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Foreword

Tropical Latin America, like other developing regions of the world, is struggling
against the crushing, interrelated problems of poverty. hunger, malnutrition and
inflation—problems that have been complicated by nuprecedented urban expansionasa
result of rapid demographic growth and migration to the ¢ities from rural areas, Increased
agriciltural preductivity is an essential component in the alleviation of these problermns.
Those who remain in the rural areas must produce more, not only to improve the standard
of living of their own families but also to feed the growing percentage of people engaged in
nonagricultural activities,

The combination of rapidly rising population and increased purchasing power is
expected to result in an annual increase of 3 to 4 percent in demand tor food during the
next ten vears. Unless food production rises at an equally rapid pace, growing inflationary
pressures on fooed products can be expected. This can unly create additional hardships on
the lower income segments of the population who spend most of their income on food and
who need to improve both the quantity and quality of their food consumption in order to
overcome serious malputrition.

Impressive progress has been made inagriculteral production; however, this has been
nullified by demographic growth, In Latin America, CIAT s major area of responsibility,
population is currently estimated to be increasing at the rate of 2.9 percent yearly. In the
worid as a whole, agricultural production has advanced at a slightly more rapid pace than
nopuiation during the past 20 years, but the distribution of these increases has been
disastrously uneven. The tropical, developing countries who have sustained three fourths
of the population increase have achieved only one fourth of the increase in agricuitural
production. A look at the map will readily indicate that most of the world’s hungry
natiens are located between latitudes 30° north and 30F south, Agricultural productionin
this area, in spite of warm weather permitting year-round cropping, is increaging less
rapidly than population. In these parts of the world, there are technological obstacles o
production, the solution of which is vital to ail mankind,

Continuation of past trends is unacceptable. A great part of the increases in production
in the past has been brought about by expanding the amount of land under cultivation
and by using more purchased inputs. The shortage of land that can be brought into
production without large investments, the rising costy of fertilizers and pesticides, the
need to Jower production costs in order to minimize inflationary trends, as well as the
urgency of the situation, require that new technology, which will make possible dramatic
increments in productivity, be developed and made available wo farmers,

CIAT, as an international agricuitural research and training center dedicated to the
improvement of human welfare through increased food production in the tropics, can
contribute to thig urgent nced. It must be emphasized, however, that CIAT is oniy one link
in the chain of institutions required fo accomplish this important task. The national
institution is the key in the adaptation and delivery of new technoiogy developed at the
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international level and in providing feedback regarding local needs and problems. CIAT
is, therefore, working closely with national agencies in the development and testing of new
technology and in training with the purpose of developing specific skills, as well as a sense
of urgency, in the development and delivery of technology at the national level.

CIAT expects to benefit both the rural and urban poor by developing new technology
that will increase food preduction without raising costs. It is essential that this new
technology developed at CIAT increase production at lower unit costs and require a
minimum use of purchased inputs. It must be economically viable, socially acceptable and
biokogically suitable under the conditions of low resource farmers.

Substantial progress, described in detail for each program in this report, was made
toward the achievement of these goals in 1975,

Research and training highlights

In regional cassava variety trials in farmers' fields at nine ecologically different
tocations, ranging from 10 1o 1,450 meters in altitude, and without the use of fertilizer,
msecticide or fungicide, CIAT selections vielded an average of 30 tons| ha, as compared
with an average yield of 18 tons{ha for the local varietics, These results indicate a great
potential for improving cassava yields by varietzl improvement without the need for
costly purchased inputs. There are strong indications that resistance to economically
important pests can be bred into future hybrids. Evaluation of a natural infestation by the
Oligonychus spider mite in 1,884 lines in the germplasm bank indicated that 427 hines were
resistant. Furthermore, evaluation of 45 lines by artificial infestation with Mononychellus
sp. revealed several lines with good intermediate resistance.

There is also optimism that the nitrogen fixation barrier, which has so far limited this
very useful process in beans, can be broken. Some variety! culture combinations have
produced considerably higher levels of fixation than those previously recorded for
Phaseolus vuigaris. Another development that points the way 1o future higher yielding
bean hybrids is the discovery that high bean yields and high rates of nitrogen fixation are
closely correlated with the length of the growing period before flowering,

In 1975 important advances were made in the building of a germplasm base for the
development of iegume-based pastures to increase beef productivity substantially on the
vast, but infertile, allic savanna sois of the tropics. Additional collections from Brazil,
Colombia, Guyana and Venezueln increased the number of total Stylosanthes spp.
accegsions to 570. Although Stylosanthes still appears to offer great potential, grazing
trials demonstrated the scrious damage that stemborers and anthracnose leaf disease can
inflict. Fortunately, sources for resistance to both have been identified in the germplasm
collection,

Swine feeding trials demonstrated that simple diets based on whole grain sorghum
produced almost as good results as the best diets utilizing ground cereals. This should be
particularly useful to small farmers who wish to feed home-grown products to swine and
do not have access to grinding equipment or capital to purchase it.

CIAT's agricultural engineer recently completed and tested a proiotype 24-inch
diameter axial flow pump. This simple pump, driven from the power take-off of a tractor,
delivers approximately | cubic meter per second against a head of up to [ 8 meters, Sucha
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low-lift, high volume pump, which can be reversed to move water in either direction,
appears ideal for irrigation and drainage in many of the seasonally flooded areas of South
America, where even limited water control could greatly reduce crop losses and providea
tremendous potential for rice production.

Substantial progress was made in the trend towards training production and research
ieams for specific countries. The first experiment, combining this philosphy with the
transfer of the practical training phase of the livestock production training course to the
home country of the trainees, was highly successful. Eleven Paraguayans spent seven
months on selected ranches learning praciical skills under the supervision of CIAT and
Universidad Nacional de Asuncidn staff.

Organtzational developments

In addition to these achievements in research and training, there were a number of
organizational developments designed to enhance the advancement and transfer of
technology. Through workshops, procedures were outlined for the cooperative testing of
new bean and cassava varieties and the establishment of the Latin American bean
network, where CIAT will provide training, germplasm and consultation services under
tire overall guidance of a Bean Technical Advisory Committee.

A mechanism for validating technology under real farm conditions was incorporated
into the individual commodity programs in 1975 through the ¢stablishment of outreach
production specialist positions and the assignment of full-time economists to each of
CIAT's major commodity programs.

The CIAT administration has been reorganized to replace a single Deputy Director
General with two high-level positions: Associate Direstor General {International
Cooperation) and Associate Director General (Research), The assignment of a full-time
staff member at this level to international cooperation ensures an expanded effort in
strengthening relations with national programs and in the transfer of technology.

International cooperation

Three Rockefeller Foundation-funded CIAT staff assigned to the Instituto de Ciencia y
Teenologia Agricolas (HCTA) in Guatemala, as well as a number of Guatemalans who
completed traiming at CIAT, continued to contribute to the development of this
innovative organization. Most of JCTA’s trials of varieties and cultural practices are
conducted in farmery’ fields. In 1975, 229 experiments and 562 ficld trials were conducted
with farmers in five selected regions in Guatemala. A five-year plan was drawn up for
expansion of this type of work in Guatemala.

CIAT staff traveled extensively in Latin America in 1975 to establish cooperative
programs and provide requesied consultant services throughout the continent. Such
travel invelved 777 man-days of consultation in the following countries:

Argentina Ecuador Panama
Bolivia El Salvador Peru

Brazil (Guatemala Puerte Rico
Chile Honduras Venczuela
Costa Rica Mexico

Dominican Republic Nicaragua
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The Director General and the Associate Director General for Interpational
Cooperation visited most of these countries to discuss increasea collaboration between
CIAT and national programs.

Administrative developments

In 1975 the CIAT Board of Trustees welcomed two new members: Dr. Luis Paz Silva
{Peru) and Dr. YVictor Oyenuga {Nigeria). During this year the terms of office expired for
Dr. Roberto Meirelles de Miranda {Brazil), Dy, Fabian Pertilla{Ecuador) and Dr. Philip
Sherlock (Jamaica), In addition Dr. Moisés Behar Alcahe {Guatemala) found it necessary
to resign as a Board member due to his new responsibility as Chiefl of the Nutrition Unit
at the World Health Organization in Geneva. At its annual meeting in 1973, the Board
glected the following new members: Dr. Paulo de T. Ablvim (Brazil), Dr. Almiro
Blumenschein (Brazil), Dr. Matthew Diagp (United Kingdom, working in Nigeria} and
Dr. Werner Treitz (Germany).

This year CIAT lost the services of several members of the senior stafl who had
contributed greatly fo the establishment and execution of CIAT's programs in its
formative years. These were Dr. F.C. Byrnes, whe moved to New York 1o become
Drirector of Research and Training in the newly formed International Agricultural
Development Service; Dr. Peter Jennings, who also moved to New York to become
Associate Director for Agriculturai Sciences of the Rockefeiler Foundation; and Dr. J.H.
Maner, who moved to Salvador, Brazil, where he will head up the agricultural aspects of
the Rockefeller Foundation’s cooperative program with the Universidade Federal da
Bahia.

CIAT welcomed the arrival of Dr. Kenneth O. Rachie, formerly Assistant Directorand
Leader of the Grain Legume Improvement Program of the International Institute of
Tropical Agriculture in Nigeria, as its new Associate Director General for Research. Dr,
Anthony Bellotti was also welcomed as a new senior staff entomologist in the Cassava
Program, having been promoted from a postdoctoral position. Mr. Jesus Cuéllar was
promoted to Executive Officer from his previous position as Head of Human Resources;
and Mr. Alfonse Diaz, Station Superintendent, was elevated to the senior stafi level

CIAT considers that the basic food situation, particularly in Latin America where our
major effort is concentrated, is urgent but not hopeless. The results now beginning to
smerge from our young program are exeiting, and mechanisms have been established to
transfer these findings te national programs for adaptation, validation and delivery to
farmers. By focusing our efforts on those areas where international centers have the
greatest comparative advantage, by adhering to the principles of complementarity and
cooperation with colleagies in nationa! programs, by orienting our efforts to the
important rather than the interesting, and by maintaining a muitidisciplinary effort to
solve important production problems, CIAT is optimistic about making significant
progress. We expect that these achievements will contributesubstantially to the solution
of basic human problems and bring about increased welfare and human dignity to many.
Our staff of outstanding scientists from 13 nations ts dedicated to thistask. Theresults on
the pages that follow give us hope.

John L, Nickel
Drector General
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Climatological data for
four CIAT research sites

CIAT scientists conduct primary
research at four centers in Colombia: at
CIATs headquarters near Palmira; at the
Turipana and Carimagua rescarch stations
of the Instituto Colombiano Agropecuario
{ICA); and the Popayan research station of
the Secretaria de Agriculturadel Canca. In
addition, testing 1s done at many other
locations throughout Latin  America.
Summary data on temperature, rainfall
and edaphological conditions at most of
these stations are fisted in the individual
reports of the Beef, Bean, Cassava and
Maize Programs reprinted from this
comprehensive Annual Report,

In this seciion are data for long-term
monthly temperature and rainfall averages
at the four primary locaticns in Colombia.
Data for the Turipanéd station is (rom the
station itself; data for the other locations
are from adjacent (Popayan and CIAT) or
nearby {Carimagua) weather measuring

stations.  Detailed data for other
climatological factors are available for a
long period at ICA’'s Palmira station, This
data provides a comprehensive picture of
conditions under which much of CIATs
primary crop screening work is conducted,

Palmira

The climate at Palmira, in the Depar-
tamento del Valle, represenis a typical
equatorial upland environment with a
bimodal rainfall distribution (Fig. 1). The
comparatively low mean annoal rainfall is
due to the orographic effects of both the
eastern and western Cordilleras of the
Andes. Negligible seasonal mean
temperature variation strongly contrasts
with strong seasonal variation in rainfall,
The two dry seasons are normally short,
July and August are the driest months with
NE winds predominating.
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Figure 1. Monthly means of several climatological
factors for CIAT, Palmira {meteorological station at
ICA research station. Palmirs, Departamento del
Yaller Lat. 335N, Long, 76519°W; altitude 1,083
maetersh
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Popayin

The climate at the research site near
Popavin, in the Departamento del Cauca,
15 also representative of equatorial upland
climates in other areas of the world {Fig. 2).
The bimodal rainfall distribution is quite
similar  to Palmwra aithough rainfall,
particularly in the second wet season, is
much  higher, The lower ambient
temperatures directly reflect the higher
altitude,

Turipans

The climate at Turipana, in the Depar-
tamento de Cordoba, is strongly represen-
tative of other lowland itropical en-
vironments with a wunimodal rainfall
distribution at sub-equatorial latitudes
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Figure 2. Monthly mean precipitation and
temperatures  for  Popaydn  research  location

(metearological station at Estacién José Maria
Obando, Federacion de Caleteres, Deparianento det
Cauca: Lat. XIPN, Long. 7835W, altitude 1,830
meters).



(Fig. 3). The higher mean temperature is a
direct reflection of the lower altitude.

Carimagua

The tropical savanna climate at
Carimagua, Departamento de Meta, is
typical of intand regions in the equatorial
and sub-equatorial zones with a more or
less unimodal rainfall pattern, strongly
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Figure 3. Monthly wmean precipitation and
temperatures for Turipand (meteorological station at
ICA research station, Turipand, Departamento de
Cardoba; Lat. BN, Long, 76"W; aititade 13 meters).

contrasting wet and dry seasons, high wet
season rainfall and higher wmperatures
during the dry season (Fig. 4},
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Figure 4. Monthly mean grecipitation and
temperatures for Carimagua ares {meteorological
station #1 Estacidn Las Gavietas, Centro de
Desarrollo Integrado, Comisaria de Vichada: Lat.
4°30°N, Long. TOO40'W {approx); altitude 150 meters).
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Beef production systems

HIGHLIGHTS IN 1975

The overall objective of the CIAT Beef Cattle Production Systems Program is to
develop economically viable technology to increase beef cattle production in the lowland
American Tropics. Principal attention is given to the infertile aflic soil savanna lands
whichecover an area of approximately 300 million hectares. It is estimated that ong-half of
the 130 million head of cattle found in the American lowland tropics are located in these
allic soil areas.

Primary research emphasis is on improving the nutrition of beefl cattle through the
development of legume-based pasture systems. Supporting research is conducted in
ammal hushandry and animal health leading to integrated beef cattle production systems.

Principal field research is carried out in the Colombian Llanes. This includes work at
the Carimagua station of the Instituto Colombiano Agropecuario (ICA), and alse on
private farms and with the Caja Agraria. Additional field research s under way in the
North Coast of Colombia, with the collaboration of ICA, the Caja Agraria and private
farmers. Supporting field and laboratory research is conducted at CIAT and other
locations in the Caucs Valley.

Training for research workers includes in-service training and realization of graduate
student theses, Livestock production specialists receive classroom and laboratory
instruction at CEAT and field training on private farms. Technical assistance is provided
to university traning programs.

Major research and training highlights of the program are;

The CIAT Forage Germplasm Bank is now a working collection of international scale.
The bank contains some 1,200 accessions, including 570 accessions of Stylosanthes, the
predomunant leguminous genus of economic importance in allic soil savannas,

The Stylosanthes screening and evaluation project seeks to identify high yielding,
persistent cultivars adapted to allic soils and resistant to anthracnose { Coflerotrichum
gloeasporioides Penz) and stemborer attacks. Regional trials were initiated in Brazil to
evaluate stylo germplasm. In these tests, C1A'T varieties gave the highest dry matter yields
and anthracnose resistance ratings,
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Seed production of potentially useful accessions of Stylosanthes, Centrosema and
Desmodium species has advanced in terms of seed produced and distributed and in new
production areas established.

Excellent zstablishment of Centrosema pubescens and Desmodium intortum in
Pangola pasture was obtained by sceding in strips following band appheation of
glyphosate, to kill grass in the strips.

In native grasses, no advantage was shown for sequential burning of separate plots at
eight different times throughout the year as compared to burning the entire area at the
beginning of the dry season.

Cattle grazing Bragchiaria decuwmbens pastures had considerably higher weight gains
than cattle graziog Hyparrhenia rufa, Melinis minutiflora, and Paspahom plicatulum
pasture.

Use of cassava forage as a protein supplement for low protein, elephant grass based
diets improved growth rate and feed efficiency of steers.

Prevalence studies for breeding diseases, hemoparasitic diseases and ectoparasites were
cgrried out in four tropical areas of Colombia, three of them as training exercises.

Interpretation of the results of the animal disease prevalence studies was started in
terms of economic impact to the farmer. Cost] benefit studies of disease control were
statted with anaplasmosis and babesiosis, and model simulations were made for
comparison of control strategies for {foot and mouth disease,

Simulations of varying size cattle upits indicate the importance of reducing total
investment in the establishment of improved pastures, by limiting the amount of
irnproved pasture to that needed for the eritical phases of the livestock production cycle.
and by reducing establishment costs,

Phosphorus and trace mineral supplementation of cattle grazing native grass pastures
has increased calving percentage by 44 percent. Early weaning of calves at 80-90 days of
age has increased calving percenlage by 43 percent and reduced the rebreeding interval by
4.5 months,

Training was provided this vear for & postgraduate interns, 13 special trainees, 7 visiting
research associates conducting their doctoral research, 3 research schelars and 20
livestock production specialist trainees.



