TVA. 

The chemical analyses show that the 
soil was low in available zinc at all 
depths and that the subsoil sample was 
still more deficient than the surface 
samples. Zinc deficiency symptoms were 
more severe where the surface soil had 
been removed in leveling operations or 
in levee construction. 

The values for zinc content in Table 3 
appear to be correlated with published 
values related to the appearance of the 
rice plants. Completely normal plants 
had a zinc content of 38 ppm as 
compared to 14 and 17 ppm for the 
plants showing zinc deficiency symp-
toms. 

One experiment compared sulphate 
of ammonia and urea (200 kg N ha) 
at different levels of zinc oxide. The 
results are shown in Table 4. 

The data indicate that there was no 
real difference in the two nitrogen 
sources and that the yields were highest 
in the highest zinc treatment. The 
increases per unit of zinc added were 
less, however, in the higher rates as 
compared to the lower rates. 

Three sources of zinc, zinc oxide, zinc 
sulphate and zinc polyflavonoid were 
used at 8, 16 and 32 kg.ha of actual 
zinc in two separate experiments. In 
one experiment, the zinc was incorporat-
ed in the soil before transplanting; in 
the other, the zinc was applied in 
standing water at the time of the zinc 
deficiency symptoms. The results of the 
two experiments are combined in Table 
5 and Fig. 1. 

All three materials are good sources 
of zinc, and there was little difference 
among them. When incorporated in the 
soils, the major part of the yield in-
creases was produced with 8 kg ha of 
zinc, although the highest yield was 
produced with the 32 kg, ha application. 

When applied in the water at the 
appearance of the zinc deficiency symp-
toms some 15 to 20 days after trans-
planting, there was an almost linear 
response. The yield increases were about 
50 percent of those obtained in the 
experiment in which the zinc was in-
corporated in the soil before trans-
planting. These differences are due, in 

TABLE 4. The effect of diffrrent sources of nitrogen on the zinc requirement for 
CICA 4. 

Zinc Sulphate of 
applied Ammonia: Urea ' Average 

0 5,267 5,907 5,587 
15 6.593 6,397 6: 495 
30 7,481 7,161 7,321 
45 7,984 8.260 8,122 
60 8,638 8,790 8,724 

120 9,128 9,734 9,431 
Ave. 7,515 7 541 

200 Kg N/ha 

52 



AW 	It 	 II, 	 .32 

tn/I,., 

FIGURE I 

part, to the difference in time of ap-
plication as well as the method of ap-
plication. 

In another experiment, the roots 
were immersed in zinc suphate solutions 
of 1, 2 and 4 percent concentrations and 
for various periods of 1, 2 and 4 min-
utes before transplanting. Although the 
treatments gave good growth response 
during the initial six to seven weeks of 
growth, even the highest treatments 
were inadequate, and little to no grain 
was produced. 

Foliar applications using 0.25 percent 
Zineb, 0.5 percent zinc sulphate and 1 
percent zinc polyflavonoid were also 
tested. The better sources appeared to 
be zinc sulphate and zinc polyflavonoid, 
but a minimum of five applications was 
required. 

The material Agrimins (Zn content 
0.8 - 1.0 percent) was also checked as 
a zinc source. The data indicate that up 
to 150 kg ha of the material corrected 
the deficiency in these soils. 

Its general, high nitrogen rates aggra-
vated the condition and, in some cases, 
yields were nil where no zinc was ap-
plied. Zinc alone increased yields but 
both nitrogen and zinc were required 
for high yields. 

An evaluation of the tolerance of 
varieties to low availability of Zn in the 
soil was also made. The ratings are 
shown on Table 6. 

Colombia I and ICA 10 were selected 
on the Instituto Colombiano Agropecua- 

TABLE 5. Effect of rates, methods of application and sources of zinc on CJCA 4 
rice yields. 

Grain Yields 

Source of zinc Rate of Incorporated Applied in 
Application in soil before water 
Kg Zn/ha transplanting 

Kg/ha Kg/ha 

Check 0 368 0 
Zinc oxide 8 5484 1,243 
Zinc oxide 16 6,934 2,810 
Zinc oxide 32 8,456 4,337 
Zinc sulphate 8 7,3111 1,345 
Zinc sulphate 16 7,964 3,527 
Zinc sulphate 32 8,595 3,935 
Zinc polyflavonoid 8 7,043 1,419 
Zinc polyflavonoid 16 7,858 2,690 
Zinc polyflavonoid 32 8,502 4,474 
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rO\Stil on hUfll sitles of the untreated plot was greatly stimulated by zinc 
applications to the soil. 

ro farm at Palmira on soils similar to 
those on the CIAT farm. Their tolerance 
to low soil zinc was probably an un-
recognized factor in ther being selected. 

of the most limiting factors in rice 
producticn. Most research efforts were 
concentrated on finding a suitable con-
trol for this disease. 

PATHOLOGY 	 BLAST 

	

Of the rice diseases present in the 	The causal agent of blast, the fungus 

	

Americas, blast is still considered one 	Pyricularia oryzae, is quite variable. It 

TABLE 6. Tolerance of varieties to low availability of zinc in soils. 

Variety Batine at 30 days Rating at 6C days 

Colombia 1 Highly tolerant Highly tolerant 

ICA 10 Highly tolerant Highly tolerant 

Starbonnet Susceptible Susceptible 

Bluebelle Plants died - 

Bluebonnet 50 Vcry susceptible Highly susceptible 

1665-23-3-1-lB Susceptible Susceptible 

1R8 Susceptible Very susceptible 

1R22 Susceptible Very susceptible 

CICA 4 Susceptible Very susceptible 
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The untreated plots in this zinc experiment were so severely affected by the deficiency 
that the rice plants died 2 to 3 weeks after transplanting. 

usually develops new races before the 
rceder can develop varieties having 

vertical resistance. Two major lines in 
its control were undertaken, one to help 
the breeding program find varieties with 
"partial recistance", which would be 
generally resistant to the present and 
future races of the pathogen, and the 
other to find an efficient way to con-
trol the disease chemically. 

Partial Resistance 

In April, 1969, 1,990 varieties, se-
lected for resistance (type 1-4 lesions) 
in several countries, were tested in the 
Llancs Orientales, Colombia, where the 
the disease is endemic and epiphytotic. 
After 23 trials in that locality and three 
in Monteria, Colombia, and one in La 
Selva, Peru, only 210 have remained 
resistant. Some of these varieties  

—Tetep, C46-15, Mamoriaka, Carreon, 
Colombia 1, Colombia 2, Colombia 3, 
Milagrosa, R-67, Dissi Hatif, Perola, and 
laca Escuro— showed a broad spectrum 
of resistance to the races of P. oryzae. 

Nature of partial resistance to 
Pyricularia oryzae 

Greenhouse and laboratory studies 
with susceptible, intermediate and re-
sistant varieties and with the most 
virulent races isolated from Brazil, Co-
lombia, and Peru, indicated that the 
type of the lesion, its size, color, and 
the number of ccnidia produced per 
lesion are important factors in deter-
mining partial resistance to P. oryzae. 
Susceptible varieties showed larger size 
(type 4) and a greater number of le-
sions. Sporulation took place in less time 
and the number of spores produced was 
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considerably higher. Intermediate va-
rieties in certain cases had type 3 lesions 
but they produced more conidia. This 
implies that lesion size is not the only 
factor controlling resistance. Large size 
lesions producing few conidia may be 
more important epiphytologically than 
smaller size lesions, but may also be 
active ccnidia producers. In general, 
type 3 lesions produced fewer conidia 
than type 4. 

Sporulation was higher in the green-
house than in the laboratory. The leaves 
became yellow and died in five days; 
this might be the reason for the smaller 
number of conidia observed in the labo-
ratory studies. The time from inocula-
tion to sporulation initiation was shorter 
in susceptible varieties than in interme-
diate ones. However, the time difference 
was small. Type 3 lesions produced more 
conidia than type 2 lesions, in general, 
but in some cases a high sporulation 
occurred in type 2 lesions. 

Daily discharge of conidia was differ-
ent for the susceptible and intermediate 
varieties. High sporulation occur red 
during the first days for type 4 lesions 
of Fanny and Bluebonnet 50. The type 
4 lesions of laca Escuro always pro-
duced few conidia, an important epi-
phytological factor in the development 
of the disease. Colombia 3 had type 3 
lesions but they produced more conidia 
after the fifth day. This kind of late 
discharge resistance may be a critical 
factor in an efficient chemical control 
combined with partial resistance of rice 
to P. oryzae. 

Correlation between leaf and neck 
rot infection 

In general, panicles are found to be 
more susceptible than leaves. The 
screening method is based upon the 
leaf infection of seedlings 30-35 days 
after planting under natural conditions 
in epiphytotic areas. The screening of 
lines for resistance depends upon a good 
correlation between leaf and panicle 
susceptibility to P. oryzae. 

Plants of susceptible, intermediate, and 
resistant varieties were inoculated with 
four races of the fungus at 15, 30, 45 
days and booting stage, using a con-
centration of at least 40 conidia per 
100 x microscope field. The results 
indicate that the varieties highly suscep-
tible and resistant gave uniform reac-
tions at the various stages of growth. 
Some varieties such as Nahng Mon S-4 
and 1R8, which are susceptible in various 
locations to several races under field 
conditions, were resistant at the seedling 
stage to all the races but susceptible to 
neck rot to some races. 

This suggests that some isolates are 
non-pathogenic to leaves but are able to 
infect the panicles. These two varieties 
have been consistently resistant to the 
four races used at the seedling stage. 
Experiments with a large number of 
varieties are planted in the field to study 
more critically this important correla-
tion. 

Races of P. oryzae in 
Latin America 

Through cooperative work with the 
Instituto Biologico, Sao Paulo, and the 
lnstituto Rio Grande do Arroz, Porto 
Alegre, in Brazil, the Estacion Experi-
mental "La Molina", Lima, and the Uni-
versidad Pedro Riuz Gallo, Lambayaque, 
Peru, races of P. oryzae were determined 
by using the int'rnational set of differ-
ential varieties. Seventeen races were 
determined in Brazil, 14 in Colombia, 
and 25 in Peru. 

Some races such as iA-i, 1A-65, ic-i, 
1D-6, 1D-13, 1G-1, 1G-2, IH-1, and Il-i 
are more prevalent and virulent. The 
same races are present in Southeast 
Asia, Japan, and the United States. This 
information might help in screening lines 
or varieties for partial resistance under 
artifical greenhouse or laboratory con-
ditions. 

Variability of P. oryzae 

The fungus consists of many races. In 
addition, constant variability in patho- 
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genicity has been reported. However, 
races lB-i, IC-i, IG-1 and lD-8 have 
kept their specific pathogenicity for four 
years after freiuent suhculturing. Races 
IC-] and IG-1 are often found throughout 
the world and this may explain why 
they do not change their racial pattern 
as reported for other races. 

uously. In the first region, it is possible 
to control the disease economically with 
fungicides. In locations having the con-
tinuous and heavy rains, it will be 
necessary to develop special means of 
application to overcome the immediate 
washing-off of the applied chemicals. 

Seed treatment 
Chemical control of blast 

Resistance is the most effective and 
least expensive way to control blast; 
chemical control, however, can reduce 
losses and may he useFul in an integrated 
control with partially resistant varieties. 

There are two climatic areas to be 
considered for chemical control. First, 
regions where there arc favorable cond-
tions for the development of the disease, 
with inconstant rainfall, and second, 
locations where it rains almost contin- 

Seeds of the highly susceptible variety 
Fanny were treated with 35 different 
chemicals. The fungicides Benlate ( I kg 
a.i. 100 kg seed), Demosan (26 kg 
a.i. 100 kg seed), Decafetin (8 kg 
c.p. 100 kg seed) and NF-44 (2.8 kg 
a.i. 100 kg seed) protected the plants 
for 60 days. The percentage of dead-leaf 
area was 8, 5, 3 and 4 percent respec-
tiveiy, as compared with 85 percent of 
the check plot. The readings were taken 
30 and 60 days after planting. 

(:LA't scientist (left) and observer look at tflfferent types of lesions caused by Pyricularia. 
The background shows experiments on control of blast by fungicides. 
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Aerial applications 

Applications at the booting stage, and 
two more at weekly intervals thereafter, 
increased yields of the variety Blue-
bonnet 50 up to two ton/ha as compared 
wh the check in locations of high neck 
rot infection and intermittent rains. 

The fungicides Benlate (0.25 kg a. i. 
ha), NF-44 (0.21 kg a.i. ha), Hinosan 
(0.35 l.a.i.ha), Kitazin (0.63 l.a.i. 
ha), Kasumin (0.03 I . z.i. ha), and 
Bla-S (0.06 l.a. i. ha) consistently con-
trolled the disease effectively and eco-
nomically. Mixtures of Benlate (0.100 
kg a.i. ha) and Kasumin (0.02 kg 
a. i. ha) increased the effectiveness and 
reduced the cost of control. The same 
treatments under heavy and ccntinuous 
rains did not give any control. Green-
house experiments showed that Benlate 
has a residual effect of up to 12 days, 
giving a good control even a week after 
foliar applications. 

Soil treatments 

The development of systemic fungi-
cides offers the possibility of controlling 
the blast disease by soil applications. 

Thirty-five fungicides were screened 
using a rate of 100 kg a.i. ha, with the 
variety Fanny as the test plant. Of these, 
Benlate, NF-44 and NF-35 were the most 
effective. In different experiments NF-44 
controlled blast better than Benlate at 
lower rates, but they were still too high 
to be economical. Preliminary experi-
ments, in which Tween 20 at 1 percent 
was mixed with the systemic fungicides, 
showed improvement in control at lower 
doses. 

Monthly plantings in plots previously 
treated with these systemic fungicides 
were effective in the soil for more than 
150 days. They suggest that it is possible 
to control blast by using low cost soil 
applications with an improved applica-
tion method. 

Granular Kitazin did not control blast 
when applied directly to the soil with 
upland rice; it was affective when ap-
plied to irrigated rice. This granular fun- 

gicide might be economically useful in 
applications to irrigated rice one week 
before heading, because it became effec-
tive three to four days after application, 
reached maximum effectiveness after 
five to seven days, and then gradualy 
became less effective. 

HOJA BLANCA 

The importance of hoja blanca has 
diminished in recent years, presumably 
because of improved varieties resistant 
to the vector Sogatodes oryzicola. The 
active and the non-active colonies were 
maintained for future studies. 

Preliminary experiments to trace the 
virus in the vector dd not show its 
presence in the genitals of either the 
female or the male. Direct identification 
of the virus particles was possib!e in 
rice, barley, wheat and also in barnyard 
grass (Echinochloa colonum). The long, 
flexous, thin threads were found in the 
cytoplasm as well as in the nucleus. 
These particles broke down readily in 
purified and leaf-dip preparations, 
making it difficult to determine their 
length. 

HELMINTHOSPORIASIS 

A disease that attacks the panicle and 
causes a brown coloration of the grains 
similar to that caused by P. oryzae was 
observed on selections of lR822. A fun-
gus, Helminthosporium sp., was consis-
tently isolated. Pathogenicity tests show-
ed that it was the causal agent. This 
disease is also present in Brazil, and it 
may become important in the future. 

SHEATH BLIGHT 

This disease is causing serious losses 
in several regions of Colombia. It has 
become one of the most common and 
destructive diseases. Several isolates of 
the fungus Corticium sasakii have been 
obtained from many Iccations and from 
different varieties, particularly Tapuripa. 
Studies on the growth of the fungus, 
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Experiment on partial resistance to rice blast 
disease. Attendants at the CIAT symposium 
on the llorizom!tal Resistance to Rice Blast 

disease. 

ecoogy of the disease, susceptibility of 
the rice plant at several stages, and 
development of a suitable mass screen-
ing method for resistance will he carried 
out. 

RICE BLAST SEMiNAR 

The importance of this disease as one 
of the limiting factcrs in rice production 
in the tropics prompted CIAT to orga-
nize a conference to review the present 
status cf kncwledçe about partial ( her-
izcntal ) resistance of rice to P. oryzae. 
Seventeen scientists working with P. 
oryzae and in re!atecl fields were invite:I 
to participate. They presented 15 papers. 
Approximately 100 cbservers were also 
precent from 17 countries in America, 
Asia and Africa. 

