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CIAT is a nonprofit organization devoted to the agricultural and
economic development of the lowland tropics. The Government of
Colombia pros ides support as host country for CIAT and furnishes a
522-hectare farm near Cali for CIAT's headquarters. In addition, the
Fundaci6n para la Educacion Superior (FES) makes available to CIAT
the 184 hectare substation of Quili.:hao, situated near Santander de
Quihchao, Departamento del Cauca. Collaborative work with the
Instituto Colombiano Agropecuario (ICA) is carried out on several of
its experimental stations and similar work is done with national
agricultural agenu.es in other Latin American countries. CIAT is
financed by a number of donors represented in the Consultative Group
for International Agricultural Research (CGIAR) During 1977 these
donors stere the United States Agency for International Development
(USAID), the Rockefeller Foundation, the Ford I- oundation, the W. K.
Kellogg Foundation, the Canadian International Development Agency
(CIDA), the International Bunk for teconstruction and Development
(IBRD) through the International De% elopment Association (IDA) the
inter-American Deielopment Bank (IDB) and tie gosernments of
Australia, Belgium, the I ederal Republic of Germany, Japan, the
Netherlands, Svi itzrlund aund the United Kingdom. In addition, special
project funds are supplied b) i arious of the aforementioned entitiesplus
the International Dc elopmeit Research Centre(IDRC) of Canada and
the United Nations Development Programme (UNDP). Information
and conclusions reported herein do not necessarily reflect the position of
any of the aforementioned agincics, foundations o governments.
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Beef Program

The reorientation of the Beef Program The genetic base of CIAT's tropical
was completed during the year. An forage germplasm collection adapted to
interdisciplinary team was assembled for a acid soil ecosystems was doubled this year
synchronized attack at overcoming the reaching a total of 3400 accessions. The
soil-plant-animal barriers preventing in- number of grass and legume accessions
creases in beef production in acid soil under field evaluation in clipping or
ecosystems. The Program impact area was grazing trials was broadened considerably.
defined, and a geographicai study of the At Carimagua, for example, the number of
850 million hectares of Oxisols and Ultisols forage legume accessions tested under
of tropical America is in progress. A grazing, increased from six accessions of
research and transfer of technology one species last year to 30 accessions of
strategy was developed, and operations at several species in 1977.
three principal research stations at CIAT-
Quilichao, Carimagua and Brasilia are Specific selection criteria for forage
underway. A regional testing network with legumes and grasses were established and
locations throughout the impact area is the most promising germplasm was ranked
being organized to initiate extensive testing according to its potential for cultivar
in 1978. release in specific ecosystems.

The Program's objective is to develop
and transfer effective low input technology For the high stress savanna conditions of
for increasing beef production in acid, Carimagua, characterized by extreme acid
infertile soils of tropical America, primari- soil infertility and devastating disease and
ly through improved, year-round pasture insect attacks on legumes, several
production, supplemented by accessionsofStylosanthescapitata, Zornia
economically-sound animal management sp. and Desmodium ovalifolium showed
and health practices. The following ad- most promise among the legumes, while
vances illustrate progress during 1977 Andropogon gayanus appeared the most
towards attaining this objective, promising grass species. S. gulanensis is no
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longer considered promising for this space-planting techniques, and 2.5-meter
ecosystem because of disease or insect wide-strip planting of grass-legume mix-
susceptibility and/or poor seed production tures such as Brachiarla decumbens and
potential. Pueraria phaseoloides showed significant

pro..ige. Systems for conventional and
For the somewhat less stressful climatic, nonconventional pasture establishment

edaphic and pest conditions at CIAT- methods were initiated at Quilichao,
Quilichao, S. guianensis 136 and 184 plus Carimagua and Brasilia.
Centrosema hybrid 1733 appeared most
promising and are at advanced stages of Long-term pasture utilization and herd
te.ting. Swards of these legumes mixed systems studies and their economic evalua-
witha A. gayanus, Panicum maximum or tion showed that only very limited beff
Brachiaria decumbens produced sustained production levels are possible by grazing
liveweight gains of 561 g/steer/day at a native savanna without improved, persis-
stocking rate of 2.3 animals/ha during an tent pastures. Blood parameters of Zebu
unusually extended dry period which breeding cows grazing native savanna
caused severe weight losses in adjacent underscored the need for improved nutri-
pastures. Seed production increase of the tion.
most promising germplasm has proceeded
accordingly. Evaluation of the Herd Systems trial,

completed at Carimagua in May 1977,
CIAT's Rhizobium strain collection for provided excellent information on herd

forage legumes also doubled during 1977. performance on native savannas during
Effective inoculation techniques with or four reproductive years. The most
without lime or rock phosphate pelleting profitable improvement under such con-
were developed for most of the promising ditions was direct mineral supplementa-
accessions. tion. Salt supplementation, early weaning

and the use of Melinis minutflora pastures
Several promising legume and grass during the wet season are not profitable

accessions were found to have extremely alternatives.
low requirements for phosphorus, coupled
with an excellent tolerance to aluminum Among other improved grasses,
levels considered toxic for most cultivated Hyparrhenia rufa has failed under grazing
plants. because of its relatively high phosphorus

and potassium requirements and lower
Direct application of rock phosphates tolerance to high levels of aluminum.

with low to medium reactivity typical of Brachiaria decumbens, with modest fer-
most Latin American deposits, performed tilization requirements, produced annual
equally as well or better than liveweight gains of 150 to 200 kg/ha,
superphosphate when applied to approximately 5 to 10 times more than
Carimagua Oxisols growing aluminum- native savanna. Under the intense rainfall
tolerant grass species. Considering that the at Carimagua, these pastures are now
cost of a kilogram of P2 05 as rock showing severe symptoms of nitrogen
phosphate is one-third or one-quarter that deficiency, which raises questions as to
of superphosphate, the use of these how long they will remain productive.
materials appears to be an important
component of the emerging low-input Transfer of technology activities were
technology, integrated with research activities during

the year. Training is oriented towards
New pasture establishment and program objectives and operations ,of

maintenance systems featuring low-cost, regional trials throughout the impact area.

A-2 1977 CIAT Annual Report



Program Organization and Strategy

Beef cattle production is one of the most America will be unable to compete with
important agricultural enterprises in Latin food crop production, while in the vast,
America and a major source of protein for acid infertile soil areas just the opposite
its 300 million people. The per capita beef occurs. In mid-1976 CIAT's Board of
consumption in tropical Latin America is Trustees directed that the Program con-
three times higher than that of tropical centrate its efforts towards increasing
Africa and about 16 times higher than production in these areas with primary
Asia. At 16 kg/year, per capita consump- emphasis on overcoming the nutritional
tion approaches that of Western Europe. gap.
This is probably an important reason why
there is less protein malnutrition in the A large part of 1977 was devoted to
Latin American tropics than in tropical orienting the Program in this direction,
Africa andAsia. Studies inCali, Colombia developing a clear objective, a research
showed that families of all economic strata strategy, recruiting new staff, obtaining
spend 10-12 percent of their total income appropriate research facilities to do the
on beef, underlying the fact that beef is a work, and formulating means for
staple food in Latin America. technology transfer to the national in-

stitutions.
About two-thirds of Latin Americas

beef is produced in its tropical regions OBJECTIVES
where 71 percent of its cattle population is
found. The annual productivity per head of The objective of the Beef Program is to
cattle in tropical America, however, is develop and transfer effective technology
about one-half of the productivity in for increasing beef production in acid,
temperate South America and nearly one- infertiles soils of tropical America,
fourth the productivity in the United States primarily through improved year-round
and Canada. forage production.

This technology gap is more acute when The expected result of the Program's
one considers the rapidly growing demand activities is the development of improved
for low-cost beef, and the beef production pasture production systems both in terms
potential of the vast areas of acid, infertile of quantity and quality, complemented by
soils classified as Oxisols and Ultisols, economically viable animal management
presently under savanna and forest vegeta- and health practices. The national research
tion. These regions together enicompass and extension institutions arc the clients,
about one-half tropical America's land the beef producers the users and the
surface and are characterized by high consumers the beneficiaries. Hence the
annual rainfall with a dry season of varying final objective is to benefit consumers
intensity, good soil physical properties, but through increasing production leading to
extremely low native soil fertility and poor lower prices of beef in tropical America,
infrastructure. The paramount barrier and other regions of the world with similar
preventing beef production in these areas is conditions.
inadequate year-round forage supply
.aused by the severe soil and water stresses. The Program's orientation toward acid

soil ecosystems also represents a significant
As population pressures increase it is effort towards the development of the 300

estimated that beef production in the million -hectares of infertile, acid soil
fertile, high-base status soils of tropical savannas of Latin America, and the
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increasing proportion of the 550 million promising lines are subjected to grazing
hectares of similar soils presently under pressure trials involving several variables
forest vegetation which are being cleared such as stocking rates, grazing intervals
for agricultural production. These vast and fertility levels, primarily to test for
areas are recognized as one of the most persistence under grazing, without making
important underutilized land resources of animal measurements as such. A second
the world with great potential for in- level of regional trials follows, testing
creasing food production at a global scale. agronomic variables and persistence under
The comparative advantage of beef cattle grazing throughout the impact area. All
can serve as a major tool bringing these germplasm rejected through this process is
areas into efficient and ecologically-sound given to CIAT's Genetic Resources Unit
agricultural production and therefore an for their maintenance and possible future
imporant factor in the overall economic use.
development of these countries.

The survey of the impact area will
STRATEGY characterize the variability of the 850

million hectares of interest in terms of
The research and outreach strategy is climate, soils, topography, existing pasture

illustrated in Figure 1. Through worldwide and beef production systems, animal
plant exploration efforts plus the new plant health problems and the economics of the
breeding section, a wide variety of forage beef industry. This knowledge will increase
grass and legume accessions is assembled, the Program's ability to focus its
multiplied in the greenhouse or field technology to the most crucial aspects.
nurseries, screened for tolerance to the Among them are the different pasture
main disease and insect pests as well as for establishment and maintenance methods
aluminum toxicity and low phosphorus including oversowing native savannas,
availability typical of the Oxisols and planting grass-legume mixtures either
Ultisols of the impact area. The surviving directly or preceded by annual crops, aid
accessions are observed in space-planted intensively managed pastures in smll
field plots for growth, vigor and other irrigated areas or in the pockets of fertile
agronomic traits at the Quilichao substa- soils found in some ranches. The results of
tion. Seed of the promising ones is these efforts and the regional trials permit
increased for further testing, including the the final evaluation of the potential
inoculation needs for effective nitrogen cultivars through animal performance,
fixation of the legumes and laboratory measuring liveweight gains and other
estimates of intake and digestibility, parameters. Foundation seed is then
Clipping trials then follow, testing com- increased and new cultivars are then
patibility of grass-legume mixtures, cutting recommended for release.
frequency, height, fertilization re-
quirements and drought tolerance. Animal management trials are con-

ducted with the promising pasture systems
The most promising material is then in order to synchronize the improved

tested in small regional screening trials nutritional levels with the needs of
conducted by collaborating national in- different types of animals in the herd,
stitutions throughout the impact area to through seasonal mating, early weaning
provide an early estimate of adaptation to and other herd management practices. The
different environments. The necessary seed diseases of Zebu cattle which are likely to
production technology is then developed disappear with improved nutrition are
and a second seed increase effort takes identified as well as those diseases that are
place in ordr, to permit plantings of 5 to 10 likely to increase as a consequence of
hectares of the promising accessions. These higher animal density because of improved
A-4 1977 CIAT Annual Report
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nutrition. The control of these diseases is Rainfall (mm/month)
then attacked. A package of the new 4 Quilichao () 18 years)
technology consisting of improved 30 1 1/
pastures, animal management and health 0 PPT = 1845
practices is then put together to quanitify it 0 PET = 1484
at the herd level. After economic evalua- 200
tion, improved beef production systems
will.be released.

The complexity of the program and the
nature of the impact area dictate that 540r
research and international cooperation be 1 Carimaa(l) 4 years)
totally integrated. Training of national 4 00 I-- 1
institution personnel is linked with their 0 PPT = 2094
role as actual or potential collaborators in o PET= 2195
regional trials and other means of 300----
technology transfer. 20

RESEARCH LOCATIONS too- - --

Because of the fertile, high base status _. "
soils at Palmira, most field research has to 400
be conducted elsewhere, with the CIAT Brasilia () 35 years)

facilities serving as headquarters and for 3 0 0 L [ 1 I
greenhouse, laboratory and library work. 3

0, PPT= 1578
During 1977, arrangements were made to o PET = 1283
operate in three important field research 200
locations suitable to the Program's objec-
tives and providing a wide range of climatic 100
and soil conditions.

The three locations are CIAT- J F M A M J J A S O N D
Quilichao, 40 kilometers south of Cali, the Mean monthly temperature (0 C)
Centro Nacional de Investigaciones 0 Carimagua 26.50
Agropecuarias of the Instituto Colom- 0 Quilichao 24 80
biano Agropecuario (ICA) at Carimagua, 30 a Brasilia: 21.30
in the Colombian Llanos and the Centro de
Pesquisa Agropecuaria dos Cerrados 25 - - - -
(CPAC) of Empresa Brasileira de Pesquisa
Agropecuaria (EMBRAPA), 35 20 - -

kilometers northeast of Brasilia, Brazil. 2 '[
Long-term climatic data ara shown in 15
Figure 2. The most important difference J F M A M J J A S O N D
between these locations is the dry season Figure 2. Mean rainfall (PPT), potential
length. At Quilichao there are two short evapotranspiration (PET) and temperature regimes at
but intense dry seasons a year, each of the three main stations of Beef Program research.
about two to three months duration. Quillchao, Cauca, Col: Lat. 3006'N, Long. 76931'W;
Carimagua has a strong four-month dry elev. 990m. Carimagu, Meta, Col.: Lat. 4002'N,
season and Brasilia, astrongsix-monthdry Long. 7iI0'W., elev. 200 m. Brasilia, Dist. Fed.,
season. , Brazil: Lat. 1936'S., 47042'W., elev. 1010 in.).
'A.6 1977 CIAT Annual Report



The soil at Quilichao is classified as an Although beef production is the prin-
Ultisol, while those of Carimagua and cipal activity in all three locations and the
Brasilia are Oxisols. They are all acid (pH productivity of native pastures is low, the
4.1 to 4.9), high in aluminum saturation (64 degree of infrastructure development also
to 82%), very low in available phosphorus provides a range of economic possibilities.
and deficient in many of the other The closeness of Quilichao to the Cali
nutrients. Their well-granulated structure, metropolitan area contrasts with the fairly
however, provides excellent physical developed but more difficult conditions in
properties. Details on soil properties are the Cerrado near Brasilia. Both in turn are
presented in the Soil Fertility section. totally different from the relatively isolated

Carimagua station, representative of an
area with poor roads and communications
infrastructure.

In addition to climatic and edaphic
properties, the three sites offer significant Many of the Program's sections have
contrasts of pests and disease attacks on been in operation for several years and
forage legumes. The incidence of anthrac- hav,: accumulated a significant amount of
nose and stemborer at Carimagua is high, data. Other sections were established this
at Quilichao moderate to slight, while these year, and are at the early stages of
pests are not yet important at Brasilia. development.

Impact Area Survey

The Beef Program's impact area consists pattern of climate, landscape and soil".
of 850 million hectares of acid, infertile The environmental parameters affecting
soils of tropical America classified as land utilization are classified in the
Oxisols and Ultisols. A detailed following categorial order
breakdown of these soils in tropical
America is shown in Table 1, ranking the 1 Climate
countries in terms of the extent and
importance of these soils. a. Radiant energy received

b. Temperature
Most of these areas are sparsely pop-

ulated and devoted to extensive beef cattle c. Potential evapotranspiration

production. In order to obtain detailed d. Water balance
information a survey was initiated in mid- e. Other climatic factors
1977 to classify the land resources and
provide a geographically-oriented 2. Landscape
economic synthesis to serve as the basis of E Land-form
the Program's transfer of technology
strategy. The survey and analysis of the g. Hydrology

impact area is to be completed in two years. 3. Soil
h. Soil physical characteristics

The "Land Systems" approach . Soil fertil characteristics

developed by Christian and Stewart in i. Soil fertility characteristics

northern Australia was the methodology Professor George Hargreaves with his
adopted. For our purposes, a Land System associate Mr. Karl Hancock of the Utah
has been defined as "an area or group of State University (USA) are carrying out
areas throughout which there is a recurring the climatic work using data from over

Beef Program A-7



Table 1. Distribution of Oxisols and Ultisols In Latin American countries, calculated from the FAO World
Soil Maps at the scale of 1:5 million.

Percentage
Million of

Country hectares country Importance'

Brazil 572.71 68
Colombia 67.45 57 *

Peru 56.01 44
Venezuela 51.64 58
Bolivia 39.54 57
Guyana 12.25 62
Surinam 11.43 62
Paraguay 9.55 24 *

Ecuador 8.61 23 *

Fr. Guayana 8.61 94

Mexico 4.42 2

Panama 3.59 63
Honduras 3.13 29
Nicaragua 2.92 30 **

Cuba 2.42 21 *

Chile 1.37 2
Argentina 1.28 0.4
Guatemala 0.96 9
Costa Rica 0.70 14 *
Haiti 0.52 19 *

Jamaica 0.45 41
Trinidad 0.42 84
Dominican Republic 0.42 9
Belize 0.40 18 *

Puerto Rico 0.16 18
Guadalupe 0.09 47 **

Martinique 0.05 43 **

Totals:
Latin America2  851.10 42

Tropical America 848.45 51
Tropical South America 828.21 59
Central America and Caribbean 15.80 23 *

I More than 50% or the country
• More than 25% of the country

* More than 10% of the country
2 Includes the folowng countries where OxIols and Ultsols are not present. Uruguay, El Sahador, Antlsua, Bahanas. larbados, Curtcau ad

other leser Antilles.
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1000 metereological stations in the impact approximately 200 million hectares of land
area Satellite imagery with supporting has been carried out over the major
aerial and land reconnaissance is being savanna regions of tropical South
used to define landscape patterns. A America, including the central-west of
complete collection of LANDSAT im- Brazil and a part of eastern Bolivia
agery for the impact area was assemblud. between latitudes l0S and 200S. This
Soil fertility characteristics are being represents ab:ut 23 percent of the project
described according to the Soil Fertility area as a whole and about 60percent of the
Capability Classification System savanna regions to be studied Presently
developed by Dr. Stanley Buol and co- the preliminary satellite image interpreta-
workers in North Carolina tion is being revised according to field

checks, and data compilation is under way
The study will be complemented by a for eventual classification and storage in a

preliminary definition of the conditions of data-bank, pi ior to report compilation.
growth of the major grasses and legumes
throughout the area, to help forage Some provisional findings can be
introduction. Further, an attempt will be highlighted.
made to locate the geographical boun-
daries of major cattle disease problems in (1) Throughout the area studied to date,
cooperation with the animal health approximatel'; 40 percent of the lands
specialist, classify as well-drained savannas, prin-

cipally Oxisols, 25 percent as poorly
Following the geographical delineation drained savannas, mainly Ultisols, and the

of Land Systems, geographical priority remainder as other ecological forms. Cattle
areas for the introduction of improved beef production or. the well-drained savannas is
cattle production technology will be made generally limited by a lack of dry season
according to economic considerations. fodder, wherc.as on the poorly-drained
This work, to be carried out by the savannas there is often a problem of wet
economist, will be complemented by field season feeding due to flooding and a
studies of management practices ofspecific shortage of accessible non-flooded higher
areas to help identify production systems. lands with ad,,equate fodder.
This latter work will come under the
direction of the animal management
specialist. (2) Over 85 percent of the well-drained

savannas have a relatively continuous tree-

The survey, as it crosses national shrub cover, commonly referred to as

boundaries, involves the cooperation of "Cerrado" in Brazil, and only a relatively

various national agencies. In Brazil where small fraction would classify as open

work has started, the project is a joint savannas. As the density of tree-shrub

venture with the Cerrado Center of vegetation has a positive correlation with

EMBRAPA, with Dr. Luiz Guimaraes de soii fertility, this would indicate that whilst

Azev(do as coordinator, these savannas undoubtedly classify with
the low fertility soil circumstance, this

At this time, the climatic studies by Dr. circumstance is by no means as extreme as

Hargreaves' group are proceeding normal- is found in the northern eastern plains area

ly and the organization of the literature of Colombia. Further, it is common tofind

review and cartographic aspects are under significant intrusions of more fertile soils,

way. especially along the drainage pattJrns, in
these lands.

In-situ checking of the preliminary
interpretation of the satellite imagery of (3) It is clear that there are vast areas in
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western Brazil which might be used for application of innovative, low-cost
more intensive cattle production, with the technology.

Plant Introduction

The objective of this section is to West Indies Forage Legume Project in
augment and broaden the genetic diversity Belize and Antigua. Direct collections and
of tropical forage germplasm with poten- introduction through exchange of germ-
tial for the Beef Program's impact area. plasm during 1977 more than doubled
Activities started at the end of 1976, and CIAT's forage germplasm collection to
during 1977 were focused on: (1) assembl- 3400 accessions. Table 2 shows the germ-
ing of germplasm through direct collection plasm acquisitions during 1977 for major
and exchange with other institutions; (2) genera and groups in the forage germplasm
initial increase and maintenance of germ- bank.
plasm; (3) preliminary evaluation of
germplasm; and (4) identification and INITITAL GERMPLASM INCREASE
classification of germplasm through a AND MAINTENANCE
reference herbarium.

In most cases the amount of seed or
COLLECTION AND INTRODUCTION vegetative material introduced per acces-
OF FORAGE GERMPLASM sion is not sufficient for any evaluation

work nor for maintenance of germplasm.
Since the creation of the Plant Introduc- For this reason, much of the section's work

tion Section, in 1977, CIAT's tropical during 1977 consisted of maintaining and
forage germplasm has increased increasing germplasm. In addition to 493
significantly (Fig. 3). This increase is the
result of systematic collection trips No. of acceons
through Oxisol and Ultisol regions of the 3500 -

Llanos of Colombia-mainly in the
departments of Meta and Vichada, the
Llanos of Venezuela-in the states of 3000 -

Bolivar, Anzoitegui and Monagas; and in
the Cerrado regions of the state of Mato 25 --

Grosso in Brazil. The latter expedition was
with the participation of scientists from
CIAT, EMBRAPA and CSIRO 2000-

(Australia).

These systematic expeditions and - -

several occasional collection trips within
Colombia contributed considerably to 1o0o -

CIAT's forage germplasm collection,
which is specialized in materials origi- 500 -_-

nating from regions with very acid, infertile
savanna and jungle soils. Besides direct
collection, germplasm was introduced - -

through exchanges with other institutions. 1971 '72 '73 '74 '75 '7677

The major contributon was obtained from
the International Development Research Figure 3. Development of CAT's tropical forage

Centre (IDRC, Canada) University of germolain colection.
A-10 1977 CIAT Annual Raport



0-
; Table 2. Introductions of forage germplasm by direct collection and exchanges with other institutions during 1977.

No of acc~ssons acquired by exchange from:

No. of acesions IDRC/Univ of W. Indies Total
acquired by collections in. Forage Legume Project accessions in

CIAT Forage

Genera Colombia Venezuela Brazil Total Belc Antgua USDA Others Total Germplasm Bank

Szy-osarhes 62 67 148 277 48 24 10 82 1021

Desmodium 125 5 114 244- 61 7 6 74 525

Zomna 42 - 74 116 1 - - 1 145

.Aeschynomene 40 2 32 74 '2 - - - 2 92

Macropithum group' 60 1 32 93 32 12 - 7 51 278

Centrosema - 25 5. 13 43 35 4 - 3 42 232

-Galactia .. 30 - -- - 16 -46 - 4 - - 4 70

Arachzs -_.- - 6 .6 - - 42 - 42 77

Miscellaneous leguine2 " . 171 4' 158 -" 333 146 13 - 12 171 806

Gras- - 3 -"-: - -- - i3 20 33 15

Io 558 84- 594' 1236 325 64 55 58 -02 3400

J- Maropfilm. Th..-om i and fl-o n a. - - -

-.-- &oposonim. uRw wia Teamnu& Glycuae. Cwnsa. inch;siu Croita[ am Teph roism Enosenma. Cluio.a. Idwofera- Leumc er and otherL

P lus 41 acomfons o which only putrve matcr a was collected and which arm preuntly under beed incree in EMBRAPAs Centro Nunal de PesqN de Gado de Coe. Campo Grande. NT.



I able 3. Forage plant germplasm acquired in lahle 4. Furage legume germplasm acquired in
1977 that 1% under initial seed increa.se 1977 that is under preliminar) field
for maintenance and working evaluation in CIA -Quilichao.
collection.

No. of
No. of Species accessions

(J encri accessions

Zornia spp. 55
Shllosanthe3 342 Macropithum group 31
Desmodiun 121 Aeschynomene spp. 26

Zornta 71 Centrosema spp. 14

Aesch'nlomene 50 Sitlosanthes capitata 10

Aacropuhum group' 99

Centrosena 47 1 otal 136

Galactia 31
Arathis 47 each. They are being tested against the
Miscellaneous legumes 170 most outstanding accessions of previous
Grasses' 48 collections (Table 4).

Total 1026

.Afernhpiium Phajeulus and Vigna
Also for preliminary ealudton including ed.mi incr,,duction l

accessions from earlier introductions
(1971-1976 germplasm), initial seed in-
crease of 60 percent of the 1977 materials
was initiated under screenhouse conditions
at CIAT-Palmira and in the field at CIAT-
Quilichao (Table 3). p

Furthermore, maintenance of non-seed-
producing grasses was initiated by es-
tablishing a living collection of 28
accessions in CIAT-Quilichao.

PRELIMINARY EVALUATION
OF GERMPLASM

.... HERBARIO

Preliminary evaluation of some of the --

potentially most promising 1977 legume ..

germplasm was initiated in dAT- I I.... ..
Quilichao. New accessions of the Macrop-
tilium group, Zornia spp., Aeschynomene ,... .
spp., Centrosema spp. and Stylosanthes
capitata, all of which originate fromacid
soil savanna regions, and of which suf- Pigure 4. Sample of forage germplasm
ficient seed was available, were established (Sivlosanthes cap,,ata), with brief description and
in introduction plots with 24 spaced plants collection data, in CIAT's reference herbarium.
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DEVELOPMENT OF A REFERENCE Table 5. Specimens of tropical forage plants and
HERBARIUM savanna vegetation in CAT's reference

herbarium, as of November 1, 1977.