ECONOMICS

Variations in cattle production and
productivity in Colomhbia

lavestment behavior in the hvestock
mdustry in Colombia was studied in order
to measure the dynamics of response (o
changes in beef and milk prices. credit
volume, eic. as they affect slaughtering and
herd size. Moreover, an explanation was
sought for the annual variations i the
percentage of females slaughtered, many of
which were pregnant. It was necessary to
reestimate herd sizes according 1o age and
sex for certain penads of time, Although
some data were available for Colombia,
they seemed unreliable,

Table | summarizes some of the results
of the serics compiled by CIAT economists
for the 1940-74 period. Technological
parameters based upon  reseurchers’
opinions and other beef cattle studies were
used in its preparation. The decreasing rate
ol improvement of these parameters could
be partially explained because of regional

cattle displacement toward areas with
poorer soil. The stability of the rate of
extraction {estimated at 12 percent} is
indicative of the steady state of herd
productivity between 1940 and 1974, As
comparisons, the 1970 extraction rates in
Argentina and Brazil were 25 and 13
percent, respectively.*

The second stage of this work, which s
still being developed, will help in explain-
ing the behavior of herd sizes and slaughter
over 4 period of time,

Econoemics in relation fo animal health

During 1973, the development of
mcthodology for the cost-benefit analysis
of varidus levels of foot and mouth disease
control in Colombia continued.

The first stage of this investigation. dong
last year, consisted of estimating losses per
farm due to foot and mouth disease in
swine { 1974 Annual Report). Thisresearch
served  as a4 basis for developing a
* Faor Colomba. the slaughicr data dud not include

clandestine slaughter or iflegal cxport activities.
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Fable |
slaughtered in Colombia.

Variations in beef eattle herd sizes, calving and mortality rates and proportion of males and fernales

Average annual rate o

Slaughter of

inceeasy meresse reduction in females as

m herd in calving mortality ¢ of males Extraction
Feriad size {7¢} rine (96 rate {¥} sinughtered rate (%)

- ¥
19430-49 0.6 12 {9 S22 65.0 120
195059 R 6.3 0.2 -0.5 660 120G
1960-69 24 0.3 3 -3 59.0 P18
1576-74 [P 1239+
o CUattie older than | yuar
= Cantbe youiget than bosgEr

T Ypere for 1978
microeconomic  simulation  mede!  country, as well as under different methods

applicable to beef cattle, making it possible
ic study losses at the farm level. As part of
the methodology, CIATs anmal health
team designed an epidemiclogical model of
{foot and mouth discase occurrence for
endemic regions (Fig. ). The unit of
observation is the beef cattle population of
a region, distributed o nine
epidemiclogical categories (x7). Categories
are interconnected by a series of refations
that invelve animal flows from one
category inte another {(Fif). Bolid lines
show the direction a sick animal may take
n an endentic area where there are periodic
outbreaks of foot and mouth disease,

This analysis was gxpressed as a com-
puterized mathematical model by
ceoromists with the aid of CIATSs
biometrics team. The model wasdeveloped
in stochastic and dynamic terms, using
Markov's theory of stochastic processes,
Flows were represented by probabilities of
transition {Pif), which indicate for each
stage of the disease the fraction of animals
that are trapsferred from class i to 7, as a
proportion of the total animals that leave
class L

The model makes it possible to predict
the natural course of the disease for a
period of time in an endemic region or
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of control. Thys one can appraise relative
merits of each control method by es-
timating concomitant ¢ost-benefit flows.

The economics of massive and periodic
preventive vaceination is considered as a
possible strategy and a set of transitional
probabilities, different from those used to
deseribe the natural evolution of the
disease without this vaccination, was
defined. An  additional flow between
susceptible and resistant animals appears
{or this strategy (dotied line in Figure 1}
The magnitude of this flow depends upon
the percentage of the population vac-
cinated against foot and mouth disease and
the efficiency of the vaccine in relation to
the degree of immunity, It s assumed that
the starting point for the vaccination
medel is a long-run. stable endemic
situation, in which there are no other
mterferences in the natural course of the
disease. The selected unit of time was ong
week because it was the minimum common
denominator in relation to the length of
each stage of the disease. The application
of Markov's processes makes it possible to
simulate the proportion of animals in each
epidemiological category throughout the
period of time until the new long-term,
stable balance is reached by means of a
massive vaccination plan, The model
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Figure 1. Flow chart of the different epidemiological
endemic region.

predicis the number of sick animals and
deaths per week. The same model s
applicable to alternative strategies.

Economic losses associated with each
alternative will be obtained from the
simulation microeconomic model. In other
words, the epidemiological mode! will
make il possible to evaluate iosses at the
regional (or national} level, using es-
timated losses per amimal by means of
simulation analysis at the farm level,

Tables 2-4 show some prelimimary
resuits  obtained by simulating a
hypothetical vaccination campaign on the

Elow of animals that become resistang through vaccinaiion ro foot and mouth diseasc

categories identified fur fool and mouth disease inan

Colombian North Coast, using an
epidemiclogical model with Markov's
processes. This analysis can he used 1o
examine parameter  sensitivily and
confidence levels,

Economics of beel production systems

As & continuation of the project describ-
ed in the 1973 and 1974 Annual Reports,
some methodological clements were in-
cluded during 1973 and applications of the
model to a family farm prototype and 10
large-scale ranches operating under con-
ditions similar to those represented by the
Carimagua region were carried out,
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Table 2.
foot and mouth vaccine,

Lofig-term estimates of the number of susceptible and diseased cattle in relation to the efficiency of

VYaccine efficiency (%)

65 75 u Eal
(X 10,000
Na. of susceptible
animals 2354 2,233 2,425 2026 1,936
Annual marbidity X0 204 17a 139 198

eyt eny,
and mowtk divease outheeakl

As regards methodology during 1975,
emphasis was on risk elements such as
calving rates, cattle price fluctuations and
pasture establishment and longevity. The
results reported below inchide only the
probability ireatment of calving as the
other risk clements are stil! being analyzed,

Family farm prototype

The simulation of alternative produc-
tion systems was conducted with data
collected at the family farm unit on the
Carnmagua station.™®

The main restriction set on the farm was
a maximurm herd size of 36 cows, which
was estimated to generate a family income
of at least US $400 annually. Table 5

* A desriptian of the development and {aciiities of
the family farm ot s in the 1974 Annual Report,

Table 3

Y vacamatsd, dunnpal acoinstion oycles, x S95 rure of atiacks and nn outbresk every Eysars (1 25 probabifin of 2n 2nmml foor

summarizes some of the possible systems
analyzed.

Basically, systems with or without
improved legume and grass pastures were
compared. For systems without improved
pastures, management is being intensified
by practices such as early weaning, feeding
of complete minerals, technical agsistance
(especially in animal health), investment ia
stock waterers, etc.

To determine technical coefficient levels
and variations within prevailing systems, a
survey of the area is being done.
Nevertheless, on the basis of farm visits
amd secondary information, it is known
that the prevailing systems vary in produe-
tivity coefficients and that there are farms
represented in each of the first three
systems described in Table 5, Technically
speaking, case 4 is also feasible on the basis

Lang-term estimates of the number of susceptible, sick and carrier animals as a percentage of 9

sopulaticn vaccinated against fost and mouth disease.

Vaccinated popuiation {53

kit i 70 80 90
{X 10,0001
No. of suscentible
annnaly 2912 2.586 2378 2113 1.936
Annual maorbidity 412 212 232 156 10
No. of carriers 19t fa7 [ 83 58

Sewimpleds S8 vuecsme snmonie: 3 saccination sscies each svar a 3077 rate of aftacks and an outbreak cteny 4 vears.
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Fable 4.
fout and mouth disease sutbreaks.

{.ang-term estimates of the number of susceptible and sick animals in relation to the frequency of

An cuthreak every:

3 vears 4 years § veurs & vears
X 10.060)
No. of susceptible
antmals 1934 t.936 1890 .943
Annuat morbidity i3 108 8% 78
No. of garriers KE 58 39 44

AL

of previous experimental results. There are
good probabilives of adopting the
management improvements of case 3,
which would help spread that system.

Inthe case of improved pastures, pasture
management has been varied to change the

W wacchraled; ¥5 7 vacoms bomunay b oeacstmanen cyeles cach wear and a 307 mie of anteck

percentage of the farm's total area with
improved pastures. Cases 5 and 6 have 50
hectares of improved pastures, and cattle
are vaccinated and fed 25 kilograms of
complete minerais per A.U. per year. These
practices result in high calving rates {70
percent) and imake 1t possible to sell males

Table 5. Bimulation of aiternative production systems for the Carimagua family farm.
Anaual
Arsa Total net incoms!
Calving initizl (1,660 US3; Rate
Toiat  Improved rate Mortality  investment? of returnt
System tha)l  pasture{%) (%) {%) .60 USSY vear 2 vear 7V el
Without tmproved
Basiure
{. Breedgmg-Growing 500 g 40 5 9.7 .55 .84 6.2
2. Breeding-Growing 500 o 50 7-5 9.7 {155 1.20 5.0
3. Breeding-Growing 500 [t 29 5.3 9.7 3,63 1.38 143.¢
4. Breeding-Growing 500 H] 63 5-3 3.4 (.46 1.2% 7.
With improved
pasture

5. Breeding-Growing 250 20 70 5-3 % (63 1.92 37
. Breeding-Fatiening 250 s it 5.3 .9 0.69 176 9.5
7. Breedmg-Growing 250 4 0 5-3 HIR $.32 .48 6.9
8. Breeding-Fattening 500 4 0 5n3 ity .25 1.51 6.1
9. Faltening 56 HID 4 1.8 2.7 2.70 240
i) Fanening 50 104 4 130 240 240 K.

' Atprices lor Ist quarter of 1973 {mtial herd of 36 cows plus sonnger ammals and Balb. eacept cases % and I

Trcledes salue ol oagils

Fxuludes valuz of erops produced sl consumed on farm
+ O30 the 10l nvesment
Taking mito eomideration poniure sk

Vaking mto convdueation pasture 2k and doudly the easg of pastire odabhchment
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weighing 370 kilograms in about threg and
& half years. If farm activities are to include
breeding, case 6 is the most profitable, with
SO instead of 20 hectares of improved
DAstures,

The most interesting possibility appears
to be the plan of buying feeder steers for
fattening {case 9). On the basis of results
obtained in the first stage, the best
potential is in fattening steers rather than
in increasing reproduction or breeding
productivity. In other words, the invest-
ment and expenses required toreach a high
level of breeding productivity by es-
tablishing improved pastures appear ta be
unprofitable. An intermediate calving and
mortality level, which gives a relatively
more alttractive return on income can be
achieved through management alowe,
without improved pastures, Asindicated in
case 9. legume pasture 15 extraordinarily
attractive when dedicated to fatiening
cattle only, provided the supply of feeder
steers remains at its present level

As regards small ranches, the feasibility
of this technology should be examined
remembering the following factors:

. The initial total capital investment
required to produce the predetermined
mipimum income is from US $10,000 io
$12.000.

2. 1t is difficult ex ante to determine
guantitatively the extent that the resultant
family income is sufficient io cover not
only a competitive return on capital but
also to cover the alternative cost of family
labor including administration.

3, The resulting internal rate of return is
quite sensitive to cattle prices, In Table 5
for example, if cattie prices increase from
Col $10|kg {(constan) to %13]kg, in
addition to a | percent real annual increase
on the latter, the rate of return increases by
76.53, 84, 56, 63, 104 and 103 percent for
cases 1. 3,4, 5,7, 8 and 9, respectively. In
other words, price variations affect both
the level and the profitability of systems.
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4. In addition to the rate of return, cash
flow may be used to measure the suceess of,
a system. As an illustration, this situation
was presented for the second and seventh
years——an initial and  postdevelopment
pericd- - but datwa are also available for
each of the 25 vears of each series,

5. The rate of return on total invesiment
is presented rather than the rate on owned
capital {or financial rate), although the
latter is available. The reason for this is
that although the Jatter is greater than the
former, it is not because of technology but
hecause of the subsidized interest rate.

6. Results are available for measuring
income return and production sensitivity
to variations in calving, mortality and
replacement rates, pasture longevity, etc.

7. In an improved legume pasture
system, a 70 percent calving rate may be
lower than the real potential rates. The
maximum potential level has been egs-
timated at 73 to 80 percent.

8. Herd size in a fattening, nonbreeding
system was determined on the basis that
the total imitial investment, including
animals, was equal to the case of breeding
on improved pastures. This reguires a
pasture that will assure a minimum gain of
500 grams per day, so that 300-kilogram
animals are bought and sold within a year,
weighing an average of 450 kilograms. The
case analyvzed was a S0-hectare farm with
all improved pastures and 75 animals, with
a 4 percent mortality rate,

Large-scale commercial rariches

‘The probable impact of alternative beef
production systems on farm productivity
and economics for commercial farms of
approximately 5.000 hectares, located in
the Llanos Orientales, was simulated in a
model. Three primary sysiems were
studied.

1. The traditional system. The feed
supply 1s based only on native savanna



grass with no mineral supplementation;
operations are limited to breeding and
growing, selling 3- to 4-year-old steers as
feeders. Heifers enter breeding herds at the
age of 3, and calving rates arefrom 42 to 50
percent.

2. The traditional system with complete
mineral supplementation. The feed supply
in the same as the first system except for
either a 14 or 27 kg| A U.| year supplement
of complete minerals. The lower mineral
rate results in calving rates of 45, 57 and 50
percent, over three cycles, while the higher
mineral rate increases calving rates 1o 45,
57 and 60 percent. Heifers enter the
breeding herd at the age of 3, and steers are
sold weighing 30 kilograms more than in
the first system. Compared to the Tivst, this
system requires greater investments in
management, feeders for the minerals and
stock waterers.

3. Improved pasture system. In addition
to the native savanng pasture, improved
legume pasture is also available and
antmals receive the complete mineral
supplement at a rate of 27 kg|A.U.| vear.
Calving rates increase from 50 to 70
perecent. Eighty percent of the steers reach
market weight at 2 to 3 years of age, the rest
are sold at 3 to 4 vears of age. In the steady
state, 1.3 hectares of improved pasture
were assigned per cow and her portion of
younger animalg, which for all cows is
equal to 20 percent of the arca.

The pasture is cstablished at a cost of
Col.51,600) ha; there is an additional
expense of Col. $25.000 for infrastructure
over the estimated costs for the mincral
system. These costs correspond to 1974
prices for inputs,

Each system began with either 100 or 300
cows and their younger animals; the final
number of animal units was limited by the
farm's stocking rate. Three beef price
alternatives were examined, Each was
studied with and without a loan, equal to
50 percent of the initial value of the

investment at real interest rateg of Gand 5
percent, respectively, payable in 12 years,
with a four-year grace period. Moreover,
loans from government organizations with
funds for livestock operations are analyz-
ed.

Results of large farm analyses

The results below do not include the
analysis of risk described in the introdue-
tion. Allsystems analyzed include breeding
and growing and estimates have been
developed for a 25-year period. Growing-
fattening operations are inciuded when
legume pasture is available, These results
are vaid only at the relative prices
considered. Should conditions of in-
frastructure improve so that relative
transportation  costs  decrease, the
traditional system tends to become less
competitive.

Table 6 gives the rates of return to total
investment and the rates of return to
capital owned. The former is a reflection of
the system's benefits; the latter reflects the
cattle producer’s subsidy through credit.
On the basis of the inferest rates considered
and the proportion of credit to owned
capital (maximum of 50 percent), the
financial return for owned capital is
considerably preater than the economic
return, which could be a source of
distortion in selecting technology., As
observed earlier when comparing
economic and financial rates, ¢redit sub-
sidies favor the adoption of improved
systerns when they oblige cattie producers
to adopt a certain technology.

i the calving rate on native savanna
pasture is 42 percent, rates in simulated
improved sysiems are both economically
and financially advantageous compared to
traditional systems. Alternatively, if the
calving rate on unimproved pasture
systemns is approximately 50 percent, the
eslablishment of improved pastures does
not significantly increase income returns.
In terms of income returns, systems with
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Table &.
Grientales, Colombia,

Income returns from simiulated alternative systems on 5,000-ha cattle ranches In the Lianos

{nternal rate of retury

on cattleman’s ows capital

Initial on the total B with
herd size mvestment real interest at Fondo
System (nr COws) (T} e G4 Cranadern
Improved pasiures” 360 19.2 2.5 24.6 217
Traditional svstem (-BY 300 178 272 24t 258
Improved pustures Hi 164 210 192 56
Traditional system (1-A¥ 300 15.0 244 .3 234
Mineceat supplement (107 ka4 147 M7 in2 20.4
Traditional sysiem ([-B} 0 i4.7 26,1 17.8 8.7
Mineral supplement (I 301 14 4 26.1 i7.9 14.4
Mincral supplement {1} 100 £32 &1 149 4.5
Mingral supplement (I jo 12.1 %56 13.8 14.1
Praditiona} svutem [{-A} 100 t29 17,7 13.7 5.4
¢ Calsirge rale of 30,63 und 0% 13 yuars}
Ciabving rate of 5%,
alving rate of 40,
4 Calying rate of 45, 57 amd 800 {3 vears) with 27 hg mmeral i A L fvear

Caiving rate of 45, 57 amd 3T (3 yeand week 14 kg meacmds;

mineral supplementation on unimproved
pasture have no advantage over no
supplementation.