The scientists agreed that there are 
varieties having a broad spectrum of 
resistance, but not horizontal resistance 
as it is defined. Variability of the fungus, 

MW 

Reaction of rice St'('(IIiflgs to ifleehiflical (lamage (LusecI by Sogata. From left to right: 
stIsCcl)tible, segregating, and resistant. 
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phenotypically stable versus unstable 
races, changes in pathogenicity, the 
perfect stage of P. oryzae, correlation 
heween seedling and neck rot infection, 
and the status of rice blast in various 
countries were subjects discussed during 
the three-day semi ia r. 

ENTOMOLOGY 

Sogatodes is the most important 
insect pest in Latin America because it 
directly damages the leaves and trans-
mits the hoja blanca virus. The develop-
ment of commercial varieties with re-
sistance to the insect has checked the 
spread of the disease. Because of the 
possible appearance in the future of a 
biotype adapted to the resistant vari-
eties in some ecological areas in Latin 
Amercia, plans have been made to sur-
vey rice areas to identify quickly new 
Do types. 

Stem borers (Diatrea sp. and Rupella 
sp.) in certain areas of Latin America 
produce serious damage. For that rea-
son, experiments are being conducted to 
screen breeding material for resistance. 
Plant suckers of the Pentatomidae and 
Corimelaenidae damage the panicle. A 
technique is being developed for screen-
ing resistant varieties under screen-
house conditions. 

Hydrellia sp., a leaf miner, is com-
mon in the Cauca Valley, although it is 
easily controlled with the application of 
Diazinon. Work is in progress to study 
and correctly identify the species in-
volved. 

WEED CONTROL 

One of the most serious rice produc-
tion problems on the CIAT farm is the 
preparation of land for seeding. In fields 
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that are difficult to drain, weed plants 

continue growing at vigorous rates. First 
efforts were to test the possibility of 
chemically preparing land. 

The two dominant species were Bra-
chiaria mutica (para grass) and Hete- 
ranthera 	reniformis 	(mudplantian). 
Three areas were studied, two with near-
ly pure stands of the individual species, 
and the third with a balanced mixture 
of the two, with the following general 
results: 

Unless the standing water is re-
moved, these weeds are not properly 
controlled by such usually effective 
herbicides as 2, 4D, 2, 4, 5-T, Dicam-
be and MCPA. 

Heteranthera is controlled equally 
well by both 1.5 kg active ingre-
client ha 2, 4-D and 2, 4, 5-T. 
Because of the resistant nature of 
these species and the dense foliage 
of Brachiaria, split applications 
should be made with 7 to 10 days 
between each one. 
Adding a small amount of paraquat 
to 2, 4-D or 2, 4, 5-T did not in-
crease control, as has been indicated 
in another species. 

A follow-up experiment will use the 
more effective treatments in these trials 
in split application and then use pre-
germinated rice seed. 

Another study is comparing her-
bicide selectivity using either dry or 
pre-germinated rice seed. We expect a 
loss of selectivity with several pre-emer-
gance and late pre-emergence herbicides 
when pre-germinated seed is used, as 
the chemical comes into direct contact 
with the seed. 

We are comparing the competitive 
ability of rice in both seeding methods 
in the same trial. In theory, pre-germi-
nated seed gives the rice a much quick-
er start and thus reduces weed com-
petition. 

Future work in chemical control will 
focus on upland rice. The problems are 
much greater because products must 
give longer control than is presently ob-
tained when there is no water to give 
good cultural control. Upland weed spe- 

cies often tend to be more resistant than 
those in flooded rice fields. 

SOILS 

Lowland rice production on acid oxise's 
in the Lianos Orientales 

The eastern plains of Colombia (LIa-
nos Orientales ) are characterized by 
very acid and highly leached soils, and 

a native savannah vegetation. The soils 
are classified as oxisols with gradients 
to ultisols in the lower-lying areas. 
Flocded rice is the most important com-

mercial crop. The production is limited 

to about 20,000 has, all of which are 
locatcd on the wes'tern edge of the Ila-

tics, at the foot of the Andes. Rice yields 
are generally low, 3-4 ton ha, because 
of low soil fertility, high blast incidence, 
and a physiological disease called "ana-
ranjamiento" or orange leaf disease. 
CIAT scientists initiated research in 
1969 to determine the cause of "anaran-
janiiento" as well as soil management 
practices to overcome the problem. Th'a 
pot and laboratory study was done at 
ICA's Palmira research center using soil 
from Carimagua. 

I. "ANARANJAMIENTO" 

Flooded rice grown in the Ilanos nor-
mally appears rather healthy and green 
during the first month of growth. During 
the second month, however, the plants 
become stunted, have insufficient tiller-
ing, and the leaves start turning yellow 
to orange. Typical "anaranjamiento" 
begins with yellowing at the tip of the 
lower leaves, progressing down the leaf, 
especially along the margins, and mov-
ing up the plant to the higher leaves. The 
lower leaves eventually dry up and die. 
The slowly formed new green leaves may 
give the appearance of a later recovery, 
but the plants remain stunted and the 
yellowed leaves never turn green. The 
Fe content in the leaves is seldom above 
levels usually considered toxic (300 
ppm). The roots of affected plants are 
generally short with few rootlets and 
are covered with a red iron oxide de-
posit. Sometimes the root tips are slight- 
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ly enlarged and dark red. Most roots 
seem inactive. 

Because "anaranjamiento" is only ob-
served in flooded rice grown on Ilanos 
soils, it was postulated that it was due 
to a nutrient deficiency or a reduction-
product toxicity. The latter seemed to 
be more likely since high applications 
of N, P, K and trace elements did not 
alleviate the problem. Since the soils are 
high in Fe, and the symptoms are simi-
lar to the yellow type of Fe toxicity 
symptoms, the disease was thought to be 
due to Fe toxicity. The chemical kinetics 
of the soil after flooding were studied, 
with special attention being given to 
changes in the Fe concentration in the 
soil solution. 

A. The chemical kinetics of the soil and 
the growth of rice 

Two sets of experiments were con-
ducted to determine the effect of various 
treatments on the chemical kinetics of 
the soil. The experiments were done with 
6 kg soil in plastic pots in the screen-
house. Every week, soil solutions were 
extracted from a glass-T in the bottom 
of the pots, and simultaneously analyzed 
for pH, Eh and conductivity in a special-
ly built cell containing one glass elec-
trode, one calomel electrode, two Pt elec-
trodes, and a conductivity cell. Extrac-
tion and analyses were conducted under 
N gas to prevent cxidation of the solu-
tion by contact with air. The solutions 
were then acidified to prevent oxidation, 
and analyzed for Fe and Mn. 

During the first semester the soil was 
mixed before planting with 50 kg ha 
N (urea), 150 kgha P2O (Ca(H2PO4 ) 

H20), 100 kg/ha K20 (KC1 ), 375 kgha 
CaCO3, and 125 kg/ha MgCO3 . lop dress-
ings of 75 kg/ha N were made at 30, 
60, and 75 days. The treatments includ-
ed various lengths of time of preflood-
ing before planting, delayed flooding 
(soil at field capacity for 8 weeks), and 
Mn02  applications at the rate of 1,000 
kg Mn/ha. In preflooding treatments the 
soil was submerged at 7, 5, 3 and 0 
weeks before transplanting. At this time  

all pots were fertilized and 7-day-old 
seedling of 1R8 were transplanted. 

Fig. 2A shcws the change in pH after 
flooding. The pH increased from 4.15 
to an equilibrium value of 6.5, but the 
increase was extremely slow because of 
a slow reduction. The rate of reduction 
was much faster in the presence than 
in the absence cf fertilizers. This is in-
dicated by the fact that in the unfertil-
ized soil (seven weeks preflooding) the 
pH during the initial five weeks in-
creased to only 5.53, while in the fertil-
ized soil (0 weeks preficoding) it in-
creased to 5.84. These soils appear to be 
so low in fertility that the application of 
fertilizers greatly increases the rate of re-
duction. Similarly, with 0 weeks pre-
flooding the Eh (Fig. 2B) decreased 
more rapidly than with 7 weeks pre-
f Icc ding. 

In all cases the Eh decreased from 545 
mV to a constant value of about 90 mV 
in 10-15 weeks. Apparently, the high 
concentration of Fe buffered the solu-
tion at a relatively high Eh. Potentials 
low enough for sulfate reduction were 
not observed in the soil solution. 

The Fe concentration in souticn (Fig. 
2C) remained very low for several weeks 
before rising sharply to a maximum of 
300-350 ppm. After the peak, the concen-
tration dropped to a constant level of 
150-200 ppm because of precipitation of 
ferrous hydroxide at the high pH. Fe 
ievels above 300 ppm have been reported 
to cause direct Fe toxicity in the rice 
plant. The application of Mn02  had hard-
ly any effect on the pH and Eh, and had 
only a slight effect on the Fe concentra-
ticn, reducing the maximum slightly to 
285 ppm. 

The conductivity of the soil solution 
increased to a maximum of about 800 
micro rnhos cm before decreasing to a 
constant level of about 600 micro mhos 
cm. The Mn concentration also increas-
ed upon flooding, but never reached 
higher than 2 ppm. This precludes Mn 
toxicity. 

After the first semester the soil was 
dried, sieved, and reflooded for the see- 
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ond semester experiment. Soil analysis 
showed a markedly higher pH and fer-
tility of this used' soil compared with 
a "fresh" Ilanos soil (Table 7). 

Before flooding, the soils were fertil-
ized with the same materials as report-
ccl for the first semester, except that 
the initial N, P, and lime levels were 
doubled. 

The second semester experiment in-
cluded various water management and 
other treatments such as wet fallow, 
constant and rotational irriqation, var-
ious drainage systems, and the addi-
tiori of straw and high levels of lime 
with the reguiar fertilizers. 

The pH and Eli curves obtdined were 
similar to those in Figs. 2A, 2B. Because 
this soil had been cropped once before,  

the initial pH was highar (5.3) and ini-
tial Eli was lower (420 mV ). The higher 
fertility level (and probably bacterial 
population ) resulted in a more rapid 
reduction. Maximum pH levels of 6.5 
and minimum Eli levels of 80 mV were 
reached in only four weeks. The straw 
and high lime applications slightly in-
creased the rate of reduction and result-
ed in higher pH and lower Eli values. 
The rotational irrigation, consisting of 
3 1 2 clays ficocled alternated with 3 
1 2 clays dry, markedly reduced the pH 
to about 5.3 and increased the Eli to 
300-350 rnV. 

The differences among treatments 
were most marked with respect to Fe 
concentration (Fig. 3). Maximum Fe 
levels were about 175 ppm in this 

TABLE 7.  

ph 	P(BRAY I; P(BRAY II) Al 	Ca 	C.E.C. 
ppm 	ppm 	 me 100 gm 

"Used" soil 	5.29 	1.47 	3.19 	1.8 	1.16 	12.4 
"Fresh" sOli 	3.95 	1.07 	2.22 	3.5 	0.68 	13.0 
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"used" soil with continuous flooding. 
With the addition of 0.4 percent straw, 
the soil reduced very rapidly, while 
maximum Fe levels were as high as 310 
ppm. Rotational irrigation, started at 
three weeks after seeding, reduced the 
Fe concentration to nearly zero, while 
irrigation with internal drainage (4 
cm/ day) maintained intermediate Fe 
levels. 

P!ant response. During both semesters 
the plant response to treatments was 
small. The plants were always severely 
stunted and "anaranjamiento" symp-
toms appeared around six weeks, being 
more severe during the first than the 
second semester. Preflooding did not 
show any beneficial effect and yields 
slightly decreased with increasing time 
of preflooding. The delayed flooding 
treatment showed "anaranjamiento" 
only after flooding, resulting in high 
straw but low grain yields. The Mn02  
treatment resulted in more severe "ana-
ranjamiento" symptoms, which may 
have been due to Mn toxicity (5,500 
ppm Mn in leaves), but the final plant 
growth and yields were better than for 
any other treatment. 

During the second semester "anaran-
jamiento" symptoms developed i rrespec-
tive of treatments. Applying fertilizers 
at time of seeding resulted in higher 
yields than at time of preflooding. The 
favorable chemical conditions in the 
soil due to rotational irrigation or in-
ternal drainage were not reflected in 
higher yelds, probably because of fertil-
zer losses by leaching and denitrifica-
tion. Midseason drainage at two months 
resulted in the highest yield of grain. 
The addition of straw or high levels of 
lime had no beneficial effect. 

From these pot experiments and felcl 
observations the following conclusions 
were drawn: 

"Anaranjamiento" is not a direct Fe 
toxicity since it may occur at relative-
ly low Fe concentrations in soil so-
lution, resulting in relatively low Fe 
levels in the plant. However, it seems 

to be caused by damage of the 
rcot system by a reduction product, 
most likely Fe. The deposition of Fe 
oxide on the outside of the root not 
only limits root growth but also pre-
vents the uptake of nutrients, espe-
cially P. In a soil already low in 
plant nutrients this limited uptake 
ability of the plant leads to an im-
balance between supply and demand. 
In a large plant with a large demand, 
a small increase in Fe concentration 
in the soil solution and subsequent 
coating of the roots leads to a short-
age of nutrients. The plant compen-
sates for that by translocation of 
nutrients from the lower to the high-
er leaves resulting in oranging and 
early senescense of the lower leaves. 

For that reason, healthy plants, 
grown under conditions of high P 
and N or low Fe, are always first 
and most severely attacked by "ana-
ranjamiento", once the Fe concentra-
tion in solution starts to build up. 
Similar conditions of restricted root 
growth in plants grown in too small 
a pot, plants grown on compacted 
soil, or plants from which the roots 
have been cut, will lead to the same 
"anaranjamiento" symptoms in 
other than the Ilanos soils. Since 
"anaranjamiento" is a root problem, 
and primarily a result of extreme P 
deficiency, foliar applications of P 
eliminate the symptoms. 

In soils with a rapid build-up of sol-
uble Fe, the plant remains stunte:l 
from the beginning and there is no 
need to balance the top growth with 
the limited nutrient supply. In this 
case no typical "anaranjamiento" 
develops, but the plants may suffer 
from direct Fe toxicity, i.e., an e::-
cessive uptake of Fe, resulting in 
brown spots on the leaves. The clif-
ferences in shade of oranging ob-
served in the field are probably due 
to various combinations of "anaran-
jamiento" and direct Fe toxicity, dc-
pending upon the age and size of the 
plant at the time of Fe build-up. 
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3. A slow reclucticn results n good 
initial plant growth, but the subse-
quent late occurrence of the Fe peak 
results in severe "anaranjamiento" 
and a considerable reduction in grain 
yield. 

4 The severity of 'anaranjamiento" 
can be reduced by a combination of 
water management and fertilization 
practices designed to maintain a low 
level of Fe and a constant supply 
of soluble nutrients in the soil solu-
tion. 

A build-up of soluble Fe can be pre-
vented by intermittent or rotational 
irrigation. A low Fe concentration 
during flowering, obtained by mid-
season drainage, is advantageous for 
grain formation. Constant flooding 
with internal drainage maintains a 
low Fe level, but the loss of nu-
trients in the drainage water makes 
it counterproductive. Preflooding for 
three weeks has the advantage of 
passing the Fe peak before seeding 
or in the early stages of growth, but 
has the disadvantage that P applied 
at seeding is more rapidly fixed. For 
that reason preflooding for more 
than three weeks is not beneficial. 

6 The P fertilization should be a com-
bination of a slow release P source, 
like basic slag or rock phosphate, 
incorporated before seeding, and a 
more soluble P source like triple 
superphosphate applied on the sur-
face at time of seeding. An addition-
al biweekly foliar application of a 
0.5 percent P solution (KH2PO4 ) is 
probably beneficial, but may not be 
practical. 

7. A slow release N fertilizer, such as 
sulfur-coated urea, would probably 
be beneficial by providing a constant 
supply of N, while reducing blast 
attacks due to excessive N and dni-
trification losses during soil drying. 

AGRICULTURAL ENGINEERING 

Agricultural engineering and station 

operations have designed and developed 
60 hectares for irrigated rice; about 10 
hecta;-es have been planted to rice agrob-
amy experiments, and about 32 hec-
tares for rice seed production by crop 
production trainees. Land development, 
land preparation, and irrigation have 
been under the direct responsibility of 
agricultural engineering and station oper-
ations. Varieties, planting, pest control, 
and harvesting have been handled by 
the crop production trainees, a rice 
agronomist and a breeder. 

Crop production and agricultural en-
gineering students and trainees and rice 
trainees were given practical experience 
in wet land leveling and field irrigation. 