In cooperation with CIAT's Genetic No. ofIn copeatio wih CAT'sGenticspecimens
Resources Unit, development of a
reference herbarium was initiated. Her- CIAT forage germplasm
barium specimens (Fig. 4) of a wide range Gramlneae 20
of genera, species and ecotypes will Leguminosae 39
document the broad variation of tropical
forage plants and enable identification and Savanna vegetation
classification of new germplasm as well as Graminae and Cyperaceae 34
of native savanna vegetation. During 1977, Leguminosae 55
208 specimens were assembled (Table 5). Other families 60

Total 208

Forage Breeding

In the past, the Beef Program has relied general promise within the impact area as
entirely on the evaluation of native forage indicated by previous and continuing
legume ecotypes obtained from CIAT- experiences of the Beef Program.
sponsored collecting expeditions or from
germplasm collections available at othzer Inititally, the legume breeding section is
institutions in the attempt to identify placing first priority with the complex of
suitable ecotypes for commercial planting Stylosanthes species, primarily S. capitata.
in the impact area. This rationale has been Secondary priority will be given to other
sound because of the many promising, promising genera - Centrosema,
native tropical forage legume genera, Desmodium, Macroptillum, Leucaena and
species within genera and ecotypes within Zornia. Until recently introduced ecotypes
species that have not been adequately of species of these genera have been more
evaluated to assess both their direct utility fully field-evaluated and/or a wider genetic
in commercial production and their base has been collected, primary emphasis
feasibility for consideration within a plant will remain with Stylosanthes.
breeding framework. Priority emphasis is
and will continue to be given to evaluating Specific breeding investigations have
new accessions. been initiated with Stylosanthes species,

particularly with S. capitala. The
Therefore, the forage breeding section as chromosome number of this species is

presently conceived has two major fun- unknown. Initial chromosome counts
tions. First, breeders will participate in made with S. capilata, using root-tips
evaluating existing germplasm in close squashes, have been inconsistent. Some
coordination with other Beef Program ecotypes appear to have 2n = 20
scientists to identify ecotypes suitable chromosomes, the same as S. gulanensis,
either for direct, commercial utilization or while others apparently are tetraploids
as parental types for use in crosses. Second, with 2n = 40. The morphology of the
the section will initiate breeding in- chromosomes of these two species, in
vestigations involving those forage legume addition, appears to be markedly different
species which have demonstrated the most (see Fig. 5) which could indicate dif-
Beef Program A-13
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Figure 5. Somstic chromosomes or two Stylosanthes species. ( A) S guianensis, metaphase(2n =20);(B)$S.
caplhata, metaphase (2n -- 40); (C) S Suianenji, anaphase; (D) S capitatao ansphase.

ficulties in making inter-specific order to develop reliable field screening
hybridizations between these two species. methods for identifying resistance to both

Pure fine selections are being made problems.

within ecotypes of various Stylosanthes Plants of ecotypes of the several
species to determine both intra-ecotype as Stylosanthes species with known valuable
well as inter-ecotype variability for certain characteristics have been established in the
traits. Laboratory-grecnhouse screening greenhouse and will be used for
methods to identify resistance to prelikainary crosses both within and
Collelotrichurn gloeosporiodes (anthrac- between species. These plants will serve to
nose) are being modified to eventually develop the most appropriate controlled
handle segregating populations coming pollinization methods and the resulting
from crosses. Experiments in Carimagua, hybrids will provide a small, but represen-
in cooperation with the entomologist, were tative sample of segr'egating populations to
initiated to characterize and separate the use as a prototype for developing efficient
effect of anthracnose and stem borer in screening procedures.
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Legume Agronomy

The Program's legume agronomists are most promising Category 4 and are now in
responsible for evaluating germplasm grazing pressure testing at either Quilichao
believed to be adapted to acid soil or Carimagua, or in both locations. This
conditions through a series of steps ranging table shows that accessions of Stylosanthes
from observation plots to clipping and capitata, Zornia sp. and Desmodium
grazing trials. During 1977, 226 accessions ovalifolium are promising under the
of 34 species were evaluated at six environmental stresses at Carimagua,
locations, including the base sites at where tolerhnce to anthracnose and stem
Quilichao and Carimagua. The number of borer is of paramount importance for
accessions under grazing in Carimagua Stylosanthes. The Cenirosema hybrids and
increased from 6 in 1976 to 30 in 1977. the two Stylosanthes guianensts accessions

are more promising for the somewhat
ESTABLISHMENT OF lower stress ecosystem found at Quilichao,
SELECTION CRITERIA particularly in terms of disease and insect

attacks. The many blank spaces in this
A program Germplasm Committee was table underline the need for further

formed in mid-1977 with three functions: evaluation, particularly persistence under
(1) to establish selection objectives for grazing and throughout theimpact areavia
grasses and legumes; (2) to establish regional trials, before any cultivar can be
promising categories and project seed recommended for release.
increase priorities; and (3) to classify the
promising accessions according to selec- Table 6 Preliminary selection criteria for CIAT
tion criteria into promising categories, forage legumes.

The legume selection objectives are Criteria Symbol
shown in Table 6. The criteria will be
reviewed and quantified further as new Adaptation to Carimagua
information on tolerances to the various conditions, YC
stresses become available. The criteria for Adaptation to Quilichao
general adaptation to specific ecological conditions' YQ
conditions are based on growth and vigor Adaptation to medium
observations. Although adaptation to fertility soils YM
moderate and high soil fertility conditions fdrttt high

is not part of the Program's mandate, Adaptation to high
promising accessions from the working fertility soils YH
collection are identified for possible use Disease tolerance
outside of the impact area as well as in the Insect tolerance I
pockets of high fertility soils found within Nitrogen fixation potential N
the impact area. The promising categories Seed production potential Sp
developed are shown in Table 7. Water stress tolerance W,

CLASSIFICATION OF LEGUME Aluminum and low

GERMPLASM phosphorus tolerance S,1

Nutritional quality Q

Tables 8 and 9 group 21 promising Persistence under grazing P,
accessions into the two most advanced Ease of management M"
categories, describing theirknown reaction Animal productivity A
to the selection objectives. Twelve
accessions of five species are listed in the I De -ubed m Figure 2 and Table 26.
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Fable 7. Promising categories for CIA r forage legume accessions and Implications for evaluation and seed

Increase.

Promising Seed production

category Level of evaluation Stages' planning!

I Initial tolerance and/or small Initial.

scale agronomic trials 1-4 (Up to 0.2 ha)

2 Complete agronomic trials 1-7 Primary.
(Up to 5.0 ha)

3 Complete agronomic and Secondary:

grazing pressure trials 1-11 (Up to 10 ha)

4 Complete agronomic and Tertiary:

animal trials 1-17 (More thn 10 ha)

5 Pre-cultivar release 1-14 Foundation:
(More thAn 10 ha)

iRefers to numbered activities in the Beef Program How Chart ti-1 i)
Seed production sufficient to plant the indicated area

Table 8. CIAT forage legume accessions classified as promising Category 4 as of November 1977.

CIAT Selection criteria' (blanks represent unknown)

Species No YC YQ YM YH D I N Sp W S Q I

Centrosena sp. 1733 + + + + + +

" " 1787 + + + + + +

845 + + + + + +

Dsnodium

ovalifalliun 350 + + +

St t'losanlhes

capitala 1019 + + + +

1078 + + 4+ + +

1097 + " " + + ' + +,

1315 .+ " + + +

1405 + + + +4. 4'4

Sit Iosanthes

gulanensi 136 + . .+ + 4.'

184 + . . . . + + +

Zornia sp. 728 +. + + 
+

Codes are desiribed In Table 6
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Table 9. CIAT forage legume accessions classified ams promising Category 3 as of November 1977.

Selection critena' (blanks represent unknown)CIAT

Species No. YC YQ YM YH D I N Sp W S Q p

Desmodium
dlstortum 335 + + + +

Desmodium
heterophyllum 349 + + + +

Desmodium sp. 336 + +

Glycine wightil 201 + +

" - 204 - + +

Macroptlium sp. 535 + + + + +

Puerarla
phaseoloides 9900 + + + + + + +

Stylosantes
hamata 118 + +

147 + +

Codes are descnbed in Table 6

Being a first attempt at a systematic collection has been increased by exploring

classification of tropical legume germ- and collecting new accessions from the

plasm these lists should be considered savanna regions of tropical America.

tentative and subject to change as not all Information and results from these in-

the projected evaluations have been com- vestigations may be summarized as

pleted. follows.

STYLOSANTHES

Anthracnose, caused by Colletotrichum The seed-borne nature of anthracnose

gloeosporiodes Penz, is a highly destruc- was explored in one accession of S. scabra

tive disease of Stylosanthes spp. The as the subject of a special project. C.

disease is endemic in South and Central gloeosporioides was isolated from surface

America, and plant resistance is the only sterilized pods and seeds of S. scabra

practical means of control. The widespread grown in field plots at Palmira. This isolate

occurrence of stylo anthracnose in tropical produced anthracnose symptoms and

and subtropical America and recent killed seedlings of S. guianensis CIAT 1198

reports of its presence in Australia, Africa and also affected several other species and

and Florida emphasize the need for ecotypes of Stylosanthes.

disease-resistant genotypes.

A high degree of resistance was found by

Systematic screening of 850 accessions screening a large number of Stylosanthes

of Stylosanthes spp. for anthracnose accessions. S. capitata Vog. displayed the

resistance was initiated some three years best tolerance to anthracnose in glasshouse

ago. Simultaneously, the genetic diversity and laboratory pathogenicity tests. Results

of the germplasm in CIAT's forage legure of a series of experiments are summarized

Beef Program A-17



in Figure 6a-f. Several accessions of S. S. capitata is one of the most promising
capitata maintained strong resistance to legumes for the environmental conditions
anthracnose under actual field conditions of the Llanos of Colombia. Tolerance to
at Carimagua over the past two years. anthracnose and stemborer attack coupled
Ecotypes of S7 capitata were tolerant to a with good adaptation to low base status
wider spectrum of physiological races of soils which are also high in aluminum are
the pathogen than other species of the important agronomic characteristics of the
genus, although variation between species. Indeed, this species is rather
ecotypes was ijndicated in this character intolerant of soils with high pH or high
(Table 10). calcium status. When grown on a

Carimagua Oxisol limed to pH 6.1 in the
Effective nodulation after inoculation greenhouse, S. capitata showed distorted

was observed on S. capitata in all plantings growth and symptoms of nutrient distur-
at Carimagua. bances which have not been identified.

SUSCEPTIBLE

0

I O S .

'_" " ''" ' "~ ' '0
-6-5 J I , r I.

Figure 6a. RESISTANT

Figure 6. a-f. Disease severity indices (DSI) for Stylosanthes spp. and deviation (t) from mean values.
Positive values represent susceptible lines of Stylosanthes and negative values indicate various degrees of
resistance. DS! was calculated from the formula:

DSI= Mean Disease Score of Accession - Mean Disease Score of Experiment
Standard Deviation of Mean Score of Experiment

Disease Score =weighted means of five score classes: 1 = no Infection; 2 =spots<l mn; 3 = 25% of leaf

area Infected; 4 = 50% of leaf area Infected; 5 = dead plant.
0 S. scabra

0 S. gulanensts & S. bracteata 0 S. hamata
Q S. gulanensts (fine-stemmed) A S. humiis * S. montevidensis

a S. cap/tata & S. viscosa - Stylosanthes sp.
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Figure 6d.
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Figure 6c.
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Figure 6f.

Table 10. Reaction of Stylosanthls spp. to two ihoWt of anthrsenoe. ,

CIAT Disease score'
accession
No. Species Isolate I Iolate 11

1054 Styiosumthes sp. 2.33 5.00

1061 S. .scabra i.00 i.00

1062 S. guianensi 1.50 1.00

1078 S. caplala 1.00 1.33

1097 S. cap Itala 1.33 1.00

1098 S. scabra 1 .00 1.67

1068A S. gutanensis 2.17 1.00

1087A Stylosanthes sp. 1.00, 2.83

I1191A S. cap Itaaa 2.00 133

1129 S. gulanensis 5.00 1.00

1162 $. guianensi$ 3.00 1.00

1297 S. gulanensis 1.50 1.33~

1298 S. caplata 1.67 1,00

1312 S. caplata f.00 1.00

1338 S. capitala 1 ',00 1,00

1379 S. hamala 1 .00, 1.67

1405 .: cap itata 1,00, 1.00
1497 S. cap tat a 1.67 2.17

1526 Styiosanthes sp. 1.33 1.17

1527 S. scabra 1.00 1.83

1538 Stylosanfhes sp. 1 .00,, 1.00

,Weight~ed means of five score loase. l = no lnfcctkcn. 5 = dteid plant. Isolate I from S ,oplsota 1097. | leai,|l jromn 3 g,'wji,.,ih I 4,\I

Beefo Program A-21



The species is known only from Brazil stylo are included. The two companion

and Venezuela, however, it is rather wide- grasses of contrasting growth habit are
ranging in the savannas of Brazil (Fig. 7). Brachiaria decumbens and Andropogon
The first accession of S. capitata was gayanus. Anthracnose-tolerant accessions
introduced from Brazil in mid-1974. selected from the collection will have to be

Presently, some 57 ecotypes of this species exposed to a wide spectrum of strains of

are held in CIAT's forage germplasm bank. the fungus in several ecological regions
where the disease is present to ascertain the

Ecotypes differ morphologically and existence of stable, horizontal resistance.
considerable variation was observed in
flowering date. At Quilichao, accessions
from the southern limit of distribution of For the Quilhchao site varieties of the

the species (latitude 16P -2 10S) commenced common plant type of S. guianensis appear
flowering in August, at least one month to be very well adapted. Observations and
ahead of the accessions from the yield data over two years indicate that the
northeastern states of Brazil at latitudes 30 fine-stemmed varieties also showed good
- 50S (Table 11). field resistance to anthracnose and stem-

borer at Quilichao. Unfortunately, most of

During late 1977 about three hectares of .ne fine-stemmed stylo accessions are poor

S. capitata grass mixtures have been seed producers. Selection pressure should

seeded at Carimagua. Twelve accessions of be directed towdrd the fine-stemmed

K0 75y 7W 65- 601 550 SIP 450 40
D  

350

VENEZ"EL^ S.SolAdd ,> -!0

CO OM I 7 61 1lumero .,,,., i
7 5 El Dorado

i(icsa de Guamlpai 5151 --- -__ /
1- 1347

2- 1520
3 - 1499- 1516- 1515
4- 1354 ----- ,,o

5- 1336. 1519 V
-IV 6- 1350 / 1
07- 1497-1495 1504 MARANA O c --

BRASIL 
6 1 c0 C_ a jor

8- 1414 
. p10 2 r oo

9- 13212 1322 Porto Franco. 15 , * Mig M li
10 31.135Caroijna 22hui0I . Pinienteiras 19

-, I0- 2324. 1315 24 Valcnra do Piaui" II- 1078 / J4I / .

I2- 1097 PIAUI 1

23- 1206.- 1207. -2229- 2298 - 1642 .Slo Felix
24- 2 405 do Araguaia 200

26- 1325- 327- 1328 29MATOOROSO . . AHIA 21 Pojuca

17- 1332. 1333- 334- 1337 - 1338 G S GOIAS 22 Candolu
I8- 1240 Sierra doGarca 23
2- 339 2 Cuiaba. 2 . Brasilia (Planaltlina) sly

i19- 2i- 1284 ",/J

22- 1318- 1319 27 ,, U b[ "a dI

23- 1323 2 Uberiad- as
24- 2292 Campo ,ramndL
25- 124 TresLagoaa 200

20---- 26- 2029 /
27- 1686- 1691-12693
28 - 1728
29- 1781

Figure 7. Collection sites of Stylosanthes caplita Vog. in Brazil and Venezuela.
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Table I I Yield attributes of 15 Stflosanthes varieties with the two high-yielding typical
capifata and tAo S bratteata accessions forms of S. guianensis e.g., 184 and 1175.
grown us spaced plants at Qullichao.

Two accessions of S. guianensis, 184 and
Mean of four 136, have been included in cutting andCIAT accession No. yield cuts Flowcnng

and species (g!plant) response' grazing expeiments. The former is a local
variety, native to the Quilichao region; the

1078 S caprtata 187.17 a2  L latter is an accession from the Llanos. Data

1323 150 83 ab MS obtained so far indicate that 184 is the

1342 " 146.75 ab MS higher yielding of the two accessions, in

1318 " 142.08 ab MS both cutting (Table 12) and grazing trials.

1339 141.42 ab MS

1315 123.92 abc: MS Since October 1975, a total of 158

1324 121.92 ab MS Stylosanthes accessions have been es-
132 S." 121.92 abi tablished at El Limonar (near Quilichao)
1382 S. bracteata 121.24 abc MS for initial observation. Some high-yielding
1340 S. capitata 115.42 be MS ecotypes were identified among the
1328 lb 17bc MS accessions of the typical robust grohth
1325 " 106.25.bc MS form of stylo. The incidence of anthrap-
1334 " 102 92 be MS nose in the Quilichao area has been rather
1281 S. bracteata 97.58 be MS low during the last two exceptionally dry

1333 S. capitata 92.50 bc MS years and some of the promising material

1338 " 89.83 bc MS selected on the basis of yield data must be

1375 " 80.95 be MS checked for anthracnose tolerance over

1298 61.58 c E one or more seasons.

CENTROSEMA
L = late flowenng (November), MS : mid-season nloweng

(October), E mearly powering (mid-August) Prim a testing of
Means followed by a dLfferent letter are tgnificantly differentat Pa reiminary tig of new accessions o

0 05 by Duncans Multiple Range Test Centrosema originating from Oxisol
savanna regions has been done in the

ecotypes with better seed producing greenhouse. Dry matter yields of 12

capacity. accessions of Centrosema grown in pots
containing eight kilograms of soil are

At Quilichao, 10 accessions of S. presented in Table 13.
guianensis were established during the
current season to compare fine-stemmed At Quilichao Centrosema was regularly

Table 12. Dry matter yieldsplant nitrogen and phosphorus contents of two advanced accessions of

Stylosanthes gulanensis cut at five- and nine-week Intervals at Qulllchao, July 1976 to July 1977.

CIAT 184 CIAT 136,

Cutting
frequency Dry Matter Protein P Dry Matter Protein P

(weeks) (t/ha/year) (%) (%) (t/ha/year) (%) (%)

5 15.9 16.0 0.17 13.6 17.6 0.18

9 10.9 15.0 0.17 9.7 17.8 '0.17
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Table 13. Yields attributes of 12 accessions of higher in plant nitrogen and phosphorus
Centrosema spp. grown on Lianos soil. content than Stylosanthes. This observa-

tion was recorded in various grass/legume
CIAT Dry Matter yield, combinations under cutting and grazing
accession mean of three harvests (Fig. 8).
No. Origin (g/plot)

Desmodlum
495 Venezuela 4.54 at

5039 Brazil 4.50 a Desmodium ovallfolium has shown
411 Colombia 4.27 ab promise at both testing sites, and it was
420 Venezuela 4.04 ab selected for further evaluation. It is being
400 Venezuela 4.01 ab compared with Centrosema and Galactia
497 Colombia 3.97 ab under six- and eight-week cutting regimes
491 Brazil 3.84 abc at Quilichio. Establishment and early

5008 Colombia 3.48 bed growth of this Desmodium is rather slow
458 Colombia 3.29 bcd but once established it produces yields
492 Brazil 2.99 cd comparable to the other legume species

Commercial Australian 2.87 cd (Table 14).
5040 Colombia 2.76 d Its stoloniferous habit and apparent

Mcant followed by a different letter are ignficantly different (Pa compatibility with Brachiaria decumbem
005) by Duncan's Multiple Range test make D. ovalifolium a fairly, attractive

% N * Stylosanthes gulanensts (184) % P
4.0 - o entrojcma hybrid (1733) 0.25-

3.5 -

3.0 0.20
2.5

2.0 0.15

A Panicum maximum (622) %
A Brachlaria decumbens (606)
0 Andropogon gayanus (621)

0.251

1.000.10

JA SO ND J FMAM J J A J AS ON DJ FMAMJ J A
•"---1976 --- - 1977 ---- ---1976 - 1977-----

Months Months

Figure 8. Plant nitrogen and phosphorus contents of Stylosanthesguianensis CIAT 184, Centrosema CIAT
1733, Panlcum maximum cv. Makueni, Brachlarladecumbens cv. Basilisk and Andropogon gayanus CIAT 621
all under grazing at El Limonar, (near Quillchao).
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Table 14. Dry matter yields of Centrosema hybrid, Galactla strlata and Desmodaum oval fohun at El

Limonar (near Qulilchao), from March 1977 to October 1977.

Harvest

Species and 1 11 I11 IV Total
CIAT accession No. (kg/ha)

Centrosema sp. (1733) 4831 a' 938 cde 1692 c 1080 c 8543 a

Galactia striata (964) 3655 b 857 e 1707 c 1389 cdc 7608 a

Desmodium ovalifolium (350) 3255 b 905 e 1657 cd 1166 cdc 6984 a

I Means followed by a different letter are significantly different at Pa 005 by Duncan's Multiple Range Test

prospect for the better Oxisols. It has been 728, is more productive and better adapted
established with Andropogon gayanus, B. to the longer growing season of the Llanos
decumbens and B. humidicola for further as well as the Quilichao site. To date, no
evaluation under cutting and/or grazing. serious insect or disease problems have
Following preliminary studies, promising been identified in Zornia.
accessions of D. scorpiurus, D. barbatum,
D. heterocarpon and D. canum have been EVALUATION IN MIXED STANDS
established in sward plots at Quilichao. UNDER GRAZING

ZORNIA The African gamba grass (Andropogon
gayanus) continued to show good potential

Several introductions of this little- at Quilichao as well as at Carimagua. This
known forage legume show promise under introduction is being observed in the third
Llanos conditions and at Quilichao. Four year and it was included in cutting
accessions have been included in yield experiments and grazing tests, in mixtures
trials seeded with Andropogon or with several legume species e.g.:
Brachiaria. Of them only CIAT 728 S. gutanensis, Centrosema hybrid, Galac-
appears to be perennial and the others are tia striala, and S. capitata.
free-seeding annuals. The annuals
regenerate well from self-sown seed early in It is well-adapted to acid soils, tolerant
the wet season, but provide little or no feed to drought and fire, has a rather moderate
for the dry season. Preliminary data (Table requirement for phosphorus, and is also
15) indicate that the perennial form, CIAT tolerant to high aluminum levels. An-

dropogon out-yielded Hyparrhenia rufa

Table 15. Wet and dry season yields (two harests) under a five weekly cutting regime. It was

of five accessions of Zornia spp. at compatible with stylo and centro under

Quilichao. both cutting and grazing (Table 16).

CIAT Dry Matter yield Three hectares of A. gayanus were

accession March to October, 1977 established at El Limonar in May, 1976, to
No. (kg/ha) test the reaction of various pasture species

and grass/legume mixtures to grazing. In

728 8168 one experiment S. guianensis 184 and 136

814 4067 were established with B. decumbens and A.

883 2072 gayanus. Brachiaria was the more produc-

802 2048 tive of the two grass species. Brachiaria in

1496 association with stylo varieties produced
897 19111-114 kg/ha/day of dry matter, while
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Table 16. Dry matter yields of Andropogon gayanus and Hyparrhenla rufa each with Centrosema or
Stylosanthes under a five weekly cutting regime at El Llmonar (near Quilichao) 1976-77.

Dry Matter
yield Protein P

Mixture (kg/ha/year) (%) (%)

Andropogon gayanus + 18,710 8.8 0.14
Centrosema hybrid 1733 4,005 19.8 0.19

Total 22,715

Andropogon gayanus + 15,295 8.9 0.13
Stylosanthes gulanenuls 136 6,158 14.7 0.16

Total 21,453

Hyparrhenla rufa + 13,665 7.5 0.11,
Centrosema hybrid 1733 4,039 20,9 0.19

Total 17,704

Hyparrhenla rufa + 13,710 7.7 0.11
Stylosanthes gulanensis 136 9,563 16.1 0.18'

Total 23,273

Andropogon ranged from 46 - 71 kg/ha/- Dry Matter (kg/ha)
day. Maximum dry matter production of
stylo was only 29 kg/ha/day. This yield I
was obtained in the Andropogon/stylo - Brachlaria + Stylosanthes
mixture (Fig. 9). The result of the slower Z Andropogon + Stylosanthes
growth rate of Andropogon was a higher o Brachlaria
legume content in the mixtures containing 0 Andropogon
this grass species (Figure 10). 5000

In another mixture containing the same 4000
two grass species with a mixture of legumes
i.e. stylo + centro + Galactia, a better 3000 --- -
grass/legume balance was maintained I
during the first seven-month grazing 2000 - - ,,
period (Fig. I1).

In the third grazing test, five varieties of -

Centrosema were established with A.
gayanus as the common companion grass.
The four centros, including three hybrid Feb. Mar. Apr. May. June. July. Aug.
varieties, outyelded (P=0.05) the local Months
ecotype of C. pubescens (Fig. 12)

Figure 9. Grass and legume presentation yields ofThe area has been under grazing since Brachlarla and Andropogon alone and mnixed with
February, 1977. A rotational grazing Stylosanthes gulanensis (CIAT 184 & 136) at El
system was adopted and the plots were Limonar (near Quilichao).
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Figure 10. Grass/legume composition of four pasture mixtures under grazing at Quilichao.

grazed at the uniform rate of 2.3 Llanos. These animals reached the

animals/ha. The first 214-day period has slaughtering weight of 450 kilograms at the

been completed and in spite of the long dry age of 2.5 years; in sharp contrast, animals

season an average liveweight gain of 561 grazing on the native Paspalum notatum

g/animal/day was obtained from Zebu savanna suffered severe weight losses.

steers introduced from the Colombian I,
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Dry Matter (kg/ha)

Mixtures with Brachlaria Mixtures with Andropolon

3000-

S GalactioGaaci

Sri losanthes
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\\

Feb. M A M M J J Aug. Feb. M A M M J J Aug.
Months

Figure II. Dry matter yields available In two grass/legume pastures under grazing at El Lkmonar (near
QulIchao).

Legume Dry Matter (kg/ha)
3000,

2500 IL-'

1000 " 0 438-] -

6 469

Feb. Mar. Apr. May June July Aug.

Months

Figure 12. Dry matter available In grazed plots of
five Centrojema varieties at El Limonr (near
Quillchao).
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Grass Agronomy

The newly-formed Grass Agronomy Table 17. Preliminary selection criteria for CIAT
section has begun work in four areas. First, forage grasses.
initial evaluation and characterization of
accessions is being conducted at Quilichao
and will be extended by regional testing to Criteria Symbol
other parts of the impact area. Second,
promising and well-known varieties are Adaptat-on to Carimagua YC
being studied at Quilichao and Carimagua Adaptation to Quilichao YQ
to determine their response to drought Adaptation to medium fertility soils YM
stress, nitrogen and phosphorus re- Disease tolerance D
quirements, tolerance to burning, and Insect tolerance
response to clipping. Third, the relative wet tolerance I
importance of competition for light and Aidter stress (drought) tolerance W
nutrients is being studied at Quilichao. Acid soil stress tolerance S
Finally, mass selection for productivity, Vegetative vigor V
quality, and date of flowering is being Flood tolerance F
conducted in A. gayanus (CIAT 621). Burning tolerance B

Seed production Sp
The Program's Germplasm Committee Persistence under grazing P

has identified the selection criteria and has Nutritional quality Q
determined the outstanding characteristics Ease of management M
and research priorities for each of the most Animal productivity A
promising grass accessions (Tables 17 and Co c
18). I Is list will be periodically revised to mpatibilty with legume
reflect changing knowledge and priorities.

Table 18. CIAT forage grass accessions classified according to selection criteria, as of November 1977.