In the improved system, mcome returns
were guite sensitive to changes in input
prices; therefore, the elasticity of supply for
inputs {fertilizers, tractor costs, seed, etc.)
will influence the rapid spread of the new
technology., Within the systems stodied,
there are economiecs of scale in relation to
initial herd size, These can be interpreted as
each production system being more
profitable when an enterprise begins near
the level and composition of the correspon-
ding steady state herd.

If the iow vajue of the land is considered,
the level of investment reguired for
wnproved pastures appears to be high,
compared to traditional systems. Thus, it is
important to use research to reduce costs of
improved pasture by varying management
strategy, reducing establishment costs,
using fewer inputs and adopting minimum
tillage.
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The alternative of fattening only was not
considered in  the improved system;
however, on smaller farms especially, such
a systemn is most advantageous if legume-
based pastures are available, as was
discussed earlier in the family farm
analysis,

PASTURES AND FORAGES

Flant introduction

Systematic collection of forage legume
geemplasm  was  initiated with special
funding from the International Plant
Genetic Resources Board in 1975 An
extensive collection of tropical forage
legume genotypes was assemnbled from allic
soil savannas of tropical South America.
Regions explored include the Central
Plateaw and Planalio regions of Mato
Grosso in Brazil, and Guyana, Colombia
and Eastern Venczuela.



Most collecting was done in the allic soil
savannas of tropical South America (Fig.
2). These savannas are within the 1,500-
and 2,000-mm rainfall regions. Soil pH 1s
generally less than 5 and, sometimes, as
low as 3.8. The predominant exchangeable
cation is Al, which often accounts formore
than 60 percent of the exchangeable
cations. Growth of cultivated crops is
severely restricted due to toxic effects of
Al

The Brazilian Campo Cerrado is a
particularly rich source of forage legume
germplasm. This broad geographical
region was traversed along an east-
west| north-south transect from Porto
Velho to Brasilia and Belem. The northeast
and subcoastal central regions were ex-
plored in the S. Luis|Fortaleza|Porto
Nacional triangle and in Bahia. The Gran
Sabana in Venezuela and the Rupununi
savannas tn Guyana were the northern

limits of exploration in the allic soils
region.

Fifty-five legume introductions were
received from Ecuador and are now being
observed in the nursery. These materials
were  collected  throughout tropical
Ecuador by staff of the lnstituto Nacional
de Investigaciones Agropecuarias (INIAP)
and the University of Florida.

With this vear's accessions, the CIAT
Forage Germplasm Bank is a now a
working collection of international scale. It
contains some 1,200 accessions, including
570 of Stylosanthes, the predominant
leguminous genus of economic importance
in allic soil savannas. The majority of new
accessions are variants and ecotypes of §.
guyanensis, S. scabra, S. viscosa, §.
capitata, S. hamata, S. humilis (Fig. 3),
and species of Centrosema,
Calopogonium, Zornia, Desmodium and
Phaseolus.
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Figure 2. Routes of forage plant explorations in tropical South America,

1974-75.
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Figure 3. Siylosanthes accessions in CIAT’s forage germplasm bank are from widely differing ecological
zones and possess distinctive morphological and agronomic characters. (a) S. scabra from Brazil; (b) S. viscosa
from Belize; and (¢) 3. sympodialis from Ecuador.
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Rapid propagation of these new
accessions by seed and vegetative methods,
and the characterization and screening for
desirable forage traits and insect and
disease resistance is under way. Future
plant collecting will be planned on the basis

Stylosantheses evaluation

The stylo screening and evaluation
project secks to identify high-yielding
persistent species and biotypes resistant to
anthracnose (Colletotrichum

of these evaluations. Ecological regions gloeosporioides Penz) and stemborer
which yielded promising material will be attacks. Stemborer, tentatively identified
revisited and thoroughly searched for as a species of the genus Zaratha

additional genotypes.
Propagation studies

Lacking adequate quantities of seed of
new stylo accessions, a mist propagation
method was developed to produce suf-
ficient material for preliminary screening
of §. guyanensis. The rooting medium
consists of washed, fine river sand over
coarse sand with perlite as a mulch.
Misting is controlled by an electronic leaf.

The basal 2-2.5 cm of cuttings 20-25 cm
long were dipped for five seconds into 3-
indole-butyric acid (IBA) in solution at
either 1,000, 5,000 or 10,000 ppm. Cuttings
were then planted either 5 or 10 cm deep in
the medium. Cuttings receiving the 10,000
ppm IBA treatment and planted 10 c¢m
deep rooted significantly better than the
other treatments (Table 7, Fig. 4). An
average of 93 percent of cuttings receiving
the optimum treatments rooted and were
ready for transplanting in 16 days.

(Lepidoptera, Blastodanidae), a previously
unrecorded stylo pest, is causing serious
damage in stands at Carimagua. Of 17
stylo varieties established there, only one
(CIAT 191) was resistant to both anthrac-
nose and stemborer attacks.

Twenty-nine of 105 new stylo accessions
were highly resistant when inoculated with
conidia in water and screened for anthrac-
nose resistance in the planthouse.
Preliminary data indicate the existence of a
higher degree of resistance among varieties
of 8. scabra, S. viscosa, S. hamata and S.
capitata than in the §. guyanensis group
{Table B). Resistant species and varieties
are being planted at three sites —
Carimagua, Palmira and Santander— to
test responses to anthracnose in the field.

Regional trials to test stylo germplasm
adaptation were established in Brazil at
Campo Grande (Lat. 21°S) and at the
Federal Experiment Station, Planaltina
(Lat. 16°S). In Colombia, a new testing site

Table 7. Effect of three concentrations of 3-indole-butyric acid ({BA) on root production by S. guyanensss
cuttings planted at two depths,'
S-cm planting depth 10-cm planting depth
I1BA Mean no. Mean root Mean no. Mean root
(ppm) roots | cutting length (cm) roots|cutting length (cm)
0 5.2 2.5 10.9 35
1,000 11.9 4.8 15.0 4.7
5,000 16.0 4.5 32.8 6.7
10.000 57.9%*2 9.4* 66.8%* 8.0*
| Twenty-eight days after planung.
2 Values within columns are significantly dhfferent at the 195 (**) or 5% (*) level.



AFERy

.;.'!_-: _} o

Figure 4 Rooted stylo cuttings produced in mist propagation beds in 16 days, using 3-indole-butyric acid at
10,000 ppm concentration.

was established qearSantander(Cauca) on Of 21 varieties of S. guyanensis planted
a red-brown, acid (pH 4.9) ultisol with a at Campo Grande, five late- and three
high Al content (2.4 meq| 100 g). early-maturing varieties had high

Table 8.  Anthracnose resistance ratings of 105 accessions of Stylosanthes at CIAT.

No. of accessions that are:

Haghly Moderately Highly
resistant resistant Susceptible susceptible
(0-0.71)* (0.71-0.88) (0.88-1.05) (1.05-1.17)
S. guvanensis 7 44 14 2
S hamaia 4 0 0 (]
S. scabra 8 4 0 0
S capitara L 0 0 0
S viscosa 2 0 0 0
Stylosanthes sp 7 8 1 3

Arc sin transformed values of weighted means calculated from percentage of leaves affected and severity score of infection (0 = no nfection; |
=spols <<l mm; 2 = 25% and 3= 509 or more of leafl arca affected
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Table 9. Regrowth yields of 14 S. guranensis varieties cut ten centimeters high after 28 days.
Dry matter yield
Stubble leaf
CIAT leaves +
accession area dry weight Leal:Stem leaves stems
no. (cm?| planty* (mg}plann)* ratio {2 plany) (g|plann)
136 269.55 1,243.92 3.85 5.40 6.89
94A 241.80 1,017.42 2.48 5.36 7.63
i35 215.37 934.60 272 5.63 7.70
69 213.88 824.42 2.90 5.09 6.97
46 211.37 1,018 17 2.14 4.91 7.43
191 208.97 1.023,35 2.80 486 6.84
133 199.27 1.045 90 268 4.79 6.74
92 199.24 1,008 26 2.57 453 6.33
130 189.12 901.88 2.83 5.20 7.00
50 179.72 745 32 296 5.29 7.16
73 176.95 880.37 2.15 4.39 6.50
126 170.12 691.56 2,63 5.40 747
151 163.15 771.98 303 550 7.43
77 148.76 788.72 219 4 64 6.96
LSD (P=<0.05)= 5292 241.23 0.45 0.52 0.83
Mecasured below the cutting height on dayv 0
Correlation coefficient for regrowth yield | stubble leaf area r = 066 (P = D.01)

resistance to anthracnose. The Australian
commercialcultivarSchofield,included asa
check, was severely affected by the fungus.
At the end-of-season harvest in May,
CIAT varieties 30, 63, 135 and 136 had the
highest dry matter yields and anthracnose
resistance ratings,

At the Planaltina station 18 stylo
varieties under observation were not
affected by anthracnose whilst the
Brazilian commercial variety 1022 in a
nearby field was severely infected.

Growth characteristics of 14 S. guyanen-
sis varieties were studied at 5 and 10 cm
cutting heights. After 28 days regrowth of
all varieties was significantly higher in the
10 cm cutting treatment. Varietal
differences were shown in leaf area and
weight remaining after cutting and these
parameters were correlated with regrowth
yield (Table 9, Fig. 3).

Aluminum toxicity in Stylosantheses

Aluminum toxicity in allic soils can be a
major problem for nontolerant species. A
preliminary experiment 1n the greenhouse
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Figure 5. Relationship between residual leaf area
below 10-cm cutting height and dry matter produced
by S. guranensiy and S. scabru accessions in four
weeks,
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was carried out in solution culture to
determine if Stylosanthes cultivars differ in
Al tolerance. Figure 6 shows the response
of one selection of S. guyanensis (CIAT
64A) collected from an allic soil in the
Llanos Orientales, and a selection of S.
hamata (CIAT 118) collected from a nearly
neutral soil in Venezuela. The two
accessions clearly differ in Al tolerance, in
this case according to the acidity of the soil
of origin. Screening within species will be
continued to select cultivars for Al
tolerance and P utilization efficiency.

The effects of Ca and P concentrations
on Al toxicity were also studied. Figure 7
shows that a five-fold increase in Ca
concentration greatly reduced Al toxicity
symptoms in roots of S. hamata (CIAT
118). Small applications of lime or other

Ca-bearing amendments, which are insuf-
ficient to greatly affect soil pH and Al
saturation, may nevertheless have a
physiological effect in reducing Al toxicity.
Figure 7 also shows that an increase in P
concentration stimulates root and top
growth in the presence of Al but does not
eliminate the darkening and deformation
of the roots caused by the Al

Corroborating the findings of the
solution culture experiments, between and
within species variations in response to pH
and Al status in soil was observed in
Stylosanthes accessions. At Santander a
local ecotype of S. guyanensis (CIAT 184)
and another accession from the Colombian
Llanos (CIAT 64A) tolerated low pH and
high Al levels, but S. hamata (CIAT 118)

5. hamaiu
118

Without

Al

Figure 6. Four groups of plants grown in complete nutrient solution (pH 4). From left to right: the two groups
atleftare: S. hamata 118 and S. gupanensis 64A, respectively grown in solutions containing 2 ppm Al for the first
6 weeks and 4 ppm for the last 4.5 weeks. Two groups at right are: . hamata 118 and 5. guyanensis 64A,
respectively, without Al, for 10.5 weeks of the experiment. Plants of S. hamata 118 in solution containing Al
show greatly reduced root growth and dark stubby roots with many short laterals which are typical symptoms of
Al toxicity.
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S. hamata
118

Figure 7. Interactions of Al, P and Ca on root growth of §. hamara 118.

performed poorly, exhibiting general
yellowing of the plant tops.

Liming an allic soil (pH 4.4) to pH 6.1
reduced the dry weight of tops and roots of
8. capitata and S. guyanensis ecotypes
which originated from allic soil sites. S.
guyanensis accession CIAT 182, from a pH
6.4 site, and Centrosema responded
positively to lime application (4 ton| ha of
CaCO31) when grown in allic soil. S
capitata did not produce root nodules in
the lime treatment, but nodulated normal-
ly at soil pH 4.4 and at an A] level of 3.0
meq| 100 g.

Forage plant improvement

Work in this area was confined to field
testing and distribution of previously
selected material, 1.e., Centrosema hybrid
CIAT 1733, S8, guyanensis CIAT 136, S.
hamata CIAT 118, Demodium sp. CIAT

336, Desmodium distortum CIAT 335, and
Macroptilium spp. CIAT 635,614 and 6]2.
These legumes were also established in
field trials at Santander with one of the
following companion grasses: Brachiaria
decumbens, Andropogon gayanus,
Urochloa mosambicensis, Hyparrhenia
rufa and Panicurn maximum.

Collaborative forage species evaluation
was initiated with Emprasa Brasileira de
Pesquisa Agropecuaria (EMBRAPA), in
Brazil, and arrangements were made for
other trials to be conducted in the
Dominican Republic and E! Salvador.
Seed of promising species was supplied this
year to pasture researchers in 12 tropical
American countries.

Seed production

The seed production unit concentrates
on producing seed of potentially useful
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accessions to enable their extensive evalua-
tion. In 1975, new production areas of
legumes, especially Stylosanthes spp. and
Centrosema spp. have been established.
The unit has received harvesting and
processing machinery which should greatly
increase seed production capacity and
efficiency.

Stylosanthes guyanensis

Two sccond-year stands of CIAT 18
totaling 1.2 hectares were hand-harvested
at Palmira and vielded an average of 60
kg |ha of scarified pure seed. The essential
lv manual system of harvesting and
processing the seed required about 70 man-
days| ha.

At Palmira an 0.8 hectare area of CTAT
136, with a density of 5,500 transplants| ha,
vielded 160 kg|ha of scarified pure seed.
Harvesting was between December and
February with peak yields recorded in
early January. Average plant age at
maturity was eight months. Only 10
percent of the plants regenerated so the
area was discontinued. Similarly pop-
ulated plots of CIAT 184 and CIAT 64A
yiclded 48 and 11 kg|ha, respectively, in
April. High soil moisture and weeds
affected yields of these plots.

First-year stands of several accessions at
Carimagua produced only 15 kg|lha of
scarified seed. Yields were the same in both
the normal January harvesting season and
also in March following limited dry season
irrigation,

Some 20 hectares of CLAT [36 have been
established from seed at Palmira and
Carimagua. These areas are almost mature
and will be combine harvested early in
1976.

Weed competition is severe at Palmira.
The pre-emergence herbicide DNBP has
been wused at planting but repeated
mechanical cultivation and manual
weeding are also required. A bud worm,
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Stegastra  bosqueella (Chambers),
(Lepidoptera, Gelechidae) is a serious pest
at both Palmira and Carimagua and
requires control measures. More definition
is required of minor element requirements
at both locations. As demonstrated at
Palmira, the woody mature plant base of
CIAT 136 does not recover rapidly after
cutting and this will reduce the productive
life of seed areas. At Carimagua stand life
1s also seriously reduced by a buildup of
stylo anthracnose and stemborer.

Stylosanthes hamata

Fourteen accessions of S. hamata were
established 1n small plots at Palmira,
Average yield was 135 kg|ha of pods at
first manual harvest. One hundred
kilograms of pods have been produced.

Centrosema sp.

Two F7 lines of the hybrid C
brasilianum x C. virginignum are now
established at Paimira. A bamboo and wire
trellis system has been constructed over
this 1.5 hectare area. The first harvest is
expected in February, 1976.

Desmodium spp.

A planting of Desmodium sp. (CIAT
336) was combined in October; the yield
rate was 35 kg| ha of pure seed. An area of
D. canum (CIAT 353) was hand-harvested
twice (March and July, 1975); total yield
was 40 kg| ha pure seed. A small area of D.
heterophvlium i1s maintained as a source of
future propagating material.

Brachiaria decumbens c¢v. Basilisk

Initial production areas were planted
vegetatively at both Palmira (0.8 ha) and
Carimagua (0.6 ha).

At Palmira, atrazine was used bothasa
pre-emergence and postemergence
(between rows) treatment for weed control.
Inter-row mechanical cultivations were



also required. Three different manggement
systems involving mechanical slashing and
nitrogen  application were applied to
individual subdivisions. lrrigation was
applied as required, trash was removed
after cutting, and harvesting was by
direct combining. The harvested matenal
was shade and sun dried then processed in
an air-screen  cleaner and A gravity

separator. Results are summarized In
Table 10,

Panicum maximom ev. Makueni;
Urochloa mosambicensis and An-

dropegon gayanus

A total of 1.5 heotares was vegetatively
planted to “these species at Palmura and
Carimagua.

