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Foreword

The year 1970 was one of basic organizational activity and imple-
mentation of research and training projects. Seven senior staff members
joined CIAT during the year, increasing the total number of continuing
and term appointments to twenty-six. In April, CIAT headquarters was
moved from Cali to “El Porvenir’” farm, where staff offices and housing
facilities for some trainees have been temporarily located in the renovated
farm buildings, pending completion of the permanent installations. Work
began in June on the construction of the first permanent building, Station
Qperations,

Two organizations joined the Rockefeller, Ford and W. K. Kellogg
Foundations in the operational funding of CIAT programs during 1970.
The Agency for International Development (USAID) contributed $ 275,000
to help finance research and training activities in plant proteins and
cassava. The Interamerican Development Bank (BID) now helps to support
CIAT training with a $ 300,000 contract which provides for 50 man-years
of crop and livestock production specialist training.

In December, eleven graduates in animal sciences and veterinary msd-
icine completed the first course of the livestock production specialist
training project, which attempted to solidify and complement university
training with direct on-the-job experience in the solution of specific
livestock production problems. This group of young men, after completing
an intensive three-month training period at CIAT headquarters, spent
eight months on cattle ranches on the north coast of Colombia.

Through the cooperation of the Instituto Colombiano Agropecuario
(1CA), foundations were laid for work on beef production systems. Graz-
ing trials were started on the north coast, at the Carimagua Research
Center in the eastern plains (los Llanos) and at CIAT headquarters,

Results of breeding effor'ts with rice led to the joint decision of CIAT
and ICA to name IR?30-31-1-1B as the variety CICA 4 for release in
early 1971. This dwarf variety has yielded 70 per cent more than Blue-
bonnet 50, a variety popular with farmers and consumers, in trials in Co-
lombia. Along with CICA 4, CIAT and ICA will release seed of IR22, de-
veloped and named by the International Rice Research Institute (IRRI)
in late 1969. While this variety was being multiplied and adopted by
farmers in Southeast Asia, CIAT and ICA found, in accelerated tests in
typical lowland rice fields in Latin America, that IR22 yielded about 60
per cent more than Bluebonnet 50. The long, slender grains of CICA 4

5



and IR22 are clear when mitled and cook dry and fluffy, demonstrating
grain quality desired by Latin American consumers.

Despite the nutritional advantages of high-lysine maize, problems
of preducer and consumer acceptance have besn encountered. As most
of these problems relate to the flcury, soft endosperm of the opaque-2
maize, efforts to deveiop a flint-type maize which retains the high-lysine
characteristic were accelerated, and preliminary results are encouraging.

The cassava germ plasm collection, begun in 1969, was expanded to
include a total of 2,193 cultivars, these coming from Colembia, Ecuador,
Puerto Rico, Panama and Peru. This collection, now keing classified, will
be the basic material for the cassava production systems program, which
is directed tcward an increase in the production and utilization of im-
proved quality cassava in the lowland tropics.

The swine production program developed a life-cycle feeding system
which replaces traditicnal commercial protein supplements with high-
lysine opaque-2 maize. Depending on prevalent local market prices of
these commercial proiein supplements, the possibility of substantial
savings, especially for small farmers, appears feasible.

individual, program, and commodity work at CIAT is directed toward
the development of integrated production systems. Specific inputs pres-
ently being developed will eventually form a part of total farm production
systems appropriate to the varying conditions of the lowland tropics.
Through such an orientation, CIAT hopes to help incorporate areas of low
production within the lowland tropics into the mainstream of the national
economies of Latin America.




BBEf Production Systems

Several factors have influenced the
development of a large beef industry
in the tropics. There are extensive pas-
ture lands and generally abundant feed
resources. Internal and external de-
mands for beef are strong. Beef cattle
have fit well in the evolutionary devel-
cpment of new lands and the exploita-
tion of marginal lands not suited for
crop production,

CIAT’s Beef Production Systems pro-
gram is directed toward development
of an adequate technological base and
the training of action-minded produc-
tion personnel to support an efficient
beef cattle industry in the tropics.

PASTURES AND FORAGES

Work in pastures and forages con-
centrates on two ecological environ-
ments representative of the humid, semi-
humid lowland tropics of Latin America:
alluvial soil grassland regions and
latosclic grassland areas.

Alluvial Seils
Coastal plains and river valleys

Pasture vegetation in more alluvial
soil areas includes introduced grass
species (generally from Africa) such as
Guinea grass (Panicum maximum),
Pun'tero (Hyparrhenia rufa), Para grass
( Brachiaria mutica ) and Molassses grass
{ Melinis minutiflora). Beef production
in these pastures is commonly 70 to 80
kg/ha, while the potential productivi-
ty is more than 300 kg/ha. Productivity
of these pastures decreases rapidly

with depletion of soil nitrogen. With
the decrease in nitrogen fertility, over-
grazing results as the grass species lose
their vigor, and the effective grazing
area is continually decreased through
weed invasion,

Farmers controf weeds principally by
hand, although in some instances they
use organic weed killers which also kill
the native nitrogen-fixing leguminous
species.

Activities in this ar=a, therefore, fo-
cus on improvement of soil fertility
though application of appropriate man-
agement in terms of stocking rate,
grazing systems, and increasing soil ni-
trogen levels. Establishment of mixed
grass-legume pastures and introduction
of legumes into existing grass pastures
receive attention as nitrogen fertilizer
application on pastures used for cow-
calf systems does not appear economi-
cal at present.

Coastal alluvial plains such as the
northern coast of Colombia often con-
tain two distinct zones: (1) fertilz val-
leys (such as the Sinu Valley) with a
high watertable, and & dominance of
Para grass and (2) rolling hill regions
with poor quality soils, ana a dominance
of Puntero grass, such as in the De-
partment of Bolivar, where cow-calf
operations predominate.

In cocperation with ICA, CIAT will
establish a grazing trial at the Turipa-
na Research Center in the Sinu Valley
to determine the effects of management
on the preductivity of Para grass pas-

7



tures for beef fattening. Three grazing
systems will be used — continuous, al-
ternate (two-paddock rotation), and
rotational (six-paddock rotation). Each
of the systems is to be tested under
three stocking rates.

Preliminary arrangements have been
made to set up trials on the introduc-
tion and establishment of tropical le-
gumes in Bolivar in 1971, Grazing trials
using grass-legume mixtures will also
be established in connection with CIAT's
Livestock Production Specialist Train-
ing Program.

Fertile, high-value land near population
centers

Near large pcpulation centers, live-
stock production is often a secondary
occupation. But local demand for ani-
mal products is high, so poorer lands
tend to be used for livestock produc-
tion. The Cauca Valley in Colombia, the
Guayas river basin in Ecuador, and some
of the land surrounding Lake Maracai-
bo in Venezuela are examples of this
type of enterprise.

Beef production becomes more in-
tensive through competition with other
types of farming. Inputs increase to
improve total animal output per unit
area, and nitrogen fertilization and irri-
gation take priority. This type of en-
terprise is directed toward growing-
finishing rather than breasding opera-
tions.

A study of beef production costs
under an intensive management of Pan-
gola (Digitaria decumbens) pastures
with nitrogen fertilization and irriga-
tion is underway at CIAT's farm. Nitro-
gen levels used are 200, 400, 600 and
800 kg/ha/year. Three stocking rates
are superimposed on the nitrogen treat-
ments in a 4 x 3 factorial design. All
treatments are irrigated according to
needs.

Para grass (Brachiaria mutica) dom-
inates in the humid vallevs of Colom-
bia and is widely used for finishing beef
cattle. A similar trial to determine beaf

8

production ccsts using Para grass un-
der intensive management with nitro-
gen fertilization is also planned. Three
levels of nitrogen — 200, 400, and 600
kg ‘ha/year — will be used. A single
stocking rate will ke adjusted to the
production of forage in wet and dry
seasons.

A trial initiated in December, 1969,
was designed to measure the effect
of castration, stilbestrol implantation
(DES), and injection of vitamin A on
the growth of grade bulls and steers.
A group of 284 animals was separatad
into bull and steer groups. Treatment
in each group included the following:
control, 30 mg DES implantation, 400
IU vitamin A injecticn, and 30 mg DES
implantation plus 400 U vitamin A in-
jection,

Partial results of this experiment are
shcwn in Table 1. In general, weight
gains showed an inverse relationship
to the amount of rainfall, i.e, when rain
increased, iive weight gain decreased.
This is possibly associated with a marked
decrease in forage intake during
the rainy seascn, which in turn may be
caused by the increase in moisture con-
tent of the pasture (low concentration
of digestible energy and digesiible pro-
tein}, as well as by the stress of the
wet weather on the animals,

Over the entire period DES implan-
tation markedly increased weight gains
in steers but not in bulls. However, re-
sponse to DES in steers was obszarved
only during the menths of high weight
gain. DES seemed to have a negative
effect in both steers and bulls during
the low weight gain months. No ra-
sponse was obtained from vitamin A in-
jection. The experiment will continue
during 1971.

Latosolic grassland areas

Beef production levels are low on
existing native grass pastures due to
inherent low nutritive value of these
grasses and further accentuated by ex-
tensive systems of exploitation resulting




in undergrazing, which, in turn, leads
to grazing overly-mature pastures of
low nutritive value. Consequently, study
of improved management systems for
native pastures seems advisable.

Since grazing intensification is usual-
ly associated with a change in thz bo-
tanical composition of native pastures,
low nutritive value species presently
dominant in the savannah (as a sub-
climax of fire, poor soil fertility, and
undergrazing) cculd be replaced by
species of higher feeding value under
more intensive grazing systems.

One experiment in Carimagua uses
two grazing systems and three intensi-
ties of grazing to determine the effect
of pasture rotation and stocking rates
on the productivity of the native pas-
ture. Changes which take place in botan-
ical composition as a result of pasture
rotation and stocking rate are ob-
served. Continucus grazing and four-
paddock rotational grazing treatments
each have stocking rates of 0.2, 0,35,
and 0.50 animals per hectare.

Preliminary observations at the Ca-
rimagua Research Center and on privats
ranches in the Llanos indicate that
improved grasses such as molasses grass
( Melinis minutiflera) and puntero (Hy-
parrhenia rufa) can be satisfactorily
established. Although establishment
costs are high, particularly where fer-
tilizer is applied, this initial investment
in improved pasture can probably be
quickly recovered if these pastures are
used for weaners, during breeding sea-

son and for fattening steers, and all
periods during which adequate nutrient
intake is highly critical.

At Carimagua a study is underway to
determine the productivity and the eco-
nomic feasibility of growing and finish-
ing cattle on molasses grass pastures,
with and without phosphate and potash
fertilization and using varying grazing
intensities. Fertilizer treatments used
when establishing 'the pasture plots
were: no fertilizer; 500 kg, ha of basic
slag (75 kg of P:.0;); and 500 kg/ha
of basic slag plus 100 kg of muriate of
potash (50 kg of K}, Three grazing in-
tensities are used. The fertilizer effect
has been apparent in that fertilized
plots were ready for grazing 100 days
after seeding, while the unfertilized
plots were not ready after 300 days.

Production Systems

Beef cattle production leveis are no-
toriously low in the Cclombian Llanos
using traditional management practices.
Preliminary evidence indicates that
productivity and profitability could be
substantially increased using sound pas-
ture management, feeding, breeding and
herd health practices, combined with
some improved pastures,

A series of beef cattle production
herds using grade Zebus native to the
area are being set up to test this hypoth-
esis. Comparisons include 1) traditional
versus improved cattle and pasture man-
agement systems, 2) native grass ver-
sus native plus some improved grass

TABLE 1. Effect of Stilbestrol implantation on bulls and steers during periods
of moderate-to-light and heavy rainfall.

Average daily gain in grams

STEERS BULLS
M-L Rain H-Rain M-L Rain H-Rain
No-Stilbestrol 475 245 583 300
Stilbestrol 586 164 585 229
Stilbestrol response 111 81 2 =71




Grazing trials serve to measure the effectiveness of nasiure treatments (CIAT
headquarters at “El Porvenir”).

{ Melinis minutiflora) versus all im-
proved grass (Melinis minutiflora), and
3) continual back-crossing with Zebu
bulls versus rotaticnal cross breeding
using Zebu and San Martinero, a local
breed.

Animal Husbandry

Particular attention will be given to
providing adequate nutrient intaks dur-
ing the dry season. Primary consid-
eration is identifying grasses and gras:-
legume mixtures that provide an ade-
quate diet through the dry season.
However, where available forage does
not provide adequate nutrient intake,
attention will be given to protein, and
perhaps energy supplementation.

Many soils of the lowland tropics are
of low fertility, resulting in pasture for-
age deficient in certain minerals, es-
pecially phosphorus. Definitive studies
are needed to characterize mineral com-
positicn of these grasses, and conse-
guently year-round supplementsl min-
eral needs.

In Palmira, attention will be given to
by-products and crop residue utiliza-
tion, and the use of cultivated forages
for dry season feeding.
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ANIMAL HEALTH
Toxic plant studies

A syndrome referred to as ‘'vacas
caidas” (fallen cattle) by ranchers of
the lcwland tropics has long been rec-
ognized. This disease attacks all ages
of cattle, but is more prevalent in young
calves. Lack of muscular coordination
is usuvally accompanied by a wheezing
laryngeal sound, and when animals are
moved any distance they collapse from
exhaustion. In an initial survey of the
cattle-raising areas of Colombia this
syndrome was cbserved throughout the
nerth coast area, the Magdalena vallev,
and the Valledupar region. Insecticide
intoxication, parasitism, vitamin E-sele-
nium deficiency, and various plants
were mentioned as possible etiologic
factors. Common in all these areas was
the presence of two weeds, cansaviejo
{ Mascagnia concinna) and anamu (Pe-
tiveria alliacea).

Detailed investigations are being car-
ried out in the new ICA-CIAT veteri-
nary research laboratories in Turipana.
A condition similar to that observed in
the field has been produced by feeding
cattle fresh anamu at a rate of 2 gm/
kg live weight. in addition to producing




Disking native range in preparation for seeding into Melinis minutiflora.

a muscular dystrophy, the plant also
appears to be toxic for the kidneys.
Studies in progress include pathcgene-
sis of the disease syndrome, soil and
plant analysis, and description of the
disease in the field.

Anamu is aromatic and palatable, and
grows in the shade of fence rows. Ani-
mals in the experiment appeared to
have a strong predilection for or ad-

diction to the plant. This suggests that
animals grazing on weedy pastures con-
sume anamu throughout the year,

Ancther important disease syndrome
in Colombia is “piel caida™ (fallen
skin), or photosensitization. A great va-
riety of plants produces this disease.
Studies are underway at Turipana to
assay various local plants for their abil-
ity to produce this syndrome.

Melinis minutiflora seedlings three months after seeding.
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Crippled calf grazed on

anamu-infested pastures

showing clinical signs of
muscular distrophy.

Bovine enzootic hematuria

Bovine enzootic hematuria is a tu-
mor cendition of the urinary bladder

which results in sericus economic
losses to the cattle industry. In many
developing zones it is the major limit-
ing factor for efficient meat and milk
producticn.

A cooperative project has been ini-
tiated at “La Esmeralda’ farm near
CIAT headquarters where pastures have
been indentified as having high, low,
and intermediate incidence of hematu-
ria. Plant classification studies and soil
analyses are in progress. Bracken fern
(Pteridium aquilinum) is commonly
found in pastures of high-disease inci-
dence. This plant is also associated with
hematuria in other parts of the world.

Calves have been placed in each of
the three pastures to verify the inci-
dence of hematuria. Complete urinal-
ysis, hemograms and serum calcium/
phecsphorus analyses are being per-
formed.

Of approximately 900 randomly se-
lected urinary bladders from cattle in
the Manizales area, 28 percent had gross
lesions and 50 percent had microscopic
lesions. Twenty-six percent of the males
and 32 percent of the females had
lesions, 'thus eliminating sex of the
animal as.a variable. Electron micros-
copy of this material is in progress.

Anamu (Petiveria alliacia) is associated

with a muscular distrophy of calves. This

plant grows primarily in the shady areas
of fence rows.