Selection criteria'
(blanks represent unknowns) Cat-

CIAT ego-
Species No. YC YQ YM C D I W S Sp B Q ry

Andropogon gayanus 621 + + + + + + + + 4
Andropogon gayanus 635 + I
Brachlariadecumbens 6012 + + - + + + + 3
Brachlarla sp. 664 +
Brachlaria humidlcola 6013 + + - +

Brachiarla humidicola 679 + - + 2
Brachiaria ruziziensls 6019 1
Hemarthria altssima 603 I
Panicum maximum 622 3
Paspalum plicatulum 600 1
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Seed Production

'he objectives of the seed production year. Included are 37 accessions of 23
section are: (1) the production of seed for legume species and 10 accessions of 8 grass
the experimental needs of the Beef species. Some 8.5 hectares of new lotswere
Program, and (2) the identification and established at the Quilichao site during
studyoftherestrictionstocommercialseed September and October and will be
production within the impact area of this managed with supplemental irrigation and
program The Program's Germplasm mechanical harvesting.
Committee defines which genetic materials
are required for experimental purposes LEGUME SEED
and the seed section responds with a field PRODUCTION TECHNOLOGY
production program. The strategies
applied are first to identify suitable The two most advanced Stylosanthes
geographic regions for forage seed produc- guianensis accessions (CIAT 136 and 184)
tion and then to develop efficient produc- showed highly contrasting phenology and
tion systems for particular species. yield patterns at Quilichao. CIAT 136was

harvested once, in January, and yielded 95
SEED IN(REASE kg/ha of pure seed. CIAT 184, however,

flowered throughout the year and was
Establishment of lots for grass seed harvested in January, May and August,

production was continued at both yielding 41, 102 and 117 kg/ha respective-
Quilichao and Palmira while legumes were ly, for a total yield of 260 kg/ha/year.
concentrated in the Quilichao region. Neither accession responded to
Sixty-five legume a.cessions were in- phosphorusabove45kgP 20 51ha.Defolia-
creased under non-irrigated conditions at tion prior to the January harvest, whde not
El Limonar (near Quilichao) Because of aflecting yield of CIAT 184, did increase
the large number of lines and small plot yield of CIAT 136 at the 135 kg/ha level of
sizes, almost all harvesting was done 1P205.
manually. Most were harvested twice
during the year, with the main harvest Stylosanthes capitata proved to be a
period between March-April and lihter good seed producer as low density, hand-
crops in August harvested stands produced yields averag-

ing 266 kg/ha during the establishment
rhe total amounts of seed produced and year.

average annual yields are presented in
Table 19. This seed provided the basis for Seed yield of Centrosema sp. (CIAT
extensive new forage evaluation studies 1733) was studied on a trellis support
initiated by other team members at both system at Quilichao, with row spacings of
Carimagua and Quihchao and will provide one, two and three meters. Yield declined
material for regional trials. The high yield with increasing spacing from 877 to 515 to
levels for the majority of legume accessions 466 kg/ha, respectively. At Palmira by
combined with low weed infestation, comparison, a two-meter trellis system
confirmed the utility of the Quilichao yielded 90 kg/ha. In another hand-
region for basic seed increase of a wide harvested varietal comparison at
array of germplasm. Quilichao, but without a support system,

CIAT 1733 and common centro produced
The current promising accession lists equal seed yields. The high hand-harvested

(Tables 8, 9, and 18) show the revised seed yields of Cenirosema spp. at
orientation of seed increase for the coming Quilichao, averaging 750 kg/ha, indicate a
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Table 19. Summary of forage seed produced at CIAT from October 1976 to October 1977.

Number Total seed Average Type
of produced seed yield of

Species accessions (kg) (kg/ha/year) seed

Sylosanthes
capftala 5 41.0 266 in pod

gulanensis I1 43.0 64

hamata 2 51.0 283

scabra 8 5.9 254

sympodialis 2 4.5 163

vlscosa 2 0.5 45

Desmodlum
heterophyllum I 15.1 302 pure

canum 4 1.2 162

spp. 24 5.6

Centrosema
pubescens I 17.4 650 pure

spp. 3 162.3 750

Macropithum spp. 2 8.7 192 pure

Andropogon gayanus 2 350.0 120 graded

Panicum naimnum 2 20.0 48 graded

Brachiana decumbern 2 31.0 57 graded

high potential for successful mechanical instance where economic seed production
harvesting in this region (Fig. 13). appears possible for this valuable species.

Desmodium heterophyllum produced GRASS SEED
abundant seed at Quilichao during 1977. PRODUCTION TECHNOLOGY
The below average rainfall (about 450
millimeters) during the second 1976 rainy Andropogon gayanus CIAT 621 in-
season may have provided ideal conditions itiates flowering throughout the year at
for successive flushes of flowering, seed Palmira and Quilichao. Flowering is
maturity and accumulation of shed seed on variable between plants and very prolong-
the ground. Seed was harvested by clipping ed within plants. Mature spikelets are shed
to remove all above-ground growth (which progressively. As a result, optimum
contained no seed) followed by several harvest maturity is difficult to determine
passes with a small suction harvester (Fig. and harvest efficiency is low. To date all
14). The average pure seed yield per crop lots have been hand-harvested with flower-
was 265 kg/ha, but the average annual ing stems left in the field for 3-6 days before
yield was 302 kg/ha. This is the first hand threshing and natural shade drying.
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Figure 13 High seed yields were obtained with Centrosema hybrid on trellises at Quilichao.

Spikelets have been machine-threshed or
hand-rubbed over wire screens then passed
over a gravity table. Graded seed lots
contained as much as 45 percent cariopses.

,,~ ' Yields last year were extremely variable,
ranging from 30-300 kg/ha of graded seed

vi 'I g , , and reflecting the below-average rainfall.
" i' Germination of untreated pure seed has

been as high as 65 percent at nine months
/. from harvest.

Seed yield of Brachiaria decumbens wasrecorded in various crops in the Cauca

Valley where the species flowers from earlyS"- -June until October. The earliest crop
matured in late June and the majority from
mid- to late July. Hand-harvested crops

- yielded from 15-50 kg/ha pure seed. With
f# irrigation and nitrogen fertilizer a second

crop was harvested in early September.
.... The highest yield recorded from one such

area was 68 kg/ha/yr. These modest yields
- -o -- "reflect a low proportion of flowering tillers,

Figure 14. Suction harvesting of Desmodium poor synchronization of flowering, and
heterophyllum at Quilichao. inadequate nitrogen nutrition.
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Plant Protection

The Plant Protection section of the Beef were made on upper, middle and lower

Program was established in July 1977, thirds (Table 22). Observations indicated

with the arrival of an entomologist. It has that stem borer attacks begin at the basal

three objectives: (a) to conduct basic part of the plant in which the females

studies (taxonomy, biology, ecology,
population dynamics of the main insect Table 20 Preliminary evaluation of Stylosanthes
pests); (b) to determine economic spp. to stem boref'(possibly Zaratha sp.)

thresholds to define priorities; and, (c) to at Quillchao.
develop an integrated control program of
the pests on promising pasture legumes.
The plant pathology dimension is expected No. of Stem
to start in 1978. random borer

Accessions samples damage

STEM BORER
Stirlosanthes guianensls

A survey of stem borer damage caused 136 3 +1

possibly by Zaratha spp. on stylo 184 3 +

accessions together with biological and 191A 3 +

preliminary evaluation of plant resistance 1094 3 +

have been initiated, to establish the status 1098 3 +

and importance of the pest. The initial 3 +

evaluation was carried out on available 1071 3 +

material at Quilichao and Carimagua. At 1067A 3 +

both locations random samples of all
available accessions were evaluated for Striosanthes capitata

stem borer damage (Tables 20 and 21). At 1019 3 +

Quilichao, all 19 accessions evaluated 1078 3 +

showed damage, but CIAT 1019, 1152,
1102, 184, 1009, 1057 and 1094 showed the Stylosanthes scabra

lowest levels of infestation. 1064 3 +
1009 3 +

An average of 88 percent of infestation

was recorded at'Carimagua, and 84 pertent Stylosanthes viscosa

at Quilichao. However, a high percentage 1057 3 +
of accessions growing at Quilichao, show- 1 ,
ed low infestation. At Carimagua, S. 1096 3 +

guianenss CIAT 1385 which was not
planted at Quilichao, did not show any .Stlosanthes angustifolla

stem borer damage. This may indicate that 1102 3 +

this material could have better levels of
resistance or tolerance to this insect, or that Stylosanthes sp.

the environment and/ or other factors may 1043 3 +

favor higher insect populations at 1051A 3 +

Carimagua. These possibilities will be 1051B 3 +

further evaluated. 1122 3 +

To determine which part of the plant is 1152 3 +

the most attacked by the borer, evaluations I t Indiae, stem borer damage.
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Table 21. Preliminary evaluation of Stylosanthes
spp. to stem borer (possibly Zaratha sp.) 4
at Carlmagua, 

-

No. of Stem /
randqm borer

Accessions samples damage

Stylosanthes gulanensis
1182 3 +.
1203 3 + 4
1285 3 +
Si i'Iosanthes capitata
1298 3 +
1315 3 +
1342 3 + Figure 15 Stylosanihes scabra affected by the stem
1191A 3 + borer (possibly Zaratha sp ), showing pupation site.

So'losanthes vucosa develop gall-like malformations. In these1273 3 + structures, which become soft and decom-
1059 3 + posed, several larvae and pupae can be
1062 3 + found.

Stylosanthes sp. Last instar larvae are approximately 8.51152 3 _ millimeters long and white in color. The
1281 3 + adult is a microlepidoptera and is brown-
1051B 3 + grey in color with very long filiform
1385 3 - antennae. (Figs. 15, 16, 17).
1448 3 +
12153 +
1277 3 +

I Indicaitecs %m borer damage mdicate, noUamas er

presumably oviposit. The larvae then
penetrate the stem and commence to build
tunnels. Plants attacked by stem borer

Table 22. Stem borer distributioI, within Stylo-
santhes plants, at Quillchao.

No of ,
plants No. of Infestation

Distribution examined lesions M

Upper third 57, 8 5 , .',
Middle third 57 64 38
Lower third 57 94 Figure 16 Stylosanthes capuoaa showing damagecause4 by the stem borer larva (possibly Zaratha sp.).
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r . ', ' , - -i "Fi"gure I8 H tyloanhes guinenss attacked by the

,._,-,,- ' ' , '(:-?qS-2 budworm, Stegasta bosqueella (Chambers)

. ..... . " '" " ; Lepidoptera, G elechue.

Figure 17 Stem borer adult (possibly Zaratha sp.).

instar larvae become pinkish in color and
Stem Borer Parasite are approxima'tely 6 millimeters long. The

adult is a microlcpidoptera, 5 millimeters
Adult parasites of the order long, black in color with a yellow spot on

Hymenoptera were found in laboratory the dorso and two small lateral spots on the

examinations of material collected from wings (Fig. 18 and 19). Two different

Quihichao. Studies of these parasites will parasites of the budworm belonging to the

continue. order Hymenoptera have been obtained at
Quihchao

Alternate Hosts

in Carimagua, the weed called "Escoba" .
(Sida sp.) has been observed infested with
stem borers. This weed is also host to !!

another borer, a beetle probably belonging 11
to the family Curcuhionidae, which oc- ', *

casionally attacks stylo plants. -"

BUDWORM '-

The budworm, identified as Stegasta " '

bosqueeila (Chambers) Lepidoptera, ) 'i: ?'

Gelechiidae, is another pest of 4 :,-..
Stylosanthes. The eggs of Stegasta are "

white and elongated, about 0.2 millimeters .,
long, and have a corrugated surface. The , - i,

females lay their eggs on the trichomes of .... '

the external bracts of the inflorescence. : " - :*'

'One larva is usually found per bud. First ,i ,. :
mnstar larvae are approximately I Z ..... t-
millimeter long, and milky-white in color Figurc 19 Adult of the budworm, Stegasta

with a dark-reddiah cervical plate. Last bosqueelia (Chambers)ILepidoptera, Gelechihdae.
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Soil Microbiology

The objective of the Soil Microbiology * Temperature* (mean daily temperature
section is to maximize the benefits of (0C) during growing season).
biological nitrogen fixation to adapted 0 Land use at collection site.
forages in the acid, infertile soils of tropical
Latin Ameica. Although "forages" im- * pH of soil at collection site.
plies both grasses and legumes, priority has
been given to the legume/ Rhizobum Relating to growth in pure culture:
symbiosis. The research strategy is: (1) to
maintain and augment the CIAT * Days* to reach 2 mm colony diameter
Rhizobium germplasm resource; (2) to on YMA (280C).
evaluate the symbiotic nitrogen fixation * Acid* or alkali* producer onYMA with
potential of Rhizobiu;n strains with bromthymol blue.
adapted legumes; and, (3) to test expres- 0 Comments on colony appearance.
sion of symbiotic potential of selected
strains in field situations, initially at Relating to strain efficiency:
Quilichao, Carimagua and Brasilia, and
then in regional trials throughout the Beef * Effectiveness* with individual plant.
Program's target area. species (and accessions).

RHIZOBIUM COLLECTION e Acetylene reduction (per plant and per
unit weight of nodules).

There were 1051 strains for forage A catalogue which includes those
legumes in the CIAT Rhizobium Collec- parameters of wide interest (marked with
tion as of October 31, 1977; of these, 644 an asterisk above) was published and is
were added during 1977. These have been available from the Beef Program on
isolated from 11 species in 50 genera. For aile from the Bee Porm nirequest. A compact, sturdy kit which
each strain the following information is facilitates surface sterilization of legume
recorded and stored in an information root nodules and the transfer of nodule
retrieval system. bacteria onto culture plates has been

developed for use by plant explorers
Relating to origin: during prolonged collecting expeditions in

remote regions. The main advantages
* Genus* from which strain was isolated. offered over conventional collection

methods based on retrieval of dessicated* Species* from which strain was isolated. nodules are that the success rate with
0 Accession number* of plant of origin isolations from small nodules (especially

(seed of the plant of origin may be from Stylosanthes spp.) is increased from
conserved in the CIAT Forage Germ- 12 to 85 percent and that quarantine
plasm Bank). regulations prohibiting the importation of

9 Source*. If isolated and supplied by plant material and/or soil are not
another laboratory this is acknowledged applicable to this system.
by inclusion of the original strain
number. If isolated at CIAT the collec-
tor is acknowledged. STRAIN SELECTION

* Country where collected. The fives stages of strain selection are
a State where collected. described in Table 23. The following is a
0 Rainfall (mm/year) at collection site. summary of the trials conducted during
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Table 23. Procedure for Rhizoblum strain selection.

Stage To assess Method

I Genetic ' "Inoculation of plants cultured aseptically
compatibility in agar deeps of Hensen's medium in 150 x 25 mm

tubes. Five replicates Data + or -nodulation

11 Nitrogen Inoculation of plants cultured in Leonard jar
fixation assemblie; using washed river sand as rooting
potential medium and Norris and Date's nutrient solution.

Five replicates. Data dry matter and N content.

III Physical and Inoculation of plants cultured in pots of sterilized
chemical stress (methyl bromide) site soils Five replicates.

Data: dry matter and N content

IV Biological and Field trial of three best strains Irom IIl inoculated
climatological by three techniques (simple inoLulation. i re
stress pelleting and rock phosphate pellcting) R ,r,',mied

complete block design (3 replicates) using
4 x 2 m plots with I m drainage canals around
each. Data dry matter and N content, % nodulation
due to inoculant strain

V Range of Regional tri l of inoculation recommendation
applicability of (strain and technology) compared %ith uninoLulated
recommendation and nitrogen fertilized plots Three

replicates Data dry matter and N content, o
nodulation due to inoculant strain

1977 (no trials were done in Stages III and ding, gtving higher dry'matter yields than
V). those plants that were grown with com-

bined nitrogen (Fig. 20). The best two
Stage I strains (CIAT 583 and CIAT 584) were

Desmodium heterophyllum (CIAT 349) isolated at CIAT from dessicated nodules

was nodulated by 10, and Desmodium collected in Mexico from C. brastlianum,

ovalifolium (CIAT 350), by 35 of a total of one of the parents in the cross. The black

39 Rhizobium strains originally isolated nodulestrainC 101a(CIAT 49) was among

from Desmodium species (Table 24). the most efficient strains. Crude protein
content (Kjeldahl Nx6.25) of shoots of

Stage Ii plants with efficient symbioses averaged
20.7"percent, compated to 6 percent in non-

In an evaluation of 48 strains (all nodulated plants, 11.3 percent in plants
Centrosema isolates) with the Centrosema with nitrogen available in the media, and
hybrid CIAT 1733 (C. brasdianum x C. 12 percent in inefficient symbioses.
virginianum) the commercial strain for C.
pubescens was only partially effective, In a trial of 35 strains with Desmodium
whereas several local isolates (CIAT 193, distortum (CIAT 335), the current
221, 224, 227, 590, and 602) were outstan- Australian recommendation for D. intor-
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Table 24. / Contrasting compatibility ranges of Desmodium heterophyllum (CIAT349) and Desmodium
" ovalifollum (CIAT 350) with 39 Rhizobiun strains.

ClATI CIATI

Strain Desmodium Desmodium Strain Desmodium Desmodiun
No. heterophyllum ovalifolum No. helerophyllum ovahsfohum

13 .2 + 296 +

31 + 297 +
46 - + 298 +

59 - + 299 +
80 + + 304 +

109 + + 310
164 + 329 + +

187 - + 353 +

259 - 359 +
272 - - 388 + +
282 - + 507 + +

283 - + 512 - +

284 - + 529 + +
288 + + 533 +
289 - + 571 • +
290 - + 572 + +
291 - + 573 -. +
293 - + 592 +
294 - 595 +
295 +

All strins isolates from nodules of Desmodium spei,. 3 *; Nodulated (two or more of the five replicates nodulated),-: Non.nodulated

Dry matter (g/ plant)
0.9

Nitrogen
control 1,

0.6

Uninoculated
0.3-, control

0Lnl I..r\" . . . ... .. . . .. .. rr.. . . .. .i

Riui vbium strain

Figure 20 Rlu:obiun strain selectiun for Centrosema hybrid (Stage II).(° Upper confidence limit(95%) to
mean of uninoLulated control.)
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Dry matter (g/ plant)

Nitrogen
1.0 control

0.
Uninoculated

A, ,- A~ 4,*C. A.- A4 A A A-V f

Figura 21. Rizobjum strain selection for Desmodium diasortun (Stage il). ( Upper confidence limit

(95%) to mean of uninoculated control.)

turn (CB 627) was ninth in efficiency order percent more dry matter than CB 627. The

(Fig. 21). CIAT .12 and 533 gave 33 best strain in the test (CIAT 512) was the

Dry matter (g/ plant)

506 mg

0.2 Nitrogen I
control

Uninoculated
control

0.1

Figure 22. Rhizobium strain selection for I4esmodum heterophyllum (Stage ll).(* Upper confidence limit

(95%) to mean of uninoculated control.)
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only one originally isolated from nodules as a strategy to impart early vigor to
of D. distortum. legumes which are notoriously slow to

establish in mixed pastures. ,
D. heterophyllum is known to be specific

in its Rhizobium strain requirement. Only Carimagun. Macropti onum sp. (CIAT
seven of 37 Desmodium isolates formed 535) responded to inoculation with all
effective associations (Fig. 22). The three Rhezobsum strains (Fig. 24). CIAT
Australian recommendation (CB 2085) for 318 was the most effective strain and lime-
D. heterophylum was efficient in this test. pelleting was the best inoculationtechnology. Thcse results contradict

Stage IV traditional concepts that Macroptilium is
unresponsive to Rhizobium inoculation

Ten field experiments of the standar- and that slow growing (tropical) rhizobia
dized design outlined in Table 23 were should not be lime-pelleted. Trials with D.
sown, six at Quilichao and four at ovalifohum, S. capttata (CIAT 1019) and
Carimagua. S. capitata (CIAT 1078) are in progress.

Quilichao. Inoculation of Galactia INOCULATION
strtata (CIAT 969) with Rhzobium strain RECOMMENDATIONS
CIAT 378 increased the dry matter yield 20
percent and the percentage protein of cut An inoculation recommendation has
forage by 18 percent during establishment been made for each promising legume
(Fig. 23); at the second cut, however, dry accession under evaluation (Table 25).
matter yield of inoculated plots was not Although preferable that each recommen-
significantly different from the un- dation is based on field evaluations (Stage
inoculated control. The Centrosema V) it has been necesary to make tentative
hybrid (CIAT 1733) responded slightly to recommendations based on early screening
inoculationwith CIAT 590 and CIAT 594, stages or, in the case of accessions still
with no consistent effect due to the pending investigatfon, Australian
inoculation method (Fig. 23). Stylosanthes recommendations. In a few cases, tentative
guianensis (CIAT 136) responded to recommendations were made on the basis
inoculation with all th.ee strains, and rock that the strain was isolated from the same
phosphate-pelleting was consistently species.
superior to lime-pelleting (Fig. 23). Simple
inoculation, i.e. wetting seeds with an INOCULANT CARRIERS
aqueous suspension of inoculant, wag
adequate for the strains CIAT 71 and Peat-based legume inoculant is available
CIAT 702 (isolates from acid soils) but not for all accessions for which inoculation is
for CIAT 79 (CB 756) a wide-spectrum recommended (and also for all
cowpea strain Plotsinoculated withCIAT agriculturally important forage legumes).
71 were markedly superior to all others at Finely-milled peat is widely accepted as the
weekly visual assessments during the first most satisfactory carrier for rhizobia but is
two months of establishment but less so not available in many countries, or is of
during the third month. By the time of the variable and unpredictable quality. In
first cut (14 weeks after sowing) plots Colombia peat from only one of nine
inoculated with CIAT 71 did not differ deposits tested for use as an inoculant base
significantly from those inoculated with exhibited satisfactory survival of rhizobia.
CIAT 79. CIAT 71 had proven much mort. The inconvenient location of this peat
efficient than CIAT 79 in Stage II and source and suspicions about quality
Stage III (CIAT Annual Report, 1976). variability within the deposit was the
This early advantage from inoculation motive for comparative evaluation of peat
with Rhzobium suggests its exploitation with coals from three local mines.
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Dry matter (t/ha)

Galactta striata Calactla strta
(Ist cut I0 wks) (2nd cut 16 wks)

I I

[1 II][J' CIAT ] CIAT CIAT CIAT UI
42jj 558j 378 jj426 558 78

I 2 3 4 5 6 7 8 91011 12 1 2 3 4 5 6 7 8 91011 12

Centrosemna hybrid Stylosanthes gulanensLs
(14 wks) (14 wks)

CIAT CIAT CIAT CIAT CIAT CIAT

- 2 45 67 99:0 12 2 3 678 702 12

1 reatments

Treatments. (I) Not fertilized, not inoculated; (2) Fertilized (no N), not inoculated, (3), (6),(9) Inoculated %ith
aqueous suspension of Rhizoblum: (4), (7), (10) Inoculated with Rhizobium. lime-pellcted, (5), (8), (11)
Inoculated with Rhizobium, rock phosphate-pelleted; (12) Fertilized (100 kg N/ha), not inoculated.

Figure 23. Rhizobium strain selection Stage IV (field trial, Quilichao).
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Dry matter (kg/ha) The survival of rhizobia in coal- and
800 peat-based inoculants was determined by

Macropithum sp. the plant dilution method. Peat afforded

best survival, having 1.2 x 109
rhizobia/gram of inoculant after six
months of storage. One of the three coals
tested supported acceptable survival of
rhizobia (Fig. 25) but could not be

400 _recommended as an inoculant base due to
its tendency to aggregate into hard lumps
during storage and to resist wetting at the
time of seed inoculation.

20 CIATI CIAT CA

1 2 3 4 5 6 7 8 91011 12

Tr catments

Treatments: See Figure 23. "I,
Figure 24. Rhlzobium strain selection Stage IV

(field trial, Carimagua).

Table 25. Current inoculation recommendations for promising forage legumes (31 October, 1977).

CIAT
Species No. Strain Technology Basis'

Alysicarpus sp. 706 CIAT 503 Rock Phosphate Pellet SS

Cenirosema sp. 1733 CIAT 594 Rock Phosphate Pellet' I, II, IV
" 1787 CIAT 594 Rock Phosphate Pellet I; I1; IV

845 CIAT 594 Rock Phosphate Pellet I; !1; IV

Desmodium barbatum 3063 CIAT 359 Rock Phosphate Pellet $s
canum 3005 -

distortum ' 335 CIAT 512 Rock Phosphate Pellet SS; il
helerocarpon 365 -
heterophyllum 349 CIAT 80 - Rock Phosphate Pellet AUS; II; FB
leonli 3001 - -

ovalifolium 350 CIAT 46 Rock Phosphate Pellet II; IV; FB
scorplurus 3022 - -

sp. 336 -, -

sp. 3019 -- -

Ghcne wightil 201 CIAT 79 Rock Phosphate Pellet AUS
204 CIAT 79, Rock Phosphate Pellet AUS

Macropgllumn sp. 535 'CIAT 318 Lime Pellet IV

Puerarla phaseololdes (common) CIAT 79 Rock Phosphate Pellet AUS

Stloianthes caphata 1019 CIAT 71 Rock Phosphate Pellet III; FB
1078 CIAT 71 Rock Phosphate Pellet IlI, FB
1097 CIAT 71 Rock Phosphate Pellet III
1405 CIAT 71 Rock Phosphate Pellet III

Bais, AUS Australin recommendation, %% Iolale from ,ame Ipcci.. I Ltd Hakk I'logiani us,. StI. II.1I.tw

%Stulcs I - I ube culture. II - Leonard jar. III = Pot trial. IV- HIeld trial. V - R gional triIl
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Table 25. (continued)

CIAT
Species No. Strain Technology Basis'

S. guianensu 64A CIAT 71 Rock Phosphate Pellet 1:11
136 CIAT 71 Rock Phosphate Pellet I: , 111;IV;FU
184 CIAT 71 Rock Phosphate Iellet I, Ill

1135 CIAT III Rock Phosphate Pellet 46US
1200 CIAT III Rock Phosphate Pellet $
1062 CIAT IIl Rock Phosphate Pellet U.S

S. hamata 118 CIAT 71 Rock Phosphate Pellet Ill
147 CIAT 71 Rock Phosphatc Pellet III

S. humills 1304 CIAT 71 Rock Phosphate Pellet Ill

S. .cabra 1047 CIAT 71 Rock Phosphate I'el t III

S. sympodialis 1044 CIAT 71, Rock Phosphate Pellet III

S. viscosa 1074-A" CIAT 71 Rock Phosphate Pellet III

Terannus unclnatus 508 CIAT 452 Rock Phosphate Pellet SS

Zornia sp. 728 CIAT 103 Rock Phosphate Pellet SS

logt number rhitoblalg of career

Bohemia Coat Mercd Coal Frallu Coal Rio Negro Peal

9

8

7-

6-
0 3 7 14 25 56894126 184 0 3 7 14 28$6184 126 184 0 3 7 14 285684126 184 0 3 7 14 29564 126194

iAe of inoculant idays)

I-gure 25 Sur~lt'aI of rhituhia In tour prukpecllve carriers.

Soil Fertility'-

Soil fertility research is conducted by more efficient methods of fertilizer
program soil scientists with the purpose of: management. Emphasis during 1977 was
( 1) identifying soil limitations where field on characterizing the soil properties at the
research is undertaken; and, (2) to develop new CIAT-Quilichao station, determining
Beef Program A-43



Table 26. Characteristics of the main soils at Quillchao, Carimagua and Cerrado Center Stations.

Exchangeable cations
Org. (meq/ 100 g) Al Mail. Avail,

Horizon Clay Sand pH C satn P' HiO
(cm) (%) (%) (H20) (%) Al Ca Mg K ECEC (%) (ppm) ( 'ol)

CIAT-Quilichao: Ultisol (Orthoxic Palchumult, clayey. kaolimuc, isohyperthermic).

0-20 71 4 4.1 4.1 2.7 .65 .49 .36 4.2 64 1.8 16

20-35 77 5 4.0 2.3 2.7 .31 .04 .13 3.2 83 1.1 13

35-62 64 2 4.3 1.1 3.2 .24 .02 .09 3.6 88 0.9 16

62-91 88 I 4.4 0.4 1.1 .15 .02 .06 1.4 77 0.9 9
91-150 90 1 4.4 0.3 2.0 .22 .01 .04 2.3 85 1.2 14

Carimagua: Oxisol (Typic Haplustox, clayey, kaolinitic, isohyperthermic).