At Palmira a single management system
involved  mechanical  slashing, trash
removal, irrigation, a 50 kilogram nitrogen
application per harvest ¢yele,  and
harvesting with a2 combine. Seeds were
processed as previously desenibed. The
Makueni guinea grass has vielded a total of
17 k| ha of gravity-cleaned seed and the
Lrachloa mosambicensis has produced a
total of 70 kglha from three harvests
between July und September, 1975,

Pasture weed conirol

Weed control trials in Styfosanthes
guvanensis continued at Palmira. The best
control and greatest selectivity occurred
with rifluralin, 0.4 kgiha or DNBP, 1.5
kgl ha pre-emergence, when followed four

Tablo 10, Pure sved vield of Brachiaria decumbens
under various management systoms, CIAT,
Palenira (1975},

Management svslem First harvest Pure sead

vickd
Nirogen No. of Age
Thgthal cutings Prate imomhsy Thae
30 ) July 25 4 40
50 ; Sept. | 4 Y
1 2 Sepl. 15 & 35

weeks later by a postemergence application
of bentazon at 1.0 kg|ha. Trifluralin.
dinitramine and butralin incorporated in
the soil at recommended rates injured the
Stylosanthes. Vernolate was selective and
could be used when Cyperusspp. weedsare
the predominant species.

A similar trial in Ceniroserna pubescens
at Palmira showed that pre-emergence
applications of alachlor alone, 2.5 kgl ha.
or in combination with linuron or
{luorodifen gave excellent weed control
with no crop injury, Cucumis melo was not
controlled by alachlor alone but was
controlled by the mixtures.

The weed control unit has developed a
method to assist ranchers wishing to
establish forage legumes in grass pastures.
Glyphosate was apphed in 23-cm bands
spaced one meter apart at the vate of 1.0
kglha of the area actually treated. One
week later sceds of Centrosema pubescens
and Desmodium intortun were scattered
In the band of dving Pangola pasture.
Cattle were kept out of the area for three
months and excellent legume establish-
ment occurred.

Because most pasture weeds are seed-
propagated. germinution irials have been
conducted over g two-vear period on 12 of
the most common species. Three-hundred
seeds of each species were germinated
every two mtonths in Petri dishes con-
taining a thin laver of moist sand. Figure &
shows that most species had some dorman-
¢y and reached their peak germination four
to ecight months after harvest, Srefractinia
corrifolic and Vernonia patens are excep-
tions. completely 1osing their viability after
four months, Paspalum  Fascicrdatum,
Pithecolobinm lanceclaium, Cordia coloc-
cocgd and  Caidoscolus wrens did not
germinate during the 2d-month period.
This indicates that they either have a very
long dormancey period or thev require
different  environmental conditions to
germinate since in the field all of them arc
known to reproduce by seeds.
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Muanths ufter hayvest

Figure §, Germination patierns of eight pasture weeds during 24 months after seed harvest.
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Brush control research continued in the
Atlantic Coast area of Colombia. Special
attention was given to species resistant to
foliarly-applied herbicides. Cordia coloc-
coca was killed by DPX-3674 at .2 glm?
applied to the soil at the base of the plant
{equivalent to 2 kglha on a overall
treatment basis). Death was slow as the
herbicide had to be leached into the root
zone and then translocated throughout the
plant. Nevertheless, It was the most
effective treatment and by only applying
the herbicide at the base of each plant, very
little injury vecurred to the pasture

DPX-3674, at 2 g|m? karbutilate, at .75
g m2, and tebuthiuron, at .2 gim?, all soil
applied, gave good but not complete
control of Piper marginatus. Cut-stump
treatments  with 24-I) + 2457 or
picloram + 24-D + 24.5-T, both in a |
percent solution with diesel fuel, gave
complete  control.  Another  species,
Bredemevera floribunda, was completely
killed by basal applications of diesel fuel
alone or when fortified with 2,4,5-T (29)
or 240y + 245T + 24-DP (1%). The
small brushy weed Sida spp. is a frequent
problem. It was controlled best by com-
binations of 24-1 + 245-T (2% viv) or
dicamba + 2,4-13 (195 v|v). Glyphosate at
0.5 percent solution also killed Sida but
caused excessive inmjury to the pasture
prasses. Only in cases of severe infestations
and the absence of desirable grasses could
thiy latter compound be used,

A practical Guide for Brush Controlin
Pastures was prepared and is being
incorporated into a general bulletin cover-
g many aspects of pasture weed control
which will summarize the results obtained
during the past four years of research in
this area.

Pasture and forzpe utilization

The Program’s activities were continued
at Palmira and Carimagua this vear.

Palmira

The grazing trial designed to measure
the effect of nitrogen fertilization on beef
production on a Pangola grass ( Digirarig
decumbens} pasture was continned until
October 1975 with no changes in the
experimental design. Daily weght gains
for steers in the experiment are presented
in Table 11 and total gains from the
pastures are displayed in Figure 9,

Weight gains per steer and per hectare
were lower than those of the two previous
years, mainly due 1o the lack of irrigation
water for prolonged periods. Nevertheless,
the responses to nitrogen applications and
to increases in stocking rates were similar.

Since domestie prices for fertilizer and
cattle have remained the same in Colom-
bix, the low returns reported last year have
not changed (internal rate of relurn
adjusted to 5§ percent of the capital invested
because of inflation). However, this input-
product price relationship dog¢s not
adversely affect beef pattle producers from
other tropical countries such as Yenezueia
and Brazil,k where # would scem
economically feasible to use nitrogen on
pastures for intensive fatiening of steers in
areas near large consumer markets,

Fromthe data obtained during three and
a half vears of research. it can be said that
Pangola grass clearly responds to fertiliza-
tion and that valid generalizations can be
made. This phase of the experiment was
finished in October, and the last ex-
perimental phase was begun immediately
in the same area and with the same design.
It will measure the net efficiency of the
utitization and cnergy and nitrogen of the
grass for beef fattening.

Desmeadiun: distortm, an erect, annual
species well-accepted by cattle, is a little-
known tropical forage legume that seems
to have good production potential.
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Diaily weight pains of stecrs grazing pitrogen-fertilized, Irrigated Pangola grass.*

Sravkmg rate (steers| hay
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Nitrogen
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Pesmodivm vields were measured by
making successive cuttings when the plants
reached heights of 0.6, 6.9 L2 and 1.5
meters. Yields from suceessive cuttings are
shown in Figure U Pt cut at d.dmewer
received seven cuttings, whereas those cut
at L3 meters received only five. The
gradual reduction n vields from successive
guttings. a characterstic of annual plants.
san be seen: this reduction B more
pronounced in older plants. Cumulative
viglds are presented in Table 120 Total
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vields increase when the plants are cut at a
later stage. In practice. it seems gasier to
cut the plant when it reaches a height of 6.9
to LG meter thus ebtaining a yield of
approsximately ten tons of dry matier,

Earlier intake studies with penned sheep
(1974 Aonuat Report) indicated that sheep
selected the different parts of the D
disterim plant in the following ordern
caves, petioles. upper and hasal pargs of
the stem. la terms of digestibility, this
spocies wigs best among the tropical species
anabysed in vivo, and 1t seemed that the
digestibility of the upper parts of the stemn
was as good as that of the leaves. Figure |
gives the percentages for each part of the
plang, Younger cuts show a lugh content of
leaves and young stem {internodes T1o 1),
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Table 12,  Cumaulative vields of Despindian
drsroraest cut at various heights.
Mlant height at culung {m}
e 0.9 .2 1.5

Neooof _
cultings ftong of [3M [ha)

3 7.53 9.7 11,54 13.43

& 8.37 .96 1252

1

.21

D. distortem ean be recommended as a
good cutting forage for supplemental
feeding of cattle.

Carimagua

Grazing trials were continued with
native savanna and four grasses well-
adapted to the environment at Carimagua.
Emphasis was placed also on the use of
urea and molasses supplementation during
the dry season.

Table 13 compares weight gains of steers
grazing native savanna burned once {the
entire pasture) at the beginning of the dry
season with gains obtained after sequentiai
burnings {using fireguards to divide the
savanna nto eight equal plots and burning
one plot at a time during the vear). During
the dry season, weight losses increased as
the stocking rate rose. During the rainy
seasoen, animals gained weight, compen-
sating for dry season losses; by the end of
the year, they had gained approximately 60
kilograms at the low and medium stocking
rates (0.20 and .35 steers] ha), There was
no advantage whatsoever In sequential
burning during this vear. Figure {2 shows
changes in forage availability, which
depends on the type of burning and on the
subsequen: pasture growth as affectéd by
stocking rate. Initial differences lessen as
the year progresses. As can be seen in
Figure |3 the quantity of forage available
remaing at a very low levg] during the dry
season {November to Marchh At all
stocking rates, forage availability decreas-
ed after the first burning and then

remained constant, except at the highest
stocking rate when availability decreased
considerably,

The evaluation of the productivity of the
species  Brachiaria decumbens,
Hyparrhenia rufa, Paspalum plicatutum
and the mixture P. plicgtufum with
Indigofera hirsuta began this vear; Melinis
minwtiflora was included as a comparison.
The four grasses seemed to be best adapted
1o the zone, although only P, plicaiulum is
native, The legume 7 Airsuetg was included
because it is native to the plains of
Venezuela and has many possibilitics of
heing utilized in the zone of Barinas
{Veneznela). The seed was initially ob-
tained from Barinas and multiplied in
Palmira.

Table 14 shows the weight gains ob-
tained with the four pastures. The lots with
M. minutiflora were not grazed during the
dry season since it is known that this
practice produces weight losses in cattle
{Table 13} The pasture planted with a
mixture of & plicatulum and f hirsuta was
not established well enough to have
animals grazing during the dry season,

The three grasses H  rwfa, M.
miraziflora and P plicatulum gave similar
results and thus offer three possibilities of
low-yielding grasses adapted to allic soils.
P. plicatubusn has proven 1o be highly
susceptible to diseases and insect pests, In
addition to  the stemborer and
Helminthosporiom reported the previous
vear, this vear It was attacked by the false
armyworm  which ate all the foliage.
making it necessary to rest the pasture for
46 days. The false armyworm alse attacked
M. mimaiflora but not H. rufa or B
decimbens. B decumbens vielded con-
siderabhly more than the other three
grasscs. Weight gains on Brachiaria during
the dry scason should be interpreted
cautiously, however, since during that time
there was a population {estimated at less
than 1} percent) of Styvlosanthes guvanen-
sis remaining from the combined planting
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Table 13, Seasonal and vearh weight changes of steers gruzing trapical savanns pasiore at Carimagua {(Nes.

1974 « Nov. 1975).

Edry scason

Kaimy scason

Fiygre 120 Asailability of forage un native savanna pasture before znd after burning.

Pasture manggement  {g]das) (kg |animall fz]day) {kglanimal (g]davy ikglanimali
Total hurning cvez
.20 steers b 143 i34 219 53 196 7l
635 steers|ha %} 4 295 74 175 63
0.50 steers T ha W17 15 143 36 46 17
Sequential burning
0.2 seers  ha -134 -1% i X3 179 &3
(433 stcers | ha 2214 -4 347 87 174 63
030 stevrs [ ha «E13 - 35 X]| 58 43 23
8 JAHH) o
Stocking rates:
4,500 1. =0.20 animals| ha
M= 0,35 animals | ha
H= 439 anumals| ha
4,000
3,500
£ 3000
:f
= After burning
S 2,500 [
i
2,000 -
t T
Bolore borning ]
=
£
1,500 g
[ Y
1,000
5nu|l
8! ! i i
138 ias 75 45 is
russ
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Figure 13, Availability of {orage on nativesavanna pasture entirely burned annuaily and grazed continuously

at three stocking rates.

done previously. 3. guyvanensis  dis-
appeared completely by the end of the dry
season because of the stemborer and the
greater vigor of the grass.

B. decrombens ofters more possibilities
as a producer of better quality forage than
the other grasses tested. Two observations
were made: The first was the death of 12
steers during the first davs of grazing on 8.
decrmbens duning the rainy season. The
symploms of intoxication were swelling of
the cars and at the base of the horns, which
extended 10 the rest of the body. The
animals died within 24 hours after the first
symptoms appeared. Within the group, the
younger, recently weaned animals were
affected. The problem disappeared afteran

A2t

intensive grazing with a large number of
steers. The second observation relates to
the vellowing of B decumbens as the rainy
season progress, The symptoms are similar
to a nitrogen deficiency. However, the
grass showed no apparent response to urea
applications. 1 should also be noted that
the stocking rate on B. decumberns this vear
wias very low during the first part of the
FAINY SEason.

Heports that animals do not consume 1
hirsura were received from areas of
Yengzuela ather than the state of Barinas,
Observations at Carimagua confirmed this
information. Animals consumed all the
grass (P plicaruhen) but apparently ate
none of the legume.



lable 14, Anbtmul productivity

19758y

on several forage species adopted to allic soils, Carimapgua {Nov. 1574-Nov

Drev seanon

Rainy svazen

Forage species and

stocking rate fniduy) (kg|animal) (g]day} (kg |animal)
Begchrari decunibens®

.5 steers | ha 141 15

{19 stecrs ha 406 102

1.3 steersjha 473 19

1.7 steers | ha 33 79
Hypaerhenia ratu

0.5 stesrs | ha S383 43

0.7 steersiha 172 43

1.4 steers | Ba 143 37

{4 steersiha I 19
Meliris minutiflora

(1.7 steers ha 287 72

1.0 steers | ha 204 51

1.4 sieers| 163 40
Paspuham plicatnlum**

0.5 steers| ha 484 -S6

4.7 steers | 260 66

1.6 steers| ha 133 4

1.4 steers| ba 15% 39
Incigojera hirsuta +

Paspatuem plicaridum

(% steers Ba -164 41

1.3 steers | ha 66 7

1.7 steersbha -138 38

+

Frifsy season e Moy Tosanthen had diappaoad,

Brev sezeen gaam ma e soectively affoonsd by doamaligiuntt ot My msanthes ianmng Trom s, aslir plantsg, By the segimning of ihe

*Y iy the raind seasos anunehy Rere comoted from T pasinres Ler 40 i Puo i ol e ereatiich by the tabe armysoom i destzes sl

Lthe avasiable forage

The grazing trial with M. minutiflora
was repeated this year on the same pastures
and with the same design. The three
experimental treatments are: {a) con-
tingous grazing the whole vear with no
supplementation; (b) centinugus grazing
the whole year but each animal receiving 80
grams of urea and 400 grams of molasses
daily in the dry season; and (¢) grazing the
pasture during the rainy season, resting it
in the dry season, and no supplements,

Results are given in Table 151t was found
that weight losses of animals that were not
supplemented during the dry season were
less this year than for the previous year
{50( versus 300 grams daily}). Possibly for
this reason, compensatory gains were not
obtained ax in the previous vear,

In all treatments and on all pastures,
weight gains were lower this year than in
previous wears, possibly due to the
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lable |3,

Weight changes of sieers grazing Meliniy mimuifiore under three management systems,

Dry season

Rainy scasen Year

(] day} kg | animal (gl day) tkg|animaty tkg|animal}
Grasng all year
0.4 steers| ha 210 24 417 ] w6
L85 steers | ha -358 -4} 372 g1 33
Grnsing all veart yrea +
ek
00,44 steors | ha - 10 -] 457 HAE P4
(AR wteers [ha 27 i 4[6 t Hi
(ér;szén;; ondy during the
FAnY eHson
44 steers Tha - - 519 104 -
388 vreery i ha - - 377 7 -
L3 vteer ha . - 243 3% -

prolonged dry period lasting until May,
after early rains in March.

A trig] was established to determine the
effeet of urea and cassava meal supplemen-
tation of ammals grazing native savanna
during the dry season. A preliminary test
was run this year inclnding {our treatments
compared during the dry season: 400 g
molasses + 80 g urea|amumal]day: 400 g
molasses| animalf day; 30 g urea|animat|-
day; and no supplement {(control). All
animals  received salt and dicalcium
phosphate free choice. Results are given in
Figure 14. Supplementation was extended
until May; nevertheless, there were weight
gains after March, possibly because the
two or three rains in March were sufficient
1o stimulate pasture growth, Weight gains
from March to May were eqgual for all
treatments, except for that of urea alone.
From November to March, all animals ost
weights losses of unsupplemented animals
were significantly greater than for those
receiving urea and molasses. Losses of
animals fed molasses and urea alone were
intermediate, The effect obtained with
molasses alone is inferesting and seems to
confirm  the hypothesis that a small
guantity of easily metabolizable car-
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bohydrates facilitates the utilization of

nonprotein  nitrogen  contained in the
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bigure 14, Welght changes of steers supplemented
and unsupplemented during the dry season oy native
savanna pasture.



