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Introduction 

It has been well documented in previous annual reports that beef 
and milk are staple food commodities in tropical America. It has also 
been shown that low lncome urban families spend a large proportion of 
their income on beef and milk, and that they prefer those products over 
other foad cammodities. 

The growth rates of demand and production of beef in Latin America 
are shown in Table l. With the exception of temperate Latin Ameriea, 
the fast growing demand for beef i8 not being met by production in all 
other countries and sub-regions. The same applies to dairy products. 
This inbalance between demand and production growth rates causes a 
continuous increase in real priees affecting both the diet and the 
standard of living of the low income strata of the population. Figure 1 
shows real changes in beef prices in Brazil, Colombia and Venezuela for 
the last 15 years. Table 2 shows that the total import value of dairy 
products spent by tropical American countries exceeds 600 milI ion US 
dollars per year. 

Tropical Ameriea ls a region with vast areas of aeid infertile 
.soi15 totall~ng 850 million ha. Table 3 shows the distribution and 
proportion oí Oxisols and Ultisols in Latin Ameriea. 

Stocking rates, as well as animal productivity, in these acid 
infertile soil regions have always been low. The current average 
stocking rate in Oxisol savannas of 0.12 animal/ha can potentially be 
increased more than ten fold. In addition, beef production per head 
could be more than doubled. These aeid infertile soils could also 
contribute signifieantly to increased milk production through 
dual-purpose produetion systems, espeeially in regions clase to markets. 

Area of Interest 

Ecosystems Classification. This vast frontier land of tropical 
Ameriea has nearly one billion hectares of savannas and tropical 
forests. A survey of its lowland aeid infertile soil regions was 
initiated in 1978 in order to elassify land resources in terms of 
climáte, land slope and soils, and to provide an ecosystem perspective 
of the program's area of interest, which would serve as a basis for the 
design oí its research strategy. 

An analysis of the survey data led in 1979 to a sub-division of the 
area lnto five major ecosystems: (i) "Llanos" (tropical well-drained 
savannas, isohyperthermic), (ii) "Cerrados" (tropical well-drained 
savannas, isothermic), (iii) tropical poorly drained savannas, (iv) 
tropical semi-evergreen seasonal forest, (v) tropical rain foresto 

2. 
The distribution of these five major ecosystems is shown in Figure 

Up to the present, the Program has focused its research only on the 
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well-drained savannas of the "Llanos" and "Cerrados" type. However, 
regional trials have been established in the other three ecosystems. 

Table l. Beef: Annua! growth rates of demand and production by 
countr1es of Latín America, perioda 1960/74 and 
1971/79. 

a Demand Production 

Regton and country 

Tropical Latin America 
Brazil 
Uexico 
Colombia 
Venezuela 
Peru 
Ecuador 
Paraguay 
Bolivia 
Dominican Republic 

Central America 
Nicaragua 
Costa Rica 
Guatemala 
El Salvador 
Honduras 
Panama 

Caribbean 
Guayana 

Other Caribbean countries
c 

Temperate Latin America 
Argentina 
Uruguay 
Chile 

Latin America 

1960/74 1971/79 

5.6b 

6.0 
5.3 
5.2 
6.9 
4.7 
7.5 
3.1 
4.9 
5.8b 5.2 
5.2 
5.2 
5.6 
4.8 
4.6 
5.9b 4.5 

2~Ob 
1.7 
1.3 
3.0b 5.1 

(%) 

S.9b 

7.2 
4.5 
5.1 
4.6 
5.4 
8.3 
3.5 
6.1 
7.\ 
4.6 
5.0 
4.6 
5.3 
4.8 
3.1 
4.0b 4.0 
4.0 
4.0

b 1.7 
1.5 
0.7 
2.5b 5.4 

1960/74 1971/79 

3.6 
3.9 
5.2 
2.0 
5.1 
1.4 
4.2 

-1.1 
0.0 
3.7 
5.8 
6.7 
7.1 
4.6 
1.8 
8.3 
5.3 
2.3 

0.3 
0.5 

-1.2 
0.2 
2.2 

(%) 

2.5 
1.7 
8.1 
4.4 
3.9 

-2.5 
5.0 

-2.0 
6.1 
1.3 
3.7 
3.4 
5.7 
2.9 
4.9 
2.1 
4.0 
2.2 
2.9 
2.9 
5.5 
6.1 
1.7 
3.3 
3.7 

a Estimated as: d - P + y y + y PY, where P and Y are average annual 
rates of populstion growth snd the respective entry and Ey are the 

b beef in come elasticity of demando 
Pondered average by populatíon. 

e Includes: Trinidad and Tobago, Haití, Jamaica and Barbados. 