Hemoparasitic diseases

Bovine anaplasmosis, babesiosis and
trypanosomiasis cause large production
fosses and mortality of cattle in the
lowland tropical areas of Latin America.

Since irradiated vaccines have been
successful with other protozoa and me-
tozoa, an attempt is being made to
adapt 'these methods to bovine babe-
siosis caused, in this case, by Babesia
bigemina, Purified blcod isolates con-
taining 1 x 10" organisms were sub-
jected to 24,000 to 60,000 rad of gam-
ma irradiation and were inoculated
once into four groups of calves, each
with positive and negative irradiated
controls, as well as heat-inactivated or-
ganisms and two lower dilution groups.
Twenty-eight days following the inocu-
lation of the irradiated blood, all calves
were challenged with B. bigemina or-
ganisms. Sufficient time has not elapsed
to check the exact degree of immunity,
but in general immunity increased as
radiation dosage decreased. It appears,
therefore, that there are possibilities for
future use of a radiation-attenuated
vaccine.

Premunition against bovine babesio-
sis has been studied using Ganaseg and
the new Burroughs-Welcome compound
4A65. Ganaseg was administered to

calves at levels from 0.5 to 2.5 mg/kg
eight days after inoculation of virulent
Babesia bigemina and Babesia argenti-
na. Results showed that 0.5 mg/kg was
nearly as effective as 2.5 mg/kg in
treating the early infection. It did not
sterilize the infection, thus giving excel-
lent co-infectious immunity. Compound
4A65 was used for treatment of babesio-
sis at dosages of 0.3 and 2.0 mg/kg
eight days after inoculation of virulent
organisms. At 0.3 mg/kg the compound
was not effective for control of B. ar-
gentina, but did control B. bigemina.
The 2.0 mg, kg dosage sterilized the
calves, Jeaving them fully susceptible to
reinfection.

Premunition against bovine anaplas-
mdsis with oxytetracycline and Bur-
roughs-Welcome compound 356-C-61
has also been studied. The two drugs
were used separately at 5 and 12 mg/kg,
respectively, to treat cattle 21 days after
exposure to the disease, with relative-
ly little success. The most successful
treatment consisted of a combined dos-
age of 12 mg, kg of oxytetracycline and
5 mg/kg of 356-C-61, which was applied
21 days after exposure to virulent Ana-
plasma marginale.

Simultaneous
anaplasmosis

premunition
and  babesiosis

against
Now

Pasture samples for anal-
ysis collected from areas
where hematuria is
present.
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appears feasible. After inoculation with
a frozen incculum of known infective
dose titers containing A. marginale, B.
bigemina, and B. argentina (and hence
known incubation periods and clinical
responses ), treatment consists of 0.75
mg/kg of Ganaseg eight days after ex-
posure, and a combination of 5 mg‘kg
of 356-C-61 and 12 mg/kg of oxytetra-
cycline 21 days after exposure. Large
numbers of doses could be produced at
low costs.

It also may be possible to induce pre-
munition of bovine babesiosis without
treatment using only B. argentina at low
titers., Anaplasmosis, howaver, will prob-
ably require treatment. Premunition
usually induces a solid immunity if
homologous strains of the organisms
are used.

The efficacy of Burroughs-Welcome
compound 4A65 for the simultaneous
treatment of bovine anaplasmosis and
babesiosis was evaluated. It was ex-
tremely effective against B. bigemina,
very effective against B. argentina, but
much less effective against A. marginale,
even at relatively high dosages. Effec-
tive dosages of anaplasmosis sterilized
the calves against babesiosis, hence mak-
ing them very susceptible to this diseasz
upon re-exposure.

Evaluation of compound 4A&65 in
sterilizing bovine anaplasmosis and ba-
besiosis carriers is underway. Prelimi-
nary results indicated that the drug
was effective in the sterilization of cat-
tle againt babesiosis, but its effect on
anaplasmosis sterilization is not yet
known.

Babesia bigemina was isoiated from
caives infected by 'the tick Boophilus
microplus. Since B. argentina, A. mar-
ginale and Trypanosoma vivax have a
longer incubation period ‘than B. bige-
mina, blood from the infected animals
was passed through a series of five
splenectomized calves at 24-hour inter-
vals or less in order to purify B. hige-
mia. Similarly, A. marginale was isolated
but by using Ganaseg to eliminate Ba-
besia and Trypanosoma organisms.
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Pathogenesis studies on bovine ana-
plasmosis, babesiosis, and trypanoso-
miasis included clinical, clinical-patho-
logical, histopathlogical and immuno-
fluorescent studies of the life cycle of
the organisms within the bovine host.
Lesions caused by the growth and de-
velopment of the protozoa in the tis-.
sues of the cattle were also examined.
These studies may reveal a weak link
in the vertebrate cycle of the protozoa
where the organism could be arrested
without injury to the host.

Celonies of non-infected B. microplus
ticks are being established in order to
infect them with A. marginale, B. bi-
gemina, or B. argentina. These infected
ticks will be used as a source of inoc-
ulum for premunition with treatment.
They will also be used to study the life-
cycle of the organisms in the ticks.

Vesicular Stomatitis {VSV)

Vesicular Stomatitis (VSV) affects
cattle, swine and horses in Latin Ame-
rica. It frequently complicates recogni-
tion of hoof-and-mouth disease (FMD)
since the two diseases are undistinguish-
able in 'the field. The source of virus
is still unknown. The natural history of
VSV is being studied. During 1970 two
outbreaks were followed. An investiga-
tion of the ecology of this virus was
started at a farm which usually has this
disease. A master’s thesis is in progress
to study the role of white blood cells
during VSV infection in cattle.

“Vacas infladas”

“Vacas infladas” (inflated cows) is a
condition of the pregnant bovine femals
characterized by excessive fluid accu-
mulation (up 'to 100 liters) within the
uterus. It usually results in death of
the fetus or birth of weak calves, few
of which survive. The etiologic factor
or factors are not known nor the
pathologic process within the animal.
The disease is localized in the Llanos of
Colombia east of 332 latitude, Observa-
tions over the past five years indicate




an increasing incidence. During 1970-71
a serious outbreazk occurred.

During 1970, eight nraturally-occur-
ring cases were evaluated clinically,
biochemically, pathologically, and micro-
biclogically. Conclusions to date indi-
cate that fluid accumulation occurs in
the chorioallantois. The basic defect is a
necrosis of the trophoblast of the cho-
rion, followed by mineralization of the
placentome. The mineralization is limi-
ted to fetal tissues. Electron microscopy
cf placentomal tissues has shown the
presence of a C-type particle, and 50
percent of the sera from cattle in the
area have been positive for bovine abor-
tion agent (Psittacosis) complement-
fixdtion antibody. It thus appears that
there is abnormal endocrine function
possibly related to or influenced by an
infectious agent which remains to be
isolated.

Training

During the year, four post-graduate
interns received in-service training in
pastures and forages, animal husbandry
and animal health. One special traines
from the United States completed three
moriths training in livestock production
on the north coast of Colombia, and
another from the Netherlands for six
months in pasture management at Ca-
rimagua. CIAT supported 'two animal
health graduate students in the ICA
graduate school, and CIAT staff are
supervising thesis research of seven
other graduate students including Co-
lombians enrolled in the ICA graduate
school and in schools in 'the USA, and
another from ‘the Netherlands,

Livestock Production Specialist
Training Project

Graduation of the first livestock pro-
duction specialist training group in De-
cember, 1970, marked the completion
of the first phase of an experimental
effort to integrate theoretical knowledge
and practical experience in the solution
of specific production problems.

The definitive training program be-
gan on Januvary 7, 1970. The theoretical
phase of the program was conducted on
the CIAT farm. Classes held through
March, 1970, covered nu'trition, animal
health, breeding and improvement of
farm animals, pasture and forage man-
agement, ranch management, agricul-
tural economics, agricultural enginzer-
ing, statistics, and communication,
These subject matter areas were covered
in 435 class-hours presented by 70 in-
structors or conference participants
representing 18 agencies.

This was followed by an eight month
in-service 'training period on eleven pri-
vate ranches in the Bolivar savannahs.
Following a preliminary survey conduc-
ted in December, 1969, an in-depth anal-
ysis was made of those ranches which
the initial survey showed to have the
greatest potential as collaborators with
the training project, and as multipliers
within the community. On the eleven
ranches selected a trainee was assigned
to each for 30 days to give the program
and the rancher opportunity to evaluate
each other, and to provide the pro-
gram with data essantial to the devel-
opment of a specific production im-
provement program. Nina ranches with
a total area of 10,500 hectares and a
range in size from 170 to 4,000 hectares
were included in the program. These
ranches had a total of 10,500 animal
units of cattle with a range of 250 to
4,000 animal units. Seven of the nine
ranches were essentially owner-opera-
ted, and the other two were visited once
or twice weekly by the owner.

Provision was made in technical assis-
tance contracts to pay reasonable fees
for services rendered. The production
improvement program, as developed in
conference with each rancher, was
appended as part of the contract, as
well as some allowance for limited ex-
tension efforts in the surrounding area,

to werk with marginal farmers. As of

December, 1970, 17 additional ranchers
had requested contract services. Sinczle-
jo was the base of field operations.
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Typically, weeds grow

abundantly in tropical

pastures, reducing graz-

ing area and feed quality
of herbage.

The program cocperated with pro-
fessionals in the area including Banco
Ganadero, Caja Agraria, FEDEGAN and
INCORA and ICA. In the latter case,
there has been a good deal of inter-
change and collaboration with the per-
sonnel of the Turipana Research Center.
The veterinary research laboratory in
Turipana was not yet operational in
1970, and therefore veterinary diagnostic
laboratory work was handled through
the local ICA laboratories.

Collaborative ICA-CIAT weed control
studies initated on several ranches will
continue in 1971. Other collaborative
ICA-CIAT on-ranch studies are planned.

In the remote hot tropics of the Bo-
livar savannahs, major cattle produc-
tion problems (technical and otherwise)
which the program has identified and
has concerned itself with are:

1. The general lack of acceptance of
and confidence in existing animal
technicians by both the ranch-
owner community and the ranch-
worker ccmmunity.

2. The general lack of suitable ranch-
accounting and record-keeping
systems.

3. The general lack of proper pas-
ture development and manage-
ment, and soil conservation and
fertility management.
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4. The general lack of proper appli-
cation and consideration of accept-
ed preventive veterinary medicine
procedures.

5. The general lack of proper per-
sonnel management.

6. The general lack of proper live-
stock management.

7. The general lack of knowledge re-
garding the control and identifi-
cation of toxic plant poisoning of
cattle.

Thus far, it appears that 'this pro-
gram provides an excellent vehicle for
quickly identifying production problem:s.
The next most essential step—that of
applying available or rapidly adaptable
technology in resolving the problems
identified—was begun on each of the
ranches. To date, only immediately avail-
able or rapidy adaptable technology has
been applied. The resulting magnitude
and speed of improvement in productiv-
ity, at present, can only be evaluated
subjectively. Quantitative determina-
tions await, initially, the collection and
analysis of a full-year production cycle,
and then possibly a three-to-five-year
annual follow-up analysis. However, the
following appraisals are possible:

1. The program has been well accept-
ed in the work area by both the
ranch-owner community and the



Digging of wells to provide water for livestock is a necessary management practice

in a cattle enterprise.

ranch-worker community, with the
gradual building of goodwill.

Proper records are being main-
tained which allow the rancher to
better understand his enterprise
and his herd status with respect
to preduction, costs, inventory,
health, and reproduction. As rec-
ords accumulate, some quantita-
tive analyses will be undertaken
to examine the present manage-
ment systems.

Proper applications of herbicides
for weed control in pastures great-
ly increased the recommended
stocking rates at relatively low
cost. The dividing of large pas-
tures further increased carrying
capacity, as did improved rotation
practices. Native tropical legumes
are being identified and encour-

aged through proper herbicide ap-
plication and grazing practices.
The application of animal preven-
tive medicine procedures has been
most successful. Mortality and
morbidity losses have been re-
duced, particularly in calves. Calv-
ing percentage has been increased
with the elimination of brucello-
sis carrier animals, and elimina-
tion of non-fertile animals.

To improve personnel manage-
ment, trainees instructed each
worker in reading and writing so
as to help maintain records and
understand written records and
instructions; obtaining job skill
competency; and understanding
and taking proper health precau-
tions for himself and his family.

As a result of these increased abili-
ties, some owners gave salary increases
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or incentives. Where needed, improved
water facilities were established as were
proper sanitation. facilities, The trainees
helped the owners work out job respon-
sibilities and weekly work schedules.

Of the trainees who graduated, three
are continuing work begun with CIAT
in Sincelejo, accumulating data at col-
laborating ranches for a complete live-
stock production period; three are em-
ployed by ICA; one is working with a
semi-private livestock development or-
ganization called the Fondo Ganadero;
one is at the Caja Agraria, an agricul-
tural credit agency of the Colombian
government; and three are heading in-
field training programs at major veter-
inary medicine schools in Colombia.

CIAT expects that these trainees will
disseminate the practical orientation to
problem solving which formed the basis
of their training. The multiplier effect
that these trainees will have on key cdu-
cational and agricultural assistance or-
ganizations within Colombia, and their
ability to effect change in the orienta-
tion of naticnal programs and the gen-
eral philosophy and approach of de-
cision-makers, will be the ultimate
measure of ‘the success of this project.
In the coming year, the project will
strive to identify the training techniques
which could lead to less costly (more
trainees per unit cost), more effective
programs for tropical regions of the
Americas.

To this end, a ranch enterprise mod-
el is being developed which will be
used to simulate the overall functional
operation of collaborating ranches. This
will provide the trainee insight and un-
derstanding of 'the total operational and
organizational structure of a particu-
lar ranch (of which he is to identify
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the production-limiting factors and then
program the specific production im-
provement practices to increase produc-
tivity ).

AGRICULTURAL ECONOMICS

In view of poor or non-existent statis-
tics on most aspects of the cattle in-
dustry in Colombia, a large-scale, on-the-
farm study was begun in 1970. The
questionnaire to be used has been field-
tested on the north coast. Data on calv-
ing rates, mortality rates, and growth
rates in different areas of the country,
as well as transport and marketing sys-
tems in each of the regions, will be
included.

INTERNATIONAL COOPERATION

Representatives of CIAT pastures and
forages, animal husbandry, animal
health, and agricultural economics sec-
tions are members of a technical advi-
sory committee for the INIAP Beef Cai-
tle Program in Ecuador.

A memorandum of understanding be-
tween CIAT and the Agricultural Univer-
sity at Wageningen, the Netherlands,
was implemented with the arrival of a
student who began training in tropical
animal husbandry.

The CIAT hemoparasite program is
directed by the Texas A&M University
group, is carried out in collaboration
with ICA, and is funded by USAID and
The Rockefeller Foundation.

Members of the CIAT beef production
program also helped substantially in
the organization of the Il Meeting of
the Asociation Latinoamericana de Pro-
duccion Animal (ALPA).




Ca 9SdVd Production Systems

The cassava program is directed to-
ward an increase in the production and
utilization of improved quality cassava
(Manihot esculenta) in the lowland
tropics. Activities include the develop-
ment of:

1. Varieties with higher yield, with
ernphasis on the selection of varieties
with higher nutritive value, i.e., in-
creased protein content and/or quality,
and higher starch content in the root,
depending on the intended use.

2. Marketing, processing, storage and
utilization systems which permit more
constan't supplies for human and live-
stock consumption and for processing
plants.

3. Cropping practices and farming
systems which will increase production
and encourage food and feedstuff utili-
zation on subsistence farms,

4. International regional testing pro-
grams to assist in the exchange of in-
formation and materials,

During 1970, work was conducted in
the following areas: '

| - Ccllection and evaluation of germ

plasm ma'terial.
Cultural practices.

Plant quarantine and plant pathol-
ogy studies.

IV - Agricultural economics.
Swine feeding.