An experimental prototype rotatiller 
has been used for wet soil puddling. 
A one-meter diameter puddling rotor 
was designed and developed in CIAT for 
very soft soils. 

Two Japanese rotatillers with rubber 
tires were provided with cage wheel ex-
tensions to work in flooded fields. 

One of the major problem areas in 
the tropics is lack of machinery and la-
bor systems to plant crops during the 
rainy season. Because 1971 was an 
unusually wet year, it provided the op-
portunity to plant rice under saturated 
soil conditions. Dry land preparation and 
seeding of other crops proved imprac-
tical. 

Major irrigation and drainage projects 
developed for tropical corn production 
and other upland crops have required 
excessively high capital investments. The 
development of suitable wet land prep-
aration equipment would enable these 
areas to be placed into rice production 
with a minimum investment. The use of 
equipment in the continuous production 
of rice throughout the year would fur-
ther reduce the cost in machinery in-
vestnient and provide uniform employ-
ment and income. A preliminary rice 
production system has been implement-
ed on a 50 hectare area with the inten-
tion of planting approximately 1/2 hec-
tare per day. Thus labor, machines and 
land would be in continuous use with 
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FIGURE 4.— Estimatrd cost of producing present and new rice varieties in certain 
Latin American countries (U.S.S Ton). 

an income of 2 to 2 12 tons of harvest-
ccl rice per work day. Many problems 
must be solved; however, the compo-
nents necessary will be identified and 
tried. 

AGRICULTURAL ECONOMICS 

Cost of production 

An estimate was made of the cost of 
producing the traditional and new rice 
varieties in nine Latin American coun-
tries. Basic data were obtained from na-
tional agricuItuaI research institutes 
and or the Ministries of Agriculture. 

The estimated costs of production are 
reported in Figure 4 and Table S. The 
estImates are rough guidelines rather 
than exact figures. The cost of produc-
tion tends to vary among regions within 
ally one country and even among farm-
ers within a region. The cost data for  

each one of the countries are expressed 
in a common currency (U.S.$) for direct 
comparisons. The official exchange rates 
may not correspond to relative domes-
tic purchasing power within the var-
ious countries, hence a direct compar-
ison of dollar costs may be biased. 

Figure 4 shows that the cost of pro-
ducing rice under irrigation is low in 
Argentina while it is relatively high in 
Peru and Colombia. The cost per ton 
of rice produced under upland condi-
tions is low in Ecuador, Colombia, and 
Paraguay while it is high in Peru and 
Costa Rica. The production cost per ton 
of the new rice varieties is considerably 
below the cost of producing present 
varieties. For example, the production 
cost per ton of present varieties under 
irrigation in Peru is estimated to be 
about $84, while the estimated cost of 
producing a ton of the new varieties is 



TABLE 8. Estimated cost of producing present and new rice varieties in certain Latin American countries. 
(U.S.$) 

Prc'sent variety 	 New variety 
Irrigation 	 Non-irrigation 	 Irrigation 	 Non-irrication 

Country 	 Costs/ha. 	Costs/ton 	Costs/ha. 	Costs/ton 	Costs/ha. 	Costs/ton Costs/ha. Costs/ton 

Argentina 170.71 34.14 - - 190.13 22.37 - - 

Brazil 166.08 47.45 - 189.48 31.84 - - 

Colombia 403.30 80.66 86.65 54.16 433.63 51.02 112.32 41.23 

Costa Rica 2 - - 295.34 84.38 - - 295.34 34.38 

Ecuador 178.00 50.86 74.57 53.27 208.96 35.12 81.42 4,21 

Guatemala - - 198.55 66.18 - 211.59 41.49 

Honduras - - 203.50 67.83 - 217.70 42.69 

Paraguay 164.08 65.63 110.48 55.24 179.14 42.15 120.74 35.51 

Peru 461.36 33.57 183.55 91.77 520.14 55.43 240.05 70.60 

From: Vicente W. Anibal S. Condiciones do Cultivo y Costos do ProducciOn do Arroz en algunos paises de A,nérica Latina and Per 
Pinstrup-Andersen. Economic Implications o/ Producing new rice' varieties in Latin America, CIAT 1971. 

In Costa Rica, present variety" refers to the new variety 1R8. 



1964 
U.S.S/ 1 of world 

Country metric market 
ton prico 1 

Argentina 80.20 58 

Brazil 161.00 113 

Bolivia 202.00 148 

Colombia 281.70 207 

Chile 192.00 141 

Dominican Rep. 295.50 217 

Ecuador 137.50 101 

El Salvador 207.63 152 

Guatemala 228.50 168 

Mexico 230.50 169 

Panama 276.63 203 

Paraguay 96.80 71 

Peru - 

Uruguay 160.03 113 

Venezuela 313.60 230 

1965 1966 
U.S.S/ % of world U.S.S/ 7L of world 
metric market metric market 

ton price 1 ton price 1 

56.50 41 55.00 33 

116.03 84 202.00 121 

233.03 149 258.00 155 

247.00 179 256.40 154 

225.00 164 202.00 122 

323.30 235 298.70 179 

157.60 114 153.70 92 

211.40 153 228.90 137 

239.80 174 - - 

237.80 173 256.40 154 

273.20 193 265.30 159 

87.20 63 - 

158.00 114 159.00 96 

281.00 204 281.10 169 

1967 
U.S.S/ % of world 
metric 	market 

tori 	price I 

51.40 	26 

226.10 

277.40 

165.70 

216.90 

259.92 

116 

142 

85 

111 

133 

147.30 

TABLE 9. Average internal wholesale prices of rice for certain Latin American countries. 

The price of Thai rice FOB Thailand 
Average 1959-63. 



about $55. A more detailed discussion 
of the cost estimates and the underlyng 
assumptions may be found in the 
sources indicated in Table 8. 

Price analysis 

On the basis of existing rice prices in 
the various Latin American countries, an 
analysis was made to determine the rela-
tive competitive position of each country 
with respect to rice export. Table 9 
shows the average internal wholesale 
price of rice for each one of a number 
of Latin American countries. To obtain 
some indication of the relative competi-
tive position of each country, the inter-
nal prices were estimated as a percent-
age of the export price of Thai rice fob. 
Thailand (Table 9). The price of Thai 
rice appears to be a good index of gen-
eral world prices. 

Table 9 shows that rice prices tend to 
be low in Argentina and Paraguay and 
high in Venezuela, Dominican Republic 
and Panama. The wholesale prices of rice 
in countries such as Argentina and Para-
guay were below the price of Thai rice 
during the years included in the analysis. 
Ecuador shows an improving competi-
tive position. Most other countries show 
internal wholesale prices above those 
found in the world market. 

A comparison of the internal prices 
in the various countries with existing 
world market prices provides a rough 
guideline for the relative competitive 
position with respect to export. How-
ever, a number of other factcrs tend to 
influence the possibilities for export, 
hence the above price analysis is not 
sufficient to determine the export pos-
sibilities for the countries included in 
the analysis. 

Utilization of increasing rice quantities 

It is expected that the adoption of the 
new rice varieties will cause a consid-
erable increase in the quantities of rice 
produced in Latin America. Given the 
low price elasticities for rice for direct 
human consumption, it appears that 
alternative uses for rice should be  

identified to avoid drastic price falls 
and:cr large surplus stock accumula-
tions. 

Considering these relationships, a 
study was initiated after the Seminar on 
Rice Policies to identify such alternative 
uses and analyze their technical and 
economic feasibility in Latin America. 
The specific objectives of the study are: 
( 1 ) to project the magnitude of the 
production expansion due to the new 
varieties in Latin America in the short 
run, (2) to predict future demand for 
rice for direct human consumption, (3) 
to identify and analyze the feasibility of 
alternative uses for rice, (4) to analyze 
the potential alternative uses for land 
presently utilized for rice, and (5) to 
make recommendations on policy issues 
related to rice production, marketing 
and utilization. 

TRAINING 

Three trainees from Ecuador were 
trained in rice and rice seed production 
and have now returned to Ecuador. One 
trainee from Brazil is being trained in 
the same program. A postgraduate 
intern from Colombia and a research 
scholar from Ecuador finished their 
training and M.S. studies in rice pathol-
ogy. 

Five trainees from Brazil, Ecuador, 
Honduras, and Venezuela spent about six 
months each in rice breeding or agron-
only and seed production. 

INTERNATIONAL COOPERATION 

During 1971, visits were made to 
Ecuador, Peru, Nicaragua, Costa Rica, 
Jamaica and the Dominican Republic to 
observe rice-growing conditions and to 
advise on problems of rice production. 
Most of these countries now have CICA 
4 in their seed multiplication programs. 

During 1970, CIAT supplied 3,956 
seed lots including segregating lines and 
bulk populations to cooperators in Latin 
America. Major nurseries went to Gua-
temala, Honduras, Costa Rica, Venezue-
la, Ecuador, Peru, Argentina, and Brazil. 
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Maize 

Production 

Systems 

The majority of farmers in Latin 
America plant maize in small plots near 
their houses or in fields of five hectares 
or less. The crop is characterized by low 
plant population, limited insect and 
weed control, poor fertilization, and 
local varieties. Yields average less than 
1,000 kg per hectare. There has been 
relatively little research and extension 
work directed at this farmer, especially 
in the lowlands of the Andean zone. 

Commercial maize production em-
ploys available hybrids, moderate rates 
of fertilizer, granular insecticides, and 
chemical weed control. Most research 
has been directed toward this cultural 
system, and current yields average three 
to six tons throughout the zone. The 
maize program works with these two 
distinct cultural systems, and comple-
ments the efforts of national programs 
in the search for high-impact schemes 
to raise production. 

MAIZE BREEDING 

The collection and testing of prom-
ising germ plasm from a wide range 
of sources continued. In addition to 
direct requests from national and com-
mercial programs for seed, we have 
planted a series of international trials. 
These include the International Maize 
Adaptation Nursery (CIMMYT), the 
commercial, experimental, brachytic and 
opaque trials from Central America  

(PCCMCA), two trials from the Inter-
Asian Program ( IACP, Thailand), and 
several early generation trials from 
CIMMYT. In most of these trials, limited 
crosses among selected lines were made 
to test new and promising combinations 
in the next cycle. This rapid selection, 
development and testing scheme has 
been used with remarkable success in 
CIMMYT to reduce plant height of 
tropical maize. The selection criteria we 
employ include low plant height, early 
flowering and harvest dates, efficient 
dry matter production, and resistance 
to prevalent pathogens and insect pests. 
Testing of these materials will take place 
in regional stations as well as at dAT. 

A series of promising populations was 
planted in 1971 for observation and 
selection. These will be carried through 
breeding cycles following several 
schemes: mass selection, modified mass 
selection, reciprocal recurrent selection 
in two populations, and traditional 
inbreeding and hybrid formation. This 
series will be implemented in the field 
primarily as a training tool, but will 
always be used with the most promising 
germ plasm available, so that any end 
product will be of immediate use. Both 
traditional hybrid systems and popula-
tion improvement schemes are included, 
since national maize improvement pro-
grams differ in their approaches, and 
training should be as broad as possible. 
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FIGURE 1. - Flow of germ plasm through evaluation, testing and release in the 
Maize Production Systems Program. 

Controlled pollinations in maize allow the 
concentration of desirable traits into potential 

commercial varieties. 

Selection of superior genetic combinations 
is based on data from replicated yield trials. 
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(irain samples are coEcctcd in the field to 
determine moisture and adjust final yields. 

Grain samples for moisture determination 
are carried to the laboratory for evaluation. 

A scheme for the flow of maize germ 
plasm through our program of improve-
ment, evaluation, and release is outlined 
in Figure 1. This scheme allows an 
efficient, logical, and yet thorough use 
of each introduction, and considers the 
rapid movement of large numbers of 
materials while minimizing the chance 
of discarding important germ plasm. 

This plan allows rapid evaluation and 
usc of materials. Observations, research 
trials, and recombinations on an inter-
national scale will be a primary respon-
sibility of CIAT. Evaluation trials and 
special purpose screening are shared 
by national programs in the zone, com-
mercial companies, and farmers, in 
collaboration with CIAT. Maize improve-
ment within CIAT includes the participa-
tion of crop protection, agronomy and 
soils, nutrition, economics, and engineer-
i ng. 

MAIZE PHYSIOLOGY 

Wider adaptation of commercial hy-
bricls and varieties is essential in a 
region where maize is grown in such a 
range of micro-climates. There is varia-
tion in temperature (with altitude), 
rainfall and relative humidity, available 
energy, and soil type, especially with 
respect to minor elements, and consider-
able variation in day length within Latin 
America. The area in maize in most 
micro-climatic zones does not justify an 
improvement program and specific hy-
brids for that area. A preferred solution 
is to select a wide range of broadly 
adapted varieties or composites which 
can then be tested in the many zones, 
and the best material for each zone 
increased in that specific area. Develop-
ment of these composites requires 
testing in collaboration with national 
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on factors which influence adaptation. 

Photoperiod sensitivity limits north-
south exchange of germ plasm. Field 
studies during 1971 revealed a simple 
inheritance system for sensitivity—pos-
siby as few as two genes—and this 
genetic pattern is being tested in the 
current cycle. A study of critical day 
length was inconclusive, and is being 
repeated. Development of a broad-based 
synthetic is underway, and we must 
determine the optimum system for 
transfering insensitivity from our source 
materials into other valuable germ 
plasm. Materials from other photoperiod 
projects are being tested in the field in 
the current cycle: these include 

CJiv,V{T, bversry ot iVsso uH, c , io 

Cornell University. Incorporation of 
insensitivity into promising temperate 
and tropical materials will facilitate 
their exchange among breeders. 

Temperature sensitivity limits ready 
movement of materials up and down 
the mountains in the Andean zone. In 
collaboration with Colombian col-
leagues, and with artificial light grad. 
ients in the field in two Instituto Co-
lombiano Agropecuario (ICA) stations, 
Tibaitata (2,600 m) and Turipana (sea 
level ), we are exploring not only the 
effects of temperature but also its inter-
action with photoperiod. Preliminary 
results from Turipana on the north coast 
indicate that photoperiod sensitivity 

Irrigation in field photoperiod installation. Artificial light extends the natural day and 
aids in the search for more widely adapted maize. 
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disappears, or at least is minimal, under 
high temperatures (mean temperature 
28? C). Another study in collaboration 
with Purdue University in the same three 
locations (Tihaitata, Palmira and Turi-
pane) is testing the effects of tempera-
ture and light on maize growth, pro-
cluctivity, maturity and protein quality. 
The three locations with ICA are part 
of a larger project which includes loca-
tions in Mexico and U.S. 

An international study of cold toler-
ance and frost resistance was initiated 
by Cornell University in 1971. CIAT is 
coordinating the trials in the Andean 
zone. In San Jorge (2,900-3,300 m, Co-
lombia ), Santa Catalina (3,000 rn, Ecua-
dor), and Huancayo (3,300 rn, Peru) 
germ plasm which has survived the 
rigors of a previous growth chamber 
test is being screened. These tests will 
give results on actual resistance to cold 
and frosts, and also allow a recombina-
tion of survivors into a resistant syn-
thetic. Surviving and adapted materials 
from these three locations in the Andes 
will be combined with survivors from 
other locations—Nepal, Kenya, New 
Zealand, and New York—into an inter-
-iational composite for use by nrograms 
throughout the temperate and high 
altitude trcpical world. 

Plant type and production efficiency 
are continuing concerns of the breeder. 
Selection schemes currently emphasize 
short stature, early maturity, fewer 
leaves and smaller leaf area, and mul-
tiple ears. Efficient use of light, nutri-
ents and moisture, plus the need for 
better resistance to lodging, dictate the 
ned for a smaller plant. In the current 
season we are testing 50 sorghum lines 
of diverse origin which represent shorts 
and taIls, early and late types, leafy 
versus sparse foliage, upright and hori-
zontal leaves, open versus closed pan-
ides, a range in grain color, and other 
unusual characteristics. Yield data will 
be related to morphological characteris-
tics of the plant to determine whether 
there are some types more efficient in  

dry matter production per day. Similar 
studies are planned for maize. 

MAIZE AGRONOMY 

Micro-element deficiencies continue 
to predominate among our agronomic 
problems at dAT. Rates of boron be-
tween 2 and 3 kg/ha can apparently 
correct the observed growth and steril-
ity problems which have depressed 
maize yields over several seasons. The 
zinc deficiency, severe in rice, also 
affected maize in one lot; either foliar 
application or a soil drench with zinc 
sulfate reduced foliar symptoms of the 
deficiency. A sorghum nursery now in 
the field shows tremendous differences 
among varieties in response to appar-
ently low boron levels. Deficiency results 
in white streaks on the leaves, vegetative 
proliferation, delayed or no development 
of the panicle, and non-uniform growth. 