0-12 38 12 4.5 2.2 3.8 0.2 0.2 0.4 4.7 81 0.9 9

12-32 41 II 4.6 1.2 2.8 0.1 0.1 0.1 3.1 89 0.9 7
32-58 43 I1 4.8 0.9 2.1 0.1 0.1 0.1 2.3 91 0.4 5

58-88 45 12 5.2 0.4 0.7 0.1 0.1 0.1 0.9 78 0.4 6

88-148 45 12 5.1 0.3 0.6 0.1 0.1 0.1 0.8 75 0.4 7

Cerrado Center: Oxisol (Typic Haplustox, fine, kaolhmtic,_,sohyperthemic - LVE).

0.10 ' 45 36 4.9 1.8 1.9 0.4 .10 2.4 79 tr. II

10-35 48 33 4.8 1.2 2.0 0.2 .05 2.2 89 tr. I1

35-70"- 47 35 4.9 0.9 1.6 0.2 .03 1.8 88 tr. 9
70-150 47 35 5.0 0.7 1.5 0.2 .01 1.7 88 tr. 9

150-260 42 39 4.6 0.3 0.7 "0.2 .02 0.9 76 tr. 9

Bray II extraction method

the limiting soil factors at that'location, Brasilia are shown in Table 26. All sites are
and evaluating sources and meth6ds of very acid, with surface pH values ranging
phosphorus application in Oxisols afid. from 4.1 to 4.9, with toxic levels of
Ultisols. aluminum saturation. They are very low in

available phosphorus, exchangeable
calcium, magnesium, potassium and

SOIL PROPERTIES AT THE stveral micronutrients. The basic cation
PRINCIPAL RESEARCH SITES contents of Quilichao however, are con-

siderably higher than at Carimagua and
Representative profiles ofwell-drained Brasilia, but still very much within the

positions at Quilichao Carimagua and realmof acid, infertile soils.
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Because of their high clay contents and Relative yields (%)
the presence of iron and aluminum oxides, 110 1
the three locations have a high capacity to Complete
fix fertilizer phosphorus. The phosphorus ( 44g/ pot)
fixation curves in Figure 26 indicate an too ------------------
extremely high fixation capacity -on the
order of 620 to 750 ppm phosphorus for
Quilichao and Brasilia, and about one-half
that amount (350 ppm) for Carimagua.
For comparison, the phosphorus fixation 60
level of the Mollisol from CIAT's head-
quarters at Palmira is about 50 ppm of 40
phosphorus.

20 aA detailed soil survey of CIAT-
Quilichao was contracted with the Cor-
poraci6n Aut6noma Regional del Valle del -P -S - -Ca-N -K -Cu M Zn Mg
Cauca (CVC) at the scale of 1:20,000. The
soil map indicates little variability from the Missing nutrient
profile shown inTable 26 on plateau and Figure 27 Response of Centrosema plumien to
slope positions, all of which are classified missing nutrient elements in the Quillichao Ultisol.
as Orthoxic Palehumults. The poorly- (Dry matter production, at first cutting, mean of four
drained soils in lower topographic replications.)
positions are also extremely acid and low
in exchangeable bases, indicating that the Detailed mineralogical analyses conducted
entire landscape is base-depleted, similar at North Carolina State University (USA)
to conditions at Carimagua and Brasilia. show that kaolinite and halloysite are the
The poorly-drained soils are also Ultisols dominant layer silicate minerals. The well-
but are classified as Umbric Paleaquults. drained soils average 15 percent freeFe20J

P sorbed (ppm) and 11 percent free A1203 contents, which

1200 account for their high phosphorus fixation

* Brasilia 
capacity.

1000 0 Quilhchao - I FERTILITY LIMITATIONS
* Carimagua AT CIAT-QUILICHAO
0 Palmira

80o . . A series of greenhouse experiments were
conducted with the topsoil samples of the

600 - Quilichao Ultisol described in Table 26 in
P I order to describe its fertility status. A

400 / missing element trial showed this soil to be
4oo *extremely deficient in phosphorus, sulfur

and boron and, to a lesser extent, calcium
200 (Fig. 27). The extremely low yield of the

check plot created the suspicion of
0 aluminum and manganese toxicity.

.Ol 01 05 1 2 10
P in solution (ppm) The magnitude of phosphorus response

Figure 26. Phosphorus fixation Isotherms of was then tested with Panicum maximum
research sites at Brasilia, CIAT-Quillchao, and a Centrosema hybrid (CIAT 1733).
Carimagun and CIAT-Palmira. Both species responded sharply to
Beef Program A-45



Dry matter production (g/pot) Maximum dry matter (%)

I 100 0 *
Panwmc maximum 80--

8- ,0 60 * Panicum
maximum

6

20 -
4 Cenirosema hybrid 1733 1:0
2 0 2 4 6 8 10 50

00 1 200 100oo
Phosphorus applied 80 -

(kg POs/ha) _ 0
Figure 28. Phosphorus response by a grass and a 60 -

legume species in the Quilichao Ultisol. (Sum of two 40 -0 Centrosema hybrid 1733
cuts and mean of four replications.) - 0

- 20*"

superphosphate applications but the ....- I I I - I

amounts required to approach maximum 0 2 4 6 8 10 12 14 50 52

yields were higher in the grass than in the Available Bray il P (ppm)
legume. The response.curves show the first
inflection point at 40 kg P 205 /ha for Figure 29. Estimation of the critical phosphorus
Centrosema and 60 kg P205 /ha for P. levilsintheQuiichao UItisolinthegreenhouse.(Sum

'maximum, but each species yielded only 56 of two cuts and mean or four replications.)

percent. of i s maximum at those levels
(Fig. 28). The subsequent gradual increase
may be related to the ameliorating proper- legumes is shown in Figure 31.
ties of superphosphate although soil Stylosanthes guianensis 136 yielded best
chemical analysis did not show marked without lime applications, confirming its
differences. tolerance to the relatively high aluminum

saturation and exchangeable manganese
An estimation of critical soil test levels. The decrease at high lime rates is due

phosphorus levels in the unlimed Ultisol is to a calcium:magnesium inbalance. The
shown in Figure 29. In both cases, the Bray Centrosema hybrid (CIAT 1733) showed a
11 critical level is about 3 ppm phosphorus. marked response to the I t/ha lime rate and
In order to obtain about 80 percent of the decreased afterwards. The reasons for this
maximum yield, these two figures suggest a response are unknown. Centrosema
broadcast rate of about 240 kg P205/ha for plumiert, a species adapted to high pH
either species. soils, required 8 t/ha of lime to approach

maximum yields. This figure underp.4ores
The relationship between pH,percentage the importance of selecting for aluminum

aluminum saturation and exchangeable tolerance as part of CIAT's low input
manganese as a fuction of liming are shown strategy.
in Figure 30. The buffering capacity of this
soil is extremely high, probably because of In summary, the Quilichao Ultisol is
its high organic matter content. In order to extremely deficient in phosphorus, sulfur
raise the soil pH to 5.5 approximately 16 and boron, moderately deficient in
tons/ha of CaCO3 are needed. The calcium, potassium and nitrogen and
contiasting lime response of three forage aluminum toxic for certain species.
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pH % Al saturation of effective CEC, 60 Exch. Mn

5.0 - 30 10

6.0 • 50 / 20

4.5 40 5

0.5 Lime applied Ct/ha)

Figure 30. Soil PHi, exchangeable manganese and percentage aluminum sturation of effective CEC a<
affected by icreasing lime rate of application on an Ulisol from CIAT-Qufichao. (Incubation time 60 days.)

/ 2

Dry matter (S/ pot) ly deficient in phosphorus and fix large
quantities of phosphorus fertilizers. Since

o Centrosema plumler1 470 late 1975 CIAT has been evaluating the
* Cen•rosema hybrid 1733 various rock phosphate deposits found in

30 - A Stylosanthes guianensas 136 Latin America. In July 1977 a special0project on phosphorus was established,

2 5 -1 with Internationa Development Research
Centre (IDR C financial support as a
collaborative project between the Inter-

20 p -national Fertilizei Development Center
\_(IFDC) and CIAT. IFDC has stationed

15 two of its senior scientists at CIAT to
io conduct this work. The project is an

integral part of the Beef Program although
work with other crops is also done, and is

3t "described elsewhere in this annual report.

0 1 2 I 816 Initial greenhouse experiment. FigureLime appled (/ha) 32 shows the results of initial evaluation inFigure 31. Lime response of three forage legume the greenhouse with Panicum maximumin the Qullchao ULiisol under greenhouse conditions, growing on an unlmed Oxisol fromCarimagua. High reactivity rocks from
Sechura (Peru) and North Carolina (USA)

ROCK PHOSPHATE EVALUATION were superior to triple superphosphate
applications and similar to basic slag. The

Direct application of rock phosphate to two Colombian rock phosphates, Huila
acid soils offers a promising low-cost and Pesca, considered of medium and low
alternative for supplying this element in reactivity, respectively, were less efficient
Oxisols and Ultisols that areboth extreme- than superphosphate. Figure 32 also
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Dry matter (g/pot) shown to be well-related to the citrate-

% P RAE soluble phosphorus content of the
material. The correlation between citrate-

* Sechura R P 5.6 94 soluble phosphorus in the phosphate rock
* N. asrohlna R.P 6.? 82 and yield or phosphorus uptake was highly
o Basic Slag 4.8 0 significant and improved as the rate of

-Tprp e2 application increased. The citrate-soluble
SSuperphosphate 20.3 62 P20 5 of the phosphate rock was better
SHuda RP. , 3.4 41 correlated with yields when expressed as

* Pcsca R.P. 1.9 27 'percent of the rock" rather than "percent

20 of total P20 5 in the rock! (Fig. 33).

Differences in reactivity of phosphate
rocks were also reflected in the soil test
parameters. The citrate-soluble P20 5

I5 content of the phosphate rocks was well-
correlated with Bray I extraction. Higher

-crop response was observed with the
phosphate rocks than with triple
superphosphate at a given level of Bray I

I0 extractable phosphorus (Fig. 34).' This
suggests that A maximum was responding
to the calcium supplied by the phosphate
rock in addition to the phosphorus.

5Citrate-soluble phosphorus in the rock was
significantly correlated with the concentra-
tion of water-soluble phosphorus in the
soil at the 200 and 400 ppm phosphorus
rates. At the 50 and 100 ppm phosphorus

0k rates, however, there was not a significant
50 10O 400 correlation.

Phosphorus applied (ppm)' Dry matter (g/pot)

Figure 32. Effect of sources of phosphorus on 0 400 ppm P

Panicunt maximum dry matter production (sum of r =.95

three cuts) grown in the Carimagu Oxisol without A 200 ppm P
liming in the greenhouse. (% P = citrate-soluble P of r =.93
entire material; RAE= relative agronomic 20 -0 pp- -

effectiveness.) 0 100 ppm P
r =.87

15 - i ---
illustrates the Relative Agronomic Effec- 50 ppm P

tiveness (RAE) of each rock relative to r = 67
basic slag. The poor response to IA "
superphosphate is probably related to 5 X
inhibited growth by the low calcium and AA --

high aluminum saturation level of the soil. 0AA

The Sechura and North Carolina rocks 0 2 3 4 5 6 7
and basic slag ameliorated the soil because
of their calcium release properties. % Citrate-soluble P20 5 of rock phosphate

.,I Figure 33. Relationship between yield of three

The relative availability of phosphorus cuttings of Panicum maximum and citrate soluble

from phosphate rock sources has been phosphorus in rock phosphate (Sig. 0.01 level).
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Yield (g/pot) Field Experiment. A long-term field
experiment with Brachiaria decumbens

20 -was established in May 1976 at Carimagua
to compare effects of six rock phosphates

-• - >- -- with triple superphosphate. Application
=.+j '  rates range from 0 to 400 kg P20 5 /ha, all

12- - - -- broadcast and incorporated into the
8 Itopsoil. The first four cuts of this experi-
8 Phosphate rock ment were harvested at 3, 6, 13, and 16
4 0 Basic slag months after phosphorus app!ications.

a Triple superphosphate The lag between the second and third
0 I I I I I I harvest includes the dry season.

10 20 30 40 50 60 70 80 90

Extractable P, Bray I (ppm) The absolute and relative yield responses

Figure 34. Relationship between yield of three are shown in Figures 36 and 37, respective-
cuttinp of Panicum maximum and Bray P-1 ly. Triple superhosphate was only superior
extractable phosphorus measured 90 days after to rock phosphates during the first cut;
application to a Carimagua Oxsol in thegreenhouse. afterwards all rock phosphate sources

increased their effectiveness with time,
Phosphorus uptake by P. maximum was approaching or surpassing the yields from

linearly correlated with water soluble superphosphate during the third and
phosphorus(ru 0.918**). Dry matter yield fourth cuts. The overall results during the
was related to water soluble phosphorus by first 16 months show that the high
one curvilinear relationship for the reactivity rocks Gafsa and Sechura were
phosphate rocks and basic slag, and 105 and 99 percent as effective as
another curvilinear relationship for triple superphosphate; the medium reactivity
superphosphate (Fig. 35). Huila rock was 91 percent as effective, and

the low reactivity rocks, Tennessee and
Yield (g/pot) Pesca, were 87 and 88 percent as effective

I I I " as triple superphosphate.
0 Phosphate rock and Basic slag
* Triple superphosphate

2- Figure 37 shows excellent performance
* of low and medium reactivity rocks not

16_' previously reported elsewhere. Normally,
phosphorus from these rocks is very
unavailable during the first year. By

12 - - - -- keeping the pH low (4.6 to 4.8), the soils
became, in effect, an efficient

8 superphosphate factory. By using a species
tolerant to the high levels of aluminum
saturation encountered (72 to 85 percent),
the low pH did not affect growth. Total dry

A• matter produced was 13.1 t/ha in 16
- -0 - -U - months, without irrigation and a basal

.020 .040 .060 .080 .100 .120 fertilization of only 50 kg N, O kg K2 0

Water soluble P (ppm) and 20 kg S/ha. This indicates a very

Figure 35. Relationship between yield of three excit, ng potential for the medium and low

cuttings of Panicum maximum and water soluble reactivity rocks, so common in Latin
phosphorus in a Carimagua Oxisol, in Athe America, as an important component of
greenhouse. , , , , I ..... the Program's low input strategy.
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Dry matter (t/ha/cut)

6 Huila R P .Pesca R P.

4 -
3

6 - G a fsa R P . I- -- T e n n essee R .P .

6 
C entral Florida R .P. .

Sechura 
R .P.

4

f50 100 
400

5Cut #
0 4
A 3

3 

A 2

50 100 
4 O0

Figure 36, Drymatter yield of four cuttings of Brachiarla decumbes as affected'by rate and source of
phosphorus in a Carimagu Oxisol. ,,

An evaluation of the residual effect must appraise the value, of such applications. An
continue for several years, in Qrder io fully e~tra , set ',of f treatments of. annual
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% Maximum dry matter production

141 Triple Superphosphate. Sechura. 99% Gafsa. 105%
120 ++ 10 0 % +(3.'0) - ---------- _ -

(2.1)(3.5) (4_5)

0 H 1 0 ___

I I -

1440g~ Os/ha881

1-uita 91%/ Tennessee 8 7 eca8,120 -

o0- __-_ -..__ -

40 ----

3 6 13 16 3 6 13 16 3 6 13 16

Month after application

Figure 37. Inilital and residual effects of five phosphate rocks relative to superphosphate applications on
Brachiarla decumbens yields in an Oxisol from Carimagua. (Percent figures Indicate Relative Agronomic
Effectiveness; maximum yields for each cut shown in parenthesis as t D.M./ha.)

applications of triple superphosphate is same amount of Sechura rock doubled it.
being included for comparison. These changes produced a decrease in

aluminum saturation from 85 to 72 and 78
Figure 38 shows that the application of percent, respectively.

the different phosphate rocks and soluble
phosphorus fertilizers modified some
chemical properties of the soil measured The greenhouse and field results show
12 months after application. This that direct applications of low (Pesca),
modification is more pronounced when medium (Huila) and high (Sechura)
phosphorus is applied at 400 kg P20s/ha. reactivity Latin America rocks to
Available phosphorus, measured as Bray 1, aluminum-tolerant grasses such as
increased substantially in the soil after Brachiaria and P. maximum are superior
application of triple superphosphate and to triple superphosphate in Oxisols of the
high to medium reactivity rocks like Gafsa, L'anos of Colombia. A rate of 100 kg
Schura and Central Florida. Changes in P20 5 /ha appears optimum. Considering
pt1 were not significant, but increases in the low relative cost of a kilogram ofP 20 5
exchangeable calcium were remarkable in as rock phosphate compared with
die high reactivity rocks. Applications of superphosphate, rock phosphates can
400 kg P2Os/ha of Huila tripled the significantly lower pasture establishment
exchangeable calcium in the soil, while the costs in the impact area.
Beef Program A-51



P (ppm), Bray I Exch. Ca, (mcq/ 100 S)

10 'B.
9---

8--

7---

5

4

3

Al saturation, (% effective CEC) pH

TSP TSP
0 Sechura R.P. 0 Sechura R.P.
*I I ula R.P. A Pesca R.P.

70L11 1 "I ul .P tJ I L ulaRP

0 50 00 400 0 50 100 400

Kg P2Os/ha

Figurc 38. Chemical properties of a Carimagua Oxisol supporting Brachlarladetunibenm as affected byrate
and source of phosphurus, measured 12 months after application.

THERMOPHOSPHATE Colombian Oxisols, but unfortunately, the
EVALUATION supply is very limited.

Fused magnesium phosphate(FMP)isa This experiment was designed to com-
phosphorus source produced by fusing pare the FMP produced in Japan with two
rock phosphate with magnesium and otlier thermophosphates produced with
silicate, usually supplied in the form of native Colombian phosphate rocks and
serpentine or a related material. The with other phosphorus sources in use.
product is a glass whose chemical Materials were evaluated in the greenhouse
characteristics are very similar to basic with Stytosanthes guianensis (CIAT 136)
slag. The latter has been shown to be more on Carimagua Oxisol. Treatments with
effective than triple superphosphate in magnesium (as MgO) and silicate (as
A-52 1977 CIAT Annual Report



calcium silicate slag from TVA) equivalent Rhenania phosphate decreased the
to the amounts contained in FMP were magnesium content of the tissue. Calcium
included to separate the possible con- content was also increased by the applica-
tributing factors, Lime was also included tion of these thermophosphates to the soil.
to separate the effect of the liming capacity
of the calcium silicate from the possible SILICATES AND MAGNESIUM
beneficial effects of silicate anion. APPLICATIONS

Dry matter yields of the average of two In order to study the effect of silicates
cuttings are in Figure 39. In general, S. and MgO on the response of S. guianensis
guianensis responded up to the highest rate (CIAT 136) to phosphorus, a greenhouse
of phosphorus applied. Only when the experiment was established using an
phosphorus source was TSP was the Oxisol from Carimagua. Triple
increase in yield between the two highest superphosphate and Huila phosphate rock
rates not significant. On the other hand, were the phosphorus sources. Magnesium
when TSP was mixed with MgO and oxide and calcium silicate were mixed and
calcium silicate or lime the response was applied with the phosphorus sources at
almost linear, three different rates but always keeping the

When FMP was added to the soil yields same ratio MgO: SiO 2 of 0.75:1.00.
were comparable to those produced by
fertilization with basic slag supplemented Dry matter yields of the first cut are
with MgO and much higher than those of shown in Figure 40. When no phosphorus
the TSP treatments. was added to the soil, stylo responded

slightly to the first increment of MgO and
Yields were not very different due to the SiO 2 but no response was detected

use of coarse or fine FMP, but coarse afterwards. With added phosphorus, the
Rhenama phosphate presented the lowest response to MgO and calcium silicate was
yields in this experiment. The Huila(Huila appreciable for the lowest level of these two
phosphate rock fused with serpentine) and compounds when TSP or Huila phosphate
Pesca thermophosphates (Pesca rock were used. Magnesium oxide and
phosphate fused with dolomite) give better calcium silicate produced strong yield
yields than TSP and coarse Rhenania responses at high rates of TSP. Stylo yields
phosphate, but were very similar to those are not markedly influenced by
produced using Huila phosphate rock applications of MgO and calcium silicates
mixed with MgO and calcium silicate. The when high levels of phosphorus are applied
results in Figure 39 also show that both as Huila phosphate rock. It is possible that
magnesium and silicon are probably high rates of phosphate rock are adding
limiting the phosphorus response of S. enough calcium, magnesium and silicate to
gutanensis in this soil. the soil to supply the plant requirements.

Soil analyses did not show important MIXING PHOSPHATE ROCKS
variations in the chemical properties of the WITH TRIPLE SUPERPHOSPHATE
soil, except for available phosphorus
measured as Bray I-P. There was little or One possibility for improving I

no influence in the exchangeable phosphorus availability in phosphate
magnesium of the soil. On the other hand, rocks is by mixing them with acid-forming
the thermophosphates and the Huila substances like sulfur or triple
phosphate rock with MgO and calcium superphosphate. Two greenhouse ex-
silicate increased appreciably the percen- periments were conducted using mixtures
tage of phosphorus and magnesium in the at different ratios of Huila phosphate rock
tissue of Stylosanthes. The use of TSP or and labeled triple superphosphate in a
Beef Program ' A-53



Dry matter yield (g/pot) Dry matter yield (g/pot)

TSP -'Triple superphosphate BS- Blasic Slag

20 ON IBS 
+ MO

20-----N 20----
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!0 i  -
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33.5 67 134 201 33.5 67 134 201

Mg P2O5/piot mg P2Os/pot

FMP-Fused Magnesium PhosphateI HPR-Huila Phosphate Rock
RP =Rhenania phosphate TPH- Thermophosphate - Huila

C ors TPP Thermophosphate - Pesos

0 0
33.5 67 1341 1 201 33.5 67 ,134 ,201,

S Mg P2O5/pot M9 P2O5/pot,

Figure 39. Dry matter yield ortwo cuttingsof Stylosanthes gulnensis 136 a fected by rateofphosphorus
with MgO, CaC03 and S3O2 and by different thermophosphate, an a Carimagua soil in the greenhouse.

Carimagua Oxisoi and Quilichao Ultisol. maximum were used as indicator,pintis,
Desmodium distortum (CIAT 335) and P. respectively. Figure 41 shows that,yields
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Figure 40. Dry matter yield of one cut of Stylosanthes guyanensls 136 as affected by rates of MgO and S10 2
and by rate and source of phosphorus on a Carlmajua soil In the greenhouse.

Dry matter yield (g/pot) increased with the addition of triple
ng P2Os)pot superphosphate to the rock.A 300

.3 A 225

- 150 In the Ultisol from CIAT-Quilichao
9 75 P. maximum responded almost linearly to

.2 -phosphorus fertilization and there was no
appreciable difference in yield by the use of
100 percent Huila phosphate rock or triple

.1 - superphosphate and the mixture of the two
products (Fig. 42). Only at high rates of

o L_ phosphorus did the grass respond mark-
% HRP 100 75 50 25 0 edly to the increase in soluble phosphorus
% TSP 0 25 50 75 100 'in the fertilizer. It seems that P. maximum

j , can use phosphorus from insoluble forms.
% of HRP and TSP in the mixture Tie mixtures of soluble and insoluble

phosphorus sources, therefore, are of
Figure 41. Dry matter yield of Desmodium limited value in such circumstances.

distortum CIAT 335 as affected by rate of P and
mixtures of Huila rock phosphate (IRP) and triple
superphosphate (TSP) on'a Carlhagua soil In the
greenhouse. '..
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Dry matter yield (g/pot)

IC - ____

5-

_P 0 (rag)
3 0 100% TSP 6 2

4 100% Huila RP 0 5
2-- ** 5oFsPand 0%HRP

25 50 100 150 200 100% 50% 0 Huila RP

Mg P20 5/POt 0 50% 100 TSP

1-igure 42. Dr mattier I0d of Pancumn maximum its affected by rateand mlxtureofphosphorussources an
an Ullsol from ( IAI -Quilchao. (Sum of averages of two cuttings.)

Plant Nutrition

The nutritional requirements of many described in previous annual reports,
grass and legume species of interest to the which provided topsoil aluminum satura-
Beef Program are not well understood. tion values of approximately 90, 85, 50,
During 1977 studies conducted by and 10 percent respectively. Dry matter
agronomists and soil scientists provided yields were recorded in a series of harvests
new information on: (1) tolerance to soil and the average yields for all cuts to date as
acidity (aluminum toxicity) and response affected by lime levels are shown for II
to liming, and (2) tolerance to low available grasses in Figure 43. Excellent aluminum
phosphorus. A Plant Nutrition section will tolerance was observed for a number of the
be established with the arrival of a full time most important grass species including
senior scientist in 1978. Brachuarta decumbens, Andropogon

gavanus, Panicum maximum, and other
ALU'MINUM TOLERANCE species of Brachiarta, all of which ap-

proached maximum yields at the 0 or 0.5
Fourteen grass and 24 legume species t/ha lime levels. In the case of A. gayanus,

have been planted on existing lime blocks B. humidwola and B. radicans, maximum
at Carimagua to study their tolerance to yields were attained without lime
aluminum. Lime levels are 0, 0.5, 2 and 6 applications. In contrast, Hyparrhenia
t/ ha of calcium carbonate equivalent as 'rua, a very common grass throughout the
A 56 1977 CIAT Annual Report



% maximum yield

Andropogon gayanus (7.5) Drachtarla humidicola (5.0) Brachlaria radicans (3.9)

50

frachlarla decumbens (6.3) Panicum maximum (7. 1) Brachlarla mutlca (3.6)
100 -'j--

Digltarla decumbens (2.3) Cynodon hybrid (3.4) .Hyparrhenla rufa (4.4)
100, 4 _ - - -

50

0.5 2 6

Axonopus scoparus (2.9) Sorghum Y-10I (1.9)
100

0.5 2 6 0.5 2 6

Lime (t/ha)

Figure 43. Differential responseof I I grass spzcles to liming In an Oxisol from Carimagua.(Maximum yields
In t/ha/cutting of dry matter are in parentheses and are averages of four and five cuttings in one season.)

tropics, responded strongly to the relative- ' the most severely affected of all the grasses,
ly high level of 2 t/ha. This observation followed by H. rufa. P. maxiumum
confirms greenhouse experiments con- reponded positively to the first increment
ducted in 1976 in which six tropicalgrasses of aluminum and was adversely affected
were grown in solution cultures ranging in only at the highest level of aluminum. B.
aluminum concentration from 0 to 4 ppm. decumbens was unaffected over the range
The effect of aluminum on four species can of concert trations studied. H. rufa is clearly
be seen in Figure 44. Cenchrus ciliaris was much more susceptible to aluminum
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% Maximum yield tolerance in the Cerrado of Brazil. The
* Brachiarla decumbens strong response observed indicates that it is
* Panicum maximum more susceptible to aluminum toxicity

than any of the forage grass species used.