<

| - Germ plasm collection

During 1970, additional material
from Colombia and other Latin Ameri-
can countries was added to the collec-
tion of cassava cultivars started in 1949.
This collection now includes 1884 cul-
tivars frem Colombia, 123 from Ecua-
dor, 40 from Puerto Rico, 118 from Pan-
ama and 8 from Peru. An additional 33C
cultivars collected in Venezuela are in
quarantine in Bogotd. Upon certification
of freedom from diseases this material
will be transferred to CIAT headquar-
ters. Another group of 70 cultivars was
collected in Mexico and will be trans-
ferred to Colombia in the near future.

Classification and evaluation of the
material in the collection was started
both from an agronomic and nutritive
quality standpoint. Root samples of ap-
proximately 600 Colombian cultivars
were analyzed for nitrogen content by
the Universidad del Valle Nutrition La-
boratory. Although nitrogen levels
ranged from 0.2 percent to about 0.5
percent, a few samples were found with
slightly higher percentages. The variety
Llanera is outstanding in this sense
with a nitrogen content of about 0.9
percent.

The widely different environment
conditions and the lack of uniformity
as to the number of viable plants obtain-
ed from the original vegetative seed ma-
terial collected made meaningful com-
parisons and classifications of plant
and root characteristics impossible. For
this reason 700 of the Colombian culti-
vars were planted in non-replicated
three-row plots. This will provide uni-
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TABLE 1. Cassava response to fertilizer and plant spacing.
Spacing ¢m Plants/ha Yield kg/ha !
120 x 80 10,416 35550
120 x 100 8,333 36,480
120 x 120 6,944 33,790
120 x 140 5,952 35,910
120 x 160 O 5,000 34,090
Fertilizer treatment
Check 32,660 A2
60-60-120 34510 A
120-120-240 38,320 B

1. Spacing yield differences are not significant.
2. Means followed by the same letter are not significantly different at the .03 level.

form plant material for evaluation of
plant characteristics as well as the first
screening for yield potential. Harvests
will be made at ¢ and 14 months with
the superior lines to be further fested
in replicated vyield trials. Additional
plantings will be made to evaluate the
balance of the collection.

Il - Cultural practices

Cassava fertilization and plant popu-
lation study

In a preliminary cassava fertilizer-
plant population study, yield increases
were obtained from a fertilizer applica-
tion where plant populations did not in-
fluence yield.

An experiment was established in a
clay lcam soil with PH 7.0, a high
phosphorus level, and a medium potash
content. Potassium chlorate and a 14-14-
14 fertilizer were mixed to give a 1-1-2

ratio and was broadcast and incorpora-
ted inte the soil prior to forming ridges
for planting the crop. Rate of fer-
tilization was 0, 60 - 60 4 120, and
120 - 120 4 240 kg/ha of N, PsO;,
and KO, respectively.

Llanera cassava was planted in rows
spaced 120 c¢cm apart and at varying
distances within 'the row in order to
test, at the same time, the possible ef-
fect of plant population on yields. The
20 cm seed stakes were planted at & 45
degree angle. Roots were harvested at
12 months maturity.

Differences between plant populations
were not significant; however, the 5.6
and 3.8 ton per hectare increase in
yieid from the high fertilizer rate over
the check and low fertilizer rate was
significant (see Table 1).

Results of a Cassava Cropping sys-
tem trial are reported in the Agricul-
tural Systems section of this report.

From left to right:
susceptible, intermediate
and resistant cultivars of
cassava to the bacterial
disease of cassava, caused
by Pseudomonas sp.



11l - Plant disease and quarantine
studies

Cassava diseases

Studies of cassava diseases revealed
the presence of white leaf spot (Cer-
cospora caribaea), brown leaf spot (C.
hennings), powdery mildew (Oidium
manihotis ), stem and root rots (Rhizoe-
tonia sp. and Resellinia sp.), and a dis-
ease not previously reported in the lit-
erature caused by a species of Phoma.

However, the most important disease,
economically, seems to be caused
by a bacterium attacking the foliage,
stem, and roots of 'the plant. Physio-
logical and morphological studies identi-
fied the bacterium as a Pseudomonas
sp. The disease spreads quite rapidly,
which suggests a vector as the main
agent of dissemination. Screening tech-
niques to search for resistance were
developed and, of 450 Colombian col-
lections tested, five werz resistant. A
hot-water treatment of plant material
at 52°C for 30 minutes effectively con-
trolled the disease.

This project is being carried out in
cooperation with ICA and thz Depart-
ment of Plant Pathology of the Universi-
ty of Wisconsin.

Quarantine treatment

Various methods are used in hand-
fing 'the seed material in the germ
plasm collections made within Colom-
bia which are planted directly in the
fields at Palmira. Collections made in
other countries are hot-water treated
for control of diseases and pests and
then planted in a gresnhouse at ICA’s
Tibaitata Center. When certified free of
disease, this material is brought to CIAT
headquarters and planted in the field
for the initial increase to provide ad-
ditional planting material.

Studies were made of systems to
prevent the introduction of potential
plant pests. A hot-water treatment of
52°C for 30 minutes was found to be
the most effective in controlling viruses,
mycoplasma, and bacterial diseases as
well as nematodes and insects.

Foliage symptoms produced in cassava by
a bacterium of the genus Pseudomona_s.

IV - Agricultural Economics

A compendium of world data on cas-
sava production, yield, and cultivated
area for all producing countrirs has
been prepared at CIAT from secondary
data, particularly FAO publications. Prc-
duction per capita has also been calcu-
lated for each country for the last 10
years.

World preduction of cassava has been
increasing in the last five years. South
America and Africa each account for
approximately 37 percent of world cas-
sava production, Asia about 25 percent,
and Central America and Oceania the
remainder. On a per capita basis there
has been a slight decrease in world cas-
sava production.

Other studies in progress include
wholesale and retail cassava prices in
14 Colombian cities over the past 10
years, consumer demand for cassava,
cassava flour and starch in the United
States during the last 14 years; a de
scription and analysis of cassava starch-
producing facilities in Colombia; the
marke'ting of cassava and cassava starch
in Colombia; and an analysis of eco-
nomic factors related to Jow yields in
Colombia.

V - Cassava vutilization through swine
feeding

See the Cassava section of the Swine
production systems part of this report.
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A wide range of variability is observed in cassava, as shown by the root
distribution of these four cultivars.

At CIAT's headguarters, a vast collection of cassava cultivars is being built up.
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SWlne Production Systems

CIAT's swine program contributes to
the increase of pork production in the
lowland tropics through collaboration
with national agencies in the develop-
ment of production systems based on
utilization principally of non-grain feed-
stuffs available in the tropics, and
through training swine production and
research specialists for national institu-
tions.

Opaque-2 maize

The use of opaque-2 maize to replace
normal maize greatly reduces the quan-
tity of supplemental protein that is ra-
guired for swine production. Research
completed during 1970 demonstrated
that a 12 percent protein diet based on
opaque-2 maize plus a protein supple-
ment can replace a 16 percent protein
diet based on normal maize plus a
protein supplemen't for pigs during the
growing period from 10 to 50 kilograms
weight. During the finishing period
(50 to 90 kilos), supplemental protein
can be completely eliminated when
opague-2 maize is used to replace a 12
percent protein normal maize-protein
supplement diet.

A variety of supplements can provide
the additional protein in opaque-2
maize diets for growing pigs. Optimal
results have been ob'tained with soy-
bean meal, fish meal, and meat meal,
or combinations of fish and meat meal
with cottonseed meal. Less favorable
results have been obtained when cot-
tonseed meal or a combination of cot-
tonseed and soybean meal is wused,

demonstrating that the level of lysine in
cottonseed meal is not adequate to sup-
plement properly the opaque-2 maize
when used in diets with suboptimal lev-
asls of protein.

Diets similar to those fed growing
pigs have also been fed lactating sows.
Equal numbers of equal-weight pigs can
be produced from diets composed solely
of opaque-2 maize plus a proper vita-
min and mineral supplement. This
opaque-2 diet replaced the recommended
16 percent crude protein diet based on
feeding normal maize and soybean meal.

A life-cycle swine production system
based on opaque-2 maize was developed
on the basis of these results and
additional data from Purdue University
relating to gestating sows. A grzghic
representation of this system is presen-
ted in Figure 1.

A substantial saving of protein supple-
ment can be achieved with this system.
For example, per sow per breeding sea-
son, 214.5 kilos of protein supplement
containing 50 percent protein can be
replaced by 256.2 kilos of opaque-2
maize. Small and family farmers can
use such a system for efficient produc-
tion without buying protein supple-
ment.

The overall economics of the system
can be determined by considering exis-
ting prices within specific areas. If the
price of maize is high in relation to
protein supplements, there will be little
if any economic advantage in using an
opaque-2 maize system; conversely, if
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TABLE 1.
kybrids H-208 and H-255 1.

Lysine and fryptophane analyses of selected grairs of the opaqme-2

(Grams/100 g Protein)

Sample Protein Lysine Tryptophane
(%) ALA. Pyr.
H-208 Opaque 11.1 4.69 4.32 1.04
H-208 Crystalline 12.0 4.19 4.07 0.87
Whole Kernel H-255 Opague 10.6 4.31 4.23 1.08
H-255 Sem:-Crystalline 12.3 3.80 3.90 0.90
H-255 Crystalline 12.3 2.69 2.52 0.57
H-208 Opagque 8.9 4.00 4.08 0.87
H-208 Crystalline 9.6 3.66 3.66 0.76
Endosperm H-255 Opaque 10.3 4.07 4.14 0.93
H-255 Semi-Crystalline 12.0 3.21 3.00 0.69
H-255 Crystalline 11.0 1.76 2.18 0.48

1. Courtesy of Dr. Edwin T. Mertz, Purdue University.

protein supplements are more than
twice the price of maize, use of
opaque-2 maize would be more econom-
ical.

The system developed for swine may
have greater significance for human
nutrition. If opaque-2 maize could be
successfully introduced, the added pro-
tein requirements of pregnant and nurs-
ing mothers could be totally supplied
by opaque-2 maize. Infant protein mal-
nutrition could also be substantially
lessened by introducing opaque-2 maize
into infant diets.

Despite the nutritional advantages of
opaque-2 maize, its acceptance has been
hampered by its soft, floury endosperm
(See Maize Production Systems). Sam-
ples from a commercial harvest of two
Colombian epaque-2 hybrids, ICA H-208
and 1CA H-255, were observed to be
still segregating with some crystalline
kernels appearing among the predomi-
nantty soft, opaque grains. These crys-
talline kernels and completely opaque
kernels were selected and analyzed for
protein, lysine, and tryptophane content.
Results are presented in Table 1.

The crystalline samples tended to have
higher fevels of protein than the opaque
kernels. The lysine and tryptophane
levels of the opaque and crystalline
H-208 samples were similar to those of

the opaque H-255 samples, although
the crystalline H-255 contained signifi-
cantly lower levels of both amino acids.

Rat growth studies to evaluate bio-
logically the various selections of
opaque, semi-crystalline and crystalline
kernels demonstrated that the nutri-
tive values of the opaque H-208, crys-
talline H-208, and opaque H-255 were
simitar. The crystalline H-255, although
superior to normal maize, was inferior
to the cthers in biclogical value.

Semi-crystalline H-255 kernels tested
followed the amino acid analysis in
supporting growth and protein efficien-
cy ratios approximately mid-way be-
tween the opaque and crystalline H-255
extremes.

Floury-2 maize

Samples of double cross hybrids con-
taining floury-2 genes and produced by
ICA’s maize program have been used in
nutritional studies with swine, rats, and
poultry. In all trials to date, floury-2
maize has not equalled locally avail-
able opaque-2 varieties in growth sup-
port or efficiency of protein utilization.
The amino acids lysine, tryptophane,
isoleucine, and threonine have been lim-
iting in these floury samples. There are
indications that some of the floury-2
genes associated with the modification

25



in pretein quality may have been lost
in the development of the double cross
material,

Cassavy

It has been demonstrated that cassa-
va can be used as the major source of
energy during the entire swine life-cycle.
Production systems based on either
fresh, chopped cassava or dried cassava
meal have been developed.

When dried cassava meal, prepared
from 'the variety Llanera, was used as
the major source of energy for growing
pigs, a small but significant growth-
rate depression cccurred. This growth
depressicn might be related to various
factors such as digestibility and energy
utilization, hydrocyanic acid toxicity,
poor utilization of the protein fraction,
amino acid deficiencies, and possibly to
deficient or marginal levels of fatty
acids present in diets containing high
tevels of cassava meal.

Research with growing pigs and
chicks has been direcied to the identifi-
cation of the factor or factors respon-
sible for 'this depression. Swine meta-
bolism studies demonstrated that the
dry matter and energy fraction of the
cassava meal was digested at a level
similar to that of commonly used feed
ingredients such as maize and soybean
meal. Despite this, however, growth de-
pression occurred.

For swine growth studies, all diets
were calculated to contain 16 percent
crude protein, of which 8.8 percent came
from cassava meal, and the balance
of protein and energy from a com-
bination of soybean meal and maize.
These diets were supplemented with
methionine, molasses, and beef fallow.

Data in this experiment indicate that,
in the absence of beef tallow (fat),
methionine supplementation increased
gains, as did a 10 percent increase of
fat alone to 'the diet. However, when
both fat and methionine were present,
a depression in gains was recorded.
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Consequently, when soybean meal is
used to supplement diets containing
cassava meal, methicnine appears to be
a limiting amino acid; thus, correction
of this deficiency overcomes the growth
depressioh. However, it is not vyet
known whether the same response
when 10 percent fat is added to the
diet is related to a change in the amino
acid balance of the diet (as the amount
of soybean meal is increased to main-
tain a 16 percent protein diet} or to
an effect of fat per se (as fat supplies
both concentrated energy and fatty
acids }.

Supporting studies with chicks pro-
vided additional evidence that when
cassava meal replaces maize in a diet
supplemented with soybean meal, sesa-
me meal and fish meal, methionine be-
comes a limiting amino acid. As with
the above studies, the addition of fat
along with methionine into the diet re-
sults in a growth depression.

In studies with pigs and chicks, ad-
dition of molasses similarly failed to
improve gains as when fat was added,
thus supporting the theory that fat per
se supplies some factor (energy or fatty
acids ) deficient in cassava diets.

Chemical analysis of the nitrogen
fraction of cassava pulp indicates that
approximately 50 percent of the nitro-
gen is not true protein but is present
as non-prctein nitrogen. Although the
total nitrogen level of the peeling is
higher than that of the pulp, approx-
imately 70 percent of the nitrogen is
non-protein nitrogen and therefcre of lit-
tle if any value to monogastric animals.
Preliminary data from chick growth
studies in progress support the indica-
tions that the biological value of the
nitrogen fraction available in cassava is
poor.

Bananas and Plantains

in many areas of Central and South
America, large quantities of bananas
and plantains unfit for local or export
market consumption are available for




TABLE 2. Performance of pigs fed bdnana meal as a replacement for maize doring

the growing-finishing period.

Diet 1
Level of Banana Meal, % 00
Days to 90 kilograms 119
Average daily gain, kg.

Feed Consumed daily, kg.

Feed efficiency

0.67
2.45
3.66

2 3 4
25 50 75
121 124 128
0.65 0.63 0.61
2.54 2.54 2.55
3.88 4.04 4.19

livestock feed. In collaboration with
INIAP in Ecuador, CIAT's swine pro-
gram has developed a life-cycle feeding
system based on these reject bananas
for gestating and growing-finishing
pigs. Bananas can be used as a major

energy source if an adequate protein
supplement is available.
Lactating sows nursing litters are,

however, unable to consume adequate
quantities of ripe bananas to mest their
daily energy requirements. In addition,
consumpticn of more than 13-15 kilo-
grams per day brings about digestive
problems in the sow leading to diarrhea
which, in turn, creaies sanitation prob-
lems in the farrowing crates.

To overccme 'this problem and to ex-
tend the area of usefulness of reject
bananas, studies have been carried out
to evaluate green banana meal as a pos-
sible replacement for ripe bananas. This
green banana meal, in contrast to fresh
bananas, can be stored for long periods
of time after drying, and can be trans-
ported economically to areas of demand
far removed from 'the banana zone.