Vable 146,
during the dry seasun®

Weight pains of steers grazing native savanns et Carimagua, supplemented with soybean meal

Trstial Weight
wiight Zak Stgnilicange
ke) { 2! day anieal) a5
Supplement: soypean meal
70 g daity | animal 121 119 ¥

490 g every 7 davs tanmal 11 93 a

280 g dally [animal 131 0 h

1966 ¢ vvery 7 davs|animal 126 02 h

* Supplementation Sugan ox L ebiuan and emled @ Shas 175 The waeght gas rofers Lo the period

ammals’ normal saliva. Until August, the
nonsupplemented animals had managed to
reguin 50 percent of the weight difference
registered at the end of the dry scason,
After March, the response of the group to
urea alone is not easily explained and
reguires further checking.

A preliminary trial was established to
study the effect of supplementing animals
grazing native savanna dunng the dry
season with sovbean meal supplied daily or
the weekly total in one day of the week.
Results are given in Table 16,

Feeding a protein supplement daily is
inconvenient i herd management. H the
same results could be obtained by feeding
the suppiement once a week considerable
labor couid be saved and the problem of
preferential consumption by damineering
amimals, could be aleviated somewhat.
The advantage of the groupssupplemented
with the higher level of sovbean meal is not
surprising on pastures such as these that
contain 2 to 3 percent protein in the dry
seasoi,

Forage intake and digestibility

As part of the effort to determine the
nutritive value of trepical forsge spucies,
some of the morg Important species were
fed to African male sheep. Resulls are
summarized in Table 17,

Very important for the Program’s
ohjectives 1s the fact that the nutritive value
of the species Stilosarrhes guvanensis is
high in both digestibility and intake even in
mature plants {eight months of growth).
The natritive value of native grass is
extremely low during the dry season, but it
increases  considerably  when it s
supplemented with a protein source of
cither urer or cottonsesd meal.

These results explain the response
obtained  with  urca and molasses
supplementation of steers grazing the
paltve savanna, as an mncrease i forage
intake and digestibility. When molasses
grass was supplemented with Stylosanthes,
forage digestubility and intake increased;
this is one more indicator of the impor-
tance of Stylosanthes {or improving the
nrtrition of animais during the dry seuson.

ANIMAL HEALTH

The aim of the animal health {feam fram
the time of its inception has been to assist
the development of economic preveotive
medicine programs for beef cattle in the
tropical lowlands of Latin America. More
specifically this can be expressed as
defining disease spectrum and prevalence:
measuring the economic impact of disease;
measuring the cost|benefit ratio of con-
trol; and identifving disease arcas where
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Pable 17, Intake and dipestibility of some tropical forage species.

Cuantity of

Dy matter

forage offered intake digestibility DM
fg M kg {2 DM | ke digestibiinty
metabolic wit) metabolic wi} it}
Siviosanthes guvanensis
3 montih’ growth 100 63 41 &5
3 monthy’ regromth 1410 69 41 2
6 months’ regrowth [t &7 43 64
% monthy’ regrowth 1040 6 33 S8
Centrosema {miture) HEE 19 3o 46
Eletift {early flowering) 124 b 35 6l
Hemarthria
6 months” growih 4 57 3 iy
id4 62 41 7
Malasses grass
{in dry season} HeEd 3% 5] 41
Native prass
on dry season + minerals) &9 46 15 2
(in dry season + wrinerals
+ molasses + uraa) 89 61 26 B
(i dry season + mmerals
+ cottameed meal) b8 56 30 44

more research is required to achieve
cantrol.

The team is divided into units of
microbiology.  pathology, hemo-
parasitology, ectoparasitology and wildlife
studies. Staffing has been provided by the
core budget of CIAT and through two
specially-funded  projects, one in
hemoparasitoiogy. with Texas A&M
University and the United States Agency
for International Development and the
other in acarolegy, with the United
Kingdom Overscas Development Ministry
(UK ODM).

Principal collaborators in Colombia
have been the Caja de Crédito Agrarjo,
Industriai y Minero {Caja Agraria}and the
International Center for Medical Research
{ICMR).
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In the past three vears the strategy has
been first 1o work through the slaughter
house, following leads back to the farms of
origin of cattle. A survey was then planned
in the Colombian Lianos (Departamento
of Meta and Comisaria of Vichada) to
determine the prevalence of diseases
thought to besignificant and to relate them
to the management and ecology of the
farms visited. As part of the input into
CIAT training activities, similar work was
promoted in the North Coast region
{Departamentos of Cordoba and Sucre],
the Cauca Valley { Departamento of Valle),
and the northwest section of the Depar-
tamento of Caqueta, as well as in
Paraguay. A request for survey assistance
was also met from Campe Grande, Braxil,
In the last year, a start was made to refate
this accumulating knowledge of disease
prevalence to impact at farm level and to
develop the methedology for cost] benefit



analysis of control strategies. Supportive
research continued in arder to improve the
efliciency of prevalence studies, to clarify
the epidemiological picture and to devise
control alternatives. This report  will
discuss progress in all these areas,

Concurrent with this main line of
development  into  animal  disease
economics, both  thesis stodent and
postgraduate intern intake sharply in-
creased. In particular, a link was establish-
ed with the training program of the Centro
Panamericano de Zoonosis (CEPANZO)
in Buenos  Aires. Two  international
workshops  were  organized. one in
hemoparasites and the other in ec-
toparasites, and attracted delegates from
Australia, Africa, Europe and North
America as well asfrom 11 Latin American
countries. The workshops clarified the
common problems of Latin American
countries in the two areas, indicated the
research negds, and defined a contribution
which could be made by the CIAT animal
health team.

Disease prevalence studies
Characterization of farms under survey

A questionnaire was devised with the
help of economists in the Beef Program
and completed for 37 of the farms visited in
the Colombian Llanos. All farms had
received loans from the Caja Agraria,
Despite obvious limitations imposed by a
single visit. a crude outline emerges for
{ramming future enguiry.

The farms occupied a wide band of
country streiching from the Piedmont in
the West almost fo the Veneruelan horder
in the East and bounded on the North by
the Meta River. Originally, the farms were
arranged intofive groups, four in Meta and
the other representing part of Meta as well
as farms sampled in Vichada in the Fast.
Although some management differences

existed, particularly between the Piedmont
and elsewhere, all 37 are considered
together for the purposes of this survey.

Farms averaged 3,952 hectares (range
173-28,0000 and carried an average of 594
head of cattle (range 125-1.480)., The
overall stocking density was one animal
per 6.4 hectares. All farms except two had
some area of introduced grasses. The most
popular were: puntero{ H#yparrhenia rufa),
23 farms; gordura { Melinis minuiifiora), 23
farms, and Brachiaria spp. 19 farms.
Thrity-one of the farms claimed to feed
minerals.

Only 16 farms attempted to number
their cattle and only 14 attempted to divide
their herds by age or sex. The earliest age of
weaning was cight months (11 farms),

The birth rate averaged 50.7 percemt
(range 29-75.7), calf mortahty averaged 7.8
percent (range 0-60) and adult mortality
averaged 2.2 percent (range 0-6). The
diseases considered the most important are
given in Table 18, “Sccadera”™ emerges as
the clear leader but is obscure in definition,
Farmers describe the condition as being
those animals which cease to thrive as if

Fable 150 The most Bnportant health problems in
catile reported un 37 ranches in the
Lianos Orientales of Colombiz.
N of
ranches
Condition reporting Percentage
Sevudera thuequerad 13 i5
Blackleg 7 i9
Breeding disgases 1 9
Call dwrrhen 4 He
Aftosy 3 8
Colibaciiiosis | 3
Prermiatitis | R
Mustitis i 3
a7 10k




overcome by the multiple challenges of
malnutrition and disease. A similar condi-
tion in the North Coast region of Colombia
15 called “huequera™ The condition called
“blackleg™ also needs further identifica-
tion, There may be difficulties in differen-
tiating bhlackleg with hemorrhagic sep-
ticemia  {bovine  pasteurellosis}  and
commeon snakebite. Although ticks were
not spectfically mentioned as a problem, 33
of the farms regularly dipped their cattle an
average of once every 29 days {range 8-
180).

The most common vaccinations were
{by number of farms): foot and mouth (32),
hiackleg (31}, salmonellosis (“peste boba™)
{28} and brucellosis (93 The average
number of vaccinations per animal per
vear was 4.27 {range (-6}, Disease control
measures cost an average of Col. $91
aunually per ammal.

Improved management  of  existing
resources combined with effective preven-
tive medicine programs would in
themselves significantly raise the level of
productivity, but the lack of both social
amenities and interest from absentee
iandlords are major restraints.

Breeding diseases

Brucellosis, The consolidated results are
given in Table 19 and are similar to those

published in recent years by ICA for the
same areas. Since the low prevalence of
brucellosis constitutes a minor reproduc-
tive hazard on the farms surveved, no
further bruceliosis  investigations are
planned. A similar prevalence rate was
found in the Mato Grosso of Brazil,

Infectious  bovine  rhinotracheitis-
pustular vaginitis (IBR), This viral discase
causing either respiratory or genital infec-
tions 18 now recognized as  bemg
widespread in beef cattle in Colombia. The
consolidated results are given in Table 20
and their significance is being assessed. 11 is
not clear why the prevalence in the north of
the Cauca Valley is so low.

Leptospirosis. Prevalence data for lep-
tospirosis are displayed in Table 21 and
clearly shaw that this group of infections is
widespread in beef cattle in the tropical
arcas of Colombia. Table 22 shows the
prevalence of those serotypes koown 1o
cause chnical disease in other parts of the
world. There is evidence from Austraha,
New Zealand, North Amgerica and ialy of
an ncreasing prevalence of feprospira
hardic which appears to be replacing
Leprospira pomona as the most common
scrotype affecting cattle. Australia reports
give a 5-10 percent abortionrate and a high
prevalence of mild mastitis. A similar

pable 19 Presatence of bovine brucelosi i areas of Colombiz and Bragil, 1974-75.
Farims Sers Positive Frevatenge

Aved samed examined* serd i)
Codpmbia

Llanos Orientiles 48 4844 {0 24

Cagueta 30 457 6 L2

North Coant 3k 5,231 344 6.6

Caucn Valley 24 1,183 41 3.5
Hrasil

Mato Grossoe 42 His 8 1.3
* Lating plare and fube agphainates and mercupiocthanal Wi
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Tahle 20, Prevalence of infectious bovine rhinotracheitis! pustular vaginitizs (IBR) in catile in areas of
Colombia, 1974 75,
Farmy Sea Pesitive Prevalence

Area sampled examined* sera 1423
Llanes Orientales 4% 3,555 b2 19.5
Caquets 30 472 tg 45
Narth Coast 0 1 640 231 14,1
Cauca Yaltey 25 929 7 0.75

» foamp undirect hormatintination st

assessment of significance 15 being made
for South American tropical situations.

Hemoparasitic diseases

Anaplasmosis. Results of field surveys
for anaplasmosis are shown in Table 23,
The conclusion can be reached that
introducing susceptible cattle into any of
the lowland tropical arcas of Colombia
sampled should be attempted only after
immunmization. However, the range of
numbers of positive animals between farms
in the Lianos Orientales indicated differing
degrees of endemicity, that is, differing
degrees of chalienge. The Cauca Valley
appeared to be of a lower degree of
endemicity than the North Coast or the
Llanos Orientales, with a complicating
lactor that the same farmer may keep cattle
both in the endemic valiey bottom and In
adjacent mountain pastures where no

Babesiosis. Figld survey results far the
two known Babesia species infecting cattle
are shown in Tables 24 and 25. As with
anaplasmosis, the conclusion can be
reached that introducing susceptible cattle
into anv of the lowland tropical areas of
Colombia sampied should be attempted
only after immunization. With babesiosis,
however, prevalence differences between
farms in the Llanos Onentales indicated
that enough susceptible adult animals
could exist in some herds to cause deaths if
maoved into argas of higher challenge,

Ectoparasites

Ticks. Collection and identification of
ticks infesting cattle were made on 37 farms
surveyed in the Llanos Orientales of
Colombia, Boophifus micropius ticks were
identified and guantitated on each farm
and were almost equally distributed,

transpssion is ocourring, Ambivomma cajennense, Amblyomma
Fable 21 Prevalence of bovine feptospirasis in aress of Colombia, 1974.75.*
Farms Sera Pasitive Prevalense

Aveq swinpied exnmned** Serd (%)
Lianos Orentales 44 1367 830 35
North Coast g i83 163 9.t
Cauca Yalley 7 131 HE 509

* Seraingy earnzd st n cellaboration with the Pap-dmencas 7 soneas Certer

o flaing fe munesaseupic skde saautisaton test lor 14 serotypey commundy found i gattle.



Table 22, Prevalence of 1the five most common Lapiospirn serotypes detected infecting cattle in Colombia.
1974-78.%
Serotype tno. and 7 of reacrors)t*
Animals
Ares sumpied Hardio Sejroe Waolfy Hebdomadis  Tarsssovi
. lanos Orientaley {307 R Hdd 407 265 289
{44007 {49 35} {38300 (24165 (221773
North Coast i3 ild4 123 K3 %2 T
(626573 {67.24%1 [45.4%; {44 8% (42.6775
Causea Valley i3 106 113 75 5 &3
{80.97) {86,345 {52,360} {57.36¢} (481774

* Serelogs poformwd o Pare Ameinin Fuomeas  oner

R Lhsing abe macFosco JIde spgiutinatinn test,

triste and Anocenior nirens were deteeted
on only three farms.

Supportive Research
Breeding diseases

Epidemiology of leptospirasis. The high
prevalence of jeptospirosis found in beef
cattle in ali tropical areas sampled reguired
two initial investigations. Fisstly, the
serplogical results needed confirmation by
the culture of organisms from infected
cattle, and, secondly. to sugges! conltrol
strategy. it was pecessary to determine
whether reservoirs of infection existed in
wild animal populations.

Permission was obtained to slaughter
four cows having high titers to Leptospira
hardjo (1:800, 11800, 1:1600, 1:1600) and

Although no positive cultures were ob-
tained from the organs of amy animal,
histopathological examinations of all
kudneys showed a chronic nephritis com-
patible with a leptospirosis infection,

On this same farm, three isolations of
Leptospira have been made from
Proechymis sp. (spiny rat) and one from
Caluromys  philander  (Philander
opossum), and are now being classified.

Hemoparasitic diseases

Development of diagnostic techniques.
The hemoparasite workshop organized in
May confirmed the need for simple farm.
level testy for anaplasmosis and babesiosis.
Special attention was therefore given w
card agglutination tests for Anaplasma
marginale, Babesia argenting and Babesia

attempt  to culture  the organisms.  bigeming, and comparisons betwesn all
Pable 23 Prevalence of bovine anaplasmosis (dnuplesing marginale ] in areas of Colombia, 1974-75,
Farms Sera Positive Prevalence
Area sampled cxamined* ST (&9
Llgnos Orientales R¥) 3034 2242 73
Norih Coast 4 232 PAN @)
Cauca Valley HY 873 538 62

* thning the conpluntent fixation v
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Table 24 Prevalence of bovine habesiosis 7Behesia argeriting) in areas of Colombia, 1974-75,
Farms Sers Pasitive Prevalence
Arca Test® sampled examingd ST {52}
Iianos Onentiles iFA ¥ 2.946 386 i3
Cauea Vailes CF d 43 247 61
A 3 23% 60 25
= Pang the camplemient Danes 8 Foor sadirec? Mnereseent anthoity fous B A

available tests to determine scnsitivity,
specificity, duration of antibodies, and
practicability and suitability for field and
lahoratory use.

The United States Department of
Agricutture {USDA) provided matenials
for comparison 1esting under Colombian
conditions of their curd agglutination test
{CTY for Araplasma margingle with the
standard complement fixation (CF} test
used by Texas A&M staff at CIAT Atotal
of 342 serum samples were examined from
nine susceptible cattle introduced into the
North Coast region of Colombia, enabling
a comparisen before and during natural
infection, The CT developed a positive
agelutination reaction several davs after
the CF reaction and the positive reaction
persisted. In contrast, the CF reaction
fluctuated between trace (normally read as
negativel and a 1:8O titer. The T wus
superior in accuracy and simplicity o the
CF test in the reutine diagnosis of
anaplasmosis, and. morecver, can be used
in the field. The CF test is probably only of
use in diagnosing anaplasmosis on a herd
basis and in those experimental situations

where it is important to recognize an initial
rapid rise of complement fixation fiter
after natural or artificial infection.