0 Cenchrus cIharls Dry matter yields of eight legumes are
16 shown in Table 27. These data are from the

first harvest only. Magnesium was subse-
quently added to the zero lime treatment
which had not previously received that

50 nutrient. All other lime treatments had
received magnesium to maintain a cons-
tant calcium: magnesium ratio of 10:1 in
lime added. Some of the responses to 0.5

0_ _"---_. t/ha lime may well be to magnesium,
0 0.5 1.0 2.0 4.0 especially in the case of Desmodium

ovalhfolhum and Puerariaphaseoloides and
Al (ppm) possibly in the case of Centrosema

Figure 44. The effect of aluminum concentration pubescens and the hybrid Centrosema sp.
on dry matter yields of four tropical grasses grown in 1733. Stylosanthes capita, and Zornia sp.
solution culture. 728 are notable for their vgor and lack of

response to lime, whereas C. plumierii istoxicity than B. decumbens in both obviously the most sensitive species to soil
greenhouse and field trials. Yields of P. acidity in this group of legumes.
maximum were reduced at the zero-lime
level (highest aluminum level) in the field TOLERANCE TO LOW AVAILABLE
as they were in solution culture. PHOSPHORUS

Digitaria decumbens appears to be Twenty Stylosanthes species and
tolerant to aluminum, although the ab- ecotypes were screened for their
solute yield levels were rather low. A phosphorus requirements in a pot trial
Cynodon hybrid (African Star Grass) and with the Carimagua Oxisol using the
Imperial grass (Axonopus scoparius) following levels of applied phosphorus: 0,
responded strongly to lime. The grain 5, 10, 20, 30, 60, 120 and 240 kg P/ha. The
sorghum hybrid Taylor Evans Y-101 was critical level of phosphorus according to
included because of reported aluminum the Bray 11 soil test was chosen as an

Table 27. Effect of lime on dry matter yields (kg/ha) of tropical legumes, first cutting, 1977.

Lime (tlha)

Species 0 05 2 6

Centrosema plumierl 470 0 0 582 i 1698
Centrosema sp. 1787 445 , 912 2014, ,' * 2769
Centrosema sp.l -1733 356 1330 1568 1317
Centrosema pubescens 680 1729 1996 2035
Desmodtum ovalfolhum 118 2302 2018 2480
Puerarla phaseoloides 1286 1688 1422 1434
Zorna sp. 728 '3000 3108 2686 2628

* Stylosanthes capltata 1019 -2365 .'236 3011
A 1977 236 A231 3011 2f58
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Figure 45. External phosphorus -requirements of 12 CIAT forage accessions on Carlmagua Oxisol.

indication of the external- phosphorus quirements were not successful, because of
requirement of the species. Attempts to the small changes, in percentage
dstniate. the internal phosphorus re- phosphorus in plant tissue at the crucial
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Table 28. Relationship between phosphorus applied In the field and in the greenhouse to phosphoru.s
cuntent 1% 1' in dr) matter) of plants of Andropugun gaiauni

Rate applied (kg P2Os/ha)

Test 0 10 20 40 60 80 120 160 240

Greenhouse 0.10 0.09 0.10 - 0.10 0.12 0.15
Field 0.09 0.08 0.09 0.09 0.12 0.16 -

low phosphorus rates. This is shown in Three other accessions have a critical
Table 28. level between 5 and 6 ppm phosphorus,

thus showing considerable adaptation to
phpsphorus stress. Two of them: A.

The external phosphorus requirements gayanus and D. ovalifolium, are in the
are given in Figure 45 using the Cate- most promising list for Carimagua con-
Nelson method to determine the critical ditions.
soil test level. Large differences among
forage species and ecotypes can be observ- Finally, three species have critical levels
ed from this figure. The two lower rows higher than 8 ppm: Macroptilium 536, D.
include accessions with critical levels of 4 leonii 3001 and D. scorpiurus 3022. They
ppm or less available phosphorus. There are not well-adapted to Carimagua con-
are four accessions of S. capitata, a fine- ditions. The generally accepted critical
stemmed S. guianensis and one Zornia. level of Bray I1 phosphorus for crops in
These accessions utilized limited amounts Colombia is on the order of 15 ppm. All
of phosphorus more efficiently than forage species tested have lower
others. They are among the most promis- phosphorus requirements than most arable
ing entries for Carimagua conditions, crops, confirming the comparative advan-
except for S. guianensis 1200 which does tage of tropical pastures adapted to low
not produce seed. input management in Oxisol savannas.

Pasture Establishment and Maintenance

Two new Pasture Development units tablishment of intensively managed grass,
were established this year at Carimagua legume or mixed pastures for small
and Brasilia with the overall objective of irrigated areas or pockets of fertile soils to
developing systems for pasture establish- provide cut forage for strategic supplemen-
ment and maintenance at different levels of tation. The maintenance requirements of
investment in tropical savannas. The all these systems will also be studied, The
different systems are illustrated in Figure main variables involve land preparation,
46. Studies will include: (1) low cost planting methods and fertilization rates for
methods of establishing improved pastures establishment and maintenance under
on native savanna; (2) establishment of different grazing intensity. Work reported
grass-legume mixtures afterplowingnative this year concentrates on a new low-cost
savanna; (3) using crops as precursors to pastitre establishment system, and fer-
pasture establishment at a somewhat tilization requirements of the principal
higher level of investment; and, (4) es- grasses both at Carimagua.
A.60 1977 CIAT Annual Report
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sufficient quantity and is often very Figure 47 includes results for four
expensive in the early stages of livestock stoloniferous grasses showing the response
development programs. An experiment to phosphorus and potassium in terms of
was initiated in 1977 to study the feasibility percentage maximum length of the four
of low density plantings of ten species longest stolons per plant and number of
expected to self-seed or spread via stolons solons per plant longer than one meter, and
and provide an acceptable stand in one in the case of B. radicans, stolons longer
year or less, taking advantage of the lack of than two meters. Stolon length was only
weed competition for several months after slightly affected by phosphorus, primarily
land preparation and before fertilizer m the range of 0.5-1.0 g/hill for .
application in Oxisols of the Colombian decumbens, B. humidicola and B.
Llanos. radicans. The Cynodon hybrid responded

up to 3 g/hill. However, the effect ofphosphorus on number of stolons longer
A three-hectare field was prepared with

an offset disc to control native vegetation. % Max Brachiaria decumbens
Fertilizer was initially applied only in the length Stolons. 1c Mdx Stolons,

planting hill in a manner to affect ap- I rnplant length 5 /plant
proximately 0.1 M 2.With a population of 1 4
1000 plants/ha, the initial rate of lIih -
phosphorus application ranged from 0.5 to 50
9 kg P20 5/ ha. Within the 0. 1 M2 treated -. Aalegh1,2

area, phosphorus application rates ranged 0 * No Stolons I m per plant ___ 1

from 50 to 900 kg P20/ha. Potassium Bracharia humidicola
applications ranged from 0 to 1.5 g 1°° 5
K20/hill, equivalent to 0 to 1.5 kgK 20/ha -

initial application and from 0 to 150 kg 5o2K20/ha for the area treated.

0

The second stage of fertilizer application Brachiarta radicans (238)
in the area between hills will be completed lOl [30
after initial stolon development (or seed
production from non-stoloniferous 50- j . Stolons 2m -15
species) to avoid weed competition until V j per plant r10
stands are assured. Brachiaria decumbens, 0 ___5

R humidicola, B. radicans and a Cynodon C ( (I I
hybrid were expected to spread primarily Cynodon (Hybrid)(114)
via stolons although B. decumbens is 1 4
already setting seed. Andropogon -3
gayanus, Panicum maximum, Zorma sp., 50
Pueraria phaseoloides, Desmodium
ovalifohum and Stylosanthes capitata 0. ______

depend primarily on seed production for I0 30 90 0 05 1.5
self-propagation, but some also spread by P20 (g/hill) K20 (g/hill)

trailing stems. Five different fertilizer Figure 47. Effects of phosphorus and potassium on

treatments will be applied in the area stolon number and percentage maximum length of
between hills in order to cover the range of the four longest stolons for four grasses, 12 weeks

after planting segetatile material in hills 3.16 meters
probable response of the 10 species which center to center (i000 hills/ha) on an OxIsol in
vary in fertilizer requirements. All are Cirimagua. The ai erage length (cm) 6f the fourl
assumed to be reasonably well-adapted to longest stolons per hill in the beit treatment is showr
the acid soil environment. In parenthesis.' , I
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than one meter was very striking for both applications are now being made to all
B decumbens and B. radicans over the treatments. Sulfur and magnesium have
entire range of phosphorus application (0.5 also become limiting for some species;
- 9 g/hill). Response to potassium was uniform applications of both nutrients
especially marked in terms of number of were made to all treatments except con-
stolons longer than one or two meters. trols.

In less than three months, B radicans
has covered almost the entire area between Four legumes were seeded in 1976 but
hills, spaced at 3.16 meters, center to center establishment was unsuccessful and the
B. humidicola is also providing rapid cover experiment was reseeded in June, 1977
but was slower in establishing and in- with P. phaseoloides (kudzu), D.
itiating vigorous stolon growth. B. ovalifolium, Zornia sp. (CIAT 728) and
decumbens has developed rapidly but Centrosema pubescens. Early stands were
initial development is largely vertical excellent for all four species but C.
before appreciable stolon development pubescens later failed. Only one harvest
occurs. Leaf cutter ants caused damage was made in 1977, the results of which are
during the establishment phase, especially shown in Figure 49.
on D. ovalifolium.

Zornia sp. is the least demanding of the
This system may result in important three species that survived. D. ovaltfolium

advantages in pasture establishment in is intermediate in response to phosphorus
savanna areas characterized by infertile, and potassium. P. phaseoloides develop-
acid soils where labor, capital, seeding ment was limited so severely by magnesium
material and fertilizer are scarce and where deficiency that data on the response to
the farmer is willing to trade time for initial phosphorus and potassium are not includ-
capital inve-tment. ed. D. ovalifolium is also extremely

responsive to magnesium as shown in
Table 29. Zornia was least affected by

FERTILITY REQUIREMENTS FOR addition of magnesium; D. oval'ffolium
CONVENTIONAL ESTABLISHMENT yields doubled and P. phaseoloides yields
AT CARIMAGUA tripled after adding magnesium. Uniform

applications of magnesium and sulfur have
Tie major limiting fertility factors for now been made to all plots except controls.

pasture establishment and maintenance in
the Oxisols of Carimagua appear to be STRIP PLANTING
nitrogen, phosphorus, potassium, OF LEGUME-GRASS MIXTURES
magnesium and sulfur. Response profiles
of four grasses to phosphorus, potassium, Pueraria phaseoloides (tropical kudzu)
magnesium and sulfur are shown in Figure is being grazed in association with B
48. All four species responded strongly to decumbens, M. minutilora and H. rufa in
applied phosphorus; P. maximum and H. a trial established in 1976. The legume was
rufa were the most responsive and A. seeded in 2.5-meter strips alternated with
gayanus the least responsive. H. rufa was 2.5-meter strips of the associated grass.
by far the most respcnsive to potassium. In The trial includes three rest periods of 28,
the absence of applied potassium, the 42 and 56 days and three maintenance
population of H. rufa deteriorated very fertilizer rates and is managed with mob
rapidly; yields of treatments without grazing. The strip system and grazing
potassium averaged over all levels of management has resulted in good legume-
phosphorus were only 15 percent, of grass balance betWeen kudzu and B.
maximum. Nitrogen has become a severely decumbens and legume dominance over
limiting factor during 1977 and uniform both H. rufa and M. minutf/lora during the
Beef Program A-63
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Figure 48. Response of four grasses to phosphorus, potassium, magnesium and sulfir In an Oxisol at

Carimagus. Dry matter yields are averages of three and four harvests during the first year after establshment.

first season of grazing. B. decumbens is docks have been used for the past year to
producing three or more times the volume study the response of previously grazed
of forage produced by the other two grass pastures to phosphorus, potassium,
grasses and is invading the companion magnesium and sulfur. Nitrogen was
legume strips while the kudzu is also applied in 1977 on a split-plot basis. Yield
invading the B. decumbens strips. It responses have been erratic, with no
appears that the two species may remain consistent response to the fertility
compatib!e for a reasonable period of time variables.
using this planting system.

During the 1976-77 dry season, stands of

PASTURE MAINTENANCE H. rufa in three grazing paddocks were
FERTILIZATION REQUIREMENTS almost entirely lost but variability within

the plot area was too great to permit
Small enclosures within grazing pad- positive identification of causal factors. In
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% Maximum yield Zornla sp. 728
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Figure 49. The effect of phosphorus, potislum, magnesium and sulfur on dry matter yield (kg/ha) of two

tropical legumes; first cutting, 1977. Rates of magresium and sulfur were 20 kg/ha.

other trials reported in the Plant Nutrition of the native savanna and seed bed
section, H. rufa was shown to be extremely preparation with minimum erosion
susceptible to both phosphorus and hazard. Satisfactory control of vegetation
potassium deficiency and only moderately requires several days mithout rain after
tolerant to acid soil conditions. These cultivation, thus limiting the use of sweeps
stresses, exaggerated by drought, were to very early in or late in the rainy season
probably the principal causes of failure. (December-November or March-April).

Work is continuing with stubble mulch ANNUAL CROPS AS PRECURSORS
sweeps as a low cost alternative for control OF PASTURES

In many savanna regions crops such as

rable 29. The effect of magnesium on dry matter upland rice, corn, and peanuts are sown

) lelds (kg/ha) of three forage species, at following land clearing, and after their
first hariee , 1977. harvestthe land is planted to pastures. Two

field trials were established at Quilichao

(kg Mg/ha) and Carimagua to study the possible use of
several crops as pasture precursors, in

Spcaes 0 2 which forage legumes and grasses are

Zornia sp. 728 2436 3151 interplanted at different stages of crop

Destnodium ovallfolium 675 1552 growth and at different fertility levels. The
results will be available in the next AnnualPueraria phaseoloides 229 73 eprt
Report.
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Pasture Utilization

Activities of the Pasture Utilization little information is available. Nutritive
Section of the Beef Program were discon- value measurements include in vlvo
tinued at CIAT-Palmira. Towards the end digestibility and intake studies with the
of 1977 a series of experiments were plant material offered u'nchopped and
established in the newly acquired substa- fresh to crated wethers. In instances when
tion of CIAT-Quilichao. The acquisition nitrogen utilization appears of interest,
of this substation provides the opportunity nitrogen balance is measured.
to study the grazing management of grass-
legume mixtures-particularly of new The other projects involve the study of
CIAT germplasm-as they relate to the grazing management of CIAT selec-
managing potentially useful mixtures for tions which are in advanced stages of
Ultisol areas of low clunatic stress. selection (Category 4). Each is studied in

mixtures with several grasses and subjected
At Carimagua, two grazing experiments to various levels of fertilizer application,

were terminated in December 1977, at the varying restperiods betweengrazing and at
end of the rainy season. One experiment least two grazing pressures.
was designed to measure the beef produc-
tion potential of the tropical savanna Two such projects were established in
under two systems of management of. fire. 1977, one with the Centrosema hybrid
This trial started in 1971 and after six years (CIAT 1733) and the other with S.
had given valuable information. The guian,.ons (CIAT 136). Grazing will begin
second experiment terminated, studied, in approximately in February 1978.
its first part, the effect of phosphorus and CARIMAGUA
potassium fertilization at the time of
establishment on the beef production of The grazing year between November
Melinis minutiflora and, in its second 1976 and November 1977 was a hard one in
phase, measured the effect of three grazing Carimagua. The dry season, which nor-
managements. The first part started in mally ends in late March or early April,
1971 and the second, in 1973. extended until May. In most instances this

meant that rainy season stocking rates
CIAT-QUILICHAO could not be adjusted until May and, in a

few instances, until June 1977. Also,
Two types of research activities are being weight losses were unusually high in all of

conducted at this station. The first will the pasture treatments involved. This was
measure the nutritive value of new, the first year in which weight losses of any
promising accessions of legumes and magnitude were registered in B.
grasses, particularly those about which decumbens pastures.
Table 30. Body wcight changes (kg/animal) of steers grazing an Osol savanna in Carimagu (November

1976 - November 1977).

Burning the total area Sequential burning

Stocking rate Dry Rainy Dry Rainy
(steers/ha) season season Year season season Year

0.20 -7 83 75 * -20 110 90
0.35 -43 98 55 -44 104 60
0.50 -50 72 22 -52 78 26
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Table 30 presents the weight changes of ivweight chale (ks/ha)

steers on the native savanna. Losses wereregistered in all treatments and amounted 80 1
to as much as 50 kilograms per animal in

the higher stocking rates. Weight gains in
the following rainy season were high, 70 - - I - -- :
compensating strongly for the poor perfor- * 0.44 anmals/ha

mance of the dry season. Gains registered 60 0 0.88 animals/ha
in this period ranjed 'from 365 - No supplement
g/day/animal in the highest stocking rate -- With supplement /

to as high as 558 g in the lowest stocking so I I

rates. On a yearly basis, gains were similar i
to preceding years, averaging 16 kg/ha/yr.
This underscores the low beef production 40 - 1 V

levels of native savanna per unit area. 3 Al

Also because of the severity of the dry
season, supplementation with urea +
molasses (80 g/animal/day + 400 20C---
g/animal/day) to animals grazing M. /

inmnutiflora had a greater effect this year IC -7 Y

than previously. It was calculated that 0.28
kilogram of urea and 1.40 kilograms of
molasses were required to produce one 0 - .-

kilogram of additional weight gain in the
pastures grazed at 0.44 animals/ha while 1
0.71 kilogram of urea and 3.50 kilograms 10 --

molasses were required in pastures stocked
at 0.44 animals during the dry season and I ,on-- - R son -

at 0.88 animals in the rainy season. The Dec. Apnil July Dec.
difference is only due to the lower rate of '
gain during the rainy season between the Season

two groups, as can be seen in Figure 50. At I igure 50 lour-)ear aserage per hectare weight

the prevailing prices of the area, the Lhange of steers grazing Mehns nhnuutflora in

supplement costsequal 46and 116percent (arimagua. (Supplemented animal% recched 80

of the cost of one kilogram of hveweight at g/da) of urea + 400 g/day or cane molasses during

the lower and higher stocking rate,, respec- the dr} period.)
tively.

Supplementation of animals grazing the weeks of supplementation it was realized

native savanna, with urea + cassava meal, that the steers did not totally consume their

was studied again during the 1977 dry diet of urea + cassava meal without the

season. One comparison included a 3 x 3 addition of asmallquantity of molasses; 50
incomplete factorial of 0-40-80 grams of grams of cassava were replaced by 50

urea and 0-200-400 grams of cassava grams of molasses, by weight, starting in

meal/animal/day, fed mixed with a salt + February 1977. Consumption of urea

dicalcium phosphate mineral mixture. when not fed with cassava meal was not 40

Table 31 presents the average weight grams as designed, but averaged 23
changes. There was a response during the g/animal/day. Consumption of urea in the

dry period to urea + cassava meal, but no 40-gram urea + cassava treatments averag-

effect to urea alone. Actually, after a few ed 36 g/animal/day ahd 52 grams in the 80
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Table 31. Weight changes (kg/animal) of steers grazing an O xisol savanna in Carimagua with various levels
of urea + cassas a meal supplementation.

Level of
cassava Level of urea (g/arnmal/day)
mncal (go 0 40 80
animal/ Dry Rainy Dry Rainy Dry Rainy

day) season season Year season season Year season season Yeai

0 -7 65 58 -6 55 49
200 I 48 49 10 54 64 13 37 50
400 20 34 54 14 44 58

grams urea + cassava groups. These Figure 52 presents a similar relationship
averages include the period prior to and for the burning management trial. In both
during the time when molasses was added. cases compensatory gain was 74-78 per-

cent.
Because of the very strong compen-

satory gain during the rainy season, there The second comparison of this trial was
were no differences in the yearly weight a 2 x 3 factorial in which the interaction of
gain. The large compensation can be mineral supplementation at different times
observed in Figure 51. The slope of the line of the year and nitrogen supplementation
indicates the proportion by which the during the dry season was studied.
weight gain of the rainy season is influenc- Minerals offered were salt + dicalcium
ed by the weight change of the dry season. phosphate (50% + 50%) ad ltbitum and

Liveweight gain during Liveweight gain durng the
rainy season (kg/ha) rainy season (kg/ha)

65 -0

60- 35 - -
55- -

0- - -- Y =19.19-O.7437 X.
r=-.0.80(PcO.01) 0

45 - - -- - 20 __ _

40- . Y= 53.10- _X 15- -a r =-0 85 (P-c0.01)** *

35 -L E 1 IC
-10 -5 0 5 10 15 20 -25 -20 -15 -10 -5 -0 + 5 10

Liveweight change during Liveweight change during
dry season (kg/animal) the dry season (kg/ha)

Figure 51. Relationship between weight change Figure 52. Relationship between body weight
during the dry period and gain during the rainy period change during the dry period and gain during the
in supplemented steers grazing the Carimagus rainy period In a burning management trial in the
savanna. Point a, not included in the regression, tropical savanna of Carimagua. Individual values
corresponds to a group of totally unsupplemented represent average of one stocking rate group in one
animals. year and cover a period of four years.
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Weight change (kg/animal) period, independent of the supplementa-
SUre a + cassava meal [ tion of minerals and a linear response toNo urea + rassava meal mineral supplementation during the rainyUDry season season. This part of the trial will be

--- Rainy season ...... repeated in 1977-78 with twice the animals
60 . ... -- to help understand the large between-

animal variation found.

4_ ' 0-' The results of the third year of grazing of
B. decumbens at fixed stocking rates
during the year are presented in Table 32.
Weight losses for the dry season werelarge

20_ _and increased with increasing stocking
rates. Annual production was, however,
very similar to the previous year. Average
annual per hectare production over all
stocking rates was 110 kilograms in 1975-

- 76 and 105 kilograms in 1976-77.

None Rainy season All year A second experiment with B. decumbens

Time when mineral explores the possibility of increasing per
supplement was offered hectare production using high stocking

Figure 53 Relationship between mineral rates during the rainy season and a low
supplem.ntation and urea + cassava meal stocking rate during the dry season. Table
supplementation during the dry period, to steers 33 presents the results of the second year of
grazing the tropical saanna at Carimagun. grazing of this pasture. At the higher

stocking rates, rainy season weight gains
the nitrogen supplement was 80 grams of decreased markedly, but per hectare gains
urea + 400 grams of cassava meal/animal/- reached as much as 200 kilograms per year.
day. Also in this trial, 50 grams of cassava
were replaced by 50 grams of molasses. A third pasture of B. decumbens was
Consumption of urea averaged 69 incorporated this year to explore the effect
g/animal/day in those treatments receiv- of varying the stocking rate during the dry
ing the nitrogen supplement. Figure 53. season and maintaining a medium stocking
represents the weight changes during both during the rainy season.Table 34 indicates
seasons. The results suggest a response to gains of around 200 kg/ha/year. The
nitrogen supplementation during the dry paddocks appear to be depleting, par-

Table 32. Livewelght changes of steers on Brachiarla decumbens pastures in Carimagua in the third year of

grazing.

Liveweight changes

Stocking kg/animal kg/ha

rate Dry Rainy Dry Rainy
(steers/ha/year) season season Year season season Year

0.9 -6 124 118 -5 !11 106
1.3 -21 118 97 -27 153 126
1.7 -19 105 86 -32 179 147,
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Table 33. 1ii eweight changes of steers on fachiaria decumbens pastures In Carlmagua In the second year of
grating with low stocking in the dry season and variable stocking in the rainy season.

Liveweitht change
Stocking rate

(steers/ha) kg/animal kg, ha

Dry Rainy Dry Rainy Dry Rain)
season season season season season heason Year

07 1.63 -II 81 * 8 132 124
07 2.34 -16 77 -12 180 168
0.7 3.06 16 63 12 193 205

ticularly at the higher stocking rate and limiting factors involved. The quantifica-
their future is uncertain. tion of this observation must wait until the

1978 Annual Report.

Three small areas of these pastures were Twenty-five hectires of land were
fenced and nitrogen fertilization ex- planted, by cuttings, with A. gayanus, to
periments were initiated in July 1977. The measure the beef production potential of
response to nitrogen, in the three pastures this species in the tropical savanna.
of different ages, was very evident, Grazing will start during the rainy season
suggesting that this may be one of the of 1978.

Table 34. Liveweight changes of steers on Brachiaria decumbens pastures in Carimagua in the first year of
grazing with a variable stocking in the dry season and medium stocking In the rainy season.

Liveweight change
Stocking rate
(steers/ha) kg/ammal kg, ha

Dry Rainy Dry Rainy Dry Rainy
season season season season season scason Year

0.72 2.18 3 87 2 190 188

1.03 2.08 9 114 9 236 227
1.36 2.04 .8 112 -II 227 216

Animal Management

The objectivt 4A xLc Animal Manage- tion and evaluation of the prevailing beef
mtn section is to develop economically- production systems of the impact area in
sound production systems in the impact order to obtain a range of their technology
area, through herd management research and productivity, w;th emphasis on herd
emphasizing the utilization of natural and productivity and particularly, reproduc-
improved pastures. Main activities during tive performance; (3) research on the effect
the year were: (1) analysis of the results of of single herd management components
the Carimagua Herd Systems experiment, and their interaction with improved
which terminated in May 1977; (2) descrip- pasture availability; and, (4) management
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of the Program's test herd to provide The minerals mixture contained 7- 7.5
animals for research and training func- percent phosphorus.
tions.

Overall average intake was: salt 33.5
HERD SYSTEMS g/A.U./day (12.2 kg/A.U./year) and of

minerals 59.5 g/A.U./day (21.7
The extensive cow-calf operation is the kg/A.U./year). Therefore, 4.0-4.5 grams

predominant beef production system in the of phosphorus were consumed, or ap-
Llanos of Colombia. Under these en- proximately 50 percent of the daily
vironmental conditions, herd productivity requirements. There was no seasonal effect
generally is low. In 1972, ICA and CIAT on mineral consumption.
started a cooperative research project at
Carimagua, to study the effects of several The minerals intake of animals grazing
management techniques on reproductive molasses grass (M. minutiflora) year-
and growth performance of breeding herds round (Herds 8 and 9) was 70 percent
on a life-cycle basis. The experiment higher (71.2 grams) than that of animals
included the following variables: mineral grazing native savanna. This may indicate
supplementation, utilization of savanna that periodic burning of the savanna could
and molasses grass (Melinis minutiflora) contribute to satisfying mineral re-
pastures, urea and molasses supplementa- quirements, through the mineral content of
tion. and early weaning. the ash.

Data on animal performance were Mineral supplementation resulted in
recorded over four reproductive years and higher body weights of dams at different
the experiment was concluded in May reproductive stages, as shown in Table 36.
1977. Size and structure of the data set are Minerals are particularly effective on
summarized in Table 35. The Harvey lactatingcows, thus favoring reconception.
method was applied in analyzing main This becomes evident when fertility
effects. Therefore, not the given absolute parameters are analyzed (Table 37).
values, but the differences between values Conception rates were increased through
are relevant, in quantifying treatment mineral supplementation and a sharp
effects. The following parameters are used decrease in abortions was observed. As a
in reporting this experiment: result, a 29 percent increase in calving rate

was obtained when breeding stock was
supplemented with minerals when grazing

y overall mean values on native savanna
= least squares corrected means

Mineral supplementation also reduced
n number of observations pre-waning mortality of calves. While

mortality in Herds 2 and 3 was 19.2
percent, in Herds 4 and 5 it was 10.5

Mineral Supplementation percent. Likewise, mineral supplementa-
tion positively affected calf growth, as

The effect of mineral supplementation shown in Table 38. All differences in oody
can be analyzed by comparing Herds 2 to 5, weight were significant, and, of all the
A'% -n native savanna, The treatment systematic, effects, mineral supplementa-
includied'. d lA~um supplementation of tion was the most important source of
salt (Herds 2 an' )', w a mixture of variance, across all ages. According to the
minerals (Herds 4 and 5), wirh) ,p.nt results in Table 38, mineral supplementa-
salt, 47 percent dicalcium phosphate and 6 ,tmas maximum effect on calf weight at 6
percent of a minor elements premixture. and 9 wrmiozis -lg .may indicate higher
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Table 35. Structure of data in analysis of Carnmagua Herd Systems Project.