Research results obtained in colla-
boration with INIAP demonstrated that
dry green banana meal can replace maize
as an adequate energy source for
lactating sows, supplying up to 53 per-
cent cf the lactating ration without re-
ducing the number of pigs weaned or
weaning weights.

This dry green banana meal can also
be used in the diets of growing-finishing
pigs. Levels of up to 75 percent of the
diet have been tested with only small
losses in daily gains. Each 25 percent
increase in the level of green banana

meal as a replacement for maize in the
diet reduces daily gains by approximately
20 grams. Efficiency of feed utilization
is also affected, with each 25 percent
substitution of green banana meal in-
creasing by 200 grams the quantity of
feed required to produce a kilogram of
gain. (See Table 2.)

Efficient economical use of fresh or
dried bananas instead of maize as the
principal energy source for swine pro-
duction depends upon local prices of
prciein supplements and of swine, as
well as price per kilo of banana meal,
which should be approximately 50 per-
cent of that of maize, according to the
studies in Ecuador.

Rice i

Increasing rice production in Latin
America points to 'the possibility of its
future use as a replacement for maize
and other grains in swine diets. In view
of this, the swine program at CIAT has
studied the biological value of rice and
its by-products in relstion to that of
other feeds.

Results of biological evaluations of
white rice, brown rice, and rice polish-
ings, as compared with normal and
cpaque-2 maize, are shown in Table 3.

Both white and brown rice supported
gains and demonstrated a feed conver-
sion efficiency 2.5 times that of nor-
mal maize in rat growth studies at
CIAT. However, neither of these two
kinds of rice equalled the perfomance
levels of opaque-2 maize, which sup-
ported gains 47 percent higher than
those obtained with either white or
brown rice.
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TABLE 3. Biological comparisen of white rice, brown rice, rice bran, normal

maize, and opaque-2 maize J,

Feed Source

1 2 3 4 5
White Brown Rice Normal Opaque-2
Rice Rice Polishings Maize Maize
Average daily gain (grams) 2.18 2.17 3.30 0.85 3.21
Feed efficiency 2 5.42 5.13 3.91 12.05 3.97
Protein efficiency ratios 3 2.4% 2.18 227 0.96 2.70

1. White rats were used in this study.
2. Grams of feed per gram of gain.

3. Grams of gain per gram of protein consumecd.

In another study, these rice products
replaced normal maize in swine diets
during the growing-finishing period. Re-
sults indicated that white rice, brown
rice, paddy rice, or a 50-50 mixture of
rice polishings and white rice could re-
place normal maize in growing-finish-
ing pig diets, although rice polishinas
alone significantly reduced gains. Effi-
ciency of feed utilization was similar
for all treatmen'ts except ground paddy
rice, which required larger quantities
of feed per kilo of gain, as the indiges-
tible rice hulls were not removed from
the ration.

Rice and rice by-products can, there-
fore, be used efficiently to replace nor-
mal maize in swine diets during the pe-
riod from weaning to market, if the
price of rice is below that of maize.

Sugar

Refined sugar has been shown to be
an excellent socurce of carbohydrates for
swine. Research has demonstrated that
increasing the amount of refined sugar
in the diet, up to a level of 45 percent,
results in a corresponding improvement
in pig performance and feed efficiency.
However, as sugar is an export crop
needed to balance the dollar drain in
most of the producing countries in Latin
America, there is little possibility that
it will become available for national
swine production.

Reports from England and 'the Uni-
ted States have indicated that sucrose
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may play an important role in produ-
cing high blood cholesterol levels and
arteriosclerosis in swine. In feeding
trials carried out at CIAT, where high
sucrose (refined sugar) levels were
used, blood samples were taken from
the pigs and cholesterol levels deter-
mined. At slaughter, the heart and aorta
were collected from each pig and exam-
ined for lesions of fatty dsgeneration.
Results of these analyses indicate that
there were no increases in aor'ta lesions
asscciated with this treatment, although
blood cholestercl levels were somewhat
higher than those of control animals
fed diets containing no sucrose.

A second study compared a control
diet of normal maize and soybean meal
with diets containing 10 percent ani-
mal fat, 60 percent sucrose, or a com-
bination of these two ingredients. The
animals remained on these diets for
182 days to allow adequate time for
lesion development. Blood samples tak-
en near the end of the study demon-
strated that diets containing animal fat
significantly increased the cholesterol
level, whereas the sucrose diet did not
preduce an increase. No aorta lesions
were associated with the diets employed
in this study.

The difference between these results
and those reported in the previous
study may be related to differences in
diet composition, as the first study
used purified diets, while the second
used natural ingredients.




Cowpeas

Such protein supplements as soybean
meal, fish meal, meat meal, cottonseed
meal, and sesame meal often prove eco-
nomically inefficient in swine diets be-
cause of limited supply, scarcity, or
high cost.

CIAT is evaluating other protein
sources, particularly those that can be
grown and used in the farm with mini-
mal processing. Initial work has been
with cowpeas (Vigna sinensis) because
of their wide range of adaptability and
ease of production. Initital tests with
pigs demonstrated that cowpeas, as
other grain legumes, contained growth-
inhibiting factors which limited their
usefulness. Results of rat studies indi-
cated that germination, as well as heat
treatment, destroys or raduces these in-
hibitcry factors. When supplemented
with low levels of methionine, germi-
nated cowpeas supported results equal
to those obtained with a control diet of
soybean meal.

Animal Health

Swine research in animal health has
focused on two principal infectious dis-
eases, mycoplasmosis and hoof-and-
mouth disease, as well as protein defi-

Sarcoptic_mange. a com-
mon skin problem in
protein-deficient swine.

ciencies. Although these studies are
continuing, some preliminary conclu-
sions may be drawn.

Mycoplasmosis results in arthritis,
pericarditis, and pleuritis in young
swine. Initial research in this area has
been started in collaboration with the
[CA Graduate Shool at Tibaitata. A
segment of the swine population is
being sampled for primary isolation,
and a serologic survey is underway. To
date, M. hyorhinis has been isolated
frem swine having excessive pericardial
fluid.

Hoof-and-mouth disease of swine and
lack of an effective vaccine continue to
result in serious eccnomic losses. A pro-
ject to study the pathogenesis of this
disease, field cutbreaks, the role of
trauma in transmission, and production
of the clinical disease, will terminate
in 1972,

A study made to determine organ re-
generation in swine following protein
depletion was completed in 1970. After
an initial period of depletion using a
diet of common maize alone, thres
groups of pigs were fed separate diets
containing common maize, opaque-2

maize, and casein as the only protein
sources. Following the regeneration pe-
riod, histological evaluation of the di-
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Characieristic lesions of foot-and-mouth disease in swine.

gestive tract, liver, and bone from 'the
animals in each group was made. Re-
sults indicated that opague-2 maize was
particularly effective in supporting re-
generation. However, the diet based on
protein from casein proved to be in-
adequate for liver regeneration, which
may possibly be associated with a sig-
nificant deficiency of methionine in the
casein.

It had been observed at the Univer-
sidad del Valle Hospital that epithelial
regeneration was initiated when intes-
tinal flora were controlled in protein-
deficient patients. In collaboration with
the Universidad del Valle, CIAT mea-
sured the effect of antibiotics in the re-
generation of the intestinal epithelium
of swine during protein depletion and
repletion. Three basic diets with and
without antibiotics were used. Prelimi-
nary results indicate that antibiotics
have a detrimental effect at a low pro-
tein level, whereas a beneficial effect is
observed with nutritionally adequate
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diets. Additional evidence in this direc-
tion was provided by determinations of
serum cholesterol, total protein, and
alkaline phosphatase levels, as well as
grastric, duodenal, and jejunal epithe-
lial thickness measurements.

Training and international collaboration

Two Colombian scientists received
training in the swine program during
1970, one as an in-service trainee, and
the other as a research fellow. An
Ecuadorian research scholar is continu-
ing training at the ICA Graduate Schooi.

Close collaboration has continued
with the ICA swine program in Colom-
bia as well as the swine program of
INIAP in Ecuador. Arrangements have
besn completed to aid in the develop-
ment of a swine program in Costa Ri-
ca in collaboration with the University
of Costa Ricd and the Ministry of Agri-
culture. Requests for program collabo-
ration have been received from Para-
guay, Bolivia, and Peru.




R'(e Production Systems

CIAT's rice program is oriented to-
ward the solution of problems limiting
rice yields in Latin America. Although
many factors affect yields throughout
the hemisphere, the need for research
is particularly critical in three areas:
production of high-yielding dwarf varie-
ties having superior cooking and milling
quality; incorporation of stable resis-
tance to the rice blast disease; and de-
velcpment of cultural practices for re-
spcnsive varieties grown under both irri-
gated and upland conditions.

During 1970 the effects of the green
revolution started to be felt in Latin
America through increases in rice pro-
duction because of the use of high-yield-
ing varieties, especially IR8. The Uni-
ted States Department of Agriculture
estimates that 91 percent of Cuba’s
spring crop (105,000 hectares) was
planted with this variety. The same va-
riety was planted on about 20,000 hec-
tares 2ach in Colombia and Venezuela
and on approximately 5,000 hectares
in Ecuador.

IR8 and IR5 occupied 12.5 percent
of Peru’s rice area and, for ‘the first
time in years, Peru is nearing self-suf-
ficiency in rice production. It is likely
that Coijombia would have had to im-
port rice if it were not for the excep-
tional yields of IR8. It is questionable,
however, whether IR8 will continue to
increase markedly. As countries achieve
self-sufficiency or have small stocks for
export, the price for IR8 will decline
rapidly because of its inferior grain
guality.

RICE BREEDING

Crosses

Following the specific breeding ob-
jectives detailed in the 1969 report, a
total of 89 crosses was made in 1970. Of
these, 36 were single crosses of dwarfs
using various selections of IR579, IR665,
IR841 and IR930. Colombia 1, a line
highly resistant to the blast disease in
Colombia and at the International Rice
Research Institute (IRRI) in the Philip-
pines, was used as a parent in 42 single
and line X F; crosses. The highly blast-
resistant varieties Tetep, Mamoriaka,
Dissi Hatif, and C46-15 were used as
parents in 11 crosses with selections of
IR&65 and IR841.

Nurseries

Six plantings of segregating material
were made during 1970 at the ICA ex-
periment station at Palmira (January,
March, May, July, October, and Novem-
ber). These included 13,462 pedigree
rows that were evaluated for vigor,
earlinesses, plant type, cooking quality,
grain appearance, and resistance to Se-
gatodes, hoja blanca, and blast. All ma-
terial in the program is now dwarf, and
the majority has acceptable grain char-
acteristics. Fixed lines (F;) from the
first crosses made in 1967 will be ad-
vanced to preliminary yield trials in
1971.

Additionally, 80 F, bulks of 4,000 to
6,000 plants each were grown and se-
lected. Those bulks having a blast-re-
sistant, tall-statured parent were thor-
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oughly rogued of all tall plants after
flowering to allow survival and selec-
ticn of the dwarf segregates. Failure to
cut out the 'tall sagregates in directly-
sown bulks would result in the loss of

the desirable dwarf plants through
competition for light.
Four international biast nurseries

with 356 varieties each, and four of
blast moderately resistant varieties with
212 each, from IRRI, were planted for
evaluation at 1CA’s La Libertad Station.
Some of these varieties were already
present in the CIAT nursery and, thus,
a ccmbined nursery was formed which
will be distributed to Latin America in
1971.

Yield trials

A total of 289 varieties and lines was
grown in unreplicated observational
yield trials. The majority were introduced

from Brazil, the Philippines (IRRI),
Mexico, and the United States Depart-
ment of Agriculture. The USDA mate-
rial, comprising new promising USA
lines, was received specifically to test its
resistance to blast, hoja blanca, and
Sogatodes. All of the Brazil and the
USDA material was discarded because
of low tillering and tallness. The Mexi-
co and IRRI lines yielded well, nearly
all being dwarf, but most were elimi-
nated because of lateness and poor
grain traits.

One hundred forty replicated yield
trial entries were evaluated. Outstand-
ing material included selections from
the following crosses: IR8x (Peta/5 x
Belle Patna), (Peta/3 x TN!) x Khao
Dawk Mali, and IR8 x IR12-178-2-3.

Fifteen selections of the most prom-
ising long-grain dwarfs selected dur-
ing the past three vears were grown

TABLE 1. Crosses and pedigrees of 15 lines transplanted in March, 1970. (Yields
of the most promising five lines, which were directly seeded in Sep-
tember, 1970, are also included.)

Grain Yields
Cross Pedigree March (0.2 ha) Sept. (1.5 ha)
Nahng MonS4/2 x TNI IR480-14 discarded
IR8/2 x Pankhari 203 IR822-347 segregating, reselected
IR8 x (Sigadis x CPSLO) IR661-1-140-3 discarded
IR8 x IR12-178-2-3 IR930-31-1-1B
(CICA 4) 8.53 7.17
IR8 x (Peta/% x Belle Patna) IR665-1-1-6 discarded
IR8 x IR12-178-2-3 1R930-31-10 discarded
IR8 x F., (CPSLO x L.Yai34) IR634-9-5-2 discarded
(Peta/3 x TNI) x TKM6 IR532-1-33 discarded
(Peta/3 x TNI) x Khao Dawk Mali IR841-63-5-1B segregating,
reselected
IR22 - 7.72 6.40
IR8 x (Peta/? x Belle Patna) IR665-33-3-4 discarded
” IR665-34-2-3 discarded
” 1R665-23-3-1-1B 9.43 8.15
# IR665-33-5-8-1B 8.31 6.23
* 1R665-33-1-3-1B 8.38 6.03
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TABLE 2. Agronomic characteristics of the five most promising

rice lines selected for seed multiplication.

Disease and Pest Reaction

Days Grain 1000 % %o Yo Gelat. Yo Hoja Blast Sogata Diatrea
c¢cm Flower Straw seed dorm- head total Temp. amylose blanca

Line Ratio ancy rice rice ’

TR930-31-1-1B (CICA 4) 106 1.00 221 51 647 69.7 Interm. 27 R MR
IR22 98 088 229 98 63.1 694 Low 29 R R

|

IR665-23-3-1-1B . 92 1.19 283 96 492 675 Interm. 27 R R MS
IR665-33-5-8-1B 91 126 26.1 96 61.1 648 Interm. 28 R R MR
IR665-33-1-3-1B " 90 1.00 269 97 608 67.5 Interm. 30 n R MR




on the CIAT farm in March to purify
and increase seed and to further eval-
vate their agronomic value.

Concurrently, the 15 selections were
planted on several experiment stations
and farms in Colombia. Seed of all or
most of the 15 lines was sent to Argen-
tina, Brazil, British Honduras, Costa
Rica, Dominican Republic, Ecuador,
Guyana, Honduras, Panama, Peru, Trin-
idad, Uganda, Uruguay, and the Inter-
national Institute of Tropical Agricul-
ture (IITA) in Nigeria for wider testing.

Of these 15 selections, five lines were
chosen for further multiplication and
testing in September. Each was direct-
ly seeded in 1.5 hectare fields on the
CIAT farm. Ten hectares of each were
planted by ICA, and approximately two
hectares of each were transplanted by
the Instituto Nacicnal de Investigacio-
nes Agropecuarias (INIAP) in Ecuador.

Table 1 presents the crosses and ped-
igrees of the original 15 lines trans-
planted in March, plus the yields from
the March and September plantings of
the five most promising lines. Agro-
nomic characteristics and yields from
other locations for these five lines are
presented in Tables 2 and 3, respectively.

The upland results in Table 3 are
particularly noteworthy. The test in Pan-

ama included 84 lines, of which IR930-
31-1-1B gave the third highest yield.
Five of the 10 most productive lines
were selections of IR930. The 10 lowest
yielders were all selections of IR665.
Additional evidence that IR930 is adapt-
ed to upland culture is the high yield
of IR930-31-1-1B in Costa Rica. In a
preliminary test at Tumaco, Colombia,
the same line yielded 4.9 ton/ha. This
was 2.2 ton/ha greater than that of any
other entry.

Release of new varieties

Repeated inspection of the trials re-
ported in Table 3 and elsewhere led
CIAT and ICA to jointly name and re-
lease IR930-31-1-1B as the variety CICA 4
to be released next year. This variety
was obtained by three cycles of selec-
tion of segregating material received
from IRRI in 1968.