A screening trial is in the field in the 
eastern plains at Carimagua, where 20 
varieties and hybrids of maize and 50 
of sorghum received low and high lime 
applications, plus different levels of 
applied phosphorus. Promising results 
from this cycle suggest that screening 
crop species may provide a resistant 
type which can be further selected or 
used directly under these adverse soil 
conditions. 

MAIZE PLANT PROTECTION 

Entomology. Maize and sorghum 
crops on the farm in the first season of 
1971 were seriously attacked by the 
stalk borer Diatrea; average counts of 
cntry holes stalk were six in maize and 
three in sorghum. The observation 
nursery of sorghum showed striking 
differences in susceptibility to this 
borer, and a replicated screening test 
was planted in the second season. More 
than 300 sorghum collections and 100 
maize types were planted in this field, 
but the level of attack was greatly 
reduced. This research problem will be 
minimized with a new artificial rearing 
effort which will soon provide larvae 
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for artificial, control led, and uniform 
infestation in the field. Monthly or 
twice-monthly plantings of maize, sor-
ghum, and legumes will be initiated to 
observe seasonal fluctuations in insect 
populations. 

A small trial of promising formula-
tions of commercial granular insecti-
cides showed excellent control of Spo-
doptera sp., but the differences among 
treatments were not great because of 
a natural control of the insect by a Bra-
conidae that reached a level of 40 per-
cent control in combination with a par-
asitic fungi that produced 80 percent 
control this season. This fungus which 
attacks Spodoptera in the field has been 
identified with the help of the Univer-
sity of California as Metarrhizium ani-
sopliae. These screening and dosage 
trials are valuable for the development 
of production systems for the CIAT 
farm, and particularly for training en-
tomologists in the complete range of ac-
tivities they will face in a national or 
commercial program. The availability of 
a parasitic fungus for control of Spodop-
tera creates new possibilities for the 
farmer. Emphasis in the CIAT program 
remains on integrated control and the 
use of a minimal amount of insecticide 
that will reduce the cost of production 
and preserve natural predator popula-
tions. 

Patho!ogy. The maize dwarf mosaic 
virus has not been reported in Colombia. 
In October, the visit of a Brazilian elec-
tron microscopist and our observations 
in the field of virus-like symptoms led 
to identification of this virus on both 
maize and sorghum at CIAT. Inocula-
tion and transmission studies are in pro-
gress. Neighboring maize and sorghum 
fields in the deuce valley have only 
trace infections of this aphid-transmit-
ted virus. Breeding materials will be 
screened for resistance in the next field 
cycle. Monthly plantings of maize, sor-
ghum, cassava, and legumes will provide 
data on seasonal fluctuations in natu-
ral inoculum of pathogens in upland 
crops. 

Weed Control. Trials were planted 
in the second season to evaluate sepa-
rately the effects of competition from 
broad-leaf and grass species in the maize 
crop. The timing of competition, ef-
fects of fertility and plant population 
are other factors included in these tests. 
Each trial will be repeated in several 
seasons to provide realistic results. 3en-
sitivity to atrazine in some maize and 
sorghum lines is of immediate commer-
cial concern. Because of the wide use 
of triazine herbicides by farmers, all 
improvement programs must either use 
atrazine as a routine application or test 
lines for sensitivity before they are taken 
through many cycles of improvement. 

MAIZE ECONOMICS 

A multi-disciplinary analysis of the 
factors associated with low maize yields 
in Colombia was initiated in late 1970 
(see Annual Report 1970). The objec-
tives of the study are: (1) to identify 
important factors associated with low 
maize yields among small farmers in 
certain selected regions of Colombia, 
(2) to determine the interrelationships 
among these factors, (3) to suggest 
avenues of approach to the problem of 
increasing yields, and (4) to develop a 
methodological framework which may 
be applied in similar studies in other 
regions. 

A model was developed to illustrate 
the most important relationships be-
lieved to exist among the factors deter-
mining maize yields. Three sets of fac-
tors seem to directly determine yield: 
(1 ) natural factors such as soils and 
weather conditions, (2) quantity and 
quality of inputs used, and ( 3 ) manage-
ment. Input use and management, in 
turn, are determined by a number of 
other factors. The quantitative analysis 
of this project will be terminated in the 
beginning of 1972. 

MAIZE PROTEIN QUALITY 

1. Selection of flint-type opaque-2 
maize. 
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TABLE 1. Laboratory analyses and biological evaluation of flint and opaque 
selections from H-208, compared to casein and to normal maize. 

Lab Analyses 

Protein 
Lysine 
Tryptophane 

H-208 H-208 H-207 
Casain 	opaque flint normal 

0.9 9.6 0.9 
4.0 3.7 2.7 

.37 .73 

3.68 
	

3.21 	2.81 	1.43 
100 
	

07,2 	73.4 	39.4 

Rat Growth Studies 

PER (prot. effic. ratio) 
'Yc of casein 

N Balance Studies (children) 

Digestibility 
Net Protein Utilization 
Biological Value 
N Retention/Day 

98 
75 
77 
1.81 

91 	87 	78 
63 	65 	36 
76 	75 	47 
1.52 	1.50 	.93 

The search for a high quality maize 
with a flint endosperm continued 
through two more cycles in 1971. Labo-
ratory and biological results are promis-
ing and preliminary studies of nitrogen 
balance in children confirmed the labo-
ratory and rat data. A summary is pre-
sented in Table 1. 

The quality of the yellow flint selec-
tions is essentially equal to the original 
floury opaque-2 phenotype. In a white 
hybrid, H-255, selection toward a crys-
talline ondosperm was accompained by 
a reduced lysine and tryptcphane level 
as well as a lower biological value when 
fed to rats. 

The current program emphasizes se-
lection toward an "almost flint" grain 
type; laboratory analyses are used to 
confirm the enhanced lysine levels. To 
concentrate modifiers in desirable germ 
plasm, we are planning to put the opaque 
characteristic into as many genetic 
backgrounds as possible, and then select 
for quality and a hard endosperm. Early 
success in these selections indicates that 
a commercial version of opaque-2 with 
a more acceptable grain type may be 
available soon. 

2. Effects of climate on protein qual-
ity. 

The cooperative study with Purdue 
University on protein quality was men-
tioned earlier. This research has been 
through one cycle in Turipana and in 

Palmira. In 1972 we will get quality 
data from ears harvested in two sea-
sons in Turipana and Palmira, and one 
extended seadon in the highlands near 
Bogota. Instruments have been installed 
in all three locations for light- energy 
measurements, and this climatic infor-
mation will be related to maturity and 
quality data. 

3. Further nutrition work with maize. 
In collaboration with ICA, the swine 

prcgram has carried out extensive tests 
of floury-2 maize and the combination 
of floury-2 with opaque-2. In all tests, the 
floury-2 gene either alcne or in com-
bination with the opaque is inferor to 
the commercial opaque hybrids. There 
is no apparent advantage to continuing 
study of floury-2 materials. More detail-
ed results are presented in the Swine 
Production Systems section. Continuing 
research with swine will evaluate new 
and promising maize selections develop-
ed by the breeding program. Lifecycle 
feeding studies (see Swine) will con-
tinue to study the long-term effects of a 
diet with opaque-2 maize as the major 
or only source of protein. Other protein 
sources are being evaluated in terms of 
their value to supplement an cpaque-2 
maize diet. Nutritional evaluation of 
sorghum will follow our identification 
of selections which are well-suited for 
the weathered soils of the Ilanos where 
maize may not be profitable. 
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TABLE 2. Seed of opaque-2 maize distributed by the Natianal Seed Production 
- 	 and Marketing Agency of Cojoinbia, 1968 to 1971. 

Year 	 Tons Sold 	Hectares Planted 
	

Families Benefitteci 

1968 	 2 
1969 	 8 
1970 	 40 
1971 	 230 

PROMOTION OF OPAQUE-2 MAIZE 

Opaque-2 maize in Colombia is being 
promoted by an inter-agency committee. 
Primarily an ICA activity, this project 
has been supported in part by CIAT and 
from UNDP funds, administered by 
CIMMYT. Numerous Colombian agencies 
have participated in field trials, nutri-
tion research, consumer acceptability 
studies, and promotional activities. Seed 
sales and hectares planted have shown 
a striking increase since the introduc-
tion of this maize in 1968 (Table 2). 

TRAINING IN MAIZE IMPROVEMENT 
AND PRODUCTION 

Maize breeders from Ecuador, Haiti 
and Honduras participated in the im-
provement and physiology program in 
1971. Ten students from the Faculty of 
Agronomy, National University, worked 
with the maize program during vaca- 
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100 	 250 

	

500 	 400 

	

2,030 	 8,000 

	

13200 	 52,800 

tions and between semesters. In addi-
tion to this full time in-service training, 
the maize programs in CIAT and ICA 
organized a month-long intensive course 
in breeding in June. The objective was 
to share experiences and bring new in-
formation to a group of breeders, each 
with one to four years of experience in 
maize. Ten participants shared in the 
planning, prepared lectures, and eval-
uated the series of conferences. Outside 
participants from ICA, CIAT, and other 
institutions presented topics. A series of 
specialized reference books on maize 
improvement and genetics was distri-
buted. This type of intensive training 
proved valuable to their work; more 
valuable experience could come from 
specialized courses that focused on few-
er topics. These will be organized in 
the coming year. 

Future trainees will receive experience 
in maize production before dedicating 
Lu ll time efforts to breeding or other 
specialized fields. This practical expe-
rience in crop production will help 
orient their research interests and ac-
tivities toward the real problems faced 
by the farmer, and better prepare agron-
omists who can first grow a crop well, 
and then concentrate on improvement, 
physiology, protection, or fertility work. 

The maize team has participated ac-
tively in the training program in crop 
production. Seminars in breeding, 
growth and development, physiology, 
protection, nutrition, economics, and 
engineering have been prepared and pre-
sented to the trainees. CIAT participa-
tion in these classes includes senior 
scientists, research associates and assis-
tants, as well as trainees. 

Training of young scientists receives high 
priority in the maize program. 
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Field discussion among specialists from INIAi' (Ecuador), CIMMYT (Mexico) and 

ICA-CIAT (Colombia). 

The IV Anclean Zone Maize Conference was held in Pairnira in November, 1971; field trips 
showed maize and sorghum crops in the Cauca Valley. 



MAIZE INTERNATIONAL ACTIVITIES 

The IV Andean Zone Maize Conference 
was held in Palmira in November, host-
ed by ICA and CIAT. More than 50 par-
ticipants from 12 countries presented 
formal papers and discussed topics in 
round table sessions dedicated to im-
provement, physiology and agronomy, 
plant protection, nutrition, economics, 
and sorghum. The group decided to meet 
each year in different locations in the 
zcrie. A second plan to have a general 
conference every two years, and a more 
specialized workshop in the alternate 
years, will also be considered. CIAT is 
coordinating regional trials within the 
Andean zone, and will continue to serve 
as a source of information, reprints, 
and germ plasm for national programs. 
A bimonthly newsletter will be published 
starting in 1972. A joint team from 
CIAT and CIMMYT evaluated the nation- 

al programs in Colombia and Ecuador 
in 1971. 

Coordination of research projects and 
other cooperative ventures require fre-
quent travel in Colombia and the zone. 
Senior scientists working with maize 
have traveled to Ecuador, Peru, Bolivia, 
Venezuela, Brazil, Central America and 
Mexico during the past year. In addition, 
they have attended meetings in Califor-
nia, New York, Miami, the Philippines, 
Nigeria and Mexico and presented 
research results from the maize projects 
detailed above. Research assistants and 
trainees have worked in Carimague, 
Turipana, Tibaitata, and other ICA sta-
tions in Colombia as part of their 
research and training activities. These 
cooperative research projects and travel 
are the core of CIAT's international 
work, and provide an avenue for moving 
germ plasm and sharing ideas through-
out the Andean zone and the tropics. 
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Food 

Legumes 

Production 

Systems 

The objective of CIAT's limited work 
in food legumes is to assist in the de-
velopment of more and better quality 
protein for people in the Americas, 
Asia and Africa who cannot acquire it 
from animal sources. 

The adult requires approximately 14 
percent protein for his maintenance diet. 
The food legumes, or pulses, have a high 
level of protein in the edible seeds. Per-
cent protein varies from about 15 to 45 
percent. However, grain yields have per-
sistently been quite low in comparison 
to cereals. With the increases in pro-
duction of wheat and rice, the market 
price for these commodities has tended 
to be more favorable for the consumer, 
and for the farmer who can produce 
considerably more per unit area of land. 
The net effect is that there is less food 
legume production, and fewer people 
are getting the plant protein provided 
by food legumes. 

CIAT has begun work in food legumes 
principally with dry beans (Phaseolus 
vulgaris) and soybeans (Glycine max) 
and to a limited extent in cowpea 
(Vigna sinensis) and mung bean (Pha-
seolus aureus). 

RESEARCH ACTIVITIES 
Dry Beans 

Three thousand eight hundred and 
eighty plant introductions were received 
from the United States Department of 
Agriculture for observation, selection 
and increase. Through cooperation with  

the Instituto Colombiano Agropecuario 
(ICA), plantings have been made at Pal 
mira and Medellin. Thirty-two charac-
ters, including morphological characters 
and disease reactions, have been record. 
ed on all lines in at least one semes-
ter of growth. Entire entries and indi-
vidual plants within entries are being 
selected and replanted, where selection 
is again practiced. A nursery of reason-
ably healthy plants demonstrating di-
versity of characters and promise is 
being assembled. 

Soybeans 

A thesis study to examine the heri-
tability of time to flowering and length 
of growing period is now in the F3  gen-
eration. Parents in the two parallel 
studies include one parent with demon-
strated yielding ability and generally 
good agroncmic characters crossed with 
a plant introduction originally acquired 
from the Ryukyus Island group. The two 
parents of the former group respond to 
the environment at CIAT much as do 
most of the varieties from the United 
States: relatively short, early flowering, 
early maturing plants. The plant intro-
ductions flower and mature considera-
bly later. Whereas the U.S. material 
flowers between 25-35 days, the two 
plant introductions flower about 45 and 
85 days after emergence. 

It is possible to increase yield in cur-
rent production systems by genetically 
delaying the date of flowering, allowing 
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the plant to grow larger before repro-
duction, and delaying the date of ma-
turity. By setting these two character 
changes as goals, we also expect to get 
a taller plant, pods that form higher off 
the ground and increased seed yield. 

One of the plant introductions used 
as a parent has demonstrated resistance 
to certain insects in the United States, 
particularly the Mexican bean beetle. 
Because of its extremely strong photo-
periodic flowering response, crossing in 
the U.S. latitudes has been difficult. A 
breeding project including 22 determi-
nate, southern U.S. varieties and this 
plant introduction is underway. 

In cooperation with the maize per-
sonnel, initial photoperiodic screening 
has been started to seek insensitivity to 
photcperiodism. To date, none is known 
to exist. There are, however, degrees of 
sensitivity, and selection for low sensi-
tivity will be practiced. 

Cowpeas 

Cowpeas, along with soybeans and 
dry beans, have been sent to the eastern 
Ilanos of Colombia for observa-
tion in the environment at the research 
station near Carimagua. In this environ-
ment of acid soils and occasional 
drouths, the cowpea holds considerable 
promise. In an experiment with three 
levels of lime application and control 
(6.0, 2.0, 0.5, and 0 tons CaCO3  per 
hectare), the highest lime application 
resulted in greater plant development. 
Despite the soil and moisture regimes, 
the cowpea varieties did grow and pro-
duced a respectable yield under the 0 
and 0.5 lime treatments. 

Fifteen hundred lines of cowpea are 
being screened at the ICA Marconia sta-
tion near Santa Marta. Promising lines 
will be planted at CIAT with selections 
being made for disease resistance and 
yielding ability. 

Mung bean 

Fifty promising lines of mung bean 
were received from the University of 
Missouri for growth and observation. 
Although the vegetative growth is not 
terminated at this moment, it is evi- 

dent that the plants and seed produc-
tion will be small. 