Treatments Performance (4-year total)
Morthlty

Early pre-
Urea/Molasses Cows, Cowsz Parturitions weaning Abortions wtaning

Herd - Pasture Minerals dry season n n n n n n

I native salt no 36 26 46 - 32 13

2 native ' salt yes 35 33 68 16 13 17

3 native- salt - no .36 30 65 14 12 13

4 native minerals yes 35 32- 88 18 I II

5 -native minerals no- 34 33 93 17 ! 8

6 moLnit. _- minerals no 36 35 95. 17 4 8

7 moL+naL minerals - yes 35 K 35 94 17 0 8

l8 am6lses minerals, no .36 29 86 17 1 8

9- molassei- -'minerals yes 37 32 90 15 4 i

- Total 320 285 725 131 68 97
C

* InAW had at cad o lzpmnim
Aend or expenment.



Table 36. Effect of mineral supplementation on body weight (kg) of dams,' grazing on savanna.

Reproductive
Status ,._ _Salt only With minerals

n c n n c

At mating 131 304 67 292 64 316

Prior to calving 308 352 130 335 178 369

After calving 307 307 131 285 176 327

At weaning 194 289 72 272 122 305

1 Nearest body weihlt to indicated status

milk production of dams and/or a higher Early Weaning
roughage intake of calves older than 3
months. In 1973-74, five cows from Herds 2 to 9

were selected for early weaning at 86 days.
In summary, it can be concluded that All other cows had their calves weaned

supplementation of breeding herds with normally at nine months. During the first
minerals substantially increased overall 30 days after early weaning, the calves
productivity through: received 750 g/ day of concentrate and cut

Imperial grass (Axonopus scoparius).
(1) a 29 percent increase in calving rate, Afterwards, calves grazed on planted
mainly due to a reduction in abortions; pastures (Hyparrhenia rufa, M.
(2) a 26 percent increase in weaning minutiflora and Stylosanthes guianensis,
weight of calves, and 17 percent increaseat when available) and were supplemented
18 months of age; and with 500 g/day of concentrate. At six

months the calves were placed on savanna,

(3) a 45 percent reduction in pre-weaning without concentrate supplementation.
calf mortality.

As reported for previous years, the 1976-
The results suggest that in the Llanos of 77 early weaned cows had higher calving

Colombia, mineral deficiency and par- rates compared to the others (Table 39 ),
ticularly phosphorus, may be considered indicating that under the conditions of this
the primary limiting factor for cattle experiment, early weaning can increase
reproduction and growth. This conclusion calving rate by 18-21 percent.
agrees with Faber's study of the heifers'
performance at Carimagua (see Analyzing the calving interval, only the
publications list), cows which calved in the first year were

Table 37. Effect of mineral supplementation on fertility rates of dams, grazing on savanna.

)u Salt only With minerals
Reproductive

parameters n c n c n

Conceptions' 140 73.2 71 69.5 69 768

Abortions' 140 4.9 71 (.9.3 69 0.4,

Calving 140 619 71 59.4 69 76.4

I Assumed, throuSh palpation.

Beef Program A-73



Table 38. Effect of mineral supplementation on calf growth (body weights, kg) on savanna (Herds 2-5).

Age I
of p Salt only With mincrals Relative

calves to
(months) n n c n E SaltuO

3 228 72.2 87 66.5 141 77.9 117

6 213 104.0 80 92.4 133 115.7 125

9 191 131.8 72 116.7 _ 119 146.9 126

12 169 134.3 59 122.1 110 146.5 120

15 156 138.3 61 125.7 95 151.0 120

18 138 162.1 51 149.6 87 174.6 117

considered. Results (Table 40) indicated Early weaning of calves has serious
that regardless of other treatments, early- limitations in the Colombian Llanos, with
weaned cows had a calving interval of 15 regard to animal management and, es-
months, while normally weaned cows pecially, calf feeding. Due to low soil
varied between 18 and 20 months. With fertility and rainfall distribution, there is
this technique, a cow would produce one presently no technology available to
more calf during her lifetime, produce on-farm at low input levels: (l)the

components for an adequate concentrate;
However, in these tropical savanna (2) year-round high yielding cut forage

regions, early weaning seriously affects calf species; and (3) pasture species with
growth, as shown in Figure 54. Between 6 adequate feed value. This emphasizes the
and 9 months, early weaned calves showed need to develop a forage base for the region
a severe growth check, which was still not which would assure satisfactory calf
compensated by 18 months. This applied growth after weaning.
especially to cows born during the late
rainy season (September to December) and Pasture Treatments
weaned during the dry season (January to
April). This is illustrated in Figure 55, The type of pastures used in Herd
which shows least square constant es- Systems generally had little effect on
timates of the interaction season x type of animal performance. Pastures were: savan-
weaning for calf weight at 9 and 18 months. na throughout the year; molasses grass

Table 39. Effect of age at weaning on percentage calving rate.

1976-77 Average 1975-77

Herds 2-5' Herds 4-92 Herds 2-51 Herds 4-92
Weaning treatment " C C

Early (86 days) 80.0 66.7 76.7 78.9
Normal (270 days) 62.7 59.8 63.1 66.6'

, Herds on savanna wmth mineral treatments.
I Herds vth psature teatments, all with mineral.
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Table 40. Effect of earl) weaning on calving LSQ - Constant (6) (kg)
interhal (da)s). I - Dry season

2 - First 1/ 2 rainy season

Herds 2-51 Herds 4-92 (Kg) 3 - Second 1/2 rainy season
Weaning

treatment n C n 2 +30
At 9 months At 18 months

Normal(270days) 39 M9al 103 541a +20-

Early (86 days) 19 450b 30 450b +10 T

p 58 523 133 496

I leeds with mineral treatment

I Herds all supplemented with mineralb -10 Seasons Linear seasonal
Values in columns with different letters are signilicantly different (at birth)effect
III 05) -20 - (airh

throughout the year; and molasses grass .30 I 2 3 1 2

during the rainy season and savanna
during dry season. Figure 55. Season-weaning age interaction effects

on weight of earl) weaned calves (86 days old).

Cows grazing native savanna were
heavier after parturition and at weaning calves (kilogram basis) have been weaned
than those grazing molasses grass. Cows per hectare of molasses grass, and 2.5 times
on molasses grass plus savanna had more on molasses plus savanna, than on

intermediate body weights. Consequently, savanna all year-round (Table 41).

cows grazing savanna were slightly more
fertile than cows on molasses grass. Urea and Molasses

Pasture treatments had no effect on calf Supplementation

growth performance. Nevertheless, due to Cows from Herds 2, 4, 7 and 9 were

the different stocking rates, 3.3 times more supplemented daily, during thedry season,

with a mixture of 500 grams molasses, 80
Caif weight (kg) grams urea and 4 grams sulfur per animal.

200 - I The supplementation period averaged 90
O Normal weaning days. No effect of supplementation on
a Early cnin reproductive parameters was detected.

Supplemented cows were slightly heavier

than non-supplemented ones on the
- av, age. Although calves from

supplemented cows were eight kilograms
heavier at 6 months and seven kilograms

too- heavier at 9 months of age, this difference
did not persist after weaning.

50 It is not clear if the quantity of
3supplementation was sufficient, particular-

3 12 15 i ly for an adequate period of time, to

Age compensate the effect of the dry season. On
(months) the other hand, even if substilial animal

Figure 54. Effect ofweaningageoncalfgrowthin response could be obtained, the economy

Herds 4-9 (corrected LSQ means), of urea-molasses supplementation is
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Table 41. Calf production In relation to pasture treatments and stocking rate.

Weaning
Weaned weight Stocking Calf Relative

Pasture calves (kg) rate production produc-
treatments n a ha/A.U,' (kg/ha/year) tion

Savanna 162 130 3.5 16.0 ,100
Molasses grass 157 126 1.7 52.6 329
Molasses + savanna2  173 132 2.3 39.7 248

I WeLhed means
3 Molase nine months, uvanna three months

questionable, since the ingredients of the feed availability, determined in the tropics
mixture must be imported to the region at a mainly by rainfall regime.
high transport cost.

The seasonal effects on relative calving
Seasonal Effects distribution are illustrated in Figure 56.

Independent of the treatments, the most
To identify techniques to increase common season for conception is between

productivity within an ecosystem, it is April and July, i.e., at the beginning of the
necessary to have quantitative information rainy season, since 46 percent of all cows
on the influence of natural environment on calve between January and April.
animal performance. The most important
environmental factor is the seasonality of An analogous seasonal effect on calf

% Calves born
20

A Without minerals
15 -0 With supplement

5
3

I I I I ! I I • I I I , I I I

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec.
Months of birthsl l I I I l I l I I I

Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec." Jan. Feb. Mar.

Months of conception

Figure 56. Seasonal effects on relative calving distribution
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Table 42. Influence of season at birth on calf weight (kg) (Herds 4-9).

Season born

Dry First half rainy Second half rdiny

Age of January April May August September December
calves n a n a n

3 months 213 79a' 143 79ab 91 75b
9, months 188 145a 129 129b 66 114c
18 months 142 195a 89 179b 57 152c

I Values followed by different letters are siginficantly different (P< os)

growth can be observed. The results are considerably reduced, especially during the
summarized in Table 42. first stage of life.

Although calves born during the dry EVALUATION OF BEEF
season showed the strongest growth PRODUCTION SYSTEMS IN

depression after weaning, which coincides SAVANNA REGIONS OF
with the end of the rainy season, at 18 LATIN AMERICA
months they weighed 43 kilograms more This project is a cooperative effort of the
than calves born during the second half of Animal Management and Economics
the rainy season. A similar seasonal effect sections, in collaboration with the Institute
on body weight of dams was found. of Animal Production, the Technical

University of Berlin. The main objective of
Considering the significant influence of the study is the identification of manage-

season on animal performance, the impor- ment technology which assures an
tance of adapting the critical periods of the economic increase in reproductive efficien-
production cycle (conception, calving, cy, under actual beef production con-
lactation) to the most favorable season of ditions. At the same time, the feasibility of
the year becomes evident, transferring modern technology is also

- being studied.
Calf Mortality

Thc management aspects of the project
High calf mortality is one of the reasons are: (a) a situational anialysis of i'eproduc-

for low extraction rates of herds in the tive performance of breeding herds in
region. The overall mean for all treatments relation to different technology levels
of calf mortality before weani ig was 13.4
percent. The analysis of relative distribu- Table 43. Relative distribution of calf mortality
tion of mortality according t, age showed until weaning.
that 9 percent of all calves born died within
the first 30 days (Table 43). Mortality
between 9 and 18 months of age was 2.5 Life Period % of dead calves
percent.

Perinatal 35
Through improved management and Between 2 and 30 days 37

closer supervision of calves in special Between 31 and 270 days 28
paddocks calf mortality rate could be
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existing on commercial beef cattle ranches; institutions. In Brazil and Venezuela,
(b) quantification of the effects of manage- activities will begin in December 1977 or
ment techniqucs, combined into systems, early 1978, as soon as the German
which increase herd productivity; and, (c) collaborators are integrated into the team.
specification of demand for new
technology and possibilities of adoption. In Colombia, the project started in

August 1977. Twenty farms, characterized
Thi% study constitutes a part of the in Table 44 were selected and in October

Impact Area Survey. Data will be collected 1977, the CIAT team began collecting
on selected farms at different locations, in data. Locations of the farms are shown in
the following countries. (1) Colombia: Figure 57.
Eastern Plains, (2) Brazil- Cerrado; (3)
Venezuela: Orinoco Plains, and (4) Peru: The following characteristics are
Jungle Region evaluated for each farm.

(I) Farm characteristics: location,
Outside of Colombia, the project will be area, soil properties, physical

in collaboration with national research inputs, production system.

Table 44 Characterization of selected farms in Colombian Llanos portion of beef cattle technology project.

Area Animalh

Farm Intensity Type of Total Planted
No. level' operation' (ha) pastures (ha) Cows Total

I III Cr-L 900 150 200 500
2 111 Cr-L 2000 140 150 400
3 IV L 800 400 400
4 II Cr-L 3200 - 250 750
5 IV Cr-L 1200 10 66 230
6 IV Cr-L-C 3500 250 400 900
7 IV Cr-L-C 5200 900 180 1000
8 IV Cr-L 600 60 60 120
9 1 Cr-L 1100 50 96

10 IV L-C 2800 1500 - 500
11 IV Cr-L-C 5000 30 450 1100
12 111 Cr-L-C 3000 120 210 600
13 I Cr-L 1500 - 150 300

14 1 Cr-L 3000 30 200 500
15 i11 Cr-L 4300 500 1000
16 1 Cr-L 4000 - 200 400
17 !I Cr-L 6000 130 200 400
18 1i Cr-L-C 5000 80 200 600
19 1 Cr-L 4500 - 150 400
20 111 Cr-L 2500 250 200 500

i intensity leveL I -savanna puture only. few minerals, without weaning, without he-d subdis uion. 1 - %ianiipaiturcuitlr.
mineral,, with weaning, with herd subdivision, III - Improved pastures, few minerals. without w caning. wiliuut ltrd subdi isin.
IV - Improved pastures, minerals, with weaning, with herd subdivuison
Operation. CR Cow.Calf, C=Fattening. L=taitslnv
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Zone A. Near market' near main road
Zore B' Near market, distant from main road
Zone C. Distant from market, near main road
Zone D: Distant from market, distant from main road

CASANARE @)0

""~~ ~Zn A " oe -,

"' Zon ZoneDGbx h Pto L6U~ Q10 2

D,1O. DEL META .

Figure 57. Location of the 20 farms selected for characterizing beef production systems In the Colombian
Llanos.

(2) Feed resources: savanna, planted to: (1) strategic use of planted pastures (5
pastures, other feed resources. percent of total available area), for the

(3) Utilization of feed resources: critical periods of the year (dry season) or
stocking rates, pasture manage- critical growth stages (parturition, lacta-
ment. tion, reconception and weaning); (2)

adaptation of the critical periods (of higher
(4) Animal production: reproductive demand) to periods of better forage

performance, mortality, type of availability, by restricted mating seasons;
animal product, animal output. and (3) duration of lactation.

(5) Production techniques: with
regard to feeding, herd manage- To study these components of herd
ment, animal health. management systems, six herds were

BREEDING HERDS established with the treatments described

MANAGEMENT SYSTEMS in Table 45.

In August 1977, an experiment on For Herds 2,4 and 6, 120 hectares of B.
managing breeding h-.rds was initiated at decumbens and 30 hectares of S. guianen-
Carimagua. After a preliminary period, the sis were planted. The mating periods have
experimental phase will start in May 197t. been established according to the findings
The data collection period will include from the Herd System experiment, in
three reproductive cycles, relation to seasonal effects on animal

performance. All herds will be
The main objective is to study reproduc- supplemented ad libatum with minerals,

tive performance of breeding herds related and undergo preventive health measures.
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Table 45. Treatments in breeding herds management systom experiment, Carmagua.

Treatments between herds'

Mating period

No. of Duration
Herds cows Pastures Type Months (days)

1 50 Savanna Continuous Jan-Dec. 365

2 50 Savanna+fachiara+Legumes

3 50 Savanna I Period June-Sept. 120

4 50 Saanna+&achiara+Lcgumes

5 50 Savanna 2 Periods May-July 150

6 50 Savanna+&achara+Legume& Dec.-Jan.

Also, within herds, 50 percnt of calves wand at 6 montent " at 9 onthL.

TEST HERD environment, under practical co.
ditions and with large herds.

At Carimagua Pasture Utilization, On a total area of about 4,600 hectares,
Animal Management and Animal Health there are 16 fenced savanna fields, from
sections are carrying out cr have planned 150-750 hectares in size, and four pad-
large experiments with cattle. In practice, it docks, totaling 100 hectares of B
is difficult to purchase sufficient numbers decumbens. Overall carrying capacity of
of cattle having uniform ages, weights and savanna pasture is estimated to be 6-7
health status and with good background ha/A.U. Further area for expansion is
information on pre-experimental available.
treatments. At Carimagua, with its 22,000
hectares of savanna, it is feasible to Cattle stock in the Test Herd as of 30
produce the stock required for ex- September 1977viasaslisted below:
periments. Breeding cows 195

After new working agreements were Unweaned calves

developed this year, thk" land, part of the (0-9 months) 89

infrastructure and cattle stock became Replacement heifers

available to set up a cattle pooi with the for mating 149

following objectives: Heifers (9 months -
3 years)' 306

(1) To provide adequate animals for Steers (9 months -

experimental purposes. 3 years)' 265

(2) To collect detailed information on Bulls 35
herd performance under Total 1039
reasonable, commercial-like I Includcs animals that were later culled.
management.

(3) To verify management techniques By late 1978 it is hoped to have 300
which have been experimentally breeding cows, to produce 160.180 steers
tested or observed to work in the and heifers per year.
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Table 46. Breeding stock In the Carimagua Test Herd.

Lactating Pregnant
Category No. cows cows Abortions

Cows 197 108 69 14

Mated h ifers' 51 9 40

I hewc hedlers have been made a~ailable for an experiment

Two small herds-of 20 Zebu and 65 The first activity (June 1977) was to
San Martinero cows, with their respective initiate selection or screening, based on
calves and bulls - are managed within the existing records and individual checks,
cattle pool, to maintain a pure breeding with the results shown in Table 46.
stock of these two breeds. Approximate calving rate for 1977 will be

63 percent, compared to 36.4 percent in
Comparing the available fenced land 1975 and 42 percent in 1976.

and the existing stock, it is evident that
grazing areas are partially overstocked, the Based on this thorough check of all
main reason for low animal performance in animal categories, the animals were culled
the past. in June, and in November, all herds were

checked again for records information and

Table 47. Animals culled from Carimagus Test further culling. (Table 47). It was decided

Herd. 4 to replace all San M artinero bulls by Zebu,
bulls to obtain a more uniform calf crop.
Twelve young Zebu bulls were purchased.

Category No. Reason Numbers of cattle furnished for ex-

Cows 34 No calf over 2 years periments are listed below.
Heifers 17 Genital infantilism ategry No Section
Heifers 4 Underdeveloped
Steers 187 Unsuitable for experiments Mated heifers 51 Herd Management

Cows 28 Unsuitable, crosses Steers 77 Pasture Utilization
with European breeds Steers 15 Legume Agronomy

Bulls 24 Age, fertility Heifers for mating 149 Animal Health
Bulls 14 San Martinero breed

Total 292
Total 308

Animal Health

Activities in animal health are centered 'in both groups of cattle is a complementary
on problem analysis and problem solving activity.
investigations. The section is responsible
for establishing and maintaining preven- Investigations continue in areas
tive medicine schemes in animals under associated and complementary to the main
experimentation and herds' that provide thrust of the program, the increase ii feed
experimental cattle. Monitoring of health supply. Four main areas have been
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identified. (I) Diseases associated with or December 1976. The second group of 35augmented by nutritional deficits (lep- cows received one dose of Streptomycintospirosis and others). (2) Diseases ex- (intramuscularly) at the end of the drypected to increase As animal density season (April 1977). A third group of 30increases because of improved feed supply cows remains untreated as the control. TheI hey include gastro-intestinal parasitism, three groups graie the same pasture.
inlectious bovine viral rhinotracheitis and
viral respiratory infections. (3) Infection has appeared to diminishEpdemiological surveillance of cattle at overall in the herd as a consequence of the
the Carimagua station, preventive treatment (Fig. 58).
medicine and control. (4) A disease
inventory of the impact area as part of the It could be argued that infection in theoverall survey (5) Disease-nutrition in- herd is slowly decreasing by itself.teraction studies through blood parameter However, some decrease in the number ofanalysis in the Herd Systems trial, infected animals in the untreated group

could be expected since all cows are in theLEPTOSPIROSIS same pasture, and a decrease in shedders in
one group reduces the chances of re-Infeetihit3 under infection in other groups. Also. infectedligh Nutritional Stress titers are kept apparently by cor.stant re-
infection.

Observations continued on natural
infection occurring in a herd of 100 Animals with high serum titers -1:400breeding cows and seven bulls graiing in or more- have also decreased as a whole400 hectares of native savanna and in the herd (Fig. 58), as have average titers,receiving salt and bonemeal supplementa- which decreased from 447 to 300. At thistion. Tlic Liiii is located 65 kilometers rate it would seem possible to eliminate thefrom Puerto Lopez in the Meta region infection from the herd by further

treatments.
I he basic objective of this study is to

obtain a thorough understanding of the Some cows with active infection seem topathogenesis, epidemiology, diagnosis and have abortion problems; however, of 35effect on productivity of Leptospiraiardjo abortions occurring from July 1976while at the same time, studying a control through September 1977, 14 were in cowsprocedure, with no detectable infection (Table 48).

The herd is examined every 10 weks. Twenty-five abortions occurred in lateBlood samples are examined for clinico- pregnancy, a characteristic of Leptospirapathological measurements and serum infection. Some of these fetal deathsexamined for leptospiralantibodies, which reported as abortions might actually haveare used to monitor evolution of infection. been perinatal mortality (calves dying inUrine samples are obtained from animals the first 24 hours of life) which iswith increasing antibody titers find sometimes undetected in the field. This iscultured for isolation of Leptospiras to especiallyinterestlinginviewofthefindings
identify shedders and chronic infections. from experimental reproduction of the

disease reported below. Abortion dataAnimals in the herd have been assigned should be carefully interpreted s;ace mostto three groups. One group of 35 cows cows have not had a chance to have at leastreceived two doses of Streptomycin by two pregnancies. The Leptospira strainintramuscular injection 16 weeks apart at isolated from this herd, and reported lastthe end of the rainy season October- year, was confirmed at the Pan-American
A 82 1977 CIAT Annual Report
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Table 48, Abortions in Colombian Limnos trial shedders. However, chronically infectedherd, comparing Leptospira infection in animals with high titers did not give rise tothe coii and tge or pregnancy, July
1976 thru September 1977. J cultures. All three isolations came fromcows with low serum antibody levels.

Pregnanc Infectivity in Well-nourished Cows
under Artificial Inoculation

Detectable infection Late Early Totals
The L hardo isolated from naturally

With antibodies 16 5 21 occurring infections was inoculated into 10
Without antibodies 9 5 14 pregnant cows to study its capacity to

produce infection and alterations in well-Totals 25 10 35 fed animals. Cows are receiving sugar cane,
cottonseed meal and minerals. Six cows

All .hurlion detected by palpation have ended their pregnancies. Cow No. 4
gave birth, almost at full term, to a veryZoonosis Center, Buenos Aires, to be L weak calf that died after 36 hours, with

hardjo. This strain is being used to damages in the liverand kidnuys. Thiscow
experimentally reproduce the disease. had a retained placenta and developed aUrine cultures from infected animals have severe metritis. She was treated locally to
produced three more isolations tentatively control secondary infections but died 30
identified as L hardjo. days after parturition with evidence of

Leptospira infection in the kidneys and
Culturing could be a very useful tool for secondary bacterial infections in other

diagnosing the disease and detecting organs. Three cows gave birth to weak

Table 49. Alterations observed in pregnant cows Inoculated with Leptospira hardjo and neonatal changes, at
110 days after challenge.

Retaied
Age pregnancy placeota

Cow at inoculation Average cow anc. Calf Calt
No. (months) antibodiesi Mctrjtis condition antibodic,

1 5.0 80 + O.K. -
2 6.5 110 O.K.
3 7.0 235 - Weak 1600
42 6.5 35 , + Weak- No herum

" died vailable
5 5.0 185 - Weak 400
6 5.0 105 1+ Weak .400
7 4.0 145 (Still pregnant),
8 4.0 255 (Still pregnant)
9 3.5 605 (Still pregnant)

10 3.5 255 (Still pregnant)
ill Non-inoculated Control ,- Normal -
12 Non-inoculated Control - Norml' -

i10 days alter Inoculation.
2 Cow died 120 days after inoculation and 30 days after parturition.
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calves that were infected, as evidenced by developed a low level of infection, and
high serum antibody levels (Table 49). antibodydefensesdidnotlastover52days.
Calves were sacrificed 24 hours after birth. This might be one of the reasons this

animal died later from a complicated
All cows developed antibody levels infection in which the primary cause was

immediately alter challenge, antibodies leptospirosis. It might also explain the in
peaked at 14days(Fig 59).lnfection levels utero infection of the calf and its death
decreased and reached their lowest level some hours after birth. Cow No. 5
after 75 days, after which a second rise developed high antibody levels from 14 to
occurred, reaching a smaller peak at 102 32 days after challenge and dropped to low
day% Apparently, after the initialinfection levels up to 109 days. The calf from this
recedes, re-infection occurs in some cow developed a reasonably high infection
animals that are exposed to shedders, since level corresponding to the dam's level. Cow
cows are all in the same pasture. Animals No 3 had a very clear re-infection after
that remain infected tend to increase their initial infection and decreased antibody
antibody levels even further and could levels from 39 to 75 days. This high
remain chronically affected. infection seems to be reflected in her calf's

reaction, which has been the greatest in the
There are obvious differences in in- group.

dividual animals (Fig. 60). Cow No. 4

Scrologic4l titer1600

800O

o verage 10 cowIs

e Average reacting animals

100- - -,, - - --

50-

0 0 5 10 -14 IS 25 32 39 46 53 60 67 75 81 88 95 102 109

Days

Figure 59 Infection measured by antibody response in ten pregnant cows Inoculated with lAptmpira hurdjv.
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Figure 60. Infection detected by antibody response in three pregnant cows Inoculated with Lepospira
hardjo.

Isolation of Leptospira from urine field cases in the Llanos of Colombia has
samples has closely followed the antibody considerable ability as a pathogen. The
levels in the blood serum. Leptospira were kidney and the liver lesions with generaliz-
isolated from most cows up to 75 days ed icterus seen in a calf, have not been
post-inoculation and are beginning to described in the literature for this Lep-
appear in animals that are getting re- tospira. There is some tendency to produce
infected. Shedding of Leptospiras in the weakened calves that might not survive
urine began five days after inoculation. It under field conditions. I his could explain
has been possible to detect shedders by some calf losses in cows at full term that are
direct examination of the urine under dark reported in the field as abortions, since
ground illumination When bacteria are very few cows are seen during parturition.
observed with this procedure, it has also Some abortions apparently related to
been possible to isolate them in artificial Leptospira infections have not been
media and, very frequently, by hamster explained by the artificial infection and
inoculation. Even though the trial is some unknown tnggering mechanism may
continuing (four more cows have to calve), exist.
it appears that the L 1ardjo isolated from
A-86 1977 CIAT Annual Report



From the natural and artificial infection monly in an equilibrium tate with the host
results it can be hypothesized that cows in and become problems if not strategically
late gestation (over 6k months) will lose treated. A search is underway for an
their calves to perinatal death, ii exposed inventory of diseases in the area of
to L hardjo infection and not having influence of this experimental station.
antibodies. It is not known if treatment or
vaccination could prevent this Also the Polyarthritis is a bacterial infection of
influence of nutritional deficiencies on the various joints. Bacteria probably enter the
development of the infections is still system through a non-treated navel infec-
unclear. On the other hand, with natural tion. The condition is gaining importance
infections, cows with chronic infection and in Carinmagua due to the extensive areas
elevated antibody levels tend to lose where calving takes place. Because many
condition. calves are not seen in the first 48 hours,

infection can easily occur. A limited trial

Response to Vaccination will be set up to prepare an immunizing

In Heifers before product that, given to the cow, would help

First Pregnancy the calf withstand infection.