ICA has about 45 tons of seed of
CICA 4 of which the major portion will
be multiplied by registered seed pro-
ducers in Colombia. The remainder wiil
be distributed by ICA to small, margi-
nal upland rice farmers.

About half of the 10 tons of breeders’
seed of CICA 4 produced by CIAT will be
distributed outside of Colombia. The re-
mainder is being planted in one hectare
regional trials in Colombia.

TABLE 3. Yields (ton/ha of the five most promising rice lines in regional tests.

Testing Country

Line Colombia/a Ecuador/b Costa Rica/e Panaméi/d
IR930-31-1-1B (CICA 4) 6.8 5.76 5.04 5.65
1IR22 6.4 6.87 4,18 5.04
TR665-23-3-1-1B 7.6 8.96 4.88 2.67
IR665-33-5-8-1B 6.8 5.34 4.67 2.
TR665-33-1-3-1B 6.3 6.08 4.99 2.48
IR8 6.9 7.05 3.39 4.08
Bluebonnet 50 4.0 4.45 — —

a) CIAT-ICA: average of 17 tests, direct-seeded.

b) INIAP

. average of five tests, irrigated, four transplanted.

¢) Ministry of Agriculture: average of three tests, upland, heavy rainfall.
d) National University: one test, upland, moderate rainfall.
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CICA 4 has shown a wide range of
adaptability to upland and irrigated cul-
ture including direct seeding and trans-
planting, and also to areas of relative-
ly low air and water temperatures. It
has excellent seedling vigor and thick,
sturdy culms. The grain is long and vit-
reous and has excellent milling and
cooking qualities. On the more favored
irrigated lands it should replace both
IR8, because of its superior quality, and
the traditional varieties, because of
greater yield potential.

Strong farmer interest in the variety
IR22 in several Latin American coun-
tries led to a joint CIAT-ICA decision
‘to produce and distribute seed of IR22.
This variety, released by IRRI in 1969,
is- recommended for irrigated tropical
areas. IR22 appears to be somewhat

Harvesting of CICA 4 rice at CIAT
headquarters near Palmira.

more sensitive to low temperatures than
CICA 4. Both varieties are resistant to
Sogatodes and to hoja blanca, 'thus re-
ducing greatly the need for insecticide
applications.

CICA. 4 has flag leaves that extend
sbove the panicles. This trait apparent-
ly protects against species of black-
birds, doves, and sparrows that dam-
age traditional tall varieties having pan-
icles borne above the foliage.

In nearly all tests of irrigated rice in
Colombia and Ecuador, the line 1R665-
23-1-1B has yielded more ‘than other se-
lections (Tables 1 and 3). It will not
be released, however, because its pro-
duction of unbroken grains during mil-
ling is relatively low (Table 2).

As individual plants appeared to dif-
fer in milling quality, several hundred
plants were selected and evaluated in-
dividually. About one hundred of these
will be multiplied and reevaluated for
milling quality in 1971,

The two lines in
IR665-33-5-8-1B  and

multiplication,
IR665-33-1-3-1B

C_ICA 4 rice grown under upland culture
in Ecuador (Photo courtesy of INIAP),



(Tables 1, 2, 3) were discarded as being
inferior to CICA 4 and IR22.

A number of crosses involving CICA 4
and related IR930 selections are being
scresned to identify lines that have
earlier maturity, leaves that remain
green until harvest, tighter threshing,
and slightly less amylose in the endo-
sperm.

RICE PATHOLOGY

Blast disease

The search for varieties with genes
controlling. horizontal (general) resis-
tance 'to the blast disease, Pyricularia
oryzae, was intensified in cooperation
with ICA plant pathologists at La Liber-
tad:Station. Two hundred fifty varieties
have kept their resistance ‘through 14
plantings from April, 1969, through De-
cember, 1970, in the Llanos and the
northern coast of Colombia. However,
a test carried out in the jungle of Peru
showed that about half of these varieties
were susceptible. This points to the need
for further testing of these varieties un-
der conditions favorable to the develop-
ment of the disease.

Preliminary results of a study of the
nature of a horizontal resistance of rice
to P. oryzae indicate that susceptible
varieties have more type 4 lesions, and
in general more lesions than mod-
erately resistant varieties. The average
size of the lesion in millimeters for Fan-
ny (susceptible) was 29.1; Biuebonnet
50 (susceptible), 11.0; Perola (moder-
ately resistant), 4.2; and Colombia 1
{resistant), 1.9. Sporulation started ear-
lier and lasted longer in the susceptible
varieties as compared to 'the, resistant
ones, and the number of spores pro-
duced was significantly lower in those
moderately resistant. Fewer lesions per
leaf area, longer time to start sporula-
ting and fewer spores produced by a
lesion during its lifetime are three com-
mon features of varieties having hori-
zontal resistance.

New fungicides and methods of ap-
plication for controlling rice blast were
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also studied. Direct applications to the
soil or to the irrigation water, as well
as combinations of seed, soil, and foliage
applications, were tested. Five fungi-
cides widely used in temperate zones
to control this disease are being tested
in the field in plots of 5 X 3 maters.
An experiment is also underway to test
40 fungicides in screening plots of 1
m>. Results will be reported in 1971.

In a preliminary experiment, the sys-
temic fungicide Benomyl applied at 40
or more kg/ha protected the rice plant
from infection up to 300 days under
continuous cropping. This wettable pow-
der, or other systemic fungicides, ap-
plied in a granular form to the soil or
to the irrigation water appears to offer
an efficient and relatively low cost con-
trol when combined with a partially
resistant variety.

Hoja blanca virus

A previously developed method of
isolation and purification of this virus
was improved. An antiserum was ob-
tained which will bs used internation-
ally to search for possible strains of
the virus. Electron microscope studies
of the nature of the transovarial pas-
sage of the virus through several gen-
erations of the vector Sogatodes ory-
zicola are being carried out in collabo-
ration with the University of Hokkaido,
Japan.

Information exchange on resistance
to rice blast has been started with
IRRI.

RICE AGRONOMY

Rice agronomic research at CIAT was
expanded in mid-1970 with the addition
of a rice agronomist to the staff. Re-
search in rice agronomy has been con-
centrated on obtaining information
about cultural practices appropriate to
the new varieties produced, before re-
leasing them to farmers.

Yieldstrials,
In addition to the yield trials reported

-
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Rice varieties showing various degrees of horizontal (general) resistance to

Pyricularia oryzae.

under Breeding, the five most promising
lines were compared to two widely
grown varieties, IR8 and ICA 10, under
uniform cultural practices.

Results show that two of these new
lines, CICA 4 and IR&65-23-3-1, pro-
duced higher yields than IR8, while the
other three produced from 80 to 86
percent of the IR8 yield. The yield of
ICA 10 was also higher 'than IR8. On
commercial farms, however, yields of
this variety are generally much lower
because of its susceptibility to rice blast.

Fertilizer requirements

Five different levels of nitrogen (0,
25, 50, 75 and 100 kg/ha) and two

levels of P.O; (0 and 50 kg/ha) were
applied to CICA 4. One-half of the ni-
trogen and all of the P:O; were applied
33 days after seeding, and 'the remain-
der of the N was applied 52 days after
seeding. Two additional treatments were
included in which all of the fertilizer was
applied 33 days after planting.

Although there were some differen-
ces in height and maturity because of
the higher rates of nitrogen, there was
only a slight response to nitrogen at
the 50 kg/ha rate and no response to
phosphorus. Yields were depressed by
the higher rates of nitrogen. There did
not appear to be any advantage to mak-
ing more than one fertilizer applica-
tion to CICA 4 on this fertile soil.
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Rates of seeding

Opinions differ greatly as to the cor-
rect amount of seed to use for direct
seeding of rice. It is generally believed
that varieties which do not produce a
large number of tillers should be plant-
ed at a higher rate. To gain informa-
tion on this matter, two different types
of rice (IR665-23-3-1-1B and ICA 10)
were grown at widely differing rates
of seeding. -

Yields of both varieties were slightly
lower at the 25 and 50 kg/ha seed-
ing rates. There was practically no dif-
ference in yields between the two types
of rice at the higher seeding rates.

Although the results from this ex-
periment show that it is possible to ob-
tain high yields with much Jower seed-
ing rates than are commonly used, it
appears desirable to use from 100 to

Under the Crop Production training pro-
gram, students obtain practical experience
and knowledge from CIAT’s technical
staff.
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125 kg/ha on commercial plantings be-
cause of increased weed competition at
lower seeding rates. Rates higher than

"150 kg/ha seem to be unnecessary and

increase production costs.
Time of nitrogen application

It is a general practice in Colombia
to make three to four applications of
nitrogen to direct-seeded rice crops. An
experiment was designed to determine
the most effective times for applying
nitrogen to one of the new lines, IR665-
33-5-8-1B. The applications were timed
to coincide approximately with the fol-
lowing growth stages of this variety:

Tillering 25 days after seeding
Panicle initiation 60 days after seeding
Booting 67 days after seeding
Heading 77 days after seeding

Results indicate that no benefit was
derived from incorporating the nitrogen
in 'the soil prior to planting. As there
were no significant differences between
this treatment and the unfertilized plot,
it appears that the nitrogen was lost
before the rice plants were sufficiently
developed to use it.

The most effective treatments were
those in which 50 kg/ha of nitrogen
were applied 25 days after seeding, dur-
ing the tillering stage. There was no
benefit from the application of addition-
al nitrogen during the panicle initia-
tion, booting or heading stages.

Effect of soil moisture on nitrogen
response

Low availability of nitrogen is one
of the principal factors limiting rice
yields in many parts of the world. With
transplanted rice it has been found
most effective to incorporate the ni-
trogen in the soil just prior to trans-
planting. However, such applications
with direct-seeded rice are not possible
without damaging the rice plants. The
two common methods of application
are to incorporate it in the soil prior



to planting or to hroadcast it in the
growing rice as a top-dressing.

In an experiment designed to com-
pare the effectiveness of these two
methods on the soil of the CIAT farm
using 1R665-23-1-1B and a nitrogen
rate of 100 kg/ha, it was found that
the application on dry soil produced
the highest yield. The |owest yield oc-
curred on the plots in which nitrogen
was incorporated before planting. Yields
obtained from the applications on wet
soil and in 'the water were 87 and 70
percent of that obtained from the ap-
plication on dry soil. To equal the yield
produced by the dry soil application,
140 kg/ha would have to be applied
in the irrigation water,

Activities at other locations

Experiments are continuing at the
Carimagua station, where flooded rice
has been successfully grown for two
semesters, with yields of more than six
ton/ha in the second semester. A num-
ber of management problems have been
solved, including soil puddling, pre-
plant flooding, and water seeding. Con-
siderable progress has been made in
describing the chemistry of flooded
oxisols. fron toxicity, which appears to
be a limiting factor for flooded rice, may
require pre-plant flooding for satisfac-
tory results.

Seed exchange

During 1970 CIAT supplied 584 seed
lots, including fixed lines, segregating
lines, and bulk populations, to cooper-
ators in 14 countries. A selsction of
low temperature 'tclerant material was
obtained from IRRI for trial in Rio
Grande do Sul, Brazil.

Training

Nine trainees from Argentina, Brazil,
Colombia, Dominican Republic, Ecua-
dor, Peru and the United States re-
ceived approximately six months training
in rice bresding, agronomy, and seed
production. Under CIAT sponsorship,
{CA’s rice quality specialist received five
menths ‘training at IRRI,

Agricultural economics

A brief publication entitled ‘““Report
on Rice” was prepared in cooperation
with the rice program. It outlines the
present status and future prospects of
CIAT's rice program and some of ‘the
economic consequences of increased
rice production in Latin America.

An expanded version of the sconom-
ics of rice improvement is being pre-
pared for the Seminar on Rice in Latin
America to take place in October, 1971,
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MaIZe Production Systems

The primary objectives of the maize
program at CIAT are to increase pro-
duction and to improve the nutritional
quality of maize throughout the lowland
tropics, with emphasis in Latin Ameri-
ca.

Maize is an important ingredient in
the diet of Latin America. For exam-
ple, estimates of maize consumption
from Central America indicate that 60
percent of ‘the calories and 50 percent
of the protein come from maize.

In Colombia, maize supplies approx-
imately 30 percent of the toral caloric
intake. Maize production is increasing,
partly because of an increase in [and
area dedicated to the crop, and partly
because of higher yields per hectare.
Average production, however, remains
between one and two tons per hectare,
Moreover, many farmers operate at the
subsistence level. More than half of the
farms engaged in maize production have
less than five hectares, and more than
80 percent cultivate less than 20 hec-
tares. In most cases the crop is grown
and consumed on the farm, and only
about 20 percent of the crop enters
commercial channels,

Migration to urban centers accentu-
ates problems of food supply and nu-
trition. Preferences for maize and maize
products, as well as particular tastes
for certain types of maize, are carried
from the rural areas into the city. New
maize varieties or hybrids with greater
productivity and improved quality must
incorporate grain characteristics which
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are known and accepted by the intend-
ed customer.

MAIZE BREEDING

During 1970, a concerted effort was
made to bring in commercial hybrids,
open-pollinated varieties, and variable
populations from maize programs in
Asia and the Americas in order to test
these materials in the Andean zone and
make them available to national pro-
grams. Composite populations among
these introductions include material
from widely diverse commercial sources,
as well as maize from the germ
plasm banks, These mixtures and new
ones will hopefully contain a potential
for wide adaptation and a relatively
wide resistance 'to disease and insects.
All these maize introductions will be
grown in observation plots during the
next year, and promising individuals
and selections will be combined for fur-
ther observation and testing.

Early progeny testing and recombina-
tion of lines in improved maize popu-
lations led to success in Kenya and
appear to promise substantial improve-
ment in CIMMYT's international pro-
gram. CIAT will begin with several ba-
sic populations (including opaque, bra-
chytic, Andean-zone low altitude, An-
dean-zone high altitude, and the world
composite), and test early selections
from these populations in a number of
locations in collaboration with ICA,
INIAP, and other national programs.
These locations will include a minimum




of three low-elevation and one inter-
mediate dlevation stations. Evaluation
at high elevation stations will be ac-
complished by national programs in the
zone. Most recombination will be done
in the intermediate altitude of CIAT
headquarters in Palmira (1,000 me-
ters), and further selections tested in
the several regional stations.

In addition to the concentrated ef-
fort in maize, a small nursery for sor-
ghum introductions was planted in
1970. Germ plasm collections, promis-
ing varieties, and commercial hybrids
have been requested from programs in
several continents. These genctypes will
be planted in 1971, observed in the nur-
sery, and selected for desirable plant
type and early maturity. Promising se-
lections will be available at any stage

of development to national programs
and commercial companies in the trop-
ics.

MAIZE PHYSIOLOGY

Wider adaptation of varieties or hy-
brids can lead to greater use of im-
proved maize types by bringing these to
a wider ‘range of micro-climates. This
will also reduce the number of commer-
cial materials and minimize complicated
and expensive seed production proce-
dures. Factors which influence adapta-
tion include photoperiod and tempera-
ture sensitivity, wide-based resistance to
insects and pathogens, and a minimum
susceptibility to drouth or high water
levels, strong winds, and other adverse
climatic conditions.

Work on photoperiod insensitivity
continued during 1970, and several rel-
atively insensitive lines were identified
in the field. The photoperiod sensitive
reaction in maize appears to have two
critical light intensity levels. There is
a marked delay in differentiation and
flowering when sensitive genotypes are
exposed to intensities greater than five
to seven footcandles, and the same ma-
terials are delayed slightly at intensities
between one to five footcandles. In these
studies, lower intensities had no ap-
parent effect.

Preliminary results indicate a critical
day length of 14% to 15 hours for
maize. Quantitative interactions between
day length and light intensity have not
been studied. There is no apparent ef-
fect of day length on growth rate as

~ long as the temperature is constant for

contrasting day length conditions. A
cooperative project is being planned
with CIMMYT to study a uniform set
of materials at three altitudes in Co.
lombia and three altitudes in Mexico
to explore the interactions of tempera-
ture and photoperiod sensitivity.