Source: Popularion: World Bank 1979. 1978 World Bank Atlas, 
Washington, D.C. Production and elasticity entry of demando 
FAO 1980. Production Yearbook 1970-79, and Projection of 
Agricultural Commodities, Rome. 
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Figure l. Changes in real consumer beef prices index, Brazil, Colombia 
and Venezuela, 1965-1979 (1965=100). 

Sources: FGV. Anuario do Brasil; DANE, Boletín mensual de estadística, 
World Bank, International Financial Statistics; MAC, Anuario 
Estadístico Agropecuario. Ministerio de Agricultura y Cria 
(varioua iasues). 

Table 2. Dairy products: value of imports in Latin Amerlca during 1979. 

Products 

Milk 
Butter 
Cheeae 

Total 

Source: FAO. 1979 Yearbook. 

Tropical America 

-------------- US$ 

s 

404 
133 

71 

608 

Latín America 

462 
153 
82 

697 



TabIe 3. Distribution and proportion of Oxisols and UItlso1s in 
Latin Ameriea. 

Regions 
Oxisol and Ulti801 

areas 
(million ha) 

Percentage 
of region 

Tropical Latin Ameriea 
Tropical Bouth America 
Tropical Central America 

and Caribbean 

Total Latin America 

848.5 
828.2 

15.8 

851.1 

Source: CIAT, 1980. Latin America: Trend High1ights for CIAT 
Commodities, Cali, Colombia. 

(%) 

51 
59 

23 

42 

The ecosystems classificatio11 by climatic and soil conditions made 
by the Agrometeorology Studies Unit i8 used for designing germplasm 
eolleetion strategies and for selection of major screening si tes anc 
loeatinns for regional trials. 

Objectives 

Pasture-based animal production 011 acid infertlle solls constitutes 
a real challenge--a challenge which CIAT accepted in consideration of 
the existence of vast areas of acid infertile soils, their potentiality 
for eattle production. and the pioneer nature of animal production in 
the front!er. 

CIAT's Tropical Pastares Program has the following overall 
objective: "To develop low-cost low-input pasture technology for acid 
infertile 80ils of tropical America". 

With development of this technology, the Program expects to 
íncrease becf and mílk production in tropical Ameriea, and to release 
fertile cattle land for expansion of crop production. 

The strategic approach to the problem involves: 

al Selecting pastare germplasm adapted to the environmental 
constraints (climate and soils), as well as prevailing pests 
and díseases; 

b) developing persístent and productive pastures; 

e) integrating improved pasture technology into biologically and 
economically efficient animal production systems. 
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Organization 

In accordance with the three strategies above, the structure of the 
Tropical Pastures Program comprises the following three 
ínter-disciplinary units or groups of researchers: 

Germplasm Evaluation 

Pasture Management Evaluation 

Pasture Evaluation in Farm Systems. 

The Germplasm Unit centers its attention on selection, 
characterization and development of legumes and grasses adapted to acid 
infertíle soils and tolerant to pests and diseases. The Farm Systems 
Unít analyzes production systems prevailing in specific areas, 
socioecanomic conditions in which the systems operate and their 
implications for pasture technology. This group defines improved 
pasture components needed to strategically solve and correct the 
critical constraints in the farm system. lt also evaluates the expected 
impact of alternative improved pasture technologies in the production 
system. 

The Pasture Management Evaluation Unit Serves as a bridge 
between the other two units. Starting with characterized germplasm 
provided by the Germplasm Evaluation Unit, it aS5embles pastures in 
response to the requirements set by the Farm Systems Unit sud 
concentrates its'effarts on the development and evaluation of pastures 
under different management schemes, measuring animal productivity 
potential. 

After collection of germplasm, initial evaluation and seed 
multiplication follow, as shown in Figure 3. Thereafter, al1 sccessions 
are distributed to different ecosystems for screening for c1imate snd 
soil adaptation as well as for initial disease and pest to1erance tests. 
Agronomic characteristics facilitating persistence and productivity are 
assessed in eaeh ecosystem, as well as soil-plant and p1ant-animal 
interactiona. 