Rh izobium 

A soil microbiologist joined the CIAT 
staff in May, 1971. Field and glasshouse 
studies are now underway to determine 
which bacterial cultures are most effec-
tive in the symbiotic relationships with 
various legume species such as Phaseo-
lus vulgaris, P. aureus, Glycine max, 
Arachis hipogea, and Cajanus cajan. 
Field surveys are being undertaken to 
examine the distribution of rhizobia in 
the soil and the effectiveness of native 
strains. 

Investigations are in progress to de-
termine the potential of various carrier 
media for inoculants. Improvements in 
carrier media will mean extension of 
distances and areas served by suppliers 

Soils 

Micronutrient studies at CIAT incor-
porate three varieties of soybeans and 
three of dry beans. In the high pH 
soils, zinc is the most limiting micro-
nutrient. Iron, manganese, and boron all 
gave slight responses. The soybeans re-
spond more to treatments than do dry 
beans. 

Plant protection 

Plant protection studies with herbi-
cides have been started. Soybeans and 
particularly dry beans are extremely 
poor competitors with other plants. If 
we can determine the best weed control 
combination, yields will improve. 

TRAINING 

Training is provided promising young 
scientists. One trainee working with the 
program is now a research assistant 
with CIAT. Another is being trained in 
breeding physiology of soybeans. 

Technical assistance in agronomy, 
physiology and breeding has been given 
to the production trainees to help them 
became familiar with the cultural meth-
ods, strengths, and weaknesses asso-
ciated with dry bean and soybean pro-
duction. 
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Food legume plots are frequently observed 
o isolate desirable plant characteristics under 

tropical conditions. 

Breeding and selection practices are impor-
tant elements in CIAT's soybean improve-
ment program. A specialist makes an evalua-

tion within F. generation plants. 
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Pigeon pea (Cajarius cajan) produces well even under a minimum of technology. Dry 
seed (left, with representative pod) can be used as a food substitute for field beans, 
yielding 3 tons/ha, more than twice that of field beans. Green grains (right, with repre-
sentative pod) can substitute green peas. Reproductive element of Cajanus plant is in circle. 
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AGRICULTURAL ENGINEERING 

and STATION OPERATIONS 

The Agricultural Engineering group 
was occupied in training agricultural 
engineers in station development, sta-
tion cperations, and commodity pro-
grams, support and general administra-
tive functions. 

From May to August, 1971, four third-
year agricultural engineering students 
from the Universidad del Valle and three 
fifth-year students from the National 
University, Faculty of Agronomy, in Me-
dellin were placed for work experience 
in the positions of: helpers to tractor 
drivers, mechanics, topographers, irri-
gationists and labor supervisors. 

Six graduate agricultural engineers 
also participated in a work training ex-
perience from June until December. One 
of these is now employed by Instituto 

Colombiano Agropecuario (ICA) in a 
tropical experiment station, one by Ins-
tituto Colombiano de Ia Reforma Agra-
na ( INCORA) in irrigation and drainage 
projects, and one assisted in the design 
and development of the Boliche station 
in Ecuador and has been employed by 

the Universidad del Valle to guide agri-
cultural engineers in the training ex-
perience. The others are still in training. 

The training technique has been to 
place the trainee with a qualified tractor 
driver, mechanic, topographer, labor 
supervisor, and field engineer. He acts 
first as assistant and then occupies the 
position before moving to the next posi-
tion. Time in any position varies from 
a few days to five weeks. A report by  

the trainee on his individual work ex-
perience is requested and certified. 
These reports then serve as a reference 
and record of experience. The desire 
is to develop responsibility in the trainee 
and to emphasize interdependence of the 
supervisor and supporting workers, so 
that the trainee may appreciate the need 
for decision making and responsibility 
and the need to select, train, stimulate 
and guide skilled personnel to carry Out 
the operations. 

Station Development 

Development of the CIAT station has 
continued through 1971; aerial photo-
graphs of the station were made 
January, 1970 and December, 1971 
These show the change in status, as well 
as soil problem areas. 

Production Systems 

Any agricultural production system 
requires development, maintenance, and 
operation of land area, roads, irrigation, 
drainage, shops, and machinery facilities 
by competent personnel in order to 
produce a crop. A major portion of time 
has been devoted to producing commer-
cial scale and experimental crops by the 
use of the best available information. 
Records of work inputs have been kept 
on individual fields, and machines were 
used to obtain cost and output. Farm 
equipment work has been divided into 
33 classifications with time and fuel 
consumptions reported in records of 
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FIGURE 1.— Hectares plowed per hour of hourmeter of a IH 856 tractor with 
a reversible plow of four 28 - inch discs. 
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FIGURE 2.— Diesel fuel consumption per hour of hourmeter of a IH 856 tractor 
with a reversible plow of four 28 - inch discs. 
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repairs and hours worked; type of work 
has been kept by individual tractor units. 
Figures I and 2 illustrate types of data 
obtained. 

Since machinery is the exception 
rather than the rule, and corn, cassava, 
and food legumes are mostly grown 
without mechanization, we classified 
various routine labor operations into 30 
standard labor ccntracts. These are used 
to maintain and operate tho experiment-
al station areas and crop production 
systems. A balanced utilization of labor 
and machines to produce food crops is 
an essential part of any production 
system in the lowland tropics. The need 
for food and employment are both 
critical. Properly used machinery will 
ncrease both food production and 

employment. The most efficient use of 
machinery is in land preparation, trans-
portation, land development, irrigation, 
and drainage. 

One of the major problem areas in 
the tropics is lack of machinery and 
labor systems to plant crops during the 
rainy season. Because 1971 was an 
unusually wet year there was little op- 

portunity to plant rice under saturated 
soil ccnditions since the dry land prep-
aration and seeding of other crops 
proved impractical. 

The lack of suitable equipment pre-
vents easy implementation of the wet 
land preparation system so widely used 
in the rice-producing areas of Asia. The 
vast, poorly drained areas of Latin 
America should be the best producing 
areas. Malaria, and the absence of a 
draft animal such as the water buffalo, 
have led to the under-utilization of these 
pctentially most valuable areas. 

From November, 1970 until January, 
1971, the agricultural engineer served 
as a consultant to the World Bank in 
the evaluation of a loan to support the 
development of agricultural research 
centers in Spain. 

In March, July. September, and Octo-
ber, he visited Ecuador to assist Ins-
tituto Nacional de Investigaciones Agro-
pecuarias (INIAP) in the development 
of the trcpcal agricultural research sta-
tions at Boliche, Pichilingue and Puerto 
Viejo, with major emphasis on Boliche. 
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AGRICULTURAL ECONOMICS 

The Agricultural Economics Program 
is an integral part of the overall 
CIAT program. Economic studies that 
complement the various commodity pro-
grams (see commodity program re-
ports) are underway for all commocli-
ties except legunics. Major emphasis is 
being given to the economics of produc-
tion problems relating to each commod-
ity, but marketing problems are also 
considered. Special attention is being 
given to the economic consequences, 
i.e., effects on prices, income distribu-
tion, investment, employment and for-
eign trade of increased production of the 
CIAT commodities and others that are 
close substitutes for them. 

This section reports only thosc activ-
ties carried out by the agricultural 

economists which do not logically fall 
under one of the commodity program 
reports. 

Farm labor study 

Intensive use of labor characterizes 
a good deal of agricultural production 
in the lowland tropics. At the same time 
the absclute number of rural people 
continues to increase although the pro-
portion of rural to urban population 
declines. Consequently there are prob-
lems of particular socio-eccnornic im-
portance related to the agricultural la-
bor market. 

A study was carried out in collabora-
tion with the University del Valle to es-
timate the impact of increasing agricul-
tural production on rural employment 
and wages. 

Data on rural wages during 1967-71 
were gathered from various regions of 
Colombia with the cooperation of the 
Caja de Credito Agrario. Information on 
rural employment, agricultural produc-
tion and wages for 1950-70 were ob-
tained from secondary sources. 

The rural labor sector received only 
a small part of the increase in the total 
revenue obtained by the agricultural 
sector during the period studied. The 
increase in total rural labor remunera-
tion was almost matched by the increase 
in employment, hence average real 
wages per worker stayed about the same 
during the five-year period 1967-71. 
It should be noted that agricultural pro-
duction expansion was small during the 
period considered. Hence, the conclu-
sions of this study may not be valid un-
der rapid production expansions. 

Economic impact of new technology 

A study is in progress to estimate the 
impact of rapid expansions in the pro-
duction of selected agricultural conimod-
ties on certain key factors such as 

prices, incomes, income distribution, in-
vestment, employment and foreign trade. 



While agricultural research and ex-
tension may aim at increasing produc-
tion, the ultimate goal of these activi-
ties must be to improve social welfare 
of the people served. Hence, to orient 
research, extension and public policy 
so as to maximize the contribution to 
social welfare, it is considered impor-
tant to understand the impact of pro-
duction increases on the above mention-
ed factors. 

A mathematical model to estimate the 
impact of rapid production expansions 
on these variables is being developed. 
Major emphasis is placed on developing 
a framework by which the distribution 
of benefits from the introduction of new 
technology may be estimated under al-
ternative public pclicies. 

As a first step to obtain quantitative 
information for the model, a study is 
being carried out to estimate income, 
price and cross elasticities for certain 
selected food products. 

Data were obtained from a survey car-
ried out among 300 families randomly 
selected frcm the metropolitan area of 
Cali, Colombia. Each family was inter-
viewed in January, 1969 by a Michigan 
State University research team' and 
again in August, 1970 by a CIAT team. 
The families were organized into five 
economic strata according to the follow-
ing monthly incomes: 

1. See: Harold Rile-,r et. al. Market Coordina-
tion in the Development of the Cauca 
Valley Region - Colombia, Latin American 
Studies Center, Michigan State University, 
1970. 

Strata 	Monthly income (Col. $) 

0- 750 
II 	 751 - 1000 
III 	 1001 - 2000 
IV 	 2001 - 3000 
V 	 3001 and up 

Even though the data have not been 
analyzed, preliminary results have been 
obtained for income elasticities with re-
spect to the commodities included in the 
overall CIAT program (Table 1). 

The income elasticity shows the per-
centage change in demands associated 
with each one percent change in con-
sumer incomes. The measure is useful 
in estimating future demand increases 
caused by changes in incomes. If, for 
example, it is predicted that consumer 
incomes will increase by three percent, 
the associated percentage increase in 
demands is given by the income elastici-
ty multiplied by three. 

Table 1 shows that increasing incomes 
will have little effect on the demand for 
casdava, maize and rice. Higher income 
families tend to consume less maize 
and cassava as incomes increase while 
low income families tend to increase 
the consumption of these commodities 
at a modest rate. The impact of income 
expansions on the demand fcr meats is 
relatively large. Again, low income fam-
ilies tend to spend a larger proportion 
of their income increases on meals than 
do high income families. 

The magnitude of the income elastic-
ity with respect to any one commodity 

TABLE 1. Estimated income elasticities for five food commodities in Call, Co-
lombia by economic strata. 

Strata I II III IV V 
Period  1969 1970 1969 1970 1969 1970 1969 1970 1969 1970 

Cassava 0.26 0.28 0.33 0.36 0.23 0.28 -0.78 	-1.09 -1.41 -1.03 
Rice 0.22 0.35 0.59 - 0.65 0.49 0.59 0.37 0.23 0.25 
Maize 0.19 0.19 0.25 0.44 0.38 0.39 -0.25 	-0.22 -0.33 -0.45 
Beef 1.16 0.91 1.66 0.76 0.92 1.09 0.93 0.66 0.66 0.55 
Pork 2.61 2.42 2.07 1.04 2.09 1.65 1.61 1.17 1.13 1.13 
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along with the predicted population ex-
pansion provides a rough estimate of 
demand expansions at prevailing prices. 

If, because of the introduction of im-
proved production-expanding technolo-
gy or otherwise, commercial production  

expands at a rate above the rate of in-
crease in demands, prices tend to fall. 
The magnitude of the price decrease is 
determined by the price and cross elas-
ticities of demand. Attempts will be 
made to estimate these elasticities on 
the basis of the data collected. 
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AGRICULTURAL PRODUCTION SYSTEMS 

The intended outcomes of CIAT 
efforts are commodity production 
systems, along with the associated in-
formational materials and trained per-
sonnel. 

The components of a system include 
the technclogy, the natural environment 
in which the system operates, and the 
people involved, as well as the associated 
inputs and infrastructures. 

An efficient farm enterprise often 
hinges on the integration of several 
commodity production systems into a 
single unit. Such multi-commodity farm 
units lend themselves to crop rotation, 
utilization of crop residues and sur-
pluses by livestock, and intensification 
of labor input while minimizing direct 
operational and capital expenditures. 
Further emphasizing the importance of 
multi-commodity farm systems is the 
general rule that, as farm size decreases, 
increased attention must be given to 
multi-commodity enterprises to achieve 
a minimum level of living for the farm 
family. 

The initial thrusts of CIAT are di-
rected towards developing commodity 
production systems for certain crops 
and livestock species. When an ade-
quate technological base is established, 
this will help provide a nucleus of pro-
duction specialists to apply this technol-
ogy. At the same time, CIAT will con-
tinue to explore how these commodity 
production systems, and others, fit into 
total farm operations, considering the  

economic realities of practical farm 
systems and the possible profit advan-
tages of multi-crop-livestock enterprises. 

Solutions for some technological prob-
lems can be found outside of and 
independent of the situations where the 
technology will be used. But other 
technological problems are intimately 
related to and part of the environment 
and people involved. It is difficult, if 
not impossible, even to identify let alone 
solve successfully and permanently such 
problems outside of the environment 
and without taking into account the 
people and the infrastructure. 

Consequently, CIAT needs oppor-
tunities and resources which will make 
possible the identification, study and 
solution, on location, of such production 
problems. This would not substitute for 
but complement present research ef-
forts. At the same time, it would neces-
sitate close linkage with relevant nation-
al agencies fo;- research and other inputs 
outside CIAT's areas of competence and 
staffing. 

With the eventual identification of 
specific agricultural situations (envi-
ronmental as well as social, economic 
and 	political ), CIAT anticipates that 
development and test of specific agri-
cultural production systems for these 
situations will serve as a basis for 
further commodity studies, In other 
words, the needs of the agricultural pro-
duction systems will guide further work 
on specific commodities. To this end, 
exploratory work is underway in several 



environments typical of significantly 
large areas in other countries of the 
lowland tropics. 

To date, agricultural production 
systems research has been largely an 
extension of commodity programs, but 
-elating these efforts to comprehensive 
farm production systems in so far as 
possible, and consistent with efficient 
land, labor and livestock utilization. 

Accomplishments include: (1 ) col-
lection of farm enterprise data through 
the 	Livestock 	Production 	Spec i a Ii s 
Training Program and a recently com-
pleted survey of 487 farms (see page 
23), (2) staff effort to develop prelim-
inary farm production system proposals 
for CIAT staff and board critique, and 
(3) developing of certain "commodity" 
production system inform at on that 
relates not only to the commodity, but 
to comprehensive farm systems. 

If, beyond the development of pro-
duction systems, action agencies accept 
a responsibility for the dissemination 
to and acceptance of the systems by 
farm families, then a concern for the 
process through which the system is 
deveicpcd and demonstrated in the rural 
eccncmy becomes relevant. 

This suggests a research approach 
which, from the beginning, involves the 
families. Such an approach helps insure 
that they understand what is going on, 
increases rapport between scientists and 
the people, encourages farmer participa-
tion in the exploration of alternatives, 
and helps them develop criteria for 
selecting courses of action among the 
alternatives. This, in the end, becomes 
a two-way educational process for the 
scientists as well as the families and 
leads both groups to a continuity of 
programs which might be best charac-
terized as an operational research (or 
systems engineering) approach. 

The success of such an endeavor 
depends upon research that is relevant, 
and an approach that is educational and 
developmental as opposed to promotion- 

al. The relevance of the research depends 
on this approach, as does the acceptance 
and application of the results. 

CIAT has investigated several oppor-
tunities to become involved in national 
research efforts on production systems 
at the farm level, but has yet to develop 
a definite plan for doing so or criteria 
for selecting among or committing 
resources to these opportunities. These 
opportunities differ in scope or breadth 
of subject matter, specificity of ob-
jective, involvement of other institu-
tions, and participation of farmers. 

Development action programs, such 
as those being undertaken by ICA in 
various 	Col cm bi an 	locations, offer 
additional opportunities for program-
med and disciplined CIAT participation. 
Conceivably, CIAT should be able, in 
concert with national agencies involved, 
to delineate specific areas in which it 
would make a direct research input, as 
well as to outline how the training op-
portunities for CIAT and other agencies 
might be maximized. 