Excessive plant height and resultant

lodging severely limits yield in many

coastal areas (Photo taken at Pichilingue,
Ecuador).
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Efficient energy conversion into plant
dry matter and grain are crucial to in-
creased productivity per hectare. In the
tropics, where a year-round growing
potential must be utilized, yield evalua-
tion should include production per hec-
tare per day, per unit leaf area, and
per unit of light intercepted. Recent
advances in the measurement of light,
leaf area, and physiological maturity
have made it possible to measure more
of these efficiency parameters at a low-
er cost. These new approaches may be
included in a program directed toward
improved growth and production effi-
ciency in tropical maize.

Recent research suggests that the
ideal productive maize plant of the fu-
ture may have fewer but more efficient
leaves, short stature, upright leaves,
multiple ears, yield-response to high lev-
els of applied nitrogen, and genetic
insensitivity to photoperiod and temper-
ature changes. It should be resistant,
or at least tolerant, to short periods
of excessive moisture or of drouth.

Further work on the growth and phys-
iology of tropical maize will help define
this ideal plant in more detail.

MAIZE AGRONOMY AND PLANT
PROTECTION

1. Management systems

[t had been observed in several maize
fields on the CIAT farm that kernel
development was inhibited on otherwise
normal plants. A trial was started to
ascertain the effect of different plant
populations, fertilization, and boron ap-
plication on the development of the
H-207 and H-208 opaque hybrids. While
yields were not high, it was clear that
boron improved yields. Distinctly dif-
ferent responses between varieties and
between seasons indicate the need for
further research. More detailed results
for both maize and sorghum are pre-
sented in the section on Agricultural Pro-
duction Systems. That section also in-
cludes results from intercropping stud-
jes with cassava, and from regrowth
studies in sorghum.

2. Insect control

A trial to evalvate the effect of fu-
radan, a systemic insecticide effective
in rootworm control (Diabrotica sp.},
was made to determine whether this
chemical would also offer residual in-
secticidal properties against the fall
army worm (Laphygma sp.) attacking
the wherl of the plant. Evaluation of
army worm damage in the early growth
stages shows that furadan, applied in
granular form to the whorl of the plant
or as a foliar spray, was more effective
than the conventional granular chemi-
cals applied to the plant whorl. Fura-
dan applied to the soil was not effec-
tive. As the plant developed, the resi-
dual effect of furadan did not prevent
army worm damage to the new leaves.
Insect damage at this stage of growth
may not appreciably affect yields.

Typical maize culture in the small farms

of the Andean zone. Maize is often com-

bined with other crops (in this case with
beans, in the highlands of Ecuador).




CIAT must work with national agencies in order to reach the marginal farmers
with improved varieties and practical production systems adapted to their
conditions.

Furadan applied to the foliage was
also effective in preventing leaf dam-
age to young plants by the adult root-
worm beetle. Ordinarily, this damage
does not merit control measures.

In this test, severe lodging occurred
in the field after tasseling due to heavy
winds and rains. There was significant-
ly less lodging in the furadan-treated
plots ‘'than in the non-treated ones.
Yields were higher in plots treated with
higher rates of furadan but the overall
yield level was so low that the profit-
ability of such a treatment is question-
able.

MAIZE ECONOMICS
1. Factors Associated with Low Yields

A multidisciplinary analysis of the
factors associated with low maize yields

in Colombia is in progress. The objec-
tives of the study are 1) to identify im-
portant 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 ave-
nues of approach to the problem of in-
creasing vyields, and 4) to develop a
methodological framework which may
be applied in similar studies in other
regions.

Information has been obtained from
three sources: a) small farmers, b) in-
put suppliers, and c¢) local agricultural
extension and lending agencies. Personal
interviews, field observations, and soil
tests were used as means for obtaining
the information. Analyses of these re-
sults will be completed in 1971 and the
study will be extended to other coun-
tries in the Andean zone.
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2. Feasibility Study of Opaque-2 Maize

The objectives of the study were to
identify the main obstacles ‘o a success-
ful expansion of the production, ‘mar-
keting, and human consumption of
opaque-2 maize, and to suggest ways by
which these obstacles may be overcome.
Basic data were obtained from in-
terviews with producers, marketing
agencies, and consumers.

It was found that a rapid expansion
of the production. and gonsumption of
opaque-2 ‘maize was limited by: 1) low
consumer acceptance, 2) wholesalers’
lack of interest in handling the product,
3) low relative farm yields in compar-
ison with high-yielding hybrids, 4) low
producer acceptance among small farm-
ers, and 5) storage problems. These
items directly relate to the floury and
soft endosperm of opaque-2 maize, as
compared to the commonly grown flint-
type maize. The softness of opaque-2
results in low resistance to insect at-
tacks, low kernel density, and undesir-
able appearance and cooking charac-
teristics.

Results suggest that success in intro-
ducing and expanding commercial pro-
duction for human consumption of the
present varieties of opaque-2 would de-
pend on a considerable government sub-
sidy to farmers in conjunction with pro-
motional campaigns among producers,
marketing agencies, and consumers.
However, if a flint type high-lysine maize
with a high-yielding capacity could be
developed, government support could be
reduced or even eliminated.

Although home consumption of the
present floury opaque-2 maize among
low income farmers could be promot-
ed at a somewhat lower government
cost, such a program would demand a
concentrated extension effort, and pro-
vision should be made to help the farm-
er expand his production of ordinary
maize or some other cash crop to cover
the cost of opaque-2 seed and other
additional inputs,
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Improved protein quality in opaque-2
maize will be of little advantage if people
do not accept the floury-type endosperm
(below): the kernel on top has been
selected to combine a flint endosperm
with high quality in the grain.

MAIZE PROTEIN QUALITY

1. Production of flint-type opaque-2
maize.

The nutritional advantage of opaque-2
maize gives this product high priori-
ty in CIAT's genetic improvement pro-



gram. If the genes which modify endo-
sperm type can be identified and con-
centrated in maize without losing the
protein quality advantage of the
cpaque-2 major gene, many of the pro-
duction, storage, and acceptability prob-
lems associated with present varieties
can be eliminated. As a first step toward
obtaining a more desirable type of
opague-2 maize, flint and semi-flint
grains from commercial harvest of the
opaque-2 have been selected and also
from lines, single crosses, and other
backgrounds with the opaque-2 gene.
Preliminary results from laboratory and
biological studies are presented under
Swine Production Systems.

2. Yields of opaque-2 maize

A field program was launched in
1969-1970 to evaluate the production
of opaque-2 commercial hybrids on the
farm. Traditional cultural methods were
compared with improved technology,
including use of fertilizers, weed control,
insect control, and irrigation where pos-
sible. This study compared the new
opaque-2 hybrids with regional varie-
ties, and with the recommended hybrid
for each zone. Six Colombian agrono-
mists assisted farmers in planting 110
trials in two seasons in 14 different
departments of the country.

In the trials harvested, opaque hy-
brids were the highest yielding in 15
locations. Over all locations, the recom-
mended normal hybrids vyielded 14
percent more than the opaques. More
significantly, the opaque-2 hybrids yield-
ed more than 40 percent over the re-
gional varieties, either under.improved
or traditional cultural methods. From
these results, it was apparent that re-
placement of traditional varieties by an
opaque-2 hybrid would significantly
increase both the yield and the quality
of a small farmer’'s maize crop.

3. Effects of altitude, temperature, and
solar energy on quality

A cooperative study has been initiat-

ed with Purdue University and CIMMYT
to evaluate the effects of altitude,
temperature; and solar energy on pro.
tein content and quality. This is a five-
year study of adaptation which also
can lead to a better understanding of
plant growth and efficiency.

4. Nutrition work with opaque-2
maize

Studies continued during 1970 on the
recuperation of undernourished chil-
dren. This work is carried out by the
Department of Pediatrics of the Univer-
sity of Valle and the Metabolic Unit of
the Departmental Hospital of Valle.
This laboratory has continued to colla-
borate with both ICA and CIAT in the
analysis of protein and lysine in maize
samples. Research on several manufac-
tured foods has continued with the co-
operation of private industry. Duryea,
a baby food made by Fruco-Maizena,
S. A., uses opaque-2 maize as a source
of protein. Further results in the use of
opaque-2 maize in swine nutrition are
presented under Swine Production Sys-
tems.

PROMOTION OF OPAQUE-2 MAIZE

Although there are field production
and marketing problems with the pres-
ent floury-endosperm opaque-2  hy-
brids, their tremendous biological value
suggests an immediate rural extension
effort to begin to alleviate rural nutri-
tion deficiencies.

A cooperative ICA-CIAT project was
planned to promote the adoption of the
present commercial  opaque-2° hybrids
among small farmers in Colombia, and
to stimulate its industrial® utilization
in an effort to improve nutritional lev-
els among urban populations. To attain
these objectives, the project will at-
tempt:

1) To achieve institutional coordination
and integration of 'the various agen-
cies working in the agricultural sec-
tor of Colombia;
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2) To design long-range cooperative
projects among research, extension,
and public health institutions;

3) To organize short courses, seminars,
conferences, and symposia to com-
municate the objectives of the pro-
gram to technical personnel;

4) To use all possible forms of media
to inform the public about the pur-
poses of the program and the im-
portance of opaque-2 maize hybrids;
and

5) To act as an executive agency to
advance the Colombian national
program for opaque-2 maize.

A program to plant 40 tons of
opaque-2 seed in the second semester of
1970 included 2,400 hectares of land,
with an expected total yield of 4,800
tons. A total of 182 tons of seed of ths
two opaque hybrids was distributed to
123 municipalities in 12 departments
in Colombia for the first planting sea-
son of 1971.

To examine strategies for the promo-
tion of opaque-2 maize, a meeting was
held with CIMMYT specialists in Mexi-
co. CIAT staff members also met with
officials of the Ministry of Agriculture

of Panama, along with representatives
from other agricultural organizations,
to discuss seed production and empha-
size the nutritional advantages of
opaque-2 maize. During the past year,
samples of the two opaque hybrids have
been sent to about 35 countries in Latin
America and throughout the world.

TRAINING IN MAIZE IMPROVEMENT

Training in maize production and im-
provement continues to carry a high
priority. The six Colombian agronomists
who conducted regional ‘testing of
opaque-2 hybrids completed their train-
ing in 1970. One agronomist worked as
a trainee in the maize-breeding program
for four months before joining the
CIAT staff as a research assistant. A
scientist from Haiti will soon finish his
master’s degree in Mexico and join
CIAT’s maize program as a research fel-
low. An Ecuadorian agronomist will
join the group of research fellows in
1971. In addition, training in the agro-
nomic aspects of maize production is
an integral part of the crop production
specialist training project reported un-
der the section of Training and Com-
munication.

Research results in maize
production systems are
an integral part of
CIAT’s training program.



Agricultural

Much of the work at CIAT is direct-
ed toward developing, testing, and es-
tablishing viable production systems
for specific commodities — beef, swine,
rice, maize, food legumes, and cassava.

Practical considerations dictate spe-
cific attention, as well, to the diverse
multi-commodity production operations
already to be found in the lowland trop-
ics or which are likely to be acceptable,
economically sound, and viable in cer-
tain tropical environments,

Consequently, the CIAT staff consid-
ers such significant issues as these: a)
rotations between and among crops; b)
complementary animal-crop systems;
c) multi-cropping and inter-tilling; and
d) the complementary and competitive
aspects of various commodities with
respect to allocation of land, labor,
credit, machinery, power, water, and
other resources. Other considerations
must include domestic and export mar-
kets, the local marketing and processing
potentials, and overall, the relative ben-
efits of various systems to individuals
and society. As a consequence, the range
of issues with which CIAT must con-
tend, either directly or through nation-
al, regional, and other international
agencies, is broad and complex.

Multiple cropping

Various maize and soybean inter-
cropping schemes with Llanera cassa-
va were planted to test 'their possible
advantages under tropical conditions.

Six treatments were set up, three
vsing the cassava planted into already

Production Systems

existing stands of ICA Pelican soybeans,
51 days after the latter was planted;
two involving simultaneous plantings of
cassava with either soybeans or H-253
maize; and a control plot of cassava
planted alone.

Cassava cuttings, 20 cm in length,
were planted at a 45 degree angle, 180

In the tropical lowlands the multiple

cropping system offers many advantages

to the small farmer (left). A fiame plant

(center) grows in a field cultivated with
maize and cassava.




TABLE 1. Yields and gross returns of cassava, corn and soybeans in various
inter-cropping schemes.

Treatment Yield ! Gross return 2
Kg/ha per hectare
1. Cassava alone 36,3303 A $ 23 614.50
2. Cassava planted at same time as soybeans 31,650 AB 20,572.50
Soybeans 615 1.599.00
§22171.50
3. Cassava, each third soybean row removed 28,870 BC 18.765.50
Soybeans 1857 4,828 20
$ 23,593.70
4. Cassava between every third and fourth 28,820 BC 18.733.00

soybean row

Soybeans 1915 4.979.00
$ 23,712.00
5. Cassava planted into every third soybean row 25,590 CD 16 633.50
Soybeans 1,984 5.158.40
§21,791.90
6. Cassava planted at same time as maize 21,380 D 13 897.00
Maize 4,364 7.200.60
$ 21,097.60

I. Time between planting and harvesting was 12-1/2 months.

2. Cassava price at § 650 Col. per ton. Soybean price at § 2,600 Col. per ton. Maize price
at § 1,650 Col. per ton.
3. Means followed by the same letter are not significantly different at the .05 level.

TABLE 2. Sorghum yields under difrerent management treatments.
(Non-replicated field trial.)

Semester A Semester B
Treatments ! Treatments !
Yield - Yield
(Kg/ha) (Kg/ha)
Fertilized and field cultivated 5290
P-25 With Irrigation 2942 Fertilized 5466
No fertilizer 4589
No fertilizer 5612
P-25 Without Irrigation 2042 Fertilized 6226
Fertilized and field cultivated 6109
ICA-Pal-1 With Irrigation 1520 (Regrowth from the ICA-Pal-1

did not warrant leaving the
stand for further harvests)

ICA-Pal-1 Without Irrigation 1234

1 Irrigation treatments consisted of two irrigations each semester. Fertilization consisted
of an application of 200 kg of urea after the first harvest. Field cultivation was made
with a single shovel on a cultivator passed between the rows.
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cm between rows, and 110 cm between
plants, for all treatments.

Results are presented in Table 1. Cas-
sava yields were lowered by the com-
petition for light, water and nutrients
from the companion crop; however,
toial gross return was quite similar for
all cropping systems. If costs of pro-
duction are considered for the double
cropping systems, the difference in net
return between the various systems
would be very slight.

Production of cassava planted in exis-
ting stands of soybeans was apparently
related to the amount of space available
for plant growth. Yields were highest
when cassava replaced soybeans in the
row (Treatment 3), and lowest when
cassava was planted into the soybean
row (Treatment 5). The cassava was
more competitive than the soybeans
when both were planted at the same
time, and tended to crowd the soybeans
out.

The maize companion crop grew con-
siderably taller and faster than the cas-
sava, Maize competed for a longer time
than the soybeans planted 2arlier than
the cassava.

Sorghum managsment systems

Sorghum regrowth

Two varieties of sorghum, P-25 and
ICA-Pal-1, were planted in a field trial
to evaluate length of sorghum survival
through regrowth under different levels
of management. Plots with and without
irrigation were planted for both varie-
ties. ICA-Pal-1 failed to give sufficient
regrowth after the first harvest for fur-
ther harvests. Various treatments ware
applied to the remaining irrigated and
non-irrigated plots of P-25, as follows:
1) fertilization and field cultivation;
2) fertilization alone; and 3) neither
fertilization nor field cultivation. Yields
in 'this experiment are presented in
Table 2.

Higher vyields of ‘'the non-irrigated
treatments of the regrowth can be ex-

plained by the fact that the treatment
under irrigation matured ccnsiderably
earlier, resulting in an estimated 20 per-
cent loss of seed because of bird dam-
age. The non-irrigated plots did not
suffer as much bird damage because
seed was produced at a time when
other fields were maturing, providing
larger areas for the feeding birds.