Strategic use of a vaccine might give Routine vaccination schemes for

sufficient protection to a heifer in over- brucellosis, aftosa, black-leg and

coming a Leptospiral infection. A com- hemorrhagic septicemia are being used and

mercial vaccine (not available locally) adapted to management conditions.

containing L. hardjo. L. pomona and L
gryppotyphosa was obtained. One- Internal nematodes interfere with nor-

hundred and fifty heifers to be kept for mal growth and performance of beef cattle.

breeding in the herds of the experimental Parasite control, however, should be used

cattle pool were vaccinated with this strategically to insure economic use of

product. Fifty of these heifers are kept in a resources. Seasonal changes in parasite

separate group and closely observed for content of calves in the Carimagua area

development of protective serum antibody will be determined with a bio-chmatogram

levels. Vaccine will be applied every six where the level of parasitism is compared

months and blood serum samples collected against climatological data such as

at 30 days, and every two months temperature, rainfall, and potential

thereafter. Antibody development is corn- evapotranspiration. For the analysis, fifty

pared against a similar group of non- calves born during the rainy season were

vaccinated heifers Both groups are ex- selected and 50 more will be selected from

posed to low-level field challenge. animals born during the dry period. A
comparison will be established between

EPIDEMIOLOGICAL STATUS level of parasitism and nutritional status
OEPIDEM IO GICA STATUS measured by weight and some bloodOF THE CARIMAGUA HERDpamers parameters.

Epidemiological surveillance of cattle in
Carimagua is done by a pathologist, who IMPACT AREA SURVEY
will be joined by an ICA senior
parasitologist and a research assistant at A disease inventory of the Beef

the end of the year. The most common Program's impact area is being con-

clinical conditions encountered have been: structed. The basis for analysis, of the

bone fractures, retained placenta, information will be gathered by the impact

polyarthritis, metritis and wasting disease. area survey project of the Program.
Ectoparasites (ticks and Dernratobia
homnis) and internal parasites are com- , Local, leams, of scientists, will collect

Beef Program 
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information and, when possible, samples the Carimagua Herd Systems trial. Thefor laboratory analysis. Professionals from objective was to evaluate the usefulness of• ,.nationalinstitions are dlso beingcontacted blood parameters in identifying abnormalto obiiin &,scri~tions as complete as situations arising in beef animals subjectedpossible While Ltta~) in~rtmation is not to severe climatic stress, different manage-necessarily quantitative, it is hoped V3 ment practices and production inputs.obtain rather precise information for calfmortality causes, reproductive diseases Most blood pairameters studied in-and internal parasitism. dicated the effect of season, mineral
supplementation, urea-molasses-sulfurWork began in Brazil through EM- supplementation, type of weaning,BRAPA and in collaboration with their reproductive condition and pasture type.staff at the Cerrado, Center, Brasilia andthe Centro Nacional de Pesquisa - Gado Blood parameters influenced by seasonde Corte in Mato Grosso. Data collection in herds receiving salt and/or rineralalso started in Paraguay with the supplementation (Group 1) were packedcollaboration of the Diagnostic Center of cell volume (PCV), serum glucose, urea,the Ministry of Agriculture. Blood serum norganic phosphate, calcium, magnesium,samples for examination of reproductive sodium, potassium, total protein, globulin,problems from the three places will be hemoglobin, weight and weight gain

analyzed in CIAT laboratories. Other (PcO0.01), albumin was the least variableexaminations will be performed locally, parameter (P<0.05) Most variable, as
DISEASE-NUTRITION influenced by mineral supplementation,INTERACTIONS were serum urea, inorganic phosphate,

total protein and weight (Pc0.01), serumIn large parts of the tropics the main magnesium and globulin were the leastanimal health problems are associated with variable (P<0.05). For urea-molasses-killing diseases such as the tsetse- sulfur supplementation, the most variabletransmitted trypanosomiasis, rinderpest, parameters were PCV, serum urea,theileriasis and contagious bovine pleuro- calcium, sodium, inorganic phosphate,pneumonia In Latin American countries, hemoglobin and weight (P<0.01); albuminhowever, synergism between malnutrition was the least variable (<0.05). Forand disease probably is the main factor weaning type, serum albumin and weightinfluencing livestock productivity, gain were most variable (P<0.01); globulin
was the least variable (P-0.05). ForEpidemiologic studies, clinical in- reproductive condition, most variable werevestigations and laboratory experiments PCV, serum inorganic phosphate,have clearly shown that malnutrition and albumin, hemoglobin, weight and weightinfectious diseases are mutually gain (P'cO.01); glucose was the leastaggravating and together, they can variable (P<0 05) (Table 50).produce more serious consequences for theanimal than would be expected from the Blood parameters influenced by seasonsum of independent effects. In veterinary inGroupll(Herds4,5,6,7,8,9)areshown

medicine, the close association ofnutrition in Table 51. They were: PCV, serumand husbandry to production disease is glucose, urea, inorganic phosphate,marked in tropical countries where grazing calcium, magnesium, sodium, potassium,and crops are dependent upon a seasonal total protein, albumin, globulin,rainfall. hemoglobin, weight and weight gain
(P<0.01). Most variable, as influenced byA one-year experiment was conducted pasture treatments were serum glucose,on the nine herds of Zebu breeding cows of urea, inorganic phosphate, calcium,
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magnesium, sodium, total protein, The lowest serum mean value concen-
albumin, globulin and weight (P-0.01); trations for total protein, PCV,
potassium was the least variable (P0.05). hemoglobin, albumin, sodium, calcium,
For urea-molasses-sulfur supplementa- magnesium and weight corresponded to
tion, most variable were serum sodium and the lactating-open condition. The lowest
weight (P<0.01), glucoseandalbuminwere serum mean value concentrations for
the least variable (P<0.05) For weaning glucose, potassium and urea, correspond-
type, most variable were serum albumin, ed to the dry-pregnant condition. The
globulin, weight and weight gain (P<0.0 1); condition lactating-pregnant had the
total protein was the least variable lowest mean value concentrations for
(P<0.05) For reproductive condition, inorganic phosphate and globulin.
most variable were PCV, serum inorganic
phosphate, potassium, total protein, Seasonal vai iations of blood parameters
albumin, hemoglobin, weight and weight and weight in relation to type of weaning
gain (P<0 01); glucose and sodium were the (Herds 1 to 9) showed that the highest
least variable (PM0.05). serum mean value concentrations for PCV,

total protein, globulin, hemoglobin and
The largest correlation coefficients in weight corresponded to early weaning

decreasing order of all possible pairs of cows during the late rainy season of 1976
blood and production parameters (Table (Table 53). The highest mean values for
52), were found between total protein and serum urea, calcium and albumin cor-
globulin (0.91), PCV and hemoglobin responded to normal weaning cows during
(0.80), weight and hemoglobin (0.44), the early rainy season of 1977. The highest
potassium and sodium (0.44), weight and mean values for serum sodium and
PCV (0.41), magnesium and calcium potassium corresponded to normal wean-
(0 38), PCV and total protein (0.33), ing cows during the late rainy season of
weight gain and weight (0.32), total protein 1976. The highest mean values for serum
and albumin (0.31), PCV and globulin magnesium corresponded to normal wean-
(0.30), weight and total protein (0.28), ing cows during the dry season of 1977. The
hemoglobin and total protein (0.28). highest mean values for serum inorganic

phosphate and glucose corresponded to
Three of 12 blood parameters studied early weaning cows during the dry and

namely, serum total protein, PCV and early rainy seasons of 1977, respectively.
hemoglobin, were influenced by weight.
Concentrations of all three increased with The lowest serum mean values for
weight (P<0.01)(Fig. 61). calcium, total protein, globulin,

hemoglobin and weight corresponded to
Seasonal variations of blood parameters normal weaning cows during the dry

and weight in relation to reproductive season of 1977. The lowest mean values for
condition (Herds I to 9), showed that the serum inorganic phosphate and PCV
highest serum mean value concentrations corresponded to normal weaning cows
for inorganic phosphate, total protein, during the early rainy season of 1976. The
PCV, hemoglobin and weight across lowest mean values for serum glucose and
seasons I to 4 corresponded to the dry- magnesium, urea and albumin, sodium
pregnant condition(Figs. 62, 63, 64). The and potassium corresponded to early rainy
condition lactating-pregnant had the season and late rainy season of 1976 and
highest serum mean value concentrations early rlany season of 1977, respectively.
for albumin, urea, calcium and
magnesium. The condition dry-open had Herd I (negative control) was not
the highest mean value concentrations for included in the general statistical analyses.
globulin, sodium, potassium and glucose. However, the highest mean values for PCV
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Table 52. Pearson correlation coefficient for all possible pairs-of blood and production parameters.'

Total WeightGlucose Urea Albumin -Globulin protein Hemoglobin PCV P Ca Mg Na K Weight gain

-Glucose 1.00
Urea 0.00 I.0
Albumin 0.02 0.19 1.00
Globulin 0.05 -0.03 -0.07 1.00
Total protein 0.06 0.04 0.31 0.91 1.00
Hemoglobin 002 -0.06 0.19 0.22 0.28 1.00
PCV 0.09 -0.19 0.12 0.30 0.33 0.80 1.00
P -0.04 -0.23 -0.08 -0.08 -0.10 -0.07 0.05 1.00
Ca - 0.05 0.07 0.11 0.17 0.20 0.14 0.12 -0.14 1.00
Mg -0.05 0.08 "0.16 0.04 0.10 0.02 0.14 0.05 0.38 1.00
Na -0.02 0.12 0.02 -0.01 000 -0.03 -0.05 0.07, 0.12 0.15 1.00
K -0.17 -0.05 -0.03 0.09 007 0.15 -0.02 -0.01 0.00 -0.05 0.44 1.00
Weight -0.13 -0.03 0.21 0.22 0.28 0.44 0.41 0.02 0.06 0.10- 0.01 0.13 1.00
Weight gain 0.03 0.14 0.24 0.08 0.17 0.16 0.06 000 0.18 -0.04 0.02- 0.12 0.32- 1.00

0-a Ccthdat io .26 have bowtnoa faa i ul (P:SG.Oi) due tothe hh varnabdity obscered to expnmtal pamracter values.
-4

.C
"U



Weight (kg)

3M-

20

3' 6 9 12 15 3 6 9 12 15 3 6 9 12 15
Total protein (S/ 100 ml)

500
400--

300-

300 - - - - - -- ,o

10

12 24 36 48 60 12 24 36 48 60 12 24 36 48 60
Packed cell volume (%)

50

Io
0 - - - - 2 - -------------

-0 ,Treat I - Season I - DP-- Treat 2 -- Season 2 --- LO.-Treat 32
10 - --- Treat 4 --- Saon 31 --- DP
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Figure 61. Concentrations of total protein, packed cell volume (PCV), and hemoglobin, adjusted to
treatment groups, seasonal periods and reproductive conditions, for 282 beef cows (Herds I to 9), pWoted
against their weights.

serum inorganic phosphate, magnesium, 1976. Serum glucose highest mean values

sodium, potassium and weight cor- corresponded to the dry season of 1977.
responded to the late rainy season of 1976.
The highest mean values for serum urea, Lowest mean values for PCV, serum

calcium, albumin and weight gain cor- calcium, globulin, hemoglobin, weight and

responded to the early rainy season of weight gain corresponded to the dry season

1977. Highest mean values for total of 1977. Lowest mean values for glucose,

protein, globulin and hemoglobin cor- urea, total protein and albumin cor-

responded to the early rainy season of responded to the late rainy season of 1976.
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Total protein (g/ 100 ml) Albumin (g/I 100 ml)

8 1 2.80- - -

7. - -- 2760-'
7.7 260

7 . 2 40 .y_

Globulin (g/ 100 ml) Hemoglobin (g/ 100 ml)

55 14 75i  "-I

5 3 14.251

513-

.7- .. . 75 ..

Packed cell volume (%) Urea (mg/ 100 ml)

42A -_ - __ ____ ] 24- Lactating-pregnant -

424 324-A• Dry-prcgnant "--

0 A Dry-open
40' -- 300-0 Lactating-open

37.6-2.

36. 22 . 8-

1 2 3 4 1 2 3 4

June October February May June October February May
August December March August December March
1976 1976 1977 1977 1976 1976 1977 1977

Figure 62. Seasonal variations of serum total protein, albumin, globulin, hemoglobin, packed cell volume,
(PCV) and urea for 282 beef cows In relation to reproductive condition (Herds I to 9).

Lowest inorganic phosphate serum mean not occur across the experiment. Highest
values, magnesium and sodium, cor- mean values for PCV, inorganic
responded to the early rainy season of phosphate, calcium, magnesium, albumin,
1976. Serum potassium had its lowest hemoglobin, weight and weight gain,
value in the early rainy 'season of 1976. . corresponded to the dry-pregnant condi-

*tion. Highest serum mean values for
The condition lactating-pregnant did glucose, sodium, potassium, total protein
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Inorganic phosphate (mg/ 100 ml) Calcium (mg/ 100 ml)

4 Dry open

6.3- 12.0 A Dry pregnant
o Lactating open
5 Lactating pregnant

5.1 10.4

3.9 8.8

Magnesium (mg/ 100 ml) Sodium (meq/hter)

2.55 - 157.5____ ___ ____ ___

2.45 - 152.5-

2.35 -_ 147.5

2.15 137.5'

Potassium (meq/liter) Glucose (mg/ 100 ml)

6.00 - 86__ ____ ___

5.50- 4-A , 82

5.00 78

4.50 - 74

4.00 - 70______ ___

June October February May June October February May
August December March August December March
1976 1976 1977 1977 1976 1976 1977 1977

Figure 63. Seasonal variations of serum inorganic phosphate calcium, magnesium, sodium, potassium and
glucose for 282 beef cows in relation to reproductive condition (Herds I to 9).

and globulin corresponded to the condi- potassium, total protein, albumin,
tion dry-open. Highest mean values for globulin, hemoglobin, weight and weight
serum urea corresponded to lactating- gain corresponded to the lactating-open
open. condition. Lowest mean values for urea

and sodium corresponded to the condition
Lowest mean values for PCV, glucose, dry-pregnant.

inorganic phosphate, calcium, magnesium,
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Weight (kg) periods of 1977; these also showed tf

Dry open - lowest values of the same element ft
A Dry pregnant - molasses grass.
0 Lactating open -

Lactating pregnant 1 he interpretation of these prehminai
results should be done cautiously, sin(

35 Nmany more estimates are needei
However, it has been established th
blood parameters of Zebu breeding coy

336- grazing in acid soils were influenced
decreasing order of importance by seaso
pasture type, reproductive conditto

320 mineral supplementation, urea-molasse
Sulfur supplementation and weaning typ
Cleai seasonal patterns were evident fore
twelve blood parameters studied, includir
the production parameters weight at

288-- - weight gain Highest mean values co
41 "responded to wet seasons, and lowest to tl

1 2 3 4 dry season
June October February May

August December March I he direct relation of pastu
1976 1976 1977 1977 phosphorus to phosphorus content

blood was evident Animals on molass
Figure 64. Seasonal variations of weight of 282 grass had the highest blood conce

beef cowsin relation to reproductive condition(Herda trations. lollowed by those grazing nativc
I to 9). molasses grass and native grass alone. 11

may partly explain the greater number
I he soil chemical data (Table 54) bone fractures that occurred in aninm

showed a low pH indicatingtheacid nature gra/ing native grass alone (Herds I to
of the soil, with a medium organic matter from 1974 to 1977 It also suggests t1
content. Exchangeable minerals (calcium, advantange of establishing an improv
magnesium, potassium and sodium) were grass elficient in phosphorus absorption
low, as well as the available phosphorus acid soils.
content. I he aluminum saturation percen-
tage was high, and is a common feature of Low phosphorus content in the
I lanos soils in general tropical soils and native grasses also lea

to "pica" or depraved appetite, whii
I lie pasture chemical data (Table 55) predisposes animals to botulism, a to

sho\ned that the phosphorus and calcium condition that undoubtedly killed sevel
content ol molasses grass was higher than animals this year near the Carimag
that of native grass across seasons. 1lhe Station.
magnesium content was similar in both
t~pes of pastures. [he nitrogen content of Burning of native grass augmented t
native grass was lowest in the late rainy phosphorus content, as was observed
season of 1976 and early dr. season of l.ebdosoekojo in 1976. However, chemi(
1977. I he same seasons showed the highest analyses showed that molasses gr
nitrogen values for molasses grass. always had higher phosphorus conte

across seasons.

Native grass had highest nitrogen values
in the late dry and early rainy seasonal Other important parameters like seru
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-rab| $- Simadl vatos on bood parametms adwe wgh!n rdatio. to type of weaning (herds itog). Jme 1976 to May 1977.

Blood Parameters

Glucose Urea P Ca Mg Na K proton Albumin Globulin 11iemoglobio""
Typeof- No. of PCV' (mg/ 100 (mg/100 (mg/100 (mg/100 (mg/100 (meql (meq/ (g/100 (g/100 (g/100 (4/100 W*ght
weaning Seasone. Year cows nil) ml) ml) ml) ml) liter) liter) ml) ril ml) ml) (kg)

Normal Early rainy seasm 1976 592 3X10 7187 26.69 448 1029 2.19 14470 586 785 2.59 526 14.20 '322.17

Normal Late rainy season 1976 593 4140 7729 2173 619 975 2.41 15134 591 788 2.49 5.31 1391 '-333 80

Normal Dry season 1977 583 3915 7526 2469 595 905 2.43 14463 439 7.8 2.55 483 1321 1300.97

Normal Early rainy season 1977 287 3967 8163 3117 483 10 80 __2.37 13914 -379- -7.92 .2.65 --.. -- 5 27- 13 31- .32062-

Early Earlyramyseason 1976 99 3849 7040 2325 459 1021 - 214 142.63 1 61 789 2.52 $,37 1423 34189

Early Late rainy season 1976, 100 4.68 7703 20.62 612 947 - 2.32 150.34 -5.79 813 2.46 569 1432 352.20

Early Dry season 1977 98 41.20 7108 - 22.09 -6.28 - -- 9.15 - 2 -- 14598 4.32 7.39 2.48 491 1395 32560

Early Early rainy season 1977 50 40.33 8469 3019 495 -
/ 1025 2.28 13869 369 801 2.60 541 1351 33483

-41- -3-- --34- -

1i



Co

Table 54. Mean chemical data for sons of pastures for exparhnetal Herds 1-9, June 1976 to May 1977.

Exchangeable Available:
Organic P Al Ca Mg K Na CEC %Type of matter Bray 11 (meq/ (meq/ (meq/ (meq (mcq/ (meql Al Zn Mn Cu FeHerd pasture pH (%) (ppm) 100 g) 100 g) 100 g) 100 g) 100 g) 10 8) sat. (ppm) (ppm) (ppm) (ppm)

! Native 4.9 3.6 1.7 2.3 0.10 0.07 006 009 9.1 88 0.58 1.9 0.75 34
2 Native 4.8 4.2 2.7 2.3 0.09 0.07 0.06 006 9.1 89 0.69 1.8 0.38 45
3 Native -4.6 4.4 1.8 2.8 0.14 0.10 0.07 0.06 9.4 88 0.61 5.4 0.55 59
4 Native 4.7 4.1 -0.9 3.2 0.18 0.12 0.09 0.06 11.0 88 0.67 68 0.56 455 Native 4.8 4.2 1.9 2.7 0.10 008 007 0.06 9.2 90 0.63 3.7 0.46 45
6 Native 4.7 4.1 -1.5 3.2- 0.17 0.09 0.09 0.06 '11.2 89 0.54 4.6 0.54 42
7 Native 4.8 3.8 0.9 3.1 0.16 0.12 0.10 0.07 10.7 87 0.53 4.1 0.55 44
6 Molasses 4.7 4.2 - 1.8 3.1 0.44 0.17 0.14 0.07 11.8 79 0.61 5.7 062 37
7 Molasses 4.9 3.1 1.3 2.2 0.28 0 10 0.08 0.05 7.8 81 0.55 42 0.50 49C 8 Molasses 4.8 - 3.8 2.0 2.9 0.51 0.16 0.11 0.05 11.0 78 0.68 7.0 0.64 65
9 Molasses 4.9 3.4 1.4 2.4 0.36 0.13 0.11 0.04 8.8 79 0.54 4.5 0.54 61

M
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Table 55. Seasonal variations of nitrogen, phosphorus, calcium and magnesium In native and molasses
grasses.'

No. of N P Ca hig

Pasture Sampling period Year Month observ. (%) (%) (L) (%)

Native
savanna Late rainy season 1976 December 5 0.53 0.04 0.14 0.12

Early dry season 1977 February 7 0.40 0.02 0.12 0.10

Late dry season 1977 March 7 0.60 0.04 0.10 0.09

Early rainy season 1977 May 7 0.82 0.06 0.13 0.10

Molasses
grass Late rainy season 1976 December 4 0.58 0.08 0.15 0.12

Early dry season 1977 February 4 0.50 0.05 0.13 0.10

Late dry season 1977 March 2 048 0.05 0.14 0.09

Early rainy season 1977 May 4 0.74 0.07 0.16 0.10

values tor all nutrients expressed on ,* dr. matter hai,,

calcium, magnesium, sodium, urea, total grazing native grass without mineral
protein, albumin, globulin, hemoglobin, supplementation. Serum inorganic
PCV and weight were consistently higher phosphate and potassium mean value

in animals grazing native grass dunng the concentrations for the nine cases observed

dry season, than in those grazing native + were low. Other blood parameters studied
molasses and molasses grass alone during were within normal limits.
the dry season. This possibly reflects
improved management practices upon Table 56 Values of blood parameters, weight and

animals and native savannas in this critical A eight gains of 282 Zebu breeding cows

season, as well as the low drought sampled eler) two months on seven
occasions. June 1976 to May 1977.resistance of molasses grass.______________________

The condition known as "secadera" Mean Range

occurred more often in cows of the
lactating-open condition, grazing molasses pcv (%) 39.0 23.0- 55.0
grass in the dry season (CIAT Annual Glucose (mg/ 100 ml) 102.0 13.9-190.0
Report, 1976). Animals in this condition Urea (mg/ 100 ml) 32.2 0.2- 64.2

had consistently lower mean value concen- Inorganic phosphate
trations of total protein, albumin, (Mg/ 100 ml) 9.6 0.9- 18.3
globulin, PCV, hemoglobin, urea, glucose, Ca (mg/ 100 ml) 10.5 3.8 - 17.2
magnesium, potassium and weight than
animals in the same reproductive condition Mg (mg/100 ml) 2.9 5.1 - 4.7

grazing other pastures. These findings Na(meq/htcr) 141.4 50.1 232.6

support the hypothesis that the stress of k (mcq, liter) 8.8 2.1 - 15.4

lactation without adequate nutrition plays Total protein (g/ 100 ml) 7.3 4.0- 10.5

the most important role in the ocurrence of Albumin (g/ 100 ml) 2.6 1.5 - 3.7

this syndrome, together with secondary Globulin (g/ 100 ml) 4.7 1.4- 7.9

infectious and parasitic diseases. Hemoglobin (g/ 100 ml) 14.0 8.4 - 19.5

Weight (kg) 361.0 180.0 - 542.0

The condition Hydrallantois ("vaca Weight gain (kg) - 13.5 -1410 - 114.0

inflada") was only seen in Herds I to 3
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Mean values of blood parameters, Experiment was location specific, these
weight and weight gains for 282 Zebu parameters could serve as a base for future
breeding cows in the Llanos were establish- work vo be undertaken.
ed (Table 55). Although the Herd Systems

Economics

The Economics section is responsible for chopped Axonopus scoparius (Imperial
both micro-economic analyses of the grass). During another two months they
experimental results and macro analyses of are fed 0.5 kg/day of the same supplement,
the beef industry in tropical America. grazing in rotation Paspalum plicatulum
Results presented this year concentrate on: (pasto negro) and a mixture of Melinis
(1) simulation of alternative beef produc- minutiflora (molasses grass) and
tion systems in the Colombian Llanos, Hyparrhenta rufa. After six months of age,
and, (2) the economics of foot and mouth calves graze native savanna and receive
disease control. only mineral supplementation. Given the

location and conditions of the pastures
ALTERNATIVE BEEF PRODUCTION used in the early weaning treatments of the
SYSTEMS IN THE LLANOS experiment, and in order to extrapolate

treatment results to farm level, it was
Cow-Calf Operations assumed that such pastures need to be

irrigated during the dry season. Hence, the
Using preliminary results obtained in the cost of small-scale irrigation equipment

Herd Systems experiment, farm level and associated operating and labor costs
adoption of alternative cow- calf produc- are charged to this treatment.
tion systems was evaluated through
simulation using the computerized, Systems 7 and 8: Cows, bulls and
activity-budgeting model (HATSIM') unweaned calves grazing M. minutiflora
developed at CIAT. The experimental during the rainy season and native savanna
treatments considered as alternative during the dry season; all animals are
systems were: supplemented ad libitum with a mineral

mixture with average intake of 22
Systems 1 and 2: Traditional systems kg/year/A.U. (as in Herds 6 and 7).

with all animals grazing native savanna
and ad libitum salt supplementation with Systems 9 and 10: Same as above but
an average intake of 12 kg/year/A.U. of weaning at 86 days, with the same early
salt (as in Herds 2 and 3 of the experiment weaning treatment as Systems 5 and 6.
described in Table 35).

System 11: Same as System 7, but
Systems 3 and 4: Same as above but ad grazing Brachiaria decumbens during the

libitum supplementation with a full rainy season with a stocking rate of 1.7
mineral mixture with an average intake of A.U./ha., and savanna during the dry
16 kg/year/A.U. (as in Herds 4 and 5). season. Reproductive as well as productive

performance is assumed to be the same as
Systems 5 and 6: Same as above but in System 7.

weaning all calves at 86 days of age. During
one month, early weaned calves are fed Odd-numbered systems represent ex-
0.75 kg/day of a caloric-proteic supple- perimental results (four-year averages)
ment (20% protein) and ad libitum fresh directly extrapolated to farm level, with the
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exception of Systems I and 11. In System are shown in Table 57. Based on these
1, calf-mortality was assumed to be 15 parameters, the same initial herd was
percent rather than the experimental result developed over a 25-year period and the
of 26 percent, since this value appears to net income flow was used to calculate the
overestimate actual farm losses. In fact, internal rate of return of each system using
even a 15 percent calf mortality implies a the discounted-cash-flow method. All
decreasing herd over time. In even- prices corresponded to average farm prices
numbered systems, calving rates and calf of 1976, which were assumed constant over
mortality are hypothetical values con- time and expressed in real terms. Since
sidered valid for the farm level, based on prices of inputs as well as output (cattle)
survey experience in the Colombian vary according to distance to market, the
Llanos and preliminary estimates of the economic evaluation was carried out for
experimental variance obtained for the two areas: (A) from Puerto Lopez to
corresponding treatment in the Herd Puerto Gaitan, and (B) from Puerto
Systems experiment. Gaitan to Carimagua. Prices of both inputs

and cattle were corrected for transporta-
The main biological parameters used to i ion costs.

simulate herd development in each system

Table 57. Parameters used In herd development of alternative production systems.'