A thesis dissertation student set up a
card agglutination test {BCT) for Bebesia
bigemina and compared it with the indirgct
fluorescent antibedy {IFA)} and comple-
ment fixation (CF) tests, A  Baebesia
higeming antigen was divided into 13
fractions to compare different preservation
methods. The best one-—-preservation in
sealed glass vials at 4C after adding
penicillin and streptomycin— gave a con-
sistent reaction for six months. Using this
antigenic fraction the BCT was carried out
in the ficld in four regions of Colombia.
Dyata are available for 300 plusma samples.
In the samples frem known endemic areas,
IFA gave 91 percent positive reactions,
BCT, 76 percent positive and CF, 57
percent positive. All tests read negative
from areas known to be free of babesiosis.
The BCT has a field application for rapid
diagnosis of 8 bigeming onaherd basis. A
simiar test for B argenring is being
developed.

fabie 25 Prevalence of bovine babesitsis / Befovia bigeming) in areas of Colombia, 1974-75,
. Farms Sera Positive Prevalence
Arca Fand senpled exanined ACTA {1
Ulanes Orientales [FA 37 2548 iBl7 &2
North Coat CFk 4 237 173 i
Cauens Valley F 7 635 420 &6
tFA 3 238 RE 5%
* L gay the vomplermen! hnadion 3¢ 1 ar indureer fluerecent gntstha iy (A 1
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IFA and CF tests for diagnosing B.
argenting and B. bigemina infections in
cattie were also compared. A total of 372
serum samples were collected from nine
susceptible cattle introduced onto the
North Coast region of Colombia, again
enabling comparisons before and after
natural infection. The JFA technique
detected B argentina  antibodies an
average of 4.0 weeks earlier than the CF
test and B bigemina an average of 2.5
weeks earlier. Both tests could differentiate
the two species but a few cross reactions
occurred. IFA titers were relatively higher
than those of the CF test, which oc-
casionally gave a trace reading. Although
hoth are laboratory tests, IFA has impor-
tant advamtages over CF in simplicity.
econony and speed.

A postgraduate imiern demonstrated a
possible refinement to the CF test for &
argenting and B. bigeminag by proving that
complement {ixation antigens were present
in the plasma of acutely infected, splenec-
tomized calves and could be used
suceessfully in the CF test, The significance
is that plasma is discarded in procedures
normally used to prepare antigens from
Babesia spp.

Development of immunizing procedures
against anaplasmosis and babesiosis, A
method of immunizing cattle against
anaplasmosis and babesiosis is being
gvaliated in the Cauca Valley in collabora-
tion with ICA. The usual method of using
whole unguantitated parasitemic blood as
the vaccine is too variable in result to be
acceptable for use in valuable stock.
Australian methods of quantitating whole
parasitemic blood. and of vaccinating
against B argemtina alone is very
successful and popular there. However,
Australia has no recogrnized anaplasmosis
problem and, in Colembia, B argentina
and B bigeming appear 1o be equally
pathogenic in experimental situations, The
method developed by the CIAT
hemoparasite unit involves storing an-
tigens for A. marginaie and both Babesia
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spp. at low temperature angd titrating the
antigens in groups of cattle to calculate the
minimum infective dose of each which is
required to immunize animals in the field.
This year adjustments were made to the
fow temperature storage technigues and ail
stabilates are now kept in liquid nitrogen.
The vaceine used contains the appropriate
dilution of each of the three organisms. Ina
laboratory trial, 14 susceptible calves were
inoculated without incident and resisted
challenge to homologous strams eight
weeks later.

Economic analyses are being done on
the same farms where the efficiency of the
immumizing technique under commercial
conditions is being checked. A decision to
be made eventually is whether the system
can be developed and expanded on a
commercial scale,

Trypanosomiasis (Trypanosoma vivax),
The existence of the African trypanosome,
Trypanosoma vivax, in Latin America is
known from a series of largely anecdotal
references originating in all countries
bordering the Atlantic, from Papama to
Brazil. Little research has been done,
probably due to the lack of adequate
diagnostic methods. The metaod of
transmisston 15 unknown. A master’s
candidate from Texas A&M established
the indirect fluorescent antibody test in
Colombia in 1972, and proved that the
infection existed in the Colombian Llanos,
the North Coast and the Cauca Valley. A
doctoral student is now expanding the
epidemiological studies by analvzing con-
nected outbreaks on four farms in the
Cauca Valley. Economac losses included a
severe drop in milk production on the one
dairy farm, and emaciation of beef cattle
with sporadic mortality. The sympiomsare
similar 1o African situations where cattle
have been under light or occasional vector
challenge, Three of the four outhreaks
would not have been diagnosed without
the ficld work of the investigalor. This
means trypanosomiasis may be more
prevalent than recognizexl because of



confusion with other hemoparasitic dis-
enses.

Ectoparasitic diseases

Ticks were studied during the first fill
year of the special project financed by the
UK ODM.

This project was established because
serious production losses from tick in-
festations have been recorded on other
contingnts in circumstances comparable to
those in tropical Latin America, Losses are
both from reduced weight gains due to the
direct parasitic effect of the ticks and
becanse they are important vectors of
disease. Either cause of loss is sufficient
economic reason for control.

Before a national government decideson
a tick control policy the following basic
information is required: (1} the tick species
present and their distribution; (2) their
importance in transmitting disease; (3) the
life-cycles of the ticks in differing en-
vironments, and (4) whether the ticks are
resistant to acaricides. The last two factors
are essential in deciding the most
economical control strategies. Work in the
tick unit followed this total pattern of
reguirement.

Specialized resources were developed. A
moated tick barn for disease transmission
experiments and double-fenced, moated
paddocks were bailt. Clean tick colony
Hnes of the major bovine tick species were
maintained. The Boophilus microplus line
15 now in its twellth peneration and
Anocentor nitens in its fifth, Breeding
colonies of Didelphis marsupialis {com-
mon opossum)} and Zygodoemomys
brevicauda (cane rat) are now estahlished
as two of the laboratory hosts for rearing
the different stages of tick species. The
checklist of tick species and their distribu-
tion in Colombia (1974 Annual Report)
was expanded, In collaboration with ICA,
studies were extended from domestic and
wild mammals to birds. A doctoral student

reviewed the literature and prepared a
manual showing the known hosts and
distribution of 172 tck species in Latin
America.

Research literature is unclear on the
ability of Boophilus micropius to transmit
Anapiasma  marginale  ¢ven  though
anaplasmosis is thought to be a major
disease in the tropics and Boophilus
micropfus s common in the same
localities, Transmission trials were es-
tablished and the third attempt is currently
under way.

A doctoral student studied several
aspects of on-host ecology of selected tick
species of economic importance to the
cattle industry in Colombia. The work
mciuded the following segments: the
establishment of a group of cattle in the
ficld to study tick loads, disiribution
patterns on the animal, and seasonal
incidence of Boophitus micropius; the field
rearing of the same tick at 3,000, 2,450,
1,80 and 1,000 meters altitude for studies
of oviposition success and duration, larval
productivity, and longevity; collation of
weather data, and the study of diurnal
activity of larvae in grass to judge the
ameliorating  effect  on  litter  zone
microcitmate of the pasture cover.

Collaboration continued with the
Wellcome Laboratories, Berkhamsted,
England, in acaricide resistance studies.
Three further consignments of ticks were
dispatched.

The ectoparasite workshop orgamzed in
August revealed the need to identify tick
taxonomists in South America and to
standardize taxonomic keys. A small
workshop will be held in 1976 combining
taxonomy with methodology in deter-
mining tick distribution.

Wild animal studies

The Annual Reports of 1973 and 1974
contained checklists of mammals together
with their parasites and infections that are
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found at Carimagua. This work was done
te determine conditions which may be
pathogenic to man or his domestic
animals, particularly cattle. The most
important infections found were an un-
known Echinocvoccus sp., Trypanosoma
eruzi infection {Chagas’ disease of man)
and Trypanosoma evansi infection, Con-
tinuing work on these infections is reported
below, but the emphasis of the wild animal
studies ¢hanged. The technical staff were
increasingly employed either on the farms
chosen for intensive exzmination or on
teaching assignments. One technician was
Joaned tor a month tothe ICA|USDA foot
and mouth eradication project in the
Chocd region of Colombia,

Echinococeus spo The infection was
found in Proechymis sp, for the {irst time
as well as in the two agouti species.
Cuniculus  paca  and  Dasvprocta
Fulizinose, Attempts to establish the full
life cvele for making a positive identifica-
tion, continued at the ICMR. Sera from
stafl stationed at Carimagua were sent 1o
CEPANZO and the results were negative.
Th.. 1s an area of work which has to bhe
broug "1t to a conclusion, I this particular
spectes v found to be capable of infecting
cattle, this reprosonts an important poten-
tial loss of production. In Argentina, for
example, infection with Echinococcus is a
principal cause of condemnation in
slaughter houses.

frepanosoma cruzd infections: Baseling
sery wore collected from Carimagua staff
on a ‘oluntary basis and sent fo the
institute Nacional de Diagnoésnco e
Investigacidn de la Enfermedad de Chogas
in Argentina. Five ICA emplovees had
positive sera. They were identified, check-
ed for heart irregularities and treated. The
ICMR continues to check on the presence
of infected Reduviid bugs in the vicimity of
Canmagua. This is an important service to
this isolated community.

Trypanosoma evansi infections: Thir-
teen strains from Carimagua gre now
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stored at low temperature at Palmira. They
are derived from domestic horses (2},
domestic  dogs (3) and capybaras
[ Hydrochoerus  hydrochoerisy (81 A
master’s student is comparing the an-
tigenicity of the strains from the three host
sources to confirm that they are the same
species of trypanosome.

Disease impact at farm level
Breeding diseases

Ten of the farms surveved in the
Colombian Llanos were chosen for closer
and continuous examination. Table 26
gives the abortion rates in a single 2.
month period. These are minimal figures as
there may be abortions in early gestation
which are unnoticed.

Farms A and B were further assessed.
Farm A had a few reactors 1o brucellosis
{6]136) that were  slaughtered  or
transferred elsewhere, The number of IBR
reactors was also  negligible (4] U1,
Hawever, the number of leptospirosis
reactors was high (29166, Bulls were
negative for trichomoniasis and vibriosis.

Abortion rates in fen beef herds in the
Dyepartaments of Meta, Lianos
Orientales, Cnlombia observed ina 12-
mounth period,

[abic 6.

No. of Mo, of
bFarm termalies abornons i
A 1R e 1.7
B 424 40 2.4
[N 330 25 71
i) 154 H 3.3
1 i26 4 3l
il 557 24 43
G 105 : 40
H 76 & 7.8
[ 160 ts Q13
i 138 b 4.3

2487 154 6.24




Farm B similarly had minor numbers of
reactors to brucellosis {(2193) and IBR
{3]74) but a high number of leptospirosis
reactors {691 721 Again, no trichomoniasis
or vibrigsis could be detected, The eir-
cumstantial evidence is that leptospirosis is
the main reproductive disease problem on
both farms. Observations and collation of
data are continuing.

Records from the ICAICIAT. herd
systems experiment at Cariragua are now
sufficiently complete to assess the calving
and abortion rates in the individual herds
against the elimination of brocelloss from
the cxperiment, absence of vibriosis and
trichomoniasis  and  observed low
prevalence of IBR and leptospirosis.

Hemoparasitic diseases {anaplasmosis,
babesiosis}

The prevalence data indicate that high
mortality would occur if susceptible cattie
were introduced into any of the areas
sampled.

In studies of calf-hood infections of the
four beef herds sampled in the North
Coast, the 112 calves examined were first
infected ar 3 mean age of 11 weeks with
both A. marginale and 8. bigemina. Mean
packed cell volume (PCV} values
significantly decressed during a two-week
period following infection but all calves

recovered rapidly, The two infections did
not appear to have any gconomic impact.

However, the situation in the Cauca
Valley was different. Herds are cither dairy
or beef alone, of sometimes mixed
operations. The housing of calves on dairy
farms means that they are exposed to first
infection at pasture only at about six
months when inpate age immuonity is
waning. In addition, some stock may be
reared at higher altitudes where transmis-
sion 8 not occurring. Animals with
susceptibility caused by either reason have
acute and sometimes fatal infections, The
direct losses described in the records of one
farm studied are in Table 27, Detailed
epidemiological work is being done on 12
farms {o determine and collect the data for
measuring economic impact.

“Secadera™

The importance of the “secadera”
gomplex was discussed in the section on
disease prevalence studies. As a resulf, a
follow-up visit was made to one farm
where production amd  animal health
records had been maintained during 1973-
75 by the resident owner who was also a
veterinarian.

Twenty-seven cases of secadera had
occurred in the three vears, $in 1973, 11 in
1974 and 7 in Jan.-Oct., 1975, All cases

Tabk 27, Direct economic loss ob a dajry fanmn in the Cauca Yatley, Colombia, caused by anaplasmosis and
habesiosis, (fan. L1970-June 30, 19735
[ puses Costs Casts
from of fur Total Average
No, of Total deaths drugs lahoy loss foss| head
animals deaths {{ah5: {Cal$y {Col3} {Cal$) {Cat¥)
1970 5 3 16,006 16,379 3513 29,982 146
1971 224 § 23250 15,398 4,80t 43,449 94
14972 236 11 63,000 22417 5.745 88,162 373
1973 2ig 5 27,750 22,302 7167 31219 202
1974 245 8 52000 9580 2124 90,704 64
1973 ZA 3 23,500 21,441 543 50,372 2
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occurred in cows from 3 to 11 years of age
{average 5-1]2}, representing in this age
and sex group an annoal incidence range of
4,0-6.5 percent. Twenty-three of the cases
were In cows which had either recently
weaned a calf or were nursing a calf when
symproms were ohserved. Eight animals
died even though each one received a
manimum of and in many cases as many as
four antibiotic treatments and supportive
therapy, and were given the best pasture
available. Secadera has accounted for 25
percent of the total deaths in breeding cows
on the farm during that period. Cows that
recovered from sccadera required 4-6
months to regain normal conditions,
during which time they failed to rebreed.

A commoen opinion amongst
veterinarians working in the Lianos is that
nuiritional stress in animals which are
carriers  of  anaplasmosis  causes 3
recrudescing clinical infection. The theory
needs to be checked with accurate clinical
and serological data,

Cost! benefit analysis of control

The work on prevalence studies and
economic inpact of disease progressed far
encugh to commence cost| benefit analysis
of control,

Foot and mouth disease

CIAT economics and animal health staff
are using foot and mouth disease as the
mam pioneering area in animal health
ecconomics. The reasons for choice have
been, first, the international interest and
concern; second, the availability in Colom-
bia of outhreaks: third, the relative
freedom from complicating management
or concurrent disease factors; and last, the
existence of large campaigns for hoth
eradication and contrel so that the
cost| benefit of controi strategies can be
compared, The successful methodology
developed after outhreaks on pig farms in
the Cauca Valley gives a better understan-
ding of the requirements for work with beef
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cattle. An epidemiological model of the
disease has heen prepared to  assist
econoimists in preparing their correspon-
ding economics model. A complementary
and more detailed description is given in
the Economics section of this report.

Hemoparasitic diseases (anaplasmosis,
habesiosis)

Farms bave been selected from the 12
under economic study in the Cauca Valley
to analyze the benefits of immunizing stock
against anaplasmosis and babesiosis.
Equal numbers of calves under normal
management and immunized calves are
being compared on each farm. Calves on
two farms have been immunized up to
now. This study is being carried out in
collaboration with ICA,

PRODUCTION
SYSTEMS

¥Food crop production
Green manure crops for allic soils

Last year effects of iming on dry matter
production and nitrogen yield (kg N| ha) of
several green manire crops grown at
Carimagua were reported {1974 Annual
Report). Highest N yields were obtained
with indigofera, followed by cowpea,
velvel bean and crotalaria. After incor-
porating the green manures, two varieties
each of corn(H-207 and Carimagua-Z)and
sorghum (BR-64 and E-57) were planted
aeross the green manare treatments. They
also received 50 kg|ha P£s, 50 kg| ha of
K 20, and 50 kg N | ha as urea split-applied
at 10 and 57 days,

Corn and sorghurmn are very suscepiible
to soi} acidity and vields of both with zero
and 0.5 ton of lime! ha were practically nil.
The results reported are the averages of the
2 and 6 tons|/ha lime treatments only.
Sorghum was harvested as green forage



because of bird damage to the grain. Figure
i35 shows the response of the corn and
sorghum varieties to incorporated green
manure crops. Though yields were low,
both ¢rops responded best to incorpora-
tion of cowpea, followed by velvet bean or
indigofera, and least to incorporation of
crotalaria. The poor response to crotalaria
could be due to its very low N-content
(1.5%) compared with the other green
manure ¢rops {2.4-2.8%). Cowpea incor-
porgtion, however, consistently produced
highest yields of corn and sorghum, despite
its lower N yield than indigofera.

Tillage systems

With the rising cost of machinery and
fuel and the availability of betier her-
bicides, worldwide inferest in systems of
minimum tillage has greatly increased.
Under the Llanos situation, minimum
tillage for food crop production seems
feasible after sufficient lime has becn
applied and incorporated. In 1974 a trial
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was established to compare effects of four
tillage systems on corn vields after the
initial application of 2 tons of lime| ha and
the production of one uniform corn crop.
Although yields were low due to Al
toxicity, highest corn yields were obtained
without soil tillage, placing only the corn
residues from the first crop intherowas a
soil mulch.