At this level promising germplasm is intensively characterized to 
provide suffic1ent information to answer the question (first decision 
point): What is the alternative use of each promising germplasm entry 
in apasture system? After the deeision i5 taken by the first two 
units, a large seed multiplication effort is required to supply 
medium-scale pasture establishment and pasture management grazing 
trials. At this point the number of accessions under evaluation is 
greatly reduced. A second decision is made by the second and third 
evaluatíon units in answer to the question: What ls the alternative use 
of the pastures in the farm systems? 
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Figure 3. Organizational structure and germplasm flow (arrows) of the 
Tropical Pastures Programo 



As germplasm flows through the evaluation sequence, the number of 
accessions passing the different tests is reduced. Figure 3 graphically 
illustrates the reduction that takes place as they go from category to 
category, namely, Category I, "Identification of germplasm with 
potential"; Category lI, "Agronomic evaluation in small plots"; Category 
lII, Agronomic "Pasture Evaluation", Category IV, "Pasture evaluatíon 
and management"; and finally, Category V, where pastures are evaluated 
in production systems. The final stcp of cultivar and technology 
release is an exclusive responsibility of national institutions. 

The major screening sites of the Program are Carimagua (in the 
Llanos Orientales of Colombia) in collaboration with ICA, for the Llanos 
ecosystem, and CPAC (Centro de Pesquisa Agropecuária dos Cerrados) in 
Brazil, in collaboration with EMBRAPA, for the Cerrados ecosystem. 

In addition, initial stages of evaluation and seed multiplication 
take place at the FES-CIAT Quilichao station. Due to its proximity to 
headquarters, this station is used also for specific studies such as 
nutrition and methodology research. Another important use for this 
station is training. 

A key activity of the Program is the International Tropical 
Pastures Evaluation Network, a multi-institutional activity in which 
national programs evaluate tropical pasture germplasm (from national 
institutions and CIAT germplasm banks.) 

The Network follows sequential steps 
and productivity of promising materials. 
complementary to the major screening work 
Brasilia. 

for evaluation of adaptability 
This screening procedure is 
done in Carimagua and 

The International Evaluation Network operates in the five major 
ecosystems providing a solid basis for extrapolation of results. 
Information froID each Regional Trial site is channeled to and processed 
in the supporting network data bank and made available to the Program as 
well as to the participant institutions. In this way, use of available 
information is maximized, unnecessary duplication of efforts is avoided, 
and horizontal transfer of t.chnolo~ is achieved. 
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Germplasm 

During 1981, the activities of the Germplasm sect10n continued 
focused on: 

a) Assembling of germplasm through direct collection and through 
exchange of materials with other institutions. 

b) multiplication and maintenance of germplasm of priority 
apecies; 

c) preliminary evaluation of germplasm and initial seed increase. 

Collection and Introduction of Germplasm 

Collection: During 1981, three majar collection trips were 
conducted, mainly to areas with acid, infertile soils and with the 
purpose of increasing the collection of particular genera and species, 
which due to their already known potential, are of spec1f1c interest to 
the Tropical Pastures Program: 

l. A collection expedition through the Venezuelan states of 
Aragua, Carabobo, Yaracuy, Lara, Trujillo, Portuguesa, 
Cojedes, Guárico, Anzoátegui, Sucre, Monagas, and Nueva 
Esparta (Fig. 1) aimed at native germplasm particularly of the 
species Stylosanthes capitata, ~. guianensis "tardío", 
Centrosema macrocarpum, f. brasilianum, and Zornia spp. This 
trip was conducted in collaboration with the Venezuelan Fondo 
Nacional de Investigaciones Agropecuarias, FONAIAP. 

2. A trip to the area of the Sierra Nevada de Santa Marta 
(Fig. 2) to collect ma1nly Centrosema germplasm, part1cularly 
of f. macrocarpum. 

3. The collect1on trip through the Brazilian sta tes of Goiás, 
Bahía, Espirito Santo and Minas Gerais (Fig. 3) sought to 
increase the collection of germplasm of Stylosanthes (mainly 
~. capitata, ~. macrocephala and.2.. guianensis "tardío"), 
Zornia (mainly four-leaflet species su eh as Z. brasi11ensis, 
!. myriadena and!. flemmingioides) and Centrosema (mainly f. 
brasilianum and f. macrocarpum). This trip was conducted as a 
collshorative project with EMBRAPA's Centro Nacional de 
Recursos Genéticos, CENARGEN, to areas w1th very low rainfall 
(e.g. caatinga in Bahia) as well as to very humid regions 
(e.g. tropical rain-forest in the cosstal strip of Espirito 
Santo and Bahía). The specific aim was to brosden the genetic 
base of priority species with regard to probable drought 
resistsnce of material evolved under dry conditions, as well 
as better disease tolerance of germplasm evolved under rather 
humid conditions. 
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Introduction: The efforts to introduce germplasm through exchange 
with other institutions during 1981 continued concentrated on African 
grasses and added to the Program's germplasm bank an important 
collection from CSlRO, Australia, of approximately 100 accesslons of 
Brachiaria spp. and Andropogon gayanus. In terms of legumes. the most 
important contributions were received from EMBRAPA-CENARGEN. 