Both for the irrigated and non-irriga-
ted regrowth plots, field cultivation ap-
pears to have resulted in lower vyields
when compared to the plots that were
fertilized only. This may be explained
in terms of root pruning by the field
cultivator. Differences were quite small.

Additional field observations within
this experiment point to the facl that
ncrmal combine harvesting results in a
considerable loss of seed, which then
germinates and produces harvesting
problems of the regrowth because of a
wide variation in maturity.

Grain and forage residue production

In another experiment designed to
evaluate sorghum grain and forage res-
idue production at different leve!ls of
maturity, it was found 'that some varie-
ties are well-suited for early grain har-
vest with a 25-30 percent moisture con-
tent. A system should then be used for
recovering the stalk and grain residues
from the combine. In 'this manner, sor-
ghum regrowth would permit a second
harvest considerably earlier than would
be possible if a new planting were es-
tablished.

Boron and urea applications

Foliar micre-nutrient applications on
scrghum had failed in 1969 to show a
visible response in correcting severe
leaf-streaking observed in sorghum. As
boron deficiency is rather common
throughout the Palmira area, a large-
scale field trial evaluated the response
of sorghum to boron.

A commercial planting of P-25 sor-
ghum had shewn slow regrowth after
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Effect of boron on two
maize hybrids produced
under similar cultural
practices at CIAT's
headquarters near
Palmira.

harvest in March. Plants were cut back
with a rotary mower and various treat-
ments applied. Boron, in the form of
borax, was broadcast as a foliar appli-
cation at rate of 20 kg/ha. In an-
other treatment, the same amount of
boron was applied in combination with
150 kg/ha of urea. In addition to a
control plot, two other treatments of
300 and 150 kg/ha of urea were in-
cluded.

No visible improvement was observ-
ed in the borax treatments. However,
yields were slightly higher when com-
pared with the urea treatments. There
were no apparent cumulative effects
when boron and nitrogen were applied
together.

Boron application in maize

Maize is much more severely affect-
ed by boron deficiencies than adapted
sorghum varieties such as P-25. An
application of borax was made on part
of a production field with little or no
apparent effect on the first maize crop
seeded after application. Differences
between no boron treatments were dra-
matic in the second crop of maize. The
lack of response by the first crop is
not entirely understood but was prob-
ably associated with inadequate incor-
poration in the soil. Boron has been
known to be limiting for alfalfa and
citrus on many Cauca Valley soils for
a number of years but had not been
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reported as limiting for either maize
or sorghum.

Soybean management systems
Irrigation and soil variability

Two recently-leveled fields were plant-
ed to |ICA-Lili and ICA-Pelican soy-
beans to observe soil variability follow-
ing leveling and to evaluate the effects
of irrigation on soybean production.

Soybeans in the irrigated treatments
were planted on raised soil beds shaped
with a bedder following the forma-
tion of ridges with a lister-type culti-
vator. Two rows, 70 cm apart, were
planted on each bed. One furrow irri-
gation was made at flowering.

The effects of irrigation were shown
in both varieties by a considerable yield
increase. In one of the two fields occu-
pied by the experiment, however, soy-
beans were poorly developed and dis-
played symptoms of physiological stress.
These symptoms were similar to those
cbserved in plants infected with soy-
bean mosaic or damaged by 2, 4-D, and
occurred in rather large patches in the
field. Cause of this phenomenon has
not as yet been identified, although as
the same symptoms appeared in the
same areas upon replanting, this would
seem to rule out the possibility of an in-
fecticus disease unless it were a soil-
borne organism.



Bird damage control

The chemical DRC-736* showed prom-
ising results last year for controlling
bird damage caused by the eared dove
{Zenaida avriculata) to emerging soy-
bean seedlings. Trials this year provi-
ded more evidence of its effectiveness.

In previous trials, the chemical was
mixed with a sticker-spreader sub-
stance (Roplex AC33) to provide better
adhesion of the chemical to the seed.
The wetting action of this substance
caused some damage to the seed coat.
Consequently, corn oil was studied as
a substitute for Roplex AC33. The com-
bination corn oil - DRC-736 repelled the
doves just as effectively.

Minor difficulties were encountered
in planting soybean seed treated with
the corn oil - DRC-736 mixture. A grad-
val caking of this mixture in the re
volving planter plates causes a slower
rate of planting, which can be correct-
ed by increasing the planting rate.

Soils at CIAT's farm, El Porvenir

Previous field observations led to the
conclusion that iron deficiency might
be a serious limiting factor in sorghum,
pangola grass, and perhaps soybeans.
Greenhouse experiments in 1970 con-
firmed the iron deficiency in sorghum
on many soils at El Porvenir.

Zinc appeared to be limiting rice pro-
duction on both CIAT and ICA farms
in the Palmira area where soils had been
cut in the leveling process.

In addition to micronutrient defi-
ciencies, nitrogen deficiencies were
common on most non-leguminous crops.
Severe phosphorus deficiency was con-
firmed on at least one exposed subsoil.

Detailed sampling revealed narrow

* DRC-736 is the designation used by the
U.S. Dept. of Interior, Fish and Wildlife
Services, Bureau of Sport Fisheries and
Wildlife, Denver Federal Center, for Bay 3734
(Mensurol), a carbamate insecticide devel-
oped by The Bayer Chemical Co.

Ca/Mg ratios to be common through-
out the CIAT farm. Calcium usually de-
creased with depths as magnesium in-
creased, with ratios of .60-.70 at 80-100
cm depths. Increasing magnesium is
often accompanied by increasing so-
dium. The implications of low exchange-
able calcium, high exchangeable magne-
sium are not yet clearly known.

Rice was grown successfully on poor-
ly drained soils, including saline spots.
Rice yields of more than 10 tons per
hectare were obtained. An upland crop
has not yet been grown following the
rice to permit appraisal of the effect
of flooded rice on saline soils. Water
quality is sufficiently good to expect a
significant improvement.

A sodic soif from El Porvenir was
used in a columm-leaching experiment
in which different rates of sulfur and
gypsum were superficially applied and
incorporated. Best results ware obtained
when gypsum was applied on the surface
of the soil, but the leaching rate was
too slow to be of any practical value.

Cooperative work at ICA’s Carimagua
Center.

At the ICA Carimagua Center, located
in the Colombian Llanos Orientales, re-
search was initiated on forage crops,
flocoded and upland rice, and sorghum
during 1970,

Forage crops

Phosphorus levels are low in the soils
at Carimagua (3 ppm with Bray Il ex-
tractant). A few species of forage crops
can be established without added phos-
phorus from fertilizer; but establish-
ment is wusually slow, and excessive
seeding rates are required to get good
first season stands. Applications of 75
kg/ha of P.O; resulted in rapid seedling
establishment and development of mo-
lasses grass (Melinis minutiflora) using
12.5 kg of seed/ha, about half the rate
locally recommended. Large plots {176
ha total} for a grazing trial were estab-
lished with three fertilizer treatments:
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1) nc fertilizer; 2) phosphorus; and
3) phosphorus plus potassium. Fer-
tilized plots were ready for grazing
three to four months after seeding,
whereas non-fertilized grass normally
requires a full year before grazing.

Three experiments were conducted
using herbicides to control native sod,
and then introduced species were sur-
face-seeded with no mechanical seed-
bed preparation. Delapon was the only
herbicide tested which consistently
gave good control of the native grass
composed primarily of Trachypogon
vestitus and Axonopus purpureii. Where
control was adequate, satisfactorv
stands of molasses grass were obtainad,
and, in some cases, seeding of Stylo-
santhes guyanensis was successful.

The establishment of grasses in this
manner is of interest from several
standpoints: 1) erosion hazard would
be much less on rolling land surfaces
than with mechanical seedbed prepara-
ticn; 2) machinery investment could
be kept to a minimum, with herbicide
being custom-applied either by airplane
or ground equipment or with smaller,
non-motorized equipment; 3) much less
time would be required than with me-
chanical secdbed preparation; 4) reduc-
tion of the overall cost of seedling estab-
lishment might be possible by subtitut-
ing chemical for mechanical control.

Establishment of the forage crops
was slow even on plots where excellent
vegetation control was achieved, prob-
ably because of poor seed-soil contact.
Further trials are projected in which
a rolling ripple-blade coulter will be
used to prepare a narrow strip of soil
where seed and fertilizer will be banded.

In another experiment, a number of
legume and grass species were seeded
alone and in limited mixtures at three
fertility levels, with conventional seed-
bed preparation. Preliminary observa-
tions indicate that several species were
easily established, even with no fertili-
zer or with phosphorus only. The most
promising legumes include Stylosanthes
guyanensis, Calapogonium muconoides,
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Desmodivm intortum, and Pueraria
phaseoloides. The grasses which show
most promise for this area are Melinis
minutiflora, Hyperrhenia rufa, and Bra-
chiaria decumbens,

Rice

Two major problems have been en-
countered in growing rice on oxisols.
The first is one of reducing permea-
bility, often as high as 1,000 mm/day in
freshly plowed Llanos soils. Permeabil-
ity must be greatly reduced to grow
flooded rice successfully. The highly
aggregated soil at Carimagua was pud-
dled with a mounted rotary tiller work-
ing in water, and infiltration was sub-
stantially reduced. The first crop was
grown from March to June, and, after
the rains started, the pump was required
only once for 45 minutes to maintain
a constant depth of water in the field.

The other problem is a physiological
disease known as “anaranjamiento’”’ or
“orange leaf”. Greenhouse and labora-
tory research results obtained in 1970
support the view that iron toxicity is
in part responsible for this disease. Ex-
treme phosphorus deficiency also ap-
pears to be involved. Preplant flooding
for three weeks alleviated 'this problem
to some extent. Flooding and subsequent
reduction normally bring about many
changes in the soil, including a
rapid increase in pH, decrease in Eh
(redox potential ), and an initial increase
in iron concentration in the soil sol-
vtion. After an initial, and sometimes
sharp and rapid increase, iron concen-
tration usually decreases to a level in-
termediate between the initial level and
the high reached in most inorganic
soils within two to three weeks.

A series of greenhouse experiments
on Eh, pH, electrical conductivity, and
soil solution concentrations of iron,
manganese, and phosphorus in flooded
oxisols indicate that the soils at Cari-
magua are quite low in fertility and
that upon flooding reduction proceeds
very slowly until fertilizers are added.
Negative Eh values were never mea-




sured withcut the addition of fresh or-
ganic material, even after 18 weeks of
flooding.

It is believed essential not to drain
the soils at Carimagua once they are
flocded and puddled, as draining would
interrupt the reduction process and
might rasult in critical post-plant lev-
els of soil-solution iron. Drainag2
weuld also result in soil cracking and
a partial loss of the effect of puddling.
Rice, therefore, should be seeded into
water. Pregerminated seed has been
successfully seeded into 5-7 cm of water,
and stands have generally been good.
Yields in a farm-size paddy of IR8
grown during the second semester of
1970 ranged from 4,500 to 6,300 kg/ha
dry paddy.

The Inter-American Center for Photo-
interpretation (CIAF} has provided a
complete photo-mosaic and a tentativz
soils map based on photo-interpreta-
tion of the 20,000-hectare Carimagua
Center. The soils map will serve as the
basis for locating a livestock manage-
ment unit in a long-range research pro-
gram involving several thousand hac-
tares at Carimagua.

Training

Eleven post-graduate interns received
in-service training during 1970 — two
in soils, four in plant pathology, two
in agricultural engineering, and three in
crop production. A research fellow was
appointed for one year to work in plant
protection; and a research scholar is
enrolled at the ICA Graduate School,
working toward a master’s degree in
plant pathology. In addition, two spe-
cial trainees completed training in mul-
tiple cropping at IRRI under CIAT
sponsorship. Eleven of the above-men-
tioned trainees are from Colombia, one
is from Ecuador, and one from Peru.
One special trainee from the United
States is carrying out research in field
beans as part of a doctoral program
under the sponsorship of the Foreign
Area Fellowship Program.

Two graduate students from Cornell
University are conducting doctoral re-

search with soils from the Colombian
Lianos. One was in Colombia during
1970, cenducting field research at Ca-
rimagua and laboratory research at
ICA’s Tibaitata Center near Bogota. The
other student was in residence at Cor-
nell University, and plans to return to
Colombia early in 1971. He will live
and work at Carimagua, concentrating
on the “orange leaf” anomaly of rice
grown on flocded oxisols.

A post-doctoral visiting scientist
worked independently on flooded oxisol
systems with experiments in the labo-
ratery, greenhouse, and field. His work
has contributed ‘to understanding the

physiolcgical disease called “orange
leaf”.

Cooperative projects at Monteria

A CIAT research assistant was as-
signed to the cooperative CIAT-ICA
crop production program at [CA’s
Turipana Center near Monteria on
the north coast to collaborate in
the overall planning and work im-
plementation in crop rotation, fertil-
ization, and tillage practices.

Work begun in 1968 on land leveling
for crop production was completed,
and modifications in the drainage and
irrigation canal system for the field
were made.

Rainfall during the cropping season
was again above normal in 1970, and
this caused serious crop management
problems the first semester, and land
preparation and planting difficulties in
the second semester. Irrigation water,
available from INCORA's Cordoba Il
Project for the first time, was usad for
supplemental water needs with irriga-
ted rice.

A plot was planted to maize in Decem-
ber to evaluate production under irri-
gation conditions during the dry sea-
son. Studies on fertilization, subsoiling,
and crop rotations were planned and
laid out according to land slope in an
attempt to reduce drainage problems.
This layout was also designed to per-
mit irrigation during the dry season.



TABLE 3. Origin of 1,000 plant introductions from USDA tested in 1970.

Numbar of PI

Number ¢f PI

Country of Origin entries Country of Origin entries
China 8 Belgium 3.
United States 4 Argentina 2
Turkey 572 India 82
Venezuela 5 Guatemala 37
Ruanda Urundi 3 Switzerland 3
Canada 60 Holland 9
Iran 21 Nepal 2
South Africa 29 France 1
El Salvador 12 Italy 5
Mexico 27 Germany 17
Chile 10 Syria 15
Australia 2 Libya 12
Colombia 9 Yugoslavia 4
Brazil 3 British Cameroons 10
Paraguay 4 Nigeria 3
Ecuador 5 French Cameroons 2
Bolivia 4 Congo~ 2
Peru 3 Ethiopia 8
Arabia )

Migher yields of around 4,500 kg/ha
indicated a promising potential for rice
production in this area on poorly
drained soils.

Maize yields of about 2,700 kg/ha
were obtained with the ICA varieties
H-104 and H-154. The closeness of ih2
water table to the soil surface (25-50
cm, as measured by INCORA) makes
maize production difficult in this area,
and therefore a system of marking ridges
to raise the plants out of the water
has been utilized. The same problem
also affects other cultivated crops, such
as soybeans, sorghum, and sesame,

Food Legume Production Systems

Food legumes are considered an ex-
ploratory commodity thrust under
CIAT's production systems orientation.

A cooperative ICA-CIAT prcject to
increase and evaluate the bean germ
piasm collection of the United States
Department of Agriculture under trop-
ical conditions was initiated during
the second semester of 1970. Its initial
phase included 1,000 Pi entries of
Phaseolus vulgaris. Part of thz seed
will be sent to the United States and
part will be stored in Palmira to be
uvsed by CIAT and ICA. The 1,000 en-
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tries tested in 1970 were planted in sin-
gle row plots 6 m long and 60 cm wide.
Table 3 shows the origin of these en-
tries.

Germination was between 60 and 100
percent for all entries, but only 760 va-
rieties produced seed. The remaining
240 varieties produced some flowers
but did not set seed.

The following agronomic traits were
scored for each entry: days to germin-
ation, days to flowering, days to matu-
rity, habit of growth and disease re-
action (rust, common blight, mosaic,
and powdery mildew). Disease reaction
was scored from 0 to 5, where 0 was
the absence of disease symptoms, and
5 was complete susceptibility. Mosaic
score was made without identifying the
type of virus causing it. Habit of growth
was classified as bush, viny or semi-viny.