It should be clearly understood that 
CIAT's interest and role is cooperative 
participation in production systems 
research, with training to follow re-
search developments. While CIAT might 
advise on strategies and approaches, the 
national agencies in charge would make 
the final decision and implementation. 

The first step in such a cooperative 
effort would be to achieve consensus 
among participating agencies of the 
goals of the project in terms of the 
people living on the land. To date, ob-
servations and survey data, plus staff 
discussions, lead to the conclusion that, 
regardless of the nature or size of the 
farm enterprise, an agricultural pro-
duction system should provide the 
following as minimum goals for the 
people who live on the land: 

1 . Career opportunities in agriculture 
attractive enough to deter or dis-
courage some of the migration of 
rural people to the cities. 

M. 



2. Year-round adequate diets, including 
proteins, fresh vegetables and fruits, 
and some oppertunity for diversity 
in food intake. 

Opportunity to produce on a weekly 
or monthly bass certain crops or 

animals which, when sold, will 
provide a regular source of cash 
income. Depending upon location, 
this may mean poultry and eggs, 
milk, pork, vegetables, fruits, fibers, 
or the products of home industry. 

With an increase in disposable in-
come, imprcved levels of housing 
and associated systems of sanitation 
plus more adequate educational and 
health services should become avail-
able. 

Obviously, CIAT is not staffed, fi-
nanced, or chartered to undertake such 
a broad undertaking, but it now appears 
feasible that it might cooperate, partic-
ularly with respect to research inputs, 
with national agricultural, educational, 
and health agencies to demonstrate 
vividly and effectively the methods, 
potentials, and values associated with 
the pursuit of such goals by national 
agencies. 

Such an approach would provide 
CIAT with opportunities for its scien-
tists to study the problems of agricul-
tural production in specific locales and 
situations, and, in ccoperation with 
national agencies, to conduct field and 
adaptive trials of new technology to 
make sure it is technically and econom-
ically viable in specific situations. 

Rather than stressing a particular 
type of agricultural system, CIAT has 
decided to test the system concept in a 
variety of ways through its ongoing 
commodity programs in research and 
training. Both activities provide oppor-
tunity to observe the systems which now 
exist, the attendant problems, and how 
these might be solved. One such effort 
with small swine farmers is reported in 
the Swine section, while the Beef section 
describes the Livestock Production Spe- 

cialist Training Program activities. Under 
Training and Communication, efforts 
made in 1971 to help crop production 
trainers learn about the systems and 
problems of small crop and truck farm-
ers are outlined. 

Small Farms. Although widely discus-
sed and often cited as an example of 
what ought not to exist, small farms 
continue to be the main source of in-
come and market for labor for the rural 
people of Latin America. Agricultural 
production systems research should 
offer new and imaginative ways of 
increasing cash and real incomes on 
these farms with a minimum increase 
in risk. Specifically, production systems 
are needed that will permit increased 
productivity with a minimum cash 
outlay and no increase in the uncer-
tainty of achieving at least a satisfactory 
minimum level of income. A pending 
project contemplates an intensive study 
of a few farms in a rural community to 
ascertain their needs and expectations 
so that production systems can be 
designed to fit requirements. Systems 
will be developed on small farm size 
plots at CIAT before taking them Out to 
farm communities. This program would 
be carried cut in cooperation with 
national agricultural agencies. 

Intensive Crop-Livestock Systems in 
Fertile Land Areas. In the more fertile 
land areas in Latin America, such as the 
Cauca Valley, present population-land 
pressure trends would indicate an in-
creasing shift from larger, more exten-
sively managed units to smaller, more in-
tensively managed units. These intensive 
production systems would likely include 
both crops and livestock, where food 
crops would provide cash income, meet 
subsistence food needs, and at the same 
time provide crop residues, by-product 
materials, and surplus grains to support 
cattle and swine enterprises. Specific 
crops might be grown to support the 
livestock enterprises such as cassava or 
plantain for swine, and sorghum or sug-
ar cane as silage for cattle. The role of 
locally available by-product materials 
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such as molasses would be considered to 
complement farm produced feedstuffs. 

Family Operated Ranches. There are 
many owner-operated ranches in the 
Colombian Ilanos and similar savannah 
regions of Latin America. Most have 
limited herds and are developing slowly 
because of inadequate management 
and/or lack of capital for the technical 
inputs. Development and production 
loans could be obtained in some cases, 
but poor herd performance offers littin 
promise for repayment of such loans. 

CIAT is cooperating with ICA at 
Carimagua to generate basic knowledge 
in the areas of animal health, nutrition 
and reproductive performance and to 
test production systems based on the 
best available information relative to 
livestock management in poor, acid soil 
areas. 

Traditional cash crops can be grown 
if sufficient lime and fertilizer are 
applied, but present transportation costs 
make it difficult for most grain crops 
to compete on the domestic or world 
market. Some fruits grow well with 
little or no lime requirement and ap-
oarently modest fertilizer needs. Mango, 
cashew, pineapple and perhaps citrus 
could be grown and sold successfully 
with adequate market arrangements and 
a processing industry to absorb the 
surplus seasonal production. Of all the 
crops presently grown in the Ilanos, 
however, the most widespread and 
easiest to manage is forage. The beef 
cattle industry accounts for the only 
significant production in the areas out-
side the piedmont around Villavicenclo. 

Cattle ranching is commonly thought 
to be for the wealthy; but perhaps it 
is possible that family-operated ranches 
could be the basis for the colonization 
of some of South America's vast savan-
nahs. 

To test this hypothesis, CIAT scien-
tists have been developing models for 
family-operated livestock units in the 
smooth, well drained savannahs of Meta  

and Vichada in the Llanos Orientales. 
One such model is here described. 

The model has a herd of 50 producing 
cows for a total of approximately 90 
animal units on 100 hectares. This is 
not necessarily an optimal size, but it 
is feasible. 

This model develops to full size over 
12 years, starting with 15 cows and 
one bull. An important part of the plan 
is the subsistence base of food crops, 
grains and small animals, largely for 
on-farm consumption. This base is 
developed during the first year on three 
hectares of limed and fertilized land and 
allows low maintenance costs for the 
family while the cow herd develops. An 
initial cash investment of approximately 
US$3,000 is required for a family 
starting with no livestock or improve-
ments. An additional US$3,000 is re-
quired during the 12 years of develop-
ment, most of which should be gener-
ated by the enterprise. 

The gross annual income from sale 
of livestock at the end of the period 
is estimated at $3,100, the value of the 
enterprise to be approximately $15,000. 
Raw land value is not considered as a 
cost or asset. Present commercial mar-
ket value of the land east of the Mana-
cacias probably ranges from US$0.50 to 
US$5.00/ha, decreasing in value from 
west to east. 

Assumed herd performance of 60 per-
cent weaning rate and 6 percent mor-
tality and pasture carrying capacities 
are believed realistic, based on current 
technology. Animals reach market 
weight at three to four years. Current 
forage research programs in the area 
should result in marked improvement 
in forage quality, improved herd per-
formance, and increased carrying capac-
i ty. 

For subsistence crops, more assump-
tions were necessary, but production 
estimates are believed conservative. 
Input costs are based on current de-
livered costs (about US$15 metric ton 
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freight costs) for the various com-
modities at Carimagua. With improved 
roads, and ccmpletion of the bridge at 
Puerto Gaitan, these costs will be 
lowered. Lime costs in particular should 
decline when the new quarry at El Dora-
do, south of Villavicencio, is completed. 

Preliminary model analysis shows 
that high commercial interest rates of 
14 percent per annum and relatively 
low herd performance figures which 
result in slow establishment and low 
yields will be serious obstacles to over-
come in the early stages. Land apprecia-
tiOfl, which has not been included, 
would greatly improve the performance 
picture. 

Modifications of this ranch develop-
ment plan include starting with a larger 
number of cows or with the 15 cows 
and their normal ranch complement of 
heifers, steers and calves, thus reducing 
the development time. 

Most of the components of the model 
and others which are less intensive are 
being tested and refined in field trials 
at Carimagua. 

Food and feed grain crops have 
been screened for low lime requirement 
as described under Soils, page 103. Im-
proved grass pastures are in grazing 
trials, Beef, page 19. Low cost, long 
span fences have been successfully 
tested. Problems of animal health, 
mineral, protein and energy supple-
mentation are being studied. Rations 
based on locally available feeds, such as 
cassava, plantain, and ccwpeas, are 
being tested in the swine program at 
dAT. 

Low Cost Windmill 

Each year thousands of cattle are lost 
in the lowland tropical savannahs of 
America for lack of water. In the 
Casanare region in the Colombian Ilanos 
and the western Ilanos of Venezuela, 
distances between rivers and creeks (the 
only sources of water during the dry 
season) are great; cattle are obliged to 

Water, a scarce component of production 
systems in the eastern plains of Colombia 
during the dry season, can be obtained by 
means of a windmill built from local materials. 

either walk great distances or remain 
near the water, in which case they 
rapidly exhaust the forage bordering 
the streams. 

The water table in these regions is 
rarely more than a few meters below 
the surface. dAT, in cooperation with 
ICA, has intalled an experimental low 
cost windmill at Carimagua for pumping 
ground water for domestic animal and 
possibly irrigation uses. The prototype 
mill (above) is a modification of a 
design developed by the Brace Research 
Institute of McGill University's Faculty 
of Engineering and tested at its Experi-
ment Station at St. James, Barbados, 
West Indies. 

The simple mill is easy to construct. 
Locally available materials cost ap-
proximately US$125 and include shop 
work not easily done in the field. This 
price includes 1 L 4 inch galvanized pipe 
and steel sucker rod for a 10-meter well, 
a 3-inch diameter bronze windmill cyl-
inder, locally cut poles for the 8-meter 
tower, and cement and reinforcement 
for the well ring, platform and cover. 



A water tank takes lorni over base of palm sticks wired together with used barbed wire. 
No forming lumber is requrecl. 

The windmill yields more water than 
had been expected and is now being 
considered for irrigation of small (1 2-1 
hectare) plots for dry season food pro-
duct ion. 

Water Storage 

A low cost water tank was built as a 
combination storage and stock watering 
tank to accompany the experimental 
windmill. The concrete and plaster tank 
is five meters in diameter and 80 cm 
deep. The walls were formed with plas-
ter over a base of palm cortex called 
'choapo' or "macana", cut and wired 
together with used barbed wire like a 
snow or picket fence in the form of a 
circle (above). The floor was poured,  

thus there was no need for forming lum-
ber, bricks or concrete blocks. The ma-
terials cost approximately US$30. 

Construction, Using Native Materials 

To meet urgent housing needs at Ca-
rimagua, CIAT designed and built two 
houses (page 102), using locally avail-
able materials where possible. The hous-
es are cool, comfortable and well pro-
tected from most insects and other pests. 
They are complete with overhead water 
supply, bathroom, septic tank, kit-
chenette, two bedrooms, living-dining 
room, covered ground floor slab, laun-
dry area and tool room at a cost of ap-
proximately US$1,800 each. This cost 
would be prohibitive for most settlers 
in the area. Hcwev3r, certain design 



ceatures and use of materials can be 
easily adapted to much simpler and less 
expensive dwellings. 

Related Soil and Agronomic Research. 
Various projects of the soil scientists 
and agronomists directly relate to gener-
al agricultural systems concerns. They 
have conducted small plot field experi-
ments related to micronutrients in sor-
ghum; ime and phosphorus for upland 
rice, maize, and sorghum; and the in-
fluence of fertilizers and seeding rates 
on the establishment of forage grasses 
and legumes. These are reported in the 
relevant sections. 

Soil cften has been overlooked as an 
important ecological factor in breeding 
programs designed to produce materials 
of wide geographic adaptation. CIAT is 
building a base of fundamental informa-
tion related to chemistry, fertility, and 
management of weathered soils such as 
are found in the plains of Venezuela, 
Colombia, and Brazil. This base will 
serve for the development of subsistence 
food crop production systems so that 
persons living in the area may feed them-
selves. The same information is also vital 
for long range commercial crop produc-
tion plans, and for pasture and forages 
improvement on these extremely acid, 
infertile soils. 

Work has continued this past year, 
at Turipana in cooperation with ICA, to 
identify the production problems in the 
low altitude, alternate wet and dry areas 
so typical of much of the lowland trop-
ics. With adequate levelling and drain-
age completed in one large field, 
several lowland rotation experiments are 
now underway. The crops involved in 
these include maize, soybeans, sorghum, 
sesame and cotton, the latter crop being 
one extensively grown in the area. 

Agricultural Engineering and Related 
Issues. As information becomes avail-
able, agricultural engineers and agrono-
mists are interested in devising ways of 
putting the results of the experiments 
and information from other sources to-
gether in combinations which will be 
beneficial to the subsistence farmer, in-
dependent small farmer, and agrarian  

reform projects of various types in trop-
ical areas. 

As with the other scientists, they see 
it necessary to identify the factors lim-
iting production and to test solutions 
on actual farms. The factors believed 
to be most limiting on production are: 
(a) water management, including irriga-
tion, drainage, and soil and water con-
servation; (b) tillage systems to pre-
pare, plant and cultivate with reasonable 
weed control; (c) multiple crops to 
spread the labor requirements and to 
provide multiple harvests of fruits, veg-
etables, milk, poultry, fish, swine, and 
feed for the family and provide a sur-
plus for weekly market income, and (d) 
transportation to and better market fa-
cilities. 

To this end, discussions are in prog-
ress on the north coast of Colombia for 
a cooperative project involving INCORA, 
SENA and ICA for the wet land prepa-
ration and planting of rice to use the 
existing natural conditions. More recent-
ly, discussions have been opened with 
the Cauca Valley Corporation for the 
study and development of production 
systems more advantageous for the Cau-
ca Valley and with the possibility of ab-
sorbing some of the under-employed 
population of Cali. 

Coordination and Direction. Now that 
the staff of CIAT has grown in size, 
diversified in commodity thrusts and 
has grasped the significant potentials to 
be realized through eventual concentra-
tion on agricultural production systems, 
future developments will depend, to a 
large extent, upon providing constant, 
dynamic leadership. 

The Board of Trustees has specified 
that, for the present, this responsibility 
shall rest with the Deputy Director Gen-
eral for CIAT. 

Similarly, if the program is to be truly 
effective and have opportunity for ap- 
plication and test on real farms, collab-
oration and cooperation with national 
agencies is absolutely necessary. As CIAT 
gains experience with such operations 
in Colombia, it will seek opportunities 
to cooperate in similar programs in 
other countries. 



Corn iesponds dramatically to phosphorus at Carimagua site. Phosphorus check plot is 
shown in center and left foreground; 50 kg P105 treatment is seen in right foreground. 
Same treatments continue in background but superimposed on 600 kg P205/ha broadcast 

treatment. Entire plot received 8 tons lime/ha. 
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SOILS 

Soils research is directed toward the 
solution of production problems in 
support of the various commodity pro-
grams. Most of the results of this 
research are reported in the individual 
commodity chapters. There are, how-
ever, certain areas of research that relate 
to a number of commodities or that 
have independent significance. 

SOIL MICROBIOLOGY 

Culture collection: Availability of 
reliable inoculants is a major prob-
lem in most of tropical America. 
A primary objective of the soil 
microbiology group is to obtain 
cultures of Rhizobium for the forage 
and seed legumes important to this 
region. To date some 100 different 
cultures have been obtained, rep-
resenting the most effective cul-
tures from Australia, the United 
States, Rhodesia and Brazil. These 
have been preserved by freeze-drying 
and are now available for distribu-
tion. It is planned to expand this 
collection to include organisms of 
other genera which could be helpful 
in university training programs. 
These would include representative 
genera of bacteria as well as those 
organisms (i.e., Beijerinckia and 
blue green algae) which are agricul-
turally important. 

2. Testing of Inoculants: Field and 
glasshouse trials are underway at 
CIAT to determine which bacterial 
cultures are most effective in sym-
biosis with the forage and grain 
legumes important to this region. 
Plant species included in those trials 
are Arachis hypogea, Cajanus cajan, 
Colopogonium sp., Desmodium unci-
natum and intortum, Glycine max, 
Glycine javanica, Leucaena Leucoce-
phala, Phaseolus atropurpureus, P. 
aureus and P. vulgaris, and Stylosan-
thes gracilis. These trials will be ex-
tended to the Llanos Orientales in 
1972. When suitable contacts have 
been made, the testing program will 
be expanded to neighboring coun-
tries. Field surveys are also being 
undertaken to examine the distribu-
tion of rhizobia in the soil, and the 
effectiveness of the native strains. 
Highly effective strains are being se-
lected for further comparative tests. 
Particular attention is being paid to 
rhizobia from soybean, field bean, 
Stylosanthes and Desmodium. 