Treatments Parameters
... ... .. Mortality Heifer mating

rate (%) rate (%Y

Sys- Calving 1-2 2-3 " 3-4
tern Pasture Minerals Weaning rate(%) Calves2 Adults years years years

I native salt ' normal '46 'i5 5 0 60 100
2 native &a t normal 50 8 0 60 100

3 native full mixu" no'mal '65 "S 0 9 o0
4 native full mixture noriial 61 8 5 0 90 100

5 native full mixture early 87 13 - '4 6 80 100
6 native full miiture early j  77 8 4 0 80 100'

7 molasses+native' full mixture nomal 6,4 10 d 5  0' 90 100
8 molasses+native full mix'tuie' normal 60 7 5 10 90 100

9 molasses+native full mixture eatly 85 8 4 0 90 I00
10 molasses+native full mixture early 77 7 4 0 90 100

I I Brachiarta decumbens full mixture no~mal '61 ' d'5 10 90 '00
+ native

I Other parameters such as proportion of bulls to cowa(L20),culling rates of cows (15%) and bulls (2019) and proportlon of
male, females at bitnh (5050) are assumed equal for all systems '."' '•

Up to one year of age
Weight z 270 kgs,
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Table 58 summarizes the performance of practice in the Colombian Llanos may be
all systems for commercial ranches of the reduced net income occurring during
2500-3000 hectares. Results are described the first few years after implementation
below, using the return on capital as a until the additional calf crop obtained is
criterior. sold.

Minerals. Systems 3 and 4, grazing Early weaning. This practice is not
native savanna with mineral supplementa- profitable at present cost and under
tion, are the most profitable of the current management (Systems 3 and 4
alternatives considered. They are followed versus 5 and 6). It becomes an economic
by Systems 5 and 6 (which include early alternative, compared to normal weaning,
weaning), and by System 2 (native system only in intensive pasture systems for
supplementing only with salt). One of the breeding cows (Systems 7 and 8 versus 9
reasons why ad libitum mineral and 10), by increasing breeding perfor-
supplementation is not a widespread mance, and thus reducing pasture invest-

Table 58. Simulation performance of alternative production systems In the Colombian Llanos.

Area of Breeding Iniial Annual net Rate ol
improved herd size investment' income' return

pasture (ha) (cows) (S US'000) (S US'000) (%)

Sys- )car year region region
tem initial total initial final pasture total' 4 13 A 11

1 - 190 127 90 6.4 5 2 5.5 3 (,

2 190 182 90 7.5 7 3 8I (j 3

3 190 230 91 6.3 10.7 100 90

4 190 230 91 5.9 10.2 9.8 8 ')

5 12 12 190 190 4 97 5.0 108 9.1 7 5

6 12 12 190 190 4 97 5.6 7.6 8.4 7 4

7 450 650 190 325 56 147 6.7 9.6 5.0 3 7

(81) (172)3

8 450 650 190 325 56 147 6.7 9.0 4 6 3
(81) (112)

9 450 516 190 250 61 154 4.2 18.2 6.3 4 h
(67) (160)

10 450 516 190 250 61 154 4.7 16.0 5.2 4I6

(67) (160)

II 100 190 190 325 13 103 6.7 9.6 8.5 n a
(24) (114)

1 Values corresponding to region A
Includes value of catile and improvements. excludes value of land
llgures in parentesis are invetment values including the iotial area of improed pasturen.
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ment per unit of output (sales of steers). In Table 59. Percentage rates of return of Systems 5,

addition to management problems, early 7 and 9; sensitivity analysis with respect

weaning implies a substantial reduction in to pasture persistence.

net income during the first few years after
implementation. Pasture persistence (years)

The relatively poor performance of early System 24 12 9 6

weaned calves, (especially those weaned
during the dry season), the high cost of 5 9.1 9.0 8.9 8.8

caloric-proteic supplement and labor, and 7 5.0 2,8 1.3
the establishment and maintenance costs 9 6.3 4.2 2,7 0.9
of improved pasture contribute to this
result, overshadowing the economic Negtive Wue

benefits from a larger calf" crop.
Nevertheless, if seasonal mating can analysis on pasture persistence and es-
improve calf performance and, at the same tablishment losses. Two cases are con-
time, reduce calf feeding costs by reducing sidered: System 7 and 7', the latter
the need to maintain good quality pasture assuming a 50 percent reduction in
during the dry season, it might become an establishment costs of this particula-
economic alternative for the Colombian pasture (molasses grass). It may be
Llanos, particularly in the case of observed that reducing establishment costs
widespread adoption of improved pastures without affecting carrying capacity not
for breeding herds. only increases returns to investment but

also implies that these returns are less
Pastures. Systems based on grazing sensitive to establishment failures and to

molasses grass during the wet season (7 and persistence risk. This is one of the reasons
8) were found to be only half as profitable why a minimum input philosophy, and
as systems based on native savanna (3 and practices such as minimum tillage repre-
4), both using mineral supplementation. sent promising alternatives when the
Total investment nearly doubled in the improved pasture is grazed by the entire
former systems because of the low stocking breeding herd. They may not be as relevant
rate of this pasture (0.5 A.U./ha). With a when dealing with smail areas for strategic
higher stocking rate (1.7 A.U./ha) as in use only.
System II (a simulated case with B.
decumbens, assuming the same reproduc- Financing. In Colombia, as in some
tive and productive performance as for other countries of Latin America, the
molasses grass), the return on capital nominal interest rate on loans is smaller
increases markedly. than the inflation rate. This implies

financing under subsidized conditions.
Pasture persistence and establishment Table 61 is included to illustrate the effect

failures. Table 59 illustrates the effect of of this type of incentive on the return to the
pasture duration on the returns to capital. cattleman's own capital. The following are
In systems using a limited area of improved assumed: an annual expected inflation rate
pasture for early weaning (such as System of 30 percent and an 18 percent nominal
5), low persistence has a negligible effect. interest rate and four years of grace on a
However, when the area planted is 12-year loan. These conditions are found in
sizeable, returns on capital are quite the Colombian Llanos, although they may
sensitive to pasture duration (Systems 7 not prevail over the long-run. As the
and 9). proportion of initial investment financed

under these conditions increases, so does
Table 60 shows the result of a sensitivity the profitability of all systems. But, even
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,. /rabl 60;1 'Percentage rates of return of System 7: sensitivity analysis with respect to pasture persistence and
''establishment failure. j"~ o t.,C -

Pature persistence (years)

- ~ 24 ,', , 12, ,9;*4 ," A.. 4" 2

P i st u Lic- e ta b li h m n n-t-, , , ,
' ' 'failurest' 

.: ,-

(%tof area) ' 72 71 '0 " 7,

. 0 - 5.0... 7.1 "- ;2.8'' '5.9 1.3' 5.0
20 4.4 , , 6.7 . ,2.4 -5.S 0.9' '4.6

- A - ;,4.0 '6.3 -2.0 5.2 0.6 ''4.3
i',.r, 60 - , 3.5 ".-' 6.0 ' 1.7 4.9 1 0.3 4.0

ita JtJ.-1 0 '3.2 5.7 1.3 4.6 " 0.0' " 3.8'

Fint year falurc, iq pasture euiabhill ¢nt. ,,'' , ' 4!,'' 7 Actual cost, r AssuminI 50 percent reduction in establishment costs ,,

-ihder '60 percent financing, System 7 Land values. When analyzing the
(including, molasses grass) is not as profitability of alternative production
profitable as Systems 2 and 3 (native systems which are relatively equal in
pasture plus salt and minerals, respective- intensity of land use, the value of land is

-'ly) with zero financing. However, such is not included in the amount of initialnot the case with System I based on B. investment. The relevant question is:"'decurnbens. 'Beyond 30-40 percent finan- Which of, the production systems is more
cing under such subsidized conditions, it profitable, given that the producer has
becomes more profitable than Systems'2 already invested in land?
'and 13. This may explain why many
producers in the Llanos are adopting this However, when comparing the returns
particular grass species. on capital of a given technology in two

Tb~e 61. Percentage rates of return on producer's' own capital from alternative systems receiving credit
under subsidlzed conditions.' , ' .. ' .

* , ', ,p~ercent financing finubali-nvestcnt s

0 ' Al ' '' 20' ,8
A. , '4 - * . ... ... A' ' ,A; o ' '' A , ,0 . . , , , :, . 8

108a .na) , ,(na. A
3 100 10,8 (12 8 , (15.1 .. (18.8)(I , ' 56

56 643',fZ 8)
71 '.9 10.2 j ,,(120), 8 1 ,1.0 131 ,'- 1(16.8)

r Sures In parenthesis areiiprobabl¢ camq inclu4d only for illustration

uA1 1 7 Cn re ucIt ion i n estliITsumnt costs
"A.;104 1977 CIAT AntUal'Reptirt



ecologically homogeneous regions facing value). It was assumed that the real price of

different input-output prices (because of land increased at an annual rate of 2

distance to markets) the value of land has percent. The area below the line represents

to be incorporated in the analysis to situations in which System I I (B.

explain profitability differences between decumbens plus minerals) is preferable to

the regions. If the same technology is System 3 (native pasture plus minerals)

adopted in both areas, land prices are using total returns on capital as the

expected to compensate for the difference criterion. This partly explains why land

in profitability due to different input- saving technology (pastures with high

output prices. The regions further from the carrying capacity), even under similar

market, and hence with the least favorable ecological conditions, are adopted first in

prices, will have a lower return on capital areas closer to the market which have

when the value of land is not included in higher land values.
the amount of initial investment. This
explains the difference in returns between Fattening Systems
Region A and Region B, as shown in Table
58. Comparing normal weaning systems (3 Based on four years experimental results

and 7) against early weaning systems (5 and reported in the Pasture Utilization section,

9) it may be observed that the regional a 1000- hectare fattening farm in Region A

differences in return are larger in the case of the Colombian Llanos was simulated.

of systems incorporating early weaning. As in the previous cases, the economic

This indicates the obvious-techrology analysis was carried out over a 25-year

using more inputs has a lower probability period. Prices of 1976 were used and were

of adoption in regions further away from assumed constant over time and expressed

the market than m regions closer to the in real terms. The net income flow was used

market. In order to obtain widespread to calculate the internal rate of return using

adoption, not only it is preferable thaL the the Oiscounted-cash-flow method.

given technology minimize input use in
terms of value, but also in terms of volume. Three fattening systems were evaluated:

(A) grazing molasses grass during 270 days

Table 62 illustrates the effect of a land- with a stocking rate of 0.44 A.U./ha; (B)

saving technology on the total return to same as above but with a stocking rate of

producer's own capital (including land 0.88 A.U./ha; and, (C) grazing B.

Table 62. Percentage ratesof return, ofsystem It: sensitivity analysiswith respectto landvaluesand percent

financing of initial investment2 under subsidy conditions.

Land value. Percent financing of initial investment

Col.$/ha US$/ha 0 20 40 60 80

0 0 8.5 9,6 , 11.0 13.1 168

500 14 6.5 7.0, .7.0 - 8.5 95

1000 28 5.4 5,8 6.2 6.7 7.2

1500 42 4.8 5.1 5.3 5.7 6.0

2000 56 4.3 4.6 4.8 5.0 5.2

I Rates of return on produce's own capital and on total investment includinl value or land

F Financing of Initial investment excluding land
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Table 63. Rates of return from finishing cattle on Improved pastures.

Stocking Productionrate Rate ofSystem Pasture rate per- per- return
head ha

(A.U./ha) (kg/270 days) (%)A M. minutiflora 0.44 114 50 7.2B M. mmutflora 0.88 76 67 4.8C B. decumbens 1.30 103 134 12.1D B. decumbens 1.70 80 136 8.0

decumbens du'ring a similar period, fer- Other things being equal, pasturestilized with 200 kilograms of basic slag needing frequent fertilization (even lowevery two years, at a stocking rate of 1.3 levels) are markedly less profitable thanA.U./ha. Results for the three systems are those needing only low establishmentreported in Table 63. Using return on rates. Pastures needing the same fertiliza-capital (excluding value of land) as the tion with higher frequency are alsocriterion, although System B yields more substantially less profitable. In order tooutput per hectare, it is less profitable than compensate for such differences in returns,System A which has a lower stocking rate. animal response to fertilization of theOnly in areas with high land values would pasture needs to be rather high. Thus, itSystem B become more profitable than A. seems logical that, in the case of the
Carimagua region, pastures needing fre-System C is significantly more profitable quent fertilization could become economicthan the other two systems. This result alternatives perhaps only in cases oftends to support the ones obtained in the strategic grazing by those animals withsimulation of System I I with the breeding high response capacity

herd grazing Brachiaria.
Alternatively, for systems grazing theTable 64 is included to illustrate the type bulk of the herd on improved pastureof economic results that could be expected

from different pastures needing differentlevels of inputs with different frequencies. Table 64. Percentage rates of return on

investment' o( simulated fatteningEach value in the table represents a systems having Identical carryingdifferent pasture needing application of a capacity and animal performance,given amount of fertilizer (worth the applying Inputs at different frequencies.amount indicated in the respectivecolumn), with a given frequency (asindicated in the row), in order to yield the Value of Inputs (US$/ha)same output per hectare with the same .-stocking rate as in System C (Table 63). In Inputthe Carimagua region and at 1976 prices, applicationthe amounts indicated in Table 64 would every. 0 28 42 56buy the volumes of ntrogen P20 5 in- year 12.1 4.6 1.0 1dicated below : y a Z . .2 years 12.1 8.5' 6.7 5.0Kgs of mformof. US$28 US$42 US$59 3 years 12.1 10.2 8.7 7.6
4 years IZ 10.4 9.7 8.9N urea 50 75 100 ____________________P205 basic slag 67 101 135 ExcludlaSadvalue

P 205  TSP 39 58 78 1 Neptve return.
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(fattening farms or grazing the entire were done with respect to the main
breeding herd), the above results clearly parameters in the model: results are shown
indicate the appropriateness of selecting in Table 65. The first 12 cases correspond
species and varieties based on minimum to changes in one variable at a time. It may
input and meximum carrying capacity be observed that the private optimum level
criteria, reinforcing the need for seeking fluctuates between 60 and 80 percent of
legume-based pastures. vaccination coverage, and the social

optimum varies tetween 70 and 90 percent.
ECONOMICS OF FOOT. The gap between private and social
AND-MOUTlh DISEASE optimum is present in all cases, and

increases with a lower vaccine effectiveness
During 1977, the foot-and-mouth dis- as shown in Table 65

ease (FMD) control study in endemic areas
was completed with the sensitivity analysis In Case 13, 20 percent lower attack rates
of vaccination and the study of the and outbreak probabilities together with a
eradication strategy. lower vaccine effectiveness were con-

sidered. Results indicate that even in the
Sensitivity analyses on both the private case of a possible overestimation of these

and social optimum vaccination strategies parameters, the private and social op-

Table 65. Summary of results from sensitivity analysis of vaccination strategies for foot-and-mouth disease
In an endemic area.

Optimum strategy

Case Change
No. Variablei changed assumed Private Sociai

I Outbreak probabilities 20% lower 60 80

2 Same as I 20% higher 80 90

3 Mortality rates 20% higher 70 90

4 Same as 3 20% lower 70 90

5 Attack rates 20% lower 60 80

6 Sameas5 20% higher 80 90

7 Vaccine effectiveness From 85% 60 90
down to 60%

8 Weight losses from FMD 20% higher 70 90

9 Same as 8 20% lower 70 80

10 Milk Ion from FMD 20% higher 70 90

II Same as 10 20% lower 70 90

12 Vaccinabon costs 100% higher 60 70

13 Combination of runs 60 70
No. 1, 5,7

14 Same as 13 plus 20% higher 50 80
vacination costs

15 Same as 13 plus 50% higher 0 70
vaccination costs
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timum levels of vaccination would be only 60, 70, 80 and 90 percent were considered
10 percent lower, indicating stability of as part of an eradication program. As
results. On the other hand, if, in addition, shown in Table 66 the optimum vaccina-
vaccination costs were underestimated, the tion level for an eradication program is 90
private optimum solution changes percent.
drastically (Cases 14 and 15).

Net benefits from shifting to eradication
The eradication strategy was defined as a were compared with those resulting from

sequence of massive vaccinations for a continuing to vaccinate at 90 percent
period of four years, followed by two years coverage mdefinitzly (which was reported
of vaccination combined with slaughter. in the 1976 Annual Report to constitute the
Also, to ensure the continued disease-free social optimum vaccination strategy).
status of the region, a permanent Inspection of Table 67 indicates that, if the
epidemiological surveillance was con- area is accorded a disease-free status by
sidered as an essential component of this importing nations, FMD eradication is
strategy. preferable. When there is no guarantee of

access to the disease-free market once theThe rationale for this sequence is that slaughter cycle has terminated and eradica-
after four years of vaccination, the full tion achieved, at the current opportunity
effect of this activity would be realized; cost of capital of 10 percent, the social
after that, all animals becoming sick plus optimum control strategy is still 90 percent
those in contact with them are slaughtered, vaccination coverage in the region. This
while preventive vaccination continues. It result would hold even more for higher
is expected that after two years of opportunity costs of capital. In this latter
slaughtering sick animals, outbreaks will case, only in a situation with capital
terminate as will the vaccination and abundance and opportunity costs of less
slaughter activities. However, efficient than 5 percent, would eradication be the
epidemiological vigilance continues in- optimum strategy.
definitely so that further widespread
episodes of the disease are avoided. A collaborative project with ICA was

carried out during 1977, to obtain direct
The benefits from eradication are two-

fold: (1) the economic losses from the Table 66. Social net present beneflts from shifting
disease are eliminated; and, (2) additional to eradication versus continuing with
foreign-exchange earnings are gained due vaccination, in relation to level of initial
to the price differential favoring exporting vaccination' (in millions of Col.$, 1975
areas (countries) "without FMD", if access prices).
is gained to markets in disease-free
countries. A 30-percent increase m beef
export prices was estimated for Colombia, %Level of vaccgaton
based on the long-run FOB price phid by (% coverage)
the United States to Costa Rica, which Strategy 6( 70 80" 90
exports a similar quality of beef. Thissecond benefit is another type of externali- Continuousvaccination 2,54i 3,063 3,124' 3126
ty, that can only be captured by a farm (or Eradication2  -11,425 582 3,857' 6,368
exporter) if all farms carry out the
eradication strategy simultaneously. Net benefits are discounted up to year 5, when the alternative of
Therefore, two different cases were con- shifting to eradication ani, with a 10 percent discount rate
sidered: one with and the other without This is Cae A, of acce, to the market "without FMD" Value
access to the market in FMD-free coun- indicate net present value ofbenefit from year Sonwards. ifthefirst
tries. Alternative vaccination coverages of phase Consists of the vaccination covetale shown above ito orresponding column
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Table 67. Net present value of the social benefits (2) Attack rates observed were higher
expected from shifting to eradication than those expected at high levels of
versus continuing with vaccination' (in vaccination, but this may be explained by
millions of Col.$, 1975 prices), the fact that 90 percent coverage had only

been in effect in the area for one year. Thus,

Social discount rate M the corresponding parameters in the semi-
Social___ds__o__nt r ) Markov model were not altered in the new

Control strategy 5 10 15 calculations.

Vaccination (3) Weight losses of only 15 kg/animal

(90% coverage) 6,252 3,126 2,084 for steers older than 2 years of age were

Eradication reported by the farmers, as compared with

Case A2  16,206 6,368 3,289 average losses of 35 kg/animal observed in

Case B3  6,316 2,241 966 areas with low levels of vaccination.
Therefore, new estimates have been ob-
tained with physical losses expressed as a

, Net benefrt are discounted up to year S. when the alternative O contin u s decrasing function of regional

shditing to eradicatin or continuing with vaccination ai ses cre
vaccination coverage.

This came assumes acces, to the FMD-free market. Results are based

on co1servative estimates, assuming a price-elasticity of supply equal
to zero (4) Finally, although the private costs of

This case ssumes no access to the IMD-fre markct vaccination per head were very similar to
previous estimates, the public cost in the

field information from the UrabA region area turned out to be considerably higher.

(North Coast of Colombia), in order to During the one year, the average annual

validate the simulation results described public cost per head vaccinated was

above. This collaborative project was Col.$40.50, which gave a total unit cost per

partially financed by the Ford Foundation. head of Col.$60, at 1976 prices.

A survey was done on all cattle farms Table 68 presents the costs and benefits
experiencing FMD outbreaks during one from all vaccination intensities estimated
year. The group consisted of 49 cattle for the Urabia region. In spite of the higher
farms, equivalent to 1.24 percent of all f o n con. an loe oteak
farms in the area, at a time when an average probabities, the optimum vaccination
vaccination coverage of 90 percent was probabiliies the opimu acintion
achieved in the region. Data were obtaiied coverage from the social standpoint is 80
for epidemiological parameters, physical percent, versus 90 percent projected
losses and vaccination costs. Information previously. This is within the range of

from the survey plus that collected from results predicted with the sensitivity

the ICA-USDA program in charge of the analysis described above.

campaign against FMD in the area, A comparison between the on-going
provided the following results. vaccination strategy in UrabA and alter-

(1) The annual outbreak probability at native control programs, including
tvaccination coverage was eradication, is being completed and will90 percent appearniniansparateareport

considerably lower than expected. appear in a separate report.

However, data obtained correspond only
to reported outbreaks. It is suspected that The study on the economics of animal

at high vaccinaftion levels, many outbreaks health, through the case of FMD in

are so mild al; to go undetected. This Northern Colombia, ended during the

information N a,; used to recalculate disease year. The methodology developed at CIAT
incidence for all levels of vaccination was transferred to ICA, the national

coverage, institution in charge of disease control.
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Table 68. Social annual costs and benefits from foot-and-mouth disease vaccination In the region of
Urakbi,' Colombia, (in millions of Col.$, 1976 prices)

Regional
vaccination

coverage Economic Gross Vaccination Net
(M) losses benefits costs2  benefits

0 44.2 0 0 0
10 36.8 7.5 1.8 5.7
20 30.4 13.9 3.6 10.3
30 25.5 18.7 5.3 13.4
40 19.9 24.3 7.1 17.2
50 13.7 30.5 8.9 21.6
60 7.3 36.9 10.6 26.2
70 3.9 40.3 12.4 27.9
80 1.6 42.6 14.2 28.4
90 0.7 43.5 16.0 27.5

100 0.6 43.6 17.7 25.9

Estimates based on a stabihzed regional herd of 295 8 thouund head,
Annual unit coat of CoLS60 per head vaccinated.

Training and Regional Trials

In mid-1977 a senior scientist arrived to functions of training and regional trials
coordinate the Program's transfer of form a continuum. Training activities will
technology activities which include train- be followed up by regional trials in
ing, regional trials and seminars. Establish- cooperation with the CIAT staff to assure
ment of this section implemented the continuity and guarantee the feed-back of
policy of integrating the development and information to the research program.
the transfer of technology within the Beef Figure 65 illustrates the strategy
Program. As with other new sections, a
considerable part of available time was TRAINING
spent in developing a strategy.

In 1977, 31 postgraduate interns receiv-
STRATEGY ed individual training in pastures and

forages, animal management and animal
The objectives of the section are: (1) To health. Trainees were selected from

develop and strengthen a network of national institutions in Latin America for
scientists working on research and produc- advanced training to better prepare them
tion of forages to validate, adopt, and for research responsibilities in their coun-
transfer new technology developed by the tries.
Beef Program and other institutions to the
impact area. (2) To establish cooperative Six visiting research associates are
links with national institutions for all the conducting dissertation research projects
activities of the Program, especially on in the various disciplines of the Beef
regional trials. In this fashion the principal Program, in collaboration with the univer-
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Figure 65, Integration of research, transfer of technology and training In the Beef Production Program.

sities where they have completed their proved pastures, since the most critical
academic requirements. problems associated with the development

of the local cattle industry were related to
The Fifth Livestock Production lack of adequate nutrition during the dry

Specialist Training Program began seAson because of lack of forage, lack of
January 1977 for a group of 18 par- persistence of improved pastures under
ticipants, 13 from Guatemala, 2. from grazing, and weed competition during
Blivia and I each from Colombia, dstablishment. Alternatives considered
Honduras and Panama. The trainees spent were the establishment of grass species that
three months at CIAT (theory phase) after could compete fairly well with weeds,
which 16 went to Guatemala for a ranch improved grazing management, weed
phase of an additional seven months underc control, and the use of sugar cane and
the supervision of two training assistants green-chopped grasses for fodder
from CIAT. The Programa de Desarrollo supplementation during the dry season.
Ganadero (PRODEGA) supported the
training program in Guatemala. REGIONAL TRIALS

The main emphasis in the ranch phase Eight priority countries -Brazil,

was on establishing and managing im- Colombia, Venezuela, Perni, Panam,
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Bolivia, Nicaragua and Ecuador- were of the cattle industry. (2) To establish
identified within the impact area of the contacts for future collaboration with
Program, with the possibilities of including national institutions working on research
Honduras, Paraguay, Trinidad, the and development of the beef cattle in-
Guyanas and other sections of the Carib- dustry, especially for regional trials to
bean region. Selection was based on the evaluate the adaptation and productivity
relative extent of their territory covered of forage germplasm developed by the
with acid infertile soils (Oxisols and Program. (3) To evaluate the training
Ultisols) and the relative importance of the needs of national institutions and
beef cattle industry in relation to national possibilities of participating in tiaining at
agricultural development projects. CIAT.

The first eight countries were visited The first regional trials in cooperation
during the year with four objectives. (1) To with national institutions have been
become acquainted with forage production designed to evaluate the adaptation and
conditions in relation to the development productivity of promising germplasm.

Table 69. Southern hemisphere sites selected for CIAT Beef Program regional trials of forages.

Country Institution Sites

Brazil I Centro de Pesquisa Agropectria Brasilia, D.F

s dos Cerrados (CPAC)

2 EMGOPA Goiania, Go.

3 Centro Nacional de Pesquisa de Gado Campo Grande, M.T.
de Cone (CNPGC)

4 Centro de Pesquisa Agropecutria do Belem, Pa.
Tr6pico Umido (CPATU)

5 CPATU-UEPAE Manaus, Am.

Pcr 6 Centro Regional de Investigact6n Ill Tarapoto'
Ministerio de Alimentaci6n/Proyccto
C ooperholta

7 Universidad Estatal Carolina del Yurimaguas
Norte/M Mnisterio de Alimentaci6n

Bolivia 8 Centro de Investigaciones de Agricultura , San lgnacio
Tropical/ Misi6n BritAnica

Ecuador 9 Instituto Nacional de Investigaciones ,, Santo Doming(
Agropecuarias (INIAP) L

10 Instituto Nacional de Investigaciones Coca
Agropecuarias (INIAP) ' J " " - , ''t , t
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Table 69 lists sites where these trials will may have agriculture potential. (2) To
begin during the present southern prepare a manual which would provide

hemisphere rainy season. guidelines for a coordinated system of
collection, classification, preservation,

Plans are being developed to include distribution, and evaluation of legume
sites in other countries of the impact area germplasm.
beginning with the next northern
hemisphere rainy season, in May 1978. A Seminar on "Forage Production and

Utilization on Acid Infertile Soils of the
Tropics" was also organized by CIAT to

CONFERENCES lollow the workshop above. Seminar
objectives are: (1) To review the state of

A Workshop on "Collection, Preserva- knowledge on production, management
tion and Evaluation of Tropical Legume and utilization of forages under acid

Germplasm Resources" was organized in inlertile soil conditions (Oxisols and

collaboration with the University of Ultisols) in the Latin American tropicsand

Florida (USA) and sponsored by the related areas of the world. (2) To discuss

United States Agency for International the possibilities of exchanging information

Development, (USAID), be held at CIAT and technology between CIAT and

in April 1978. The objectives are. (1) To national institutions and to establish the

develop procedures for collecting, preser- mechanisms to transfer this technology to

ving and evaluating tropical legumes which beet cattle producers.
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