More than 80 percent of the entries
exhibited a disease reaction greater than
3, which means that more than 800 va-
rieties showed susceptibility to one or
more diseases.

If the range of 0 to 1.5 is regarded
as the range of resistance, the percent-
age of disease resistance was as follows:
rust, 17 percent; common blight, 10
percent; mosaic, 12 percent; and pow-
dery mildew, 18 percent.




TRAINING AND COMMUNICATION

Training and communicaticn is one of
the professional groups of CIAT and con-
sists of the following activities: Train-
ing, Information Services, Field Pro-
jects and Demonstrations, Library, Sta-
tistics, and Housing and Food Services.

The Training and Communication
Program enccmpasses activitizs de-
signed to achieve three primary goals
considered instrumental to the develop-
ment process:

1. To mobilize — the identifying of
institutions and individuals whose
roles in the various countries in-
volved are highly relevant to the
development process.

2. To energize — the bringing to-
gether of these institutions and in-
dividuals in meaningful ways and
with a catalytic-type action. This
includes information dissemin-
ation, as well as conferences, sym-
posia and other exchange activ-
ities.

3. To qualify — the training of in-
dividuals so that they can effec-
tively function in their own in-
stitutions and thus enable those
organizations to contribute sig-
nifican'tly to the developmant pro-
cess.

These activities involve a basic philos-
ophy of development which underlies
CIAT’s educational programs. It is con-
sidered that the central element of the
development process is man himself,
and therefore the behavioral changes
that can be effected in order to improve
the decision-making abilities of in-
dividvals will bear upon the speed

with which the development
takes place.

process

More specifically, this 'task involves:

1. Helping people to know and un-
derstand the alternatives for ac-
tion when faced with a problam;

2. Helping people Lo develop criteria
for choosing among alternate
courses of action; and

3. Helping people to acquire the ca-
pacity to anticipate the probable
consequences of the various alter-
natives, and to use them as cri-
teria for evaluating the appropri-
ateness of the action taken in solv-
ing a particular problem.

In addition, a prime consideration in
all of CIAT's training activities is to in-
culcate in participating individuals a
sense of urgency and dedication to
work for the development of their coun-
tries,

The training programs begin with a
clzar definition of objectives in behay-
joral change and level of performance.
The type of professional CIAT aims to
produce is one with five major com-
petencies. In addition to acquiring prac-
tical experience and applied training in
farming within the context of the hu-
mid tropics ecology, this professional
should also obtain from CIAT's pro-
gram a familiarity with and ability to
handle the economic, scientific, tech-
nical, and communication aspects of
modern agricultural production and dif-
fusion of technology. Tha training 2m-
phasizes problem-solving and produc-
tion-related cbjectives which are taught
through a Jearn-by-doing methodology.
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Finally, follow-up and support pro-
grams are designed to keep in close
contact with alumni so as to enable
CIAT staff to assist above and beyond
the training per se in the trainess’ re-
spective institutions and countries.

PROGRAM DEVELOPMENT

An important development in the
Training and Communication program
has been the increase of funds for
trainee support, In addition to the fel-
lowships made available in the Kellogg
grant, AID supported 34 trainees in
1970. Some of the core budget also has
been allocated to support research fel-
lows cbtaining advanced degrees and
additional post-graduate interns.

At the very site of the
cattle ranches a CIAT
trainee (left) had an
opportunity to discuss,
share experiences and
take decisions with ranch
owner (right) and farm
manager (center).

A portable scale used to
weigh steers in the
evaluation of cattle man-
agement systems in a
cooperating ranch on the
north coast of Colombia.

A contract was signed with the Inter-
American Development Bank (BID) for
a grant of $300,000 to carry out a
series of production specialist training
courses — some in tropical crop produc-
tion, and others in livestock produc-
tion over the two-three year period
beginning in January, 1971.

TRAINING

As CIAT gains experience in training
within 'the socio-acological context of
the lowland tropics, a categorization
of training activities and consequently
of trainees themselves becomes feasible.

Faced with the nesd to provide prasz-
tical experience for young graduates,
CIAT created a category of trainee call-




ed post-graduate intern. Included in
this category are in-service training and
what has been termed production spe-
cialist training. In-service trainees spend
varying periods of ‘time applying aca-
demic training obtained throughout their
university careasrs in CIAT research and
development projects, directly super-
vised by a senior staff member.

Production specialists are treated as
a group specializing in the various as-
pects of efficiently producing a parti-
cular commodity. Major emphasis is
placed on 'the applied aspects of pro-
ducticn, although some classroom train-
ing is also provided.

While the training activities mentione:l
above emphasize research and pro-
duction techniques and abilities, CIAT
also has collaborative arrangements
with various academic institutions for
graduate studies leading to advanced
degrees. The thesis work is performed
under the supervision of CIAT staff and
concentrates on a problem related to
the humid tropics. The degree is grant-
ed by the collaborating institutions.

During 1970, a total of 69 ‘trainees
participated in the wvarious training
programs of CIAT. This total included
29 production specialists, 25 in-service
trainees, 2 research fellows, 7 research
scholars and 6 special trainees. These
trainess represented the following
countries: Colombia (53), Peru (2), Do-
minican Republic (2), Ecuvador (5),
Brazil (2), Argentina (1), the Nether-
lands (1), and the United States (3).

Beginning in June, 1970, seven train-
ees were selected from various univer-
sities in Colombia to perticipate in a
crop production  specialist  training
course. After 15 days of intensive train-
ing in interviewing techniques and diag-
nosis of maize production problems,
they participated in a study to identify
some of the factors associated with
low maize yields cbserved among smalli
farmers in Colombia. These trainess
learned 'to interact effectively with the
small farmer as they interviewed some

300 maize producers, both on the agro-
nomic as well as the socio-economic as-
pects of their operations. The training
program for these crop production spe-
cialists is continuing through June,
1971, with instruction in the produc-
tion techniques of other crops grown
under tropical conditions.

Involvement of these production spe-
cialists (whose background is mainly
of a technical nature) in socio-economic
research, as in the case of 'the study
menticned above, has proven to be an
efficient mechanism both for instruc-
tion and for motivation of the trainee,
He becomes, through this type of on-
the-job training, directly involved with
farmers and learns to analyze their
problems from more than just a tech-
nical standpoint. The trainee thus ac-
quires an understanding of the social
context within which these problems
occur and comes in contact with the
complexity involved in finding appro-
priate solutions.

In-service postgraduate interns

In-service training is predicated on
direct supervision by one or more staff
members. Areas of sludy covered in
1270 included a broad range of special-
izations. Beef production, swine produc-
tion, and animal health were grouped
under animal science; and crop produc-
tion, food legumes, plant pathology,
opaque-2 maize production, rice pro-
duction and cassava production within
plant science. The 25 trainees within
this category were distributed as fol-
lows: animal science, 5; plant science,
15; agricultural economics, 3; and
agricultural engineering, 2.

Research scholars

Three research scholars are nearing
completion of their training in com-
munication under CIAT auspices at the
graduate schcol in Chapingo, Mexico.
In addition, four trainees at ICA's grad-
vate school in Tibaitata are continying
their work for the master's degree. Two
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At the final stage of the Livestock

week seminar was held to discuss the trainees’ experiences on the north coast

ranches with CIAT staff members and officials of the major Colombian agricultural
institutions.

of these are in animal health, one in
plant pathology, and one in swine pro-
duction.

Rasearch fellows

Research fellows already possess an
advanced degree. They are appointed
for one year to carry on research in
a specific problem area. During 1970,
two research fellows completed their
appointments — one in swine produc-
tion and one in plant protection.

INFORMATION SERVICES

The equipment for the small offset
reproduction plant was installed at
CIAT headquarters in 1970 and most
of the printing work is now being han-
died in CIAT’s shop, although large
jobs are done commercially.

During 1970, the first CIAT Annual
Report (English version), containing a
narrative account of CIAT activities dur-
ing 1969, was published, The Spanish
edition is being published in 1971.
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Production Specialist Training Project a one-

A descriptive brochure stating CIAT's
objectives, philosophy, programs, and
short and long term goals was printed in
English and Spanish. A pamphlet de-
scribing CIAT’s training programs and
requirements was issuzd in Spanish.

CONFERENCES AND SYMPOSIA

Conferences and symposia help CIAT
to establish closer contacts with key
institutions and persons, and 'to dissem-
inate information and influence policy
decisions regarding important agri-
cultural issues for the tropical coun-
tries.

Through its rice production program,
CIAT has produced improved varieties
with a higher-yielding capacity. These
varieties are now ready to be released
to rice-producing countries, and, as a
related activity, a seminar on rice in
i_atin America is scheduled for October
10-14, 1971,

Simultaneous translation eguipment
has been purchased for immediate use



this year in CIAT's present facilities and
for future permanent installation in thz
projected Continuing Education Center
buildings.

In addition to international activities
regarding conferasnces and symposia, an
internal seminar series was begun at
CIAT headquarters in September, 1970,
for staff members and trainees. These
seminars focus on agronomic and re-
lated economic problems within thz low-
iand tropics and present staff mem-
bers and trainees with the oppeortunity
to exchange ideas on research problems
and their possible solutions.

LIBRARY

At the end of its first full calendar
year existence, the Library's collection
stood at 3,546 volumes. The Library
was receiving 455 journals by subscrip-
tion, gift and exchange. The total num-
ber of titles cataloged during the year
was 1,345,

A large collection of maps dealing
with CIAT’s areas of interest in Colom-
bia and a collection of catalogs of man-
ufacturers and dealers of equipment

and supplies suitable for CIAT's pro-
grams were cbtained.

The Library had bound 475 volumes
of journals and books on contract with
binderies in Cali and Palmira.

To notify CIAT's staff of new acqui-
sitions, the Library issues a montly list
of titles cataloged entitled Ultimas Ad-
quisiciones. The list is also distributed
to libraries and scientists in Colombia
and other countries which express in-
terest in receiving it.

STATISTICS

The statistics section of CIAT has
been planned and budgeted to start op-
erating in 1971. A consultant, Dr. Hen-
ry Tucker, professor of systems engi-
nering, University of Arizona, made a
brief visit to CIAT in October, 1970,
and will come again for two weeks in
March, 1971, to make a more detailed
analysis of CIAT's statistical and com-
puter needs. In anticipation of the final
staffing and equipping ‘of the statistics
section, an informal survey of compu-
ter facilities was made in the four ma-
jor cities of Colombia.
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CALI-COLOMBIA

March 25, 1971

To the Board of Trustees of

Centro Internacional de Agricultura
Tropical (CIAT)

We have examined the halance sheet of Centro Internacional
de Agricultura Tropical (CIAT) as of December 31, 1970 and che re~-
lated statements of income and expenses and of changes in fuhd bal-
ances for the year. Our examination was made in accordance with
generally accepted auditing standards and accordingly included such
tests of the accounting records and such other auditing procedures
as we considered necessary in the circumstances.

In our copinion, except for the understatement of the
excess of expenses. over income described in the following paragraph,
the accompanying financiel statements examined by us present fairly
the financial position of Centro Internacional de Agricultursa
Tropical (CIAT) at December 31, 1970 and the results of its opera-
tions for the year, in conformity with generally accepted account-
ing principles.

We stated in our opinion dated May 8, 1970 that we regard
the inclusion in the financial statements for the year 1969 of cer-
tain commitments for future expenses (mainly materials and supplies)
as not belng 1in accordance with generally accepted accounting
principles. These expenses were incurred in 1970 and as a result
the excess of expenses over income for the year is understated by

$88,275.
VM\A/W*@



CENTRO INTERNACIONAL DE AGRICULTURA TROFPICAL (CIAT)

BALANCE SHEET

DECEMBER 31, 1970
(Expressed in U.S. dollars — Note 1)

ASSETS (Note 2)

Cash and banks
Demand deposits

Funds on deposit with, or allocated by,
The Rockefeller Foundation, New York
(for purchases)

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

Advances to employees

Advances to contractors and others

Miscellaneous aecounts receivable

Property and equipment (Note 3):

Land

Farm equipment

Laboratory equipment

Furniture, fixtures and office
equipment

Vehicles

Construction in progress

Other assets:

Experimental livestock

Books and periodicals

Liabilities:

Total assets

3,206
224,232
171,316

145,314
248,313
474,393

43,846
41,778

925,374
33,993
388,198

57,598
16,399
62,216
23,295

1,266 774

85,624

LIABILITIES AND FUND BALANCES

Accounts payable

Accrued employees’ benefits

Deferred income — advance from Interamerican
Development Bank, Washington, D.C.

Fund balances (accompanying statement):
Capital asset fund
QOperating fund — deficit
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Total liabilities and fund balances

2,859,471

53,082
20,854
73,936

25,000

2,828,883
(68.348)

2,760.535
2,859,471




CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
STATEMENT OF INCOME AND EXPENSES
FOR THE YEAR ENDED DECEMBER 31, 1970

(Expressed in U.S. dollars — Note 1)

Income:—
Operating grants (Note 4):

The W. K. Kellogg Foundation, Battle Creek 69,956
The Rockefeller Foundation, New York 423.408
The Ford Foundation, New York 500,000
Agency for International Development, Washington, D.C. 240.107
1,233,471
Interest 12.897
Sale of farm nroduce and miscellaneous jncome 21 627
1 267.995

Expenses:
Salaries, wages and employees’ benefits 881.746
Agricultural and other materials and supplies 167,324
Freights and miscellaneous shipping expenses 43,283
Travel 169,713
Trainees’ allowances and expenses 150,573
Maintenance and repair of equioment 58,968
Insurance 20,773
Telephone, telegraph and postage 16,239
Rent 5,918
Light, power and water 2,198
Trustees’ compensation and travel 11,097
Security services 7,108
Publicity and printing 6,313
Cafeteria — net 4524
Consultants and professional fees 5,911
Conferences 1,609
Entertainment expenses 2,045
Exchange loss 2,389
Subscriptions and books 2,472
Contributions to local schools 1,366
Miscellaneous 17,232
1,578,801
Excess of expenses over income 310,806



CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)

STATEMENT OF CHANGES IN

FUND BALANCES

FOR THE YEAR ENDED DECEMBER 31, 1970

(Expressed in U.S. dollars — Note 1)

Fund balances, December 31, 1969

Transfer of 1969 revenue of the capital
asset fund credited to operating income
of that year

Reimbursement of unexgended operating
funds of 1969:

The Rockefeller Foundation, New York
The Ford Foundation, New York
Capital grants (Note 4):
The W. K. Kellogg Foundation, Battle Creek

The Rockefeller Foundation, New York —
Cash and allocation of funds

Adjustment of excess of capital grant
received in 1969

Agency for International Development,
Washingon, D.C

Revenue of the capital asset fund in 1970

Excess of expenses over income in 1970
(accompanying statement)

Fund balances, December 31, 1970
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Operating Capital asset

fund fund
356,719 1,886,685
( 9,088) 9,088
( 4563)
(100,610)
45,029
776,247
( 6,819)
18,717
99 936
(310 806)
( 681348) 2,828,883




CENTRO INTERNACIONAL DE AGRICULTURA TROPICAL (CIAT)
NOTES TO FINANCIAL STATEMENTS
DECEMBER 31, 1970

(Expressed in U. S. dollars)
NOTE 1:

All foreign exchange {ransactions are controlled by the Colombian govern-
ment and, accordingly, all foreign exchange received in Colombia must be sold
through official channels. The following exchange rates were used to translate
Colombian pesos (P) to U.S. dollars (8):

P/$1
Peso balances included in cash and 19.09 Approximate year-end ex-
banks, deposits, advances, accounts change rate
receivable, other assets and liabil-
ities
Peso disbursements for property and 18.52 Average monthly rate of ex-
equipment and expenses change applicable to sales of
dollars
Peso income 18.34 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:

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

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

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

4. CIAT is exempt from all taxes.

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

6., 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 principles applicable to nonprofit
organizations, CIAT does not record depreciation of its property and equipment.

NOTE 4:

Grants are generally designated as to purpose (acquisition of capital assets or payment
of expenses). When no such specification is made the part of the funds received which
is used to purchase capital assets is included in the capital asset fund and the remainder
in income of the operating fund.
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