Inoculant supply: The CIAT soil mi-
crobiologist arrived in May, 1971; 
since then, several farmers have re-
quested inoculant supplies. These 
have been supplied to promote inoc-
ulant usage. About 1,000 acres have 
been inoculated to date, the inocu- 
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ant being supplied in tñe form of 
broth culture. Irioculant successes 
have been reported for both the Po-
payan and Bogota regions in what 
previously had been regarded as 
problem soils. Peat deposits have 
also been located, and these—togeth-
er with sugar cane bagasse—will be 
investigated as carrier media for the 
inoculants. This would allow the cul-
tures to be supplied to a much great-
er area and would ensure inoculant 
viability. Contact with private inoc-
ulant producers is being established 
in the region. An initial sampling of 
commercial inoculants indicates low 
rhizobial populations. CIAT will col-
laborate with local producers, of-
fering them a wide range of effective 
and viable cultures and technical 
consultation. Quality control should 
be an essential aspect of this collab-
oration. 

SOIL CHEMISTRY 

Chemical Kinetics of Flooded Oxisols. 
Orange leaf disease (anaranjamiento) 
has been reported as a serious limiting 
factor in the production of flooded rice 
on oxisols and similar poor, acid soils 
of the lowland tropics. Progress was 
made during 1971 in describing the dis-
ease more precisely and in defining the 
soil conditions which cause it (see Rice, 
page 62). 

DIFFERENTIAL SPECI ES AND VARIETAL 
TOLERANCE TO SOIL ACIDITY 

Species differences with regard to tol-
erance to soil acidity are well known. 
There are a number of forage grasses 
and legumes that require little if any 
lime for optimum performance even on 
soils of pH 4.5 and lower. The respon-
ses of such species as Melinis minutiflo-
ra (molasses grass), Hyparrhenia rufa 
(yaragua or puntero), Stylosanthes guy-
anensis, Pueraria phaseoloides, Calopo-
gonium muconoides and Desmodium in-
tortum to small additions of lime are 
probably due to calcium and magne-
sium. 

Tree species which are well adapted 
to acid soil environments include: man-
go (Mangifera indica ), citrus, guayaba 
(Psidium guajaba), marañón (Anacar-
dium occidentals), and ciruela (Spon. 
dias purpurea ). 

There are a few annual crops which 
grow well on acid soils with relatively 
low lime recluirements, including: Cow-
peas, peanuts, sesame, sugar cane, pine-
apple, rice, and cassava. Varietal dif-
ferences within crop species have recent-
ly been defined for wheat, barley, pota-
toes, tomatoes, and other crops, but as 
yet little if any work has been done to 
breed crops for acid soil tolerance. 

A screening program has been initiat-
ed at Carimagua as a part of the com-
modity programs with the objective of 
identifying acid scil-tolerant lines or va-
rieties for use in crop improvement pro-
grams and for release for immediate 
farm use if such tolerance is combined 
with acceptable agronomic characteris-
tics. Entries are screened at 0, 0.5, 2, and 
6 tons of lime per hectare. The low rate 
of 0.5 ton is included to supply Ca and 
Mg as nutrients. The six-ton rate is suf-
ficient to neutralize the exchangeable 
aluminum. 

Cowpeas (Vigna sinensis) are the 
most acid-tolerant food legumes screen-
ed to date at Carimagua. There are, how-
ever, appreciable varietal differences. 
Sorghum is generally better adapted to 
acid soil than corn. 

A phosphorus x lime experiment with 
rice (upland) revealed that there is 
much greater variability in that species 
as regards acid soil tolerance than had 
been expected. CICA 4 responded strik-
ingly to lime applications up to 16 
tons hectare (Fig. 1). The lime applica-
tions were made 12 months previous to 
planting the CICA 4. The first crop of 
rice (1R8) was lost because of late 
season drouth. There are rice varieties 
that appear to require little if any lime 
under upland conditions, including Blue-
bonnet 50 and Mono Olaya Dorada, two 
traditional varieties grown in the Co- 
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FIGURE 1 	Response of a corn hybrid and rice variety to lime and phosphorus 
on an oxisol at Carimaua, Colombian Llanos Orientales. 



lombian Ilanos. A large number of lines 
and varieties will be screened. 

SOIL FERTILITY 

Phosphorus Availability: Corn was 
grown in a parallel phosphorus x lime 
experiment with similar lime response 
but strikingly different phosphorus re-
sponse (Fig. 1 and lower photo, 
page 102). Corn responded strongly to 
phosphorus at lime levels of 4, 8, 
and 16 ton/ha, while CICA 4 responded 
slightly only at low levels of lime. 
The indication is that the native soil 
phosphorus is much more available 
to the rice than to the corn. The lack of 
response to P in the case of rice is dif-
ficult to explain in view of the extreme-
ly low P levels in the soil (2-3 ppm 
P, BRAY II). The corn experiment was 
limed six months prior to planting. The 
rice suffered from a severe attack of 
blast (Pyricularia), which was accen-
tuated at high P levels. This only par-
tially explains the results since yield lev-
els were relatively high for upland rice 
in spite of the Pyricularia. All corn expe-
riments have suffered heavy damage 
from insect attack (bud worm, stem 
borer and earworm among others) in 
spite of frequent and regular spraying. 

MICRONUTRIENT DEFICIENCIES 

A series of micronutrient trials has 
been conducted in the greenhouse and 
fields at CIAT. Zinc, boron, and iron 
have been identified as the most serious 
limiting factors. Boron is the most wide-
ly observed deficiency in corn, sor-
ghum and grain legumes and appears to 
be almost uniformly deficient on well 
drained as well as poorly drained soils. 
Zinc deficiency is most serious in rice 
(See page 51). Preliminary results 
from trials with zinc, boron, iron, and 
manganese are reported on Page 65. 

In addition to expected species dif-
ferences there are striking varietal dif-
ferences within species relative to sus-
ceptibility to micronutrient deficiences. 
These differences were previously re-
ported for boron in sorghum and have 
now been confirmed for zinc in rice and  

for zinc and boron in soybeans and field 
beans. 

Two micronutrient trials at Carima-
gua with sorghum and one with peanuts 
indicate that initially, and at the yield 
levels obtained (approximately 3.0 and 
1 .5 ton/hectare, respectively), no one 
micronutrient is seriously limiting. Corn 
appears to suffer from Zn deficiency 
and that element is being included 
routinely in all field trials at Carimagua. 
Old citrus trees at the ranch headquar-
ters show a complex of deficiency symp-
toms including boron and zinc. 

TRAINING 

The soils staff has participated in the 
Crop Production Specialist Training Pro-
gram both in the lecture room and in 
the field. The trainees have actively par-
ticipated in the planning and execution 
of micronutrient trials on high pH soils 
at CIAT. 

A postgraduate intern is in training 
at Carimagua as part of the soils and 
crops team. The research at Carimagua 
has been significantly complemented by 
the work of two doctoral candidates 
from Cornell University. One student 
lived at Carimagua for eight months 
while conducting field research on "ana-
ranjemiento" of rice. The other con-
ducted field research with corn and sor-
ghum on lime and phosphorus response 
and interaction. 

A Colombian doctoral candidate at 
North Carolina State University sampled 
soil profiles at Carimagua and other 
sites in the vicinity and did extensive la-
boratory work in characterizing those 
profiles with mechanical, chemical and 
mineralogical analyses. These results 
are published in the doctoral thesis of 
Ramiro Guerrero. 

An undergraduate student from Pur-
due University worked with the soils 
and rice groups for six months as 
part of a special training arrangement. 
The staff cooperated in setting up and 
carrying out a travel and study program 
for a class of Purdue University under-
graduates studying international agrono-
my. 



TRAINING AND COMMUNICATION 

Training and communication are in-
tegral parts of all CIAT operations. The 
specific individuals and organizational 
units which comprise the professional 
group, Training and Communication, 
cooperate and collaborate with the 
other professional groups and commod-
ity programs. 

Through its training, conference, and 
informational activities, this profession-
al group assists CIAT to develop and 
maintain an international network for 
agricultural research and development. 

Because of the commodity task force 
orientation of CIAT, most of the ac-
tivities relating to training and confer. 
ences are reported in the specific com-
modity sections. The purpose of this 
chapter is to provide an overall review 
of the range of activities and to report, 
in detail, such aspects and events that 
are not specifically related to commodi-
ty programs. 

Training 

Initial training activities were limited 
by the lack of physical facilities, but 
during the period July 1, 1968 to De-
cember, 1971, 137 persons from 15 
countries had been enrolled in various 
training activities (Table 1). These in-
cluded 36 who completed training in 
1971. (For complete list of the 82 in 
training in 1971, see Table 2.) 

CIAT has established among its train-
ing categories that of the post graduate 
or in-service intern, to provide direct, 
on-the-job agricultural research expe-
rience for young staff members of na-
tional research institutions. Such re-
search training is oriented to the identi-
fying and solving of problems limiting 
production. 

As many livestock and crop produc-
tion problems can be resolved by adapt-
ing and applying existing or new tech-
nology and management techniques, a 
production specialist is required. He 
becomes a link between the specialist 
and the producer, an individual capable 
of applying production packages and 
conducting practical research and field 
trials in local environments. CIAT hopes 
to create such specialists through its 
livestock and crop production special-
ist training programs. 

Over time, the staff expects an inte-
gration beiween the research and pro-
duction specialist training programs, in-
cluding the possibility of some research 
trainees spending time learning or im-
proving their production capabilities. 

Arrangements exist with the National 
University of Colombia and the Univer-
sity of Valle, dali, for cooperative aca-
demic and research programs through 
which some CIAT trainees, known as 
research scholars, each year work to- 
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TABLE 1. Trainees processed by CIAT classified by field of specialization 
July 1, 1968 - December 31, 1971. 

Trainee Category Fiald of Specialization Total 

Animal Plant Agricul- Agricul- 	Communica- 
Sciences Sciences tural tuial 	lion 

Economics Engineering 

In-Service Trainees 12 37 4 8 	- 61 
Production Specialist.-, 12 32 - - 	- 44 
Research Scholars 4 2 - 2 	3 11 
Research Fellows 1 3 - - 	- 4 
Special Trainees 4 4 - - 8 
Doctoral Candidates" 6 1 - - 7 
Travel Support Only - 2 - - 	- 2 

TOTAL 39 81 4 10 	3 137 

Supported by Others 

ward advanced degrees. In addition, a 
limited number of research scholars are 
supported fully or partially in master's 
degree programs in other countries. 

CIAT continues to explore arrange-
ments with graduate level funding or-
ganizations in various countries where-
by doctoral candidates at universities 
in the developed countries may do their 
dissertation research on agricultural 
problems of the lowland tropics under 
the direction of CIAT scientists. Several 
such projects are now underway. Nor-
mally, such persons are appointed as 
research fellows. Some individuals in 
this category are not necessarily in-
volved in academic programs and may 
concentrate on a specific research prob-
lem important to CIAT. 

Crop Production Specialist Training 

Young graduates of agricultural col-
leges thtoughout Latin America are cho-
sen for the Crop Production Specialist 
Training Program. These agronomists 
often lack socio-economic and techno-
logical experience in producing crops 
and in direct involvement with farmers 
and farm problems. CIAT provides such 
trainees with the opportunity to test 
their theoretically-oriented university 
training, and gives them practice in all 
aspects of farm management and the 
growing of crops using the varying 1ev- 

els of technology available to both 
small farmers and larger producers. 

The first crop production specialist 
course began on June 15, 1970 and end-
ed July 29, 1971. Ten Colombian agron-
omists participated. The second course 
began March 8, 1971, and will continue 
until the end of February, 1972, and is 
composed of 14 trainees from the Domi-
nican Republic, Honduras, Costa Rica, 
Panama, Colombia and Ecuador. This 
staggered course scheduling offered 
trainees of both courses a five-month 
period of joint training, in which the 
older, more experienced students helped 
guide and orient the new students in 
the learn-by-doing methodology on 
which the course is predicated. 

During the year, 29 CIAT scientists 
and 16 professionals from cooperating 
Colombian institutions and private con-
cerns provided more than 500 hours of 
classroom instruction through lecture-
discussion sessions in crop science and 
technology, economics, farm adminis-
tration, production cost accounting, and 
communication. 

The trainees worked under supervi-
sion, in the fields at CIAT, growing rice, 
maize, sorghum, soybeans, field beans, 
and cowpeas. They were then assigned 
"small farms" of 9-12 hectares within 
the CIAT farm, which they managed in 
groups of three or four. The trainees 
were responsible for managerial deci- 
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sions, the inputs to be used, and the 
machinery required. 

At the end of the course, these groups 
reported on their prolects, showing ba-
ses for planning and cropping decisions, 
an account of technical observations 
and problems encountered during the 
growing season, a detailed breakdown 
of production costs, and an economic 
analysis of the "farm" profitability in 
terms of inputs, production costs and 
sales of crops. 

An essential part of crop production 
training is the methodology of conduct-
ing replicated trials of field crops to 
evaluao the applicability of research at 
experiment stations for corn me rc i a I 
farming enterprises. Throughout the 
year, traincs carried out such trials, 
both on their "farms" and in the com-
munities in which they worked. 

During the year, trainees participated 
in two separate exercises in living with, 
learning about, and assisting small and 
subsistence farmers in the Cauca Valley. 
The first experience grew Out of a class- 

room exercise with in the communica-
tion instruction. Groups of four and five 
trainees spent three days per week dur-
ing the month of July in four small 
communities helping farmers in thair 
daily tasks and discussing their prob-
lems. 

They subsequently prepared a report 
giving background information on the 
families with whom they had worked, 
an analysis of problems encountered, 
and recommendations for assistance. 
These reports were presented to both 
instructors in the course and members 
of the CIAT staff, who were invited to 
participate in the discussions and offer 
suggestions. Through such experience 
and interaction, researchers are con-
fronted with the most pressing prob-
lems facing these lower-income rural 
peoples, and students gain practice in 
serving as a link between the research 
scientist and the small farmer. 

The second field activity during 1971 
placed the trainees two days per week 
for six months in one small community 

TABLE 2. CIAT trainees appointed and/or completed training January 1, 1971 to 
December 31, 1971 by field of specialization and category of trainee. 

Categoi'y of Trainee 

In- 
Service 

Production Research 
Specialist 	Scholar 

Research 
Fellow 

Special 
Trainees Total 

v'trck P"oduction 	- 3 - - 1 4 
P2lure & Forages 	7 - 1 - 2 10 
Swine 	 2  
Animal Health 	 - - 2 - 4 6 

6 - - - - 6 
Maize 	 1 1 - 1 1 4 
Cassava 	 1 - - 1 - 2 
Food Legumes 	 2 - - ---- 1 3 
Ci'op Production 	- 21 - - - 21 
Soils 	 1 - -- - 2 3 
Plant Pathology 	 1 - 1 - - 2 
Entomology 	 2 - 1 - - 3 
Weed Control 	 1 - -- - - 1 
Agricultural Engineering 6 - 2 - - 8 
Agricultui'al Economics 	2 - -- - - 2 
Cummunication 	- - 2 - - 2 

TOTALS 	32 25 10 2 13 82 

These figures include Texas A&M students, doctoral candidates supported by others, 
and those trainees receiving travel support only. 



in the Cauca Valley (El Bob). Each 
'trainee provided direct technical assis 
tance on two to four small farms. At 
the end of their training, the students 
will present reports of their work with 
the farmers, along with suggestions for 
continuing technical assistance. 

As a part of this project, the trainees 
invited cooperating farmers to visit the 
CIAT farm for one day in mid-Novem-
ber. The purpose of this visit was: ( 1 ) 
to give the trainee practice in planning, 
carrying out, and evaluating a field day; 
( 2 ) to demonstrate to farmers that the 
trainees' advice was drawn from their 
"small farm" experience. 

The final two weeks of the course 
will include, along with examinations, 
an evaluation of the course activities 
through a series of round-table discus-
sions with both trainees and instructors 
on the technological and socio-economic 
factors involved in crop production sys-
te m 5, 

A third crop production specialist 
training course is projected for August, 
1972. The five-month break between the 
second and third courses will allow the 
project coodinator and staff instructors 
to review, evaluate and revise training 
materials and methodology. 