With the additions during the year -- 1175 accessions of direct1y 
collected germplasm and 325 accessions iutroduced through exchange with 
other institutions -- the Program collection reached more than 8600 
accessions (Table 1), the majority originating froln regions with aeid, 
infertile savannas and forest soils. Table 2 shows that the collection 
increased considerably in terms of germplasln of "key species" for 
well-drained savanna ecosystems, the Llanos and the Cerrado. 

1&10 Margorita 

6"N 

Seole (km) 
I I I 

o 100 200 

Figure 1. Routes of systematic collection of germplasln of tropical 
pasture species in Venezuela, January/February, 1981. 



12° N 

~((.,,,'t-
Sc.le(km) 

i i I 

v.((.,"V 
O 75 ISO 

4,<r; 

SON 

Honda 
" Bogotá 

IbaQue. • 

• CaU 

S"a" (km) 
}------IO"N 

6 50 ido 

Figure 2. Routes of systematic collection of germplasm of tropical 
pasture species in Colombia, March/April. 1981. 
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Figure 3. Routes of systematic collection of germplasm of tropical 
pasture species in Brazil, August/September, 1981. 
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Table l. lntroduction (number of accessions) of germplasm of tropical pasture species through direct collection 
and through exchange with other institutions during 1981. 

Collections Total acces-
Genera Major collection trips in: Occasional Total sions in 

Venezuela Colombia Brazil collections Exchange 1981 germplasm bank 

St~losanthes 66 10 210 22 99 407 2130 
Desmodium 23 19 37 20 5 104 969 
Zornia 36 1 80 15 52 184 745 

ti: Aesch:z:!!omene 12 8 54 4 78 455 
Centrosema 102 66 47 15 58 288 893 
MacroEtilium/Visna 9 18 26 4 3 60 546 
Calol2osonium 10 10 10 3 33 176 
Galactia 37 16 20 2 1 76 302 
Miscellaneous legumues* 40 58 57 8 2 165 1586 
Grasses 105 105 833 

Total 335 206 541 93 325 1500 8635 

* Arachis, Cassia, Clitoria, Crotalaria, Dioclea, Eriosema, Ind1sofera, Leucaena, Pueraria, Rh:z:!!chosia, Te:ehrosia, 
Teramnus and othera. 



... .. 

Table 2. Introduction (No. of accessions) of germplasm of key species for both well-drained savanna ecosystems 
through direct collection and exchange with other institutions during 1981. 

Collections in: Total acces-
Species Occasional Exchange Total sions in 

Venezuela Colombia Brszil collections 1981 germplasm hank 

Andropogon gaysnus 14 14 65 
Brschiaria spp • 79 79 191 
Stylosanthes capitata 7 12 43 62 241 
Stylosanthes macrocephala 27 9 36 83 
Stylossnthes guianensis 

"tardíotl 13 26 5 1 45 187 
Zornia brasiliensis 2 1 3 11 
Centrosema brasilianum 25 1 11 4 B 49 132 
Centrosema macrocarpum 14 15 4 1 34 63 



Multiplication and Maintenance of Germplasm 

Multipllcatlon of prlorlty materials and their distribution to 
other sections within the Program as well as to special collaborators 
outside CIAT, continued being one of the Germplasm Section's most 
important aetivit1es. In addition to seed hsrvesting from all germplasm 
materials established for eharaeterization and preliminary evaluation in 
CIAT-Qu11iehao (approximately 1100 accessions), some 700 legume 
germplasm aceessions were under seed multiplication as potted plants in 
the ClAT-Palmira greenhouse. Approximately 1500 seed samples of 
priority materials were given to members of the Program and to speeial 
collaborators. 

Characterization and Preliminary Evaluation of Germplasm 

During this phase, new legume germplasm, particularly of priority 
or "key" species, as well as new, agronomically unknown genera and 
apecies, are eatablished in unrepllcated. space-planted plota in 
CIAT-Quilichao for seed increase and for observat10na on the most 
important plant descriptora (life formo growth habit, flowering time, 
perenniality, etc.). Furthermore. the adaptation of germplasm to the 
Quilichao envlronment is assessed in terms of: (a) y1eld potential on a 
very acid, infertile Ultisol, (b) disease and insect tolerance and (el 
seed production potent1al. Aceessions w1th out standing performance as 
well as any new material with especially interesting plant eharaeters 
are then given priority at entering the ílow of germplasm to the 
Program's principal testing sites in Carimagua and Brasilia as well as 
for Regional Trials A. In 1981 a series of new aceessions were 
identified as promising (Table 3). Approximately 1100 accessions are 
currently being studied (Table 4). Some oí the most important 
preliminary observations indieate: 

An incressing variatlon in the Stylosanthes guisnensis 
"tardío" eollection with regard to morphological and 
physiologiesl plant eharacters. 1neluding resistanee to 
anthraenose and seed production potential. 