In 1975 another 2.6 tons| ha of lime was
applied and uniformly incorporated, in-
creasing the lime level to 4.6 tons| ha. The
following uniform crop of upland rice
{variety CICA-6) produced an excellent
vield of 4.7 tons|ha. Again using four
tillage systems, a crop of black beans
{Porritlo Sintético) was sown. Though not
vet harvested, the weight of green plants
and green pods indicates best plant growth
with a mimimuom tillage systemn of one
disking without ridging, This system
appears superios o the traditional system
of plowing, discing and ridging.
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Figure 15, Response of two maize and two sorghusm varieties to the incorpuration of various green manure

crops before seeding at Carimagna.
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Plantain fertilization

Plantain isa staple food for people of the
Llanos and is produced around the
farmhouse, in old corrals, or in cleared
gallery forests where it grows well and
apparently without nutritional problems.
However, when grown in plowed savanna,
without fertilization, plants develop poorly
and hardly set fruit; they seem to suffer
from several nistritional problems. In order
to determine the plant’s main nutritional
requirements on these savanna soils, an
experitnent was planted in 1972 with
various levels of N, P, K, hme and farm
manure, using a San Cristobal experimen.
tal design. After analyzing the harvest of
1974, 1reatment lfevels were slightly ad-
justed. Table 28 shows the total vields for
1972 o mid-1974 and for mid-1974 1o
1975, averaged for each treatment over all
other treatment combinations.

In the first period, greatest response
came from apphications of 200 kg K 20| ha,
100 kg P20 sand 10tons manure | ha. There
was little response to liming or nitragen. In

Table 28

1975, preatest response again was obtained
from the highest level of K followed by
applications of P, N and farm manure.
There was a large response to the recent
application of | tanjha of lime, compared
with the residual effect of other lime
treatments applied in 1972 lowslly, a
benefictal  effect of the 1972 lime
applications was also observed, but later,
preduction dropped due to apparent
disease and|or micronutrient problems.

Herd production systems

The purpose of the herd systems amd
related early weaning experiments is to
provide information for 'eveloping life-
cyele production systems that will increase
productivity and profit using today’s
cattle, pastures, technology and manage-
ment skills, In addition, this experimenta-
tion will assist integrally in identifying and
characterizing technological barriers to
achieving further production increases.
The overnding consideration is to deter-
mine how to feed and manage the cow so
she rebreeds, since most cows grazing

Yield response of pluntain (iresh fruit) ¢ liming and fertilization, Carimagua.

1972 w mid-1974

Treatment (kg ha} Yield {1ons] ha}

md-1974 1o 1975

Treatment (kg hal Yield{tons| ha}

anure ] HEE
10,040 475

N 1] 334
100 LA

P, 0, i 186
100 4.73

KOy ¢} (.35
200 t.2a

lime i} 7.07
S 5.85

2.800* 848

6,000 363

manure 3600 128
2,000 i.51

N 0 {10
56 1.68

P O 30 (.81
940 B9

Kz Qs 34} G.73
1580 205

time S0 (.30
1000~ 209

2,000% (.24

&,000* i34

* o bamwe applied s 1932
5 Limne apphied in 1975
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pastures in allic soll areas don'’t conceive
again until the nursing calf is weaned,
resulting in a calf every two years.

Herd systems experiment, ICA-CIAT
{Carimagua)

This experiment is designed to deter-
mine the hfe-cycle effects of various
management practices and production
inputs, Treatment variables between herds
include pasture systems, mineral
supplementation, and protein supplemen-
tation during the dry season. Within herd
treatments include early vs normal wean-
ing, and alternative use of Zebu and San
Martinero bulls in each herd.

Pasture treaiments

Pasture ireatmenis include grazing of
native pasture all year, molasses grass
{ Melinis minutifiora} in the rainy season
and native grass in the dry season, and
molasses grass all vear. Whereas seasonal
differences have been noted, vear-round
animal performance, as measured by
growth and reproduction, have been
similar on all pasture regimes where
mineral supplementation has been provid-

gd. Firstcalf heifers which received
mineral supplements weighed ap-
proximately 330 kilograms {1974 Annual
Repart), just before the beginning of first
calving and had similar calving percen-
tages (86 tn 91%) in the first year'scalfcrop
{Table 29}, In the second calf crop for the
first six months of 1975, calving percentage
ranged from 54 1o ¥3 percent, with highest
percentages {65 to 83) observed with the
regime of molasses grass in the rainy
season and native grass in dry season
{Table 303, Calving percentages for cows
on cither pative grass or molasses grass
alone were similar {35 to 6195}

In analyzing reproductive performance
singe the initiation of breeding beiween
May, 1973-June, 1975, average number of
calvings|cow was slightly higher for the
molasses grass-native grass combination
{1.62}) as compared to native grass alone
{1.47) and molasses grass alone (1.45).
Calving interval also favored the native
grass-molasses grass combination (14.9
months} as compared to native grass alone
{15.4 months) and maolasses grass alone
{15.8 months).

These results suggest lttle advantage for
improved molasses  grass  pastures.

Table 29, Reproductive performance in the first calf evop (calves born between February and December,
1974) Herd Systemns [, Carimagua,
Time from beginmag of
Nooaf Nooof  Naeoof  Calving Abertions  breeding to conception
Treatment Herd  cows births  abortions  (€7; (%) {menths)
Conirot H 28 i4 i 560 o 524
Native pasture 2 11 17 i3 51.5 39.3 T.74
and salt 3 29 15 7 517 .1 9.7
Nalure pasture 4 3 27 2 87.1 £.5 437
und compete minerals 5§ 1n 30 i 939 3o 4.74
Native pasture and 6 33 30 3 85.7 8.6 4.29
molagses grass and 7 34 3 G g1z A .15
complete miaerals
Muolasses grass and ¥ 3 3 0] @12 0.0 455
compleie minerals g iz 28 L 873 9.4 385
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Tabrle 30, Heproductive performance in the second calf crop (calves bown or o be born in 1975) and tofal number of births and abortions to date, Herd System 1,

Carimagus.
Time
No, of No,of 1975 75 hetween
Nev, ut births, abortisag, aubying uhoriians calvings, fostal Total
Freatment Herd cows 1975 1975 £y el {months) births shortions
Comtrad i 2% 15 t 554 s 215 29 12
Native pasture Z 13 12 0 655 0.0 w04 24 13
and salt 3 2% {9 Q 653 0.0 205 34 7
Xative pastire and 4 3 19 [t} 1.3 [£X)] 156 46 b
romplete mineeds 5 33 18 i 5.5 4.0 15.2 44 1
Natise pasture sind [ 35 24 ] 2.9 [1X¢3 18,2 39 3
modasses prass and 7 M a2 il 64.7 a4 147 43 b
complete minerals
Maksanes grass and & A 19 0 554 0.0 {32 51 &

complete minerab Y 32 1% 2 56.3 6.3 H] 46 4




However where pasture land is Limiting,
production can be increased by es-
tablishing improved pastures, which will
generally have a higher stocking rate than
native grass pastures in the rainy seasom,
Also, improved grass pastures will often
provide a higher plane of nutrition during
the rainy season, resuiting in improved
performance of ammals in more nutrient
demanding phases of the production cycle,
e.p. breeding bulls, weaner calves, brood
cows, fattening cattle. However, improved
grass pastures mayv or may not have an
advantage over native grasses in the dry
season. Actually Melinus minutiflora has
shown to be inferior (1974 Annual
Report).

These results also indicate that the lower
arcas with high water tables can be used to
advantage during the dry season since soil
moisture is adeguate to support pasture
plant growth. The usual grazing procedure
i to utilize the higher, well-drained
savannas in the rainy season, and the lower
areas in the dry season. An exception
would be pastures based on tropical forage
legumes, which are generally deeper rooted
than grasses and can tap subsoll moisture.
They will ofien provide good pasture
during the dry season in the higher well-
drained areas.

Mineral supplementation

Cows on native pasture that received
mineral supplementation had significantly
higher calving percentages (P=2.01) in the
first calf crop than non-supplemented cows
{88 wvs 32073, shorter intervals (P=< 01}
between beginning of breeding and con-
ception of first-calf heifers (4.5 vs 8.7
months), higher number of calves | cow {P<
001 through mid-1975 (1.47 vs 1.02), and
shorter interval { P2 GO ) between calvings
(154 vs. 207 months {Tables 29, 30 and
1), Caleulated  abortion  rates  were
sigaificantly lower}(P=< 001} in mineral
supplemented  herds (6.5 vs 32 gbor-
tions| cow). Mincral supplementation is a
readily applied production practice that

will often increase productivity and profit
{Fig. 16).

Protein and energy supplementation

Supplementation during the carly part
of the f{irst vear's breeding season (1973
with a wurea-sugar supplement did not
improve calving percentage, nor reduce the
interval hetween indtiation of breeding
season and conception of first-calf heifers.

The foregoing treatments were discon-
tinued, and molasses-urea-suifur (500-80-4
g|head|day) supplementation during the
dry season {December through March)
was initiated in December, 1973 in one of
the two herds in each pasture regime with
minerals {herds 4, 7, 9) and without
minerals (herd 2). Up to mid-1975
molasses-urea supplementation bas had no
significant effect on calving percentage or
interval between calving (Table 31

Serum phosphorus levels

Blood samples have been taken onece
every rainy season {April to November)
and once every dry season {[December to
March) since heifers were first brought to
Carimagua in February, 1972, Blood sera
were  analyzed  for serum  inorganic
phosphorus and initially for some other
minerals.

Diata in Table 32 and Figure 17 are only
for heifers that had not calved and did not
receive a protein energy supplement just
before blood sampling.

Untl July 1972, all heifers were grazed
together on native pasture without mineral
supplementation. Serum P levels were
similar for all herds during this period and
were lower in the rainy scason than in the
dry season (P-= 01}

After the sampling in July 1972, the
heifers were divided into nine herds and
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Tahle 31, Calving interval, conceptions, abortions and births, May 1973 to June 1975, Herd Systemw 1, Carlmagua.

Calving Avg, Avg. Avg.
No.of interval Totl conceptions Total abortion {otal hirths
‘Freatment COWE {months) coneeplions PR Cow abortions per cow births per cow
Minerals
Sah 62 a7 43 134 Fel .32 63 1u2
Salt + minerals 64 5.4 g7 132 3 05 G4 1.47
Pastare
Native grass a4 15.4 97 }.52 3 .03 94 .47
MNative grasy
molasses grass o8 4.9 i3 167 3 B 112 ez
Molasscs grass 66 154 141 £.53 4 A L £.45
Protein supplementation
None 131 16.5 412 1.54 il Rik] 191 ] 46
Lren + muolasses 136 16,8 194 149 20 )4 174 .34
Weaning
Normal 223 17.3 21 t44 z8 12 294 31
Early 38 129 74 £9s 3 B 71 LE7




Figure 16, Cows grazring nadive prass that received g complete mineral supplement had 44 pereent higher
valving vates than those that received only salt

treatments began. Heifers that continued
on native pasture without mmnerals con-
tinued to have higher serum P levels in the
dry scason than in the rainy season. Herds
on native pasture with minerals showed
rauch smaller differences in serum P
hetween ratny and dry seasons, and had
consistently higher serurmn P levels in the
rainy season (P=0.03) than those onnative
pasture without mingrals, Inthe drv season
the effect of mineral supplementation was
either very small or even negative {March
1973 and January 1973). Heiters on
molusses grass and minerals had con-
sistently higher serum P levels all year than
heifers on native grass and minerals. This
effect was accentuated in the dry season.
Heifers on molasses grass had higher
serum P levels in the dry season than in the
rainy season. Heifers on mclasses grass in
the rainy season and native grass inthe dry
season fherds 6 and 73 confirmed these
trends in that P levels during the rainy
season were vimilar to the herds 8 and 9 on
molasses grass, and P levels in the dry
season similar to herds 4 and 5 on native
2FASS.

& 4 N 3 ¥
Wt L &

o P

During the beginning of the first
breeding season (April-June, 1973), herds
2-9 were divided into three groups to
determine the effects of supplementation
with urea-sugar and cettonseed meal {1973
Annual Report). Urea-sugar supplementa-
tion significanily reduced serum P level (P
~= (1,05) (Table 33). Cottonseed meal
supplementation significantly increased
serum P level in cattle on native grass
without minerals (herds 2. 3). Even when
cottonseed meal was fed, cattle on
molasses grass had higher scrum P levels
than those on native pasture.

Molasses-urea-sulphur  supplementa-
tion during the [973-74 dry season
significantly reduced serum P levels (P=
0.03) of cattle grazing native pastures
{Tuble 34} The same trend was noted in
heifers that had not vet calved in January
1975 (Tahle 352

It September 1974 (rainy season), COws
with nursing calves had significantly lower
serum P levels {P<< (.05} than hetfers which
had not yet calved { Table 36). Serum P was
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Table 32 Mean serum iporganic phosphorus levels {mg P | 100 m! serum} in heifers before calving.
Fab, 1972 July 1972 Mar. 1973 June 1972 Feb., 1974 Sepr. 1974 Jan. 1975
Herd T * No, Muoan e * Noo Mean e Noo Moyn [rt.* No. Maan Fer®* Mo, Mean  $rn*Noo Meun  [o* Neo Mean
i A w52 A R34 A M 658 A3 5T A4 130 A A 63T
2 A I S48 A 37 34 A 3F 1 A & 462 A 22 851
k! M W ose0 AT ARl A28 587 A 5 148 A28 &7 AU 306 A 16 528
4 A 37 R49 0 A 36 4% B 29 5%7 B 7 5.04 B & 554
% A W 530 A 3 401 B 23 5% B 7 £.22 B2 &4 A 9 5.12 B 7 S
8 A 7 8542 A a8 19 B 23 544 L 6,73 | I 1 5.6% { 5 514 B 7 336
K A M5 A 35 199 B 3 4586 ¢ o7 i C 9 3%
% A 3™ %77 A 3% 403 C 26 70w o7 6,25 X 67 LA 591 ¢ 3 F00
9 A 517 A 3T 183 CO3 0 R4 C 7 566 C 3 &3

®

Treatment A’ outive pusture + st endvs B native pasture + muncral mix

meludmp POLT Molassos gary + mideeal mas mhuding B



A== A Natbve pasture with salt enly
B~ H: Nalive pasture with salt and minerals
e (3 B3 1a5508 grass with salt aad miecrals
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Figure 17. Changes in seram inorganic F levely in beifers, Feb. 7l-Jan. '75.

not reduced as much in  mineral  but not in those that received a mineral
supplemented herds {49} as in non- supplement (Table 36).

supplemented herds (2 and 3). At the While the above mentioned effects were
beginning of the dry season in January marked indeed, it should be noted that
1975, lactation tended to reduce serum P after July, 1972 large differences between
levels in non-mineral supplemented herds  replicated herds also oceurred.

Table 33, Effect of urea and sugar amd cottonseed meal supplements on serutn P levels June 1973,

Sub-treatment

Main Control Sugay + Ures Cotlonseed meal
Heswd treatient No. Mean Na. Maan Na, Mean
2 A & 4,62 T 423 7 594
3 A $ 348 7 2R3 7 562
4 B R ¥ o467 T 588
5 L5 7 622 7 435 & 562
[ ¢ T 873 7630 & 1.4
7 L o702 6 406 3 6.88
% . 7623 & 632 7 464
g { 7 A66 7 421 7 650
Muan 543 5.20 6.26
* obreatmint St paslure v st el Bonetas pasluse © mnetal s sacluding 40 Makuses gl * nhineral s acludimg B
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Tabie 34. Kffect of supplementation with mufasses
and graa on serum P olevels, February 1974,

Without molises With mokises
+ HTEE + ey
Muin
Vierd  trestment Noo Mean Nuoo Mean
A 33 577
2 A X 526
3 A 25 371
3 B 24 564
5 B 2% a4
fi B 3 5.69
7 3] 27 530
% < 21 674
G ¢ 27 f91
S broatment A s pasiure £ sabt onlh o Bonamn e pastire - mmiial

oy wwhzding P90 Nl piaes v anoere wos schading

Early weaning

In each of herds 2 through 9 five cows
have been selected for early weaning of all
their calves in successive calf crops at 2.5
months of age. A highly significant
improvement was obtained in rebreeding
of heifers following the first calf crop
through early weaning (1974 Annual
Report). However, it is recognized that the
true effect can only be measured over at
least two successive call crops, and that
improvement in  rebreeding  would
probably not be as great following later
calf crops, as compared to the first. Up 10
mid-1975, well into the second calf crop,
early weaning has had a highly significant
effect (P==" 001) in reducing the interval
bhetween calvings (12,9 vs 17.3 months},
and increasing birthsjcow (1.87 vs 1.31),
compared to normal weaning al nine
menths of age (Table 31, Fig. 18).

Feeding and management regimes for
the early weaned calves are described in the
1974 Annual Report. Of the limited
nuember of animals,that have reached 18
months of age, normal weaned calves
weighed 30 to 60 kilograms more than
early weaned calves, suggesting that basic
growth was reduced in these early weaned
calves.