Related Activities of the LPSTP 

The first CIAT Livestock Production 
Specialist Training Project ended on 
December 17, 1970, with the graduation 
of 11 Colombian trainees. 

Project activities in 1971 were di-
rected toward establishing and main-
taming contact with the graduates of the  
first course. Efforts were concentratec 
on two cpecific areas of interest: ini-
tiation of similar training projects, con-
ducted by graduates of the course, with. 
in four Schools of Veterinary Medi. 

First hand experience in handling animals is 
one of the crucial skills that livestock produc-

tion trainees must acquire, 

cine and, or Animal Science in Colom-
bia, and completion of field work and 
data collection on cooperating ranches 
in the Sincelejo area, where the first 
course took place. 

At the University of Caldas, a for-
mer trainee initiated a course in ranch 
management within the School of Vet-
erinary Medicine. This included a two 
week training period at the end of course 
work on individual ranches in the Sin-
celejo area for the 27 fifth-year stu-
dents. Field work was carried out under 
the supervision of CIAT personnel work. 
ing in Sincelejo. A similar in-field train-
ing program is being planned for 
1972, this to take place in the lower 
Magdalena Valley. 

Another graduate of the first course 
heads the Ambulatory Clinic of the 
School of Veterinary Medicine at the 
University of Antioquia, Medellin. Plans 
are now being made to incorporate a 
two-month in-field training program 
into the undergraduate curriculum ir 



The 'learning by doing' approach is used in 
graduate crop production training. 

1972.   A similar course and field train. 
ing is being established, with CIAT as-
sistance, at the National University fa-
cilities in Medellin. 

Preliminary discussions were also heic 
with the dean of the School of Veteri-
nary Medicine of the National Univer-
sity, Bogota, for possible CIAT cooper. 
ation in a training course in livestock 
production as part of the fifth-year cur-
r I c ul urn - 

One or more faculty members from 
each of these institutions is expected 
to be part of the next livestock 
specialist training program scheduled to 
begin June 1, 1972. 

Also in the Sincelejo area, three grad-
uates continued the field work, tech-
nical assistance and research trials be- 

gun on the collaborating ranches. Dur-
ing the year they organized and carried 
out a course in ranch management for 
the Veterinarian's Association of Sucre, 
composed of thrice-weekly, two-hour 
lectures and discussions over a ten-week 
period. At the end of the year, one of 
the graduates left CIAT to accept a po-
sition with the Diversification Program 
of the National Federation of Coffee 
Growers; another left to begin work as 
an officer-in-charge of the ICA Livestock 
Production Program. 

Two graduates continue with CIAT, 
coordinating and assisting in the devel-
opment of similar courses within Co-
lombian educational and governmental 
institutions. 

Preparation for the second course in 
livestock production specialist training 
began at mid-year with the sending of 
course announcements to Latin Ameri-
can countries as an initial step in the 
recruitment and selection of trainees. 
Teaching materials are presently being 
reviewed and updated for use in the 
second course. Plans were initiated in 
late 1971 to move the base of course 
operations from Sincelejo to the ICA 
Research Center at Turipana. 

Conferences and Symposia 

Effective agricultural development 
programs depend, first of all, upon dy-
namic, well-informed leadership above 
the technical level. Those who make and 
influence national policies, control and 
allocate credit and resources, manage 
manufacturing and distribution systems, 
and provide such facilities as transporta-
tion, marketing, processing and storage 
need unbiased sources of reliable data 
and estimates of production potentials 
and requirements. 

Moreover, agricultural scientists have 
a responsibility to communicate effec. 
tively with this leadership - to make 
known what agricultural developments 
are feasible and what policies and facil-
itation are required to increase produc-
tivity in specific areas and countries. 



The developing CIAT program includes 
facilities and activities whereby national 
leaders may interact with the scientists 
of CIAT as well as those of the national 
agencies. Although CIAT's own facilities 
are not yet available, a series of con-
ferences, symposia and workshops is 
already underway. 

CIAT expects to incorporate into its 
conferences and symposia program a 
concern for sharply focused objectives 
and appropriate methods of communi-
cation, as well as effective procedures 
for the evaluation of both conference 
and follow-up activities. 

In connection with the release of two 
new high-yielding rice varieties, CICA 4 
and 1R22, CIAT planned and sponsored 
a Seminar on Rice Policies in Latin Ame-
rica, in Cali, October 10-14. Nearly 20C 
producers, reseachers and policy-mak-
ers from 23 countries learned about 
rice varieties and discussed the prob-
able consequences of their production 
on the agricultural and related sectors of 
the Latin American economy. (For more 
details see Rice.) 

A related seminar on "Horizontal Re-
sistance to the Blast Disease of Rice" 
was held in CaIi, October 8-12 (see 
Rice). 

Included in the activities of the con-
ferences and symposia program are 
cooperative efforts with other Latin 
American research and training institu 
tions and organizations, 

The IV Andean Zone Maize Confer-
ence was held in Palrnira in November, 
organized and hosted by ICA and CIAT 
(see Maize). 

Support was also provided in the prep-
aration and distribution of publica-
tions for the Third Latin American Meet-
ing on Animal Production, which took 
place in Bogota, April 26-30, This meet-
ing was sponsored by the Latin Ame-
rican Association for1  Animal Produc-
tion, whose vice president is a member 
of the CIAT animal science staff. 

Social research, field demonstrations 
and evaluation 

This unit was activated in 1971 with 
the appointment of a research associate 
who is responsible for coordinating the 
communication and economic instruc-
tion in all CIAT training programs. 

A large part of crop production spe-
cialist training through the year has 
been directed by this coordinator. Stu-
dents received nearly 50 hours of class. 
room instruction in economics, focus. 
ing on administration of agricultural 
business enterprises, with emphasis on 
use of accounting procedures and anal 
vsis of production costs and cost-bene. 
fit relationships. 

A theoretical background in strategies 
for change and factors for development, 
perception and behavioral change anc 
inter-personal communication served as 
the basis in the same training program 
for a pioneering exercise in practical in-
field experience with small farmers in 
the Cauca Valley (see Training, Crop 
Production Specialist Training Project, 
page 108). 

In addition to work in the traininc 
programs, this unit works with the 
CIAT eccnomists on socio-economic 
studies and with other members of the 
staff on evaluation of certain CIAT ac-
tivities. 

Currently underway is a longitudinal 
study of the Seminar on Rice Policies in 
Latin America. Preliminary results indi-
cate that the major immediate impact 
of this seminar lay in the clarification 
of the agronomic characteristics of the 
new high-yielding rice verieties, a 
strengthening of favdrable attitudes 
toward the adoption of the new rice 
varieties, and an increasing awareness 
of the possible effects of existing or 
modified rice production policies and 
programs on producers and consumers. 

Plans are developing to study the dif-
fusion of the new rice varieties, partic- 
ularly among small farmers, in Colom-
bia and other countries. By 1973, a 
longitudinal study of CIAT's training 
program will be launched. 
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Itappoit vith small tarniers is essential to the successful transfer of technology and 
socio-economic knowledge. 

INFORMATION SERVICES 

Activities of Infcrmation Services 
include helping plan, write, edit, trans-
late, prepare copy, incorporate graphic 
aids and photographs, and print and 
distribute all of CIAT's publications. In 
1971, dAT Technical Bulletin N'.' 1, 
"The Feasibility of Introducing Opaque-2 
Maize for Human Consumption in Co-
lombia", and the first two issues of the 
bi-monthly newsletter "Noti-CIAT", 
which is directed toward agricultural 
development issues of interest to the 
general public, were produced and  

distributed to more than 116 countries 
throughout the world. Both of these 
publications appeared in English and 
Spanish editions. 

The English version of the 1970 An-
nual Report was produced for distribu-
tion in early 1972, and at the end of 
the year the Spanish version was in 
press. 

Support of CIAT programs provided 
by this unit included printing of all 
documents and materials for the con-
ferences as well as more than 200 
documents as training materials. 
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LIBRARY 

The present collection of the CIAT 
Library includes 5,433 titles catalogued, 
511 journal subscriptions, and 250 jour-
nals received as gifts or through library 
exchange. 

Preliminary talks were held with the 
International Development Research 
Centre of Canada for establishing a Cas-
sava Document Analysis Center at 
CIAT's library. This Center will attempt 
to collect all the available world cassavE 
literature and publish a comprehensive 
annotated bibliography on this crop. 
Supplements will then be issued periodi-
cally. 

A preliminary analysis of the cassava 
literature, performed on a sample of 
162 articles published in the last four 
years and obtained from a search at the 

National Agricultural Library, Beltsviile, 
Maryland, showed a wide scatter of ar-
ticles. Figure 1 illustrates the results of 
that analysis. 

Cassava literature is published in a 
wide diversity of journals. As can be 
seen from the curve, covering 55 percent 
of the articles would require subcription 
to 28 percent of the journals, while the 
remaining 45 percent of the articles 
would require a 72 percent increase in 
journal subscriptions. 

This and other considerations argue 
for a more specialized document-by-doc-
ument approach to cassava literature 
rather than the traditional library ap-
proach which implies subscription to 
many marginal publications. A docu-
ment-by-document approach has the 
added advantage of providing an in-
depth analysis of each document. 
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In a meeting at Rome in November, 
CIAT was invited to become the regional 
representative for tropical Latin America 
in the implementation of a world-wide 
agricultural information system, AGRIS, 
sponsored by the Food and Agriculture 
Organization of the United Nations. The 
first level of operations to be imple-
mented in AGRIS will be the identifica-
tion of sources and their compilation 
into a monthly "current awareness"-
type of bulletin. 

In connection with this meeting, the 
librarian traveled to several European 
institutions considered to be leaders in 
cassava research

'
to establish personal 

contacts and obtain copies of their col- 

lections. These institutions included the 
Tropical Products Institute, London, 
England; the Royal Tropical Institute, 
Amsterdam, the Netherlands; the Insti-
tute for Tropical Agricultural Research 
(Institute pour le Recherche Agronomi- 
que 	Tropicale), 	Nogent-sur-Marne, 
France, as well the universities of Bonr 
and Hohenheim, Germany. 

In October, Mr. Thomas Bloch, libra-
rian at CIAT for the past two years, 
completed his two-year contract and 
began work at the Central American In-
stitute of Business Administration ( Ins 
tituto Centroamericano de Administra-
ción de Empresas, INCAE) in Managua, 
Nicaragua. 
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PRICE WAI'EPHOUSE & Go. 	 A1ARTD( 

April 11, 1972 

To the board of Trustees of 

Centro Internacional de Agricultura 
Tropical (dAT) 

We have examined the balance sheet of Centro Internacional 
de Agricultura Tropical (dAT) as of December )l, 1971 and the re-
lated statements of income and expenses and of changes in fund bal-
ances for the year. Our examination was made in accordance with 
generally accepted auditing standards and accordingly included such 
tests of the acccunting records and such other auditing procedures 
as we considered necessary in the circumstances. 

Expenses of 1971  and accounts payable as of December 31, 
1971  are overstated by $155,783 as a result of including therein 
commitments for fiature expenditures in respect of purchases of 
equipment ($90,120)  and expenses ($65,663). 

In our opinion, except for the matter referred to in the 
preceding paragraph, the accompanying financial statements examined 
by us present fairly the financial position of Centro Internacional 
de Agricultura Tropical (dAT) at December 31, 1971 and the results 
of its operations for the year, in conformity with generally accept-
ed accounting principles. 

am 



CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

BALANCE SHEET 

DECEMBER 31, 1911 

(Expressed in U.S. dollars - Note 1) 

ASSETS (Note 2) 

Cash and banks 399,406 
Demand deposits 50,397 
Funds on deposit with, or allocated by, 

The Rockefeller Foundation, New York 
(for purchases) 129,330 

Receivable from Agency for 	International 
Development, Washington, D.C. 341,493 

Advances to employees 17,000 
Advances to contractors and 	others 237,924 
Miscellaneous accounts receivable 107,099 
Property and equipment (Note 3): 

Land 4,196 
Farm equipment 295030 
Laboratory equipment 254,781 
Furniture, fixtures and office 

equipment 235,511 
Vehicles 256,783 
Construction in progress 1,276,482 2,322,783 

Other assets: 
Experimental livestock 51,129 
Books and periodicals 63,992 
Stores 7,097 122,218 

Total 	assets 3,728,850 

LIABILITIES AND FUND BALANCES 

Liabilities: 
Accounts payable 	 378,015 
Accrued employees' benefits 	 44,688 

422,703 

Deferred income - advance from Interamerican 
Development Bank, Washington, D.C. 	 25,000 

Fund balances (accompanying statement): 
Capital asset fund 	 3,141,182 
Operating fund 	 139,965 

3,281,147 

Total liabilities and fund balances 	 3,728,850 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

STATEMENT OF INCOME AND EXPENSES 

FOR THE YEAR ENDED DECEMBER 31, 1971 

(Expressed in U.S. dollars - Note 1) 

Income:— 

Operating grants: 

Agency for International Development, Washington, D.C. 697,006 
The Ford Foundation, New York 680,000 
The Rockefeller Foundation, New York 680000 

The W. K. Kellogg Foundation, Battle Creek 216.171 
International Development Research Centre, Ottawa 212,625 

The Government of the Netherlands, The Hague 125,000 
Interamerjcan Development 	Bank, 	Washington, D.C. 65,116 

Sale of farm produce and miscellaneous income 
2,675,918 

18,454 

2,694,372 

Core expense's:— 

Animal sciences 491,130 

Plant sciences 551,778 

Training and communications 299,675 
Agricultural economics 77,098 

Agricultural 	engineering and station 	operations 206,887 

Motor pool 35,707 
Library 88480 

Biometrics 1,623 

Administration 229,780 

General expenses 285,356 

Purchases of equipment 90,120 

2,357,634 
Non - .core expenses:— 

Crop production 87,824 

Conferences 	and symposia 40,601 

2,486,059 

Excess of income over expenses 208,1 
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CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT) 

STATEMENT OF CHANGES IN FUND BALANCES 

FOR THE YEAR ENDED DECEMBER 31, 1971 

(Expressed in U.S. dollars - Note 1) 

Operating 	Capital asset 
fund 	fund 

Fund balances, December 31, 1970 

Capital grant from The Rockefeller 
Foundation, New York 

Land transferred to Instituto Colombiano 
Agropecuario 

Revenue of the capital asset fund in 1971 

Excess of income over expenses in 1971 
(accompanying statement) 

Fund balances, December 31, 1971 

	

68,348) 	2,828,883 

244,434 

( 3,206) 

71,071 

208,313  

	

139,965 	3,141,182 
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('I"N'I'R(l !NTFR.NA .. \O \\\\\\ 	A TROPiCAL (CIAT) 

NOTE 	 IENTS 

(Ex 	
o\0\0 	

dollars) 

NOTE 1: 

All foreign exchange transactions are controlled by the Colombian government 
and, accordingly, all foreign exchange received in Colombia must be sold through 
official channels. The following exchange rates ware used to translate Colombian 
pesos (F) to U.S. dollars (S): 

Peso balances included in cash and 
banks, deposits, advances, accounts 
receivable, other assets and liabil-
ities 

Peso disbursements for property and 
equipment and expenses 

Peso income 

P/si 

20.78 Approximate year-end ex-
change rate 

19.92 Average monthly rate of ex-
change applicable to sales of 
dollars 

19.62 Average monthly rate of ex-
change applicable to sales of 
dollars 

NOTE 2: 

CIAT operates under an agreement signed with the Colombian government, 
the most important stipulations of which are as follows: 

The agreement is for ten years but may be extended if so desired by the 
parties thereto. 

CIAT is of a permanent nature and termination of the agreement would 
not imply cessation of CIAT's existence. 

If CIAT ceases to exist, all of its assets will be transferred to a Colombian 
educational or other institution considered appropriate by the parties to 
the agreement. 

CIAT is exempt from all taxes. 

CIAT is permitted to import, free of customs duties and other taxes, all 
the equipment and materials required for its programs. 

The government provides land for CIAT's purposes under a rental contract 
for ten years, at a nominal rent. This contract may be extended by mutual 
agreement. 

NOTE 3: 

In conformity with generally accepted accounting pi'inciples applicable to 
nonprofit organizations. CIAT does not record depreciation of its property and 
equipment. 
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