A3

Results of another experiment to com-
pare effects of early weaning on rebreeding
of cows from three commercial ranches
and the effects of different feeding
programs for the early-weaned calves are
discussed in the next section.

Early weaning experiment in Lianos and
CIATY

A complementary early weaning experi-
ment with three ranchers in the Llanos was
initiated to determine the effect on
rebreeding, and alse to compare different
call rearing technigues. A group of 100
cows were selected that had calved at the
beginning of the dry season, that were
open, and that had norsing calves. One-
half of the calves were weaned at 90 days of
age. and the other half continued mursing.
All early weaned calves were taken to
CIAT (Palmura) where different feeding
regimes were compared (Fig. 19),

Cows whose calves were early weaned
had & significantly higher pregnancy rate
(X2= 01} four months after calves were
weaned as compared to their herd mates
who were still nursing calves (76 vs 10.99%)
{Table 371 This difference, of course, will
narrow with time. However, with another
Llanos collaborator, a 100 percent
pregnancy rate was noted in cows eight
months after calves were early weaned, as
comparsd to 30 percent in cows siill
nursing their calves. Removal of the
putrient drain for lactation for cows ona
marginal plane of nutrition eliminates
excessive weight loss, enabling the cow to
rebreed sooner,

Calf rearing and feeding regimes tested
in  CIAT included fresh  chopped
Styvlosanthes guvanensis and Desmodium
disiorium fed in corral, and Brachioria
mutica (Para) and Cynodon nlemfuensis
(Star grass) as pasture, each with and
without 730 g|concentrate head|day
{Tabhle 38). Over all treatments, calves that
received concentrate had significantly (P<
1) higher gains (399 vs 274 g| head | day).



B i
Fagure 1% Cows whose calves were weaned
whuse calves were weaned at nine monthy of age,

Fagure 19 Weipht gains of 394 g, head ) day were ubtained in earls weaned calves maintained on (ynodon
slemfieciin pastures without concentrate,
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Tahie 35, Effect of lactation and suppleamentation with molasses and urea on serum ¥ levels, January 1975,
Withaet medisses © Ured With muelinses + urea
Main Heilers Cows with Nom-lactating cowsy Huifurs Cows with Nor-lagtating cows
Herd treatrent not calved nursing calves {eurly weuned cadves) net eahed nursiag cabies feurly weancd calves)
Ne. Mean Noo Mean Moo Meun Moo Mean No. Mean No, Mean

1 A & £37 i3 560

2 A 4 4.96 9 4.64 4 478

3 A 6 329 12 425 363

4 i EIEL Mo 4 B4

5 B 7050 lg 532 5 52

H B 7 83 2 5.0t 5 5458

7 B & 476 21 445 & 646

3 N 3 o - 21 ha7 5 A

B S 3881 1K 565 5 827
Mean 5.84 5.33 3.6K 508 547 5.4
funweighiody

* Treatment A pative pasture 4 sgle onb By pestive pasture » mineral mx srctudrog FO Modassan grass + mnesd meo inchading P



Table 36,

Effect of lactation on scrum-P levels of cows, September 1974,

Heifers Cows wih Non-lactating cows
Main rot oalved AUPSENg aives {early wenned calves)
Herd Treatment No, Mean Neo Mean No. Mean
I A 14 434 13 134
2 A 22 554 7396 § 4.6
3 A I 306 g 2o 4 249
4 B 6 5.54 19 308 5 552
5 B g 512 20 4.38 5 8%
& C 3 514 24 4490 5 512
7 C & 351 iv 478 & 533
B C 6 391 21 566 6 540
g C 1 578 i$ 5.32 5 541

* Premmeny A astive pastuse + it aaiv B safive sty + mineral mix meludimg 1P O WMakasgs geans +

Highest gains with forage alone were
obtained with Star grass pasture {394
glhead|day) followed successively by
Desmodium distortum, Para pasture and
Stylosanthes guyanensis {346, 200, 157
gihead{day). These results indicate that
calves weaned as early as three months of
age can be successfully reared on improved
grass pastures with only limited amounts
of concentrates, without the need to feed
fresh chopped forages in confinement
feeding regimes. Pasture systems are
attractive, in consideration of reduoced
problems with disease and parasitism,
reduced labor input, and the limited
amount of pasture required per ealf.

Yablc 37 Pregnancy rates of dams with early and
noermal weaned calves four monthy after
early weaning, Caja Agraria-CIAT,
¥illavicencio

Percontupe prognant
Dams with Lrans with
citly weated nErLIg

Farm calves caives

A 73.3 133

B 833 14.2

C 65.0 3.8

All fgrms 6.0 10,9

minerai min acleding P

Afier the two-month tnal, allcalves were
placed together in Para pasture, where they
will remain until they reach I8 months of
age. Nincty-two days after terminating the
trial, differences betwegen pasture
treatiments and concentrate feeding were
much reduced {Table 38).

These data Indicate that carly weaningis
a practice that could be applied in the short
term for significantly increasing calving
percentage. However, improvement in
rebreeding will be economically advan-
tageous only if cost of feeding the early
weaned calf is not excessive, and if basic
growth of the calf is not impaired.
Investigations will continue to determine
the feasibility of early weaning.

Intensive production systems

Two experuments were conducted at
Palmira to evaluate performances of
croushred steers {Charolais x Zebu) fed
chopped elephant grass alone or with other
feeds.

In the first experiment, 16 steers were
assigned randomly and fed individually
according to the four treatments shown in
Table 39. Due to reduced forage produc-
tion later in the period. one animal was
removed from each treatment group after
seven months. During the 364 days of the
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[able 38

Growth performance of earh weaned calves.

Eavewoight gas {p head dosd

Congentrat,

I g head !

Forage Nong day. Penod | As erage
Pasture
Biur grass
Porad 1* Jod bR $d4
Porwsd 2** i3 REC! 414
Paru
Peried 23 KK 252
Poriwd 2 KLY kol UHN
Eepume
Trespnpendirien ddivtorta
Porod | i 47y 412
Prorumd 2 RS] H'¥ IR
Sevhsgredes moarmnne
Porsgd | 157 B RS
Porind 2 3x7 34 I
Averuge. Poruad | I gy
Average. Porawd 2 nd 35
BoPeeewd T oApe 1T Bume 1f TS
Pornad & Jume bDorasgp 1) 208

cxperiment, the one hectare of elepham
grass produced 2638 kilograms  of
liveweight gain {including the four sicers
during the first seven monthsl, Table 39
shows pedformance for the 12 steers
completing the experiment.

Steers receiving cottonsced meal and or
molasses with the elephant grass gained
faster than those consuming only elephant
grass. Adding molasses and coitonseed
meal increased dry matier consumption,
while cottonseed meul alone or combined
with molasses produced more efficient
gains.

In a second experiment. individually-fed
steers received chopped elephant grass
alone or with freshly cut cassava forageasa
protein supplement in proportions shown
in Table 40. Steers consuming either level
of cassava forage guined significantly
\-54

faster and comverted feed more efficiently
than steers consuming only the elephant
griss. Performances of the two groups
receiving  cassava forage didn’t difter
sigtiificantly, indicating that the 25 percent
level of cassiava provided sufficient protein.
No adverse effecty were noted among steers
consuming the freshiy cut cassava forage.

Field application of resuits

Atthough sufficient data arc nol et
available to measure the individual and
combined effects of the foregoing produoc-
tion practices. these results clearly indicate
that significant increases can be achieved in
animal productivity and productivity| hec-
tare. by applying available tcchnology.
Production practices that can be applied in
the short term include mineral supplemen-
tation. early weaning and pasture systems
using native and|or improved grasses in



Iahte 19 Perfurmance of Charolais x Zeby steers fed chopped elephant geass alone or supplemented with
cotrunseed meal and . or mofasses Tor 364 days.
Llephant gras supplemenied with
Flephant
2rass SkpUNM
alone 5 kg USM kg maoi. 2 kg maol.
Number of antmais 3 3 K 3
Instiad weight (g} 25050 2570 2aR.0 26350
Final wespin (kg M0 4300 HRU ABR.G
Average duily gain (g) BT XY 330.0u* 548.0a £13.400a
Feed comumplion (kg day)¥* 87 £ 7 4h 7.4h
Prostein in ratian
consumsdt ) ¥ 114 13y 2.1 1.3
Feed efficiency®* 14.3 12.5¢ 134 121c
Fiephant grass
comstiphion {kg fday P* 5.7 6.2 &1 55

*oadpuns ledlowed By the same fufies an nof sgislizanth diliceess (P« U

e 2 dry mustier basw

high areas during the rainy season and
native pastures in low arcas during the dry
season. It is expected that use of legume

based pastures will further increase
productivity, particularly in the dry
Season.

Family farm unit

The family farm umit is operational
under steady state conditions as described
in the 1974 Annual Report, Thus far the
farm operator has proven responsive to the

application of improved production prac-
tices, and has demonstrated his capability
to manage the unit and perform necessary
farm work.

Yaluable information has been obtained
on the establishment and grazing of
legumelgrass  pastures.  Stylosanthes
Fumilis population has markedly increased
whereas  Styiosanthes  guvanensis  has
declined in association with FPaspalum
plicatufum. P, phicorelus has persisted.
fndivofera hirsuta was readily established

Tabic 40. Performance of steers Ted ebopped elephant grass alone or with cassava forage for eigh! months,

Flephant gras.

T3¢ clephant grass 504 elephant grass

alone +257 eassava forage + SO0 cassava {orage

Number of animais 3 3 3

mitial woight (kgh 635 3762 2708

Final weight (kg 3425 3927 794
Average dailv gain (g} WED 61 Oa* 448 13

[rv matter consumed {kgfday} 34 6.3 6.1

Crude protein (7.1 .4 4.7 13.0

Feed ofticiencu i76 1378 137k

4

= Omodry meatigr hsais,

Mrgms Feitowedd by the same Jettor are rat sigmiuantiy dilfgreat (P Gy,
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in combination with 2 plicandum.
Heowever, since cattle thus far have refused
to graze the L hirsuta, Hyparrhenia rufa
was strip-seeded 1o reduce 1. hirsiea
population.

Calculated herd calving rate in 1975 was
30 percent, lower than expected. If is
expected that calving percentage will
improve somewhat when the 50 hectares of
improved pasture become available on a
continuing basls. There were no deaths in
either calves or older animals.

Production of food crops has generally
met expectations. Acceptable vields have
been obtained with cowpeas and rice.
Platano seedlings have made good growth.
A flock of chickens to produce eggs and
meat for the farm family are maintained
using farm produced leedstuffs.

Model simulations of smafl farm units
based on beef caltle enterprises are
reported in the Economics section of this
Teport.

TRAINING

Eight postgraduate  interns received
training dunng the year in the Beef
Program. This category of training totaled
38 man-months or about seven monihs of
training per individual. The internships
deal principally with the teaching of
tesearch  methodology  within the dis-
ciplinary nterest of the trainee. Various
scientists in the animal health and forages
sections supervised these trainees.

The number of special trainees (so
classified when they stay less than three
months at CIAT}) increased substantially
over the past year. Thirteen students {29
man-months) spent approximately two
months each at CIAT. Nine of the 13 were
supervised by staff in the animal health
section, the others did short-term prajects
in the pastures and Torages and weed
conirol sections.

A-S6

The number of visiting  research
associates is also increasing rapidly. Two
doctoral students are now working on their
dissertation protects in animal heaith, two
in animal production, two in pastures and
forages and one in agricultural economics.
The major costs associated with these
projects are funded by educational grants
from outside CLAT. The rescarch done by
these associates contributes to the overall
objective of the program as well as partialty
fuifilling their university requirements.

Druring the vear, three research scholars
received their masters degrees with elther
partial or total financial support from
CIAT, Two degrees were awarded for
projects in animal health and one in
economics. Three other research scholars
have begun their masters programs and
will receive their degrees in 1976,

The total training time within these four
categories is 366 man-months, about 30
man-years of traiming and two man-years
of training per senior scientist in the Beef
Program.

Livestock Production Specialist Training
Program

The fourth Livestock Production
Speciabst Traming Program (LPSTP}
began March [, 1973 and lusted for ten
months. Based on information gamned
from previous LPSTPs, several changes
were made to strengthen the program.

{1} Since many factors such as nutrition,
management and preventive medicine are
significantly different in the production of
beef cattle vs, swine, it was decided to
concentrate on beel cattle in the fourth
course {1975) and design a separate course
for swine production to be offered in 1976,

{2y In reviewing the actbvities of
graduates {rom previous courses, it was
found that they were doing very little to
impart the knowledge gained at CIAT to
colleagues withing their own institutions



-~ basic ohjective of the LPSTP. A
contributing factor to the limited success in
achieving a “multiplier effect™ at the
national level appears to relate to the fact
that only two or three participants were
enrolled from each country. Thus, an
insufficient number of personnel were
being trained from a single couniry to
effect any change in the traditional
agricultural education process.

Therefore, in the fourth LPSTP, par-
ticipants (nine Colombians and [
Paraguayans) were selected from only two
countries. Selection was contingent upon
their returning to a position where the
knowledge gained at CIAT would be
utilized in training others within their own
institutions.

{3} Realizing that recent <college
graduates in animal science and veterinary
medicine need to be better prepared to
cope with practical aspects of animal
production, more university instruetors
{504 of the total) were selected 1o take the
course, They will be in a position to
introduce and|or improve production
courses at the univessity level,

(4) The ranch phase of previous courses
was always conducted on commercial
ranches on the North Coast of Colombia,
irrespective of the natiomality of the
participants, For ease of administration
and logistic support, the location was ideal;
however, it was less than ideal for non-
Colombian trainees, who encountered
difficulties 1n adapting to the local environ-
ment. The social customs. economic
relationships in livestock produaction, trade
names for local agricultural chemicals and
drogs, and even the local vocabulary for
agriculfural terms presented problems
which made the learning experience
somewhat less than optimal.

To eliminate these barriers, the 1975
course was restructured so that the 11
Paraguayan trainees spent only three
months at CIAT {in the theory phase,

taking advantage of the facilities and
learning from the scientific staff) after
which they returned to Paraguay to do
their ranch phase. One training assistant
was placed in Paraguay to assist the local
institutions in carrying out the ranch
phase. The University of Asuncion’s
Faculty of Veterinary Medicine and the
Ministry of Agriculture are supporting the
training program there,

Colombian trainees are being trained in
the North Coast of Colombia as before.
The level of discontentment, which was a
tire-consuming element to be dealt with in
other courses, has all but disappeared.

{5} Also, for the first time, all ranches
selected {or practical training have govern-
ment development loans. This is viewed as
a demonstration of the rancher’s interest in
improving his ranch and thus provides a
more favorable environment for the
traines to work.

In addition to its formal training
function, the LPSTP provides the oppor-
tunity for trainees {all college graduates)
and CIAT staff members to study in-depth
the ranchers’ problems and actively par-
tictpate {at the ranch level) in the search for
better technology which will be accepted
and will contribute to improving ranchers’
situations. Following are some practical
observations obtained from experience
with the LPSTP,

Experiences in the North Coast of
Colombia over the past four vears clearly
show that milk production on beef cattle
ranches is an integral part of the ranch
operation and accounts for a large portion
of the milk produced in the region. The
increasing populariiy of the system would
indicate that it is profitable; however,
insufficient data exist to make any con-
clusions. Calves from non-milked cows are
heavier at weaning; however, the difference
al 18 months Is less noticeable indicating
that preweaning retardation in calf growth
by partial milking of the dam may be
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recovered (compensalory growth) by one
year postweaning.

This system requires{ |} the cows to calve
throughout the vear, and (2) that thecalfbe
present at gach milking to stimulate milk
fet-down. This production system makes
the adaption of conventional beef produc-
tion management techniques very diffieult,
The establishment of a breeding season,
which makes weaning, selection, herd
health, record keeping and marketing less
complicated, is virtualiy impossible. The
present system (dairy|beef} approaches
more closely that of a dairy operation,
which requires a more intensive type of
management, Thus a very elaborate
management system is needed in a region
where the more hasic animal management
and health practices are difficalt to imple-
ment.

The most critical problem (in terms of
available solutions) encountered by the
LPSTP s that of mamtaining an adequate
nutritional level during the three- to five-
month dry season. This problem drastical-
ly reduces annual meat and milk produc-
tion in many lowland regions. The
preservation of forage (hay or silage) is
unatiractive due to high cost and weather
complications at critical harvest times.
Using mature sugar cane as a dry season
supplement offers promise because of its
ability to produce large amounts of stored
energy during the wet season and maintain
its nutritive value during the dry season
when it is needed. The LPSTP-cooperating
ranchers who have fed sugar cane during
the dry season are convinced that it hasa
place in their management programs.

Development of instructional materials

An important function of training in the
animal sciences area is to work with the
scientists in the development of instruc-
tional materials that are used in CIAT
training programs and also magde available
to national institutions.

A58

Prior to 1975 the majority of the training
materials produced were in written form
with relatively few illustrations. Color
slides were used for teaching; howgver,
copies were not available to give to the
trainees because of high cost of reproduc-
tion when done on a