Resistance to anthracnose oí the whole collection of S. 
macrocephala. 

Lack of productivity as well as of anthraenose resistance of 
the~. le10carpa collection. 

Considerable variabi11ty in the S. viscosa colleet10n with 
respect to morphological snd physiological plant characters. 

Continu1ng Sphaeeloma resistance of Zornia brasiliensis snd a 
few two-leaflet Zornia sp. accessions from high rainfall areas 
in Bahía, Brazil. 

Increas1ng variability in the Centrosema macrocarpum 
eollection due to new Venezuelan and Colombian germplasm. 
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Table 3. CharacterizDtion and prclirnínar~ evaluation of germplasm of tropical pasture legume species during 1981 
in CIAT-Quilichao. Evaluations concluded. 

Species 

Stylosanthes capitata 

Centro serna spp. 

Centrosema brasilianum 

Centrosema macrocarpum 

Centrosema pubescens 

Centrosema plumieri/C. schottii 

Centrosema virginianurn 
Zomia spp. (2-leaflet) 

Zornia spp. (4-leaflet) 

Desmodium spp. (erect bravse types) 

Desmodium heterocarpon 
t-limosa spp. (spinelcss) 

Cassia rotundifolia 

No. of accessions 
evaluated 

73 

160 

49 

10 

144 

24 

35 
100 

24 

27 

29 
11 

15 

Observations 

With exception of late-flowering ecotypes from 
Brazil, all ecotypes anthracnose-resistant. 
Outstanding vigor of material from the dry Brazilian 
Northeast. Potential of Nato Grosso material 
confirmed. Venezuelan material very healthy but lack 
vigor. 
High potential for acid infcrtile 80ils identified 
for f. macrocarpum, f. brasilianum, f. arenarium, f· 
schiedeanurn, sorne f. pubescens ecotypes as vell as 
tvo not-yet-described new species. 
Rhizoctonla b1ight limiting factor; some moderately 
resistant accessions identified. 
Out standing vigor of germp1asm natíve to Colombian 
Llan08, lack of adaptation of material from Belize 
snd Mexico. 
Only few ecotypes identified with adaptation to aeid, 
infertile soil. 
Very poor growth of C. schotti; one f. plumieri 
accession with good vigor. 
Lack of adaptation (soil). 
With very few exceptions a11 materíal Sphaceloma
susceptible and/or short-living annuals. 
AIl tcsted ffiaterial Sphaceloma-reslstant and with 
good adaptation to acid, lnfertl1e soi1; Z. 
brasiliensis snd !. myriadena particularly 
productive. 
~. gyroides (syn. Codariocalyx JY!Pides) the only 
species vith potential. 
Lack of adaptation (in contrast vith D. ovalifolium). 
With one exception, lack of adaptation snd 
unfavorable growth habito 
Cood adaptatlon; two selected ecotypes seem to be. 
perenniaIs. 
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Table 4. Characterization and preliminary evaluation of germplasm of 
tropical pasture legume species during 1981 in CLAT-Quilichao. 
Evaluations not yet concluded. 

Species No. of accessions 

Stylosanthes guianensis "tardío" 
Stylosanthes macrocephala 
Stylosanthes capitata 
Stylosanthes leiocarpa 
Stylosanthes viscosa 
Zornia spp. (2-1eaflet) 
Zornia brasiliensis 
Centrosema spp. 
Centrosema macrocarpum 
Centrosema brasilianum 
Desmodium ovalifolium 
Dioclea guyanensis 
Calopogonium caeruleum 
Rhynchosia spp. 
Cassia rotundifolia 

Total 

19 

142 
54 

124 
26 

156 
237 

7 
25 
58 
77 
18 
45 
43 
58 
23 

1093 
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Agronomy in the Isohyperthermic Savannas (Carimagua) 

Germplasm evaluation and selection 

The aim of this work is to provide forage species adapted to the 
soils of low nutrient status, and select species which are resistant to 
pests and diseases and can withstand heavy grazing. A number of grasses 
and legumes have been identified which meet these criteria. 

A current and more specific objective is to identify species and 
ecotypes of grasses and legumes which are more compatible under sward 
conditions, form stable associations, and persist longer under grazing. 

Over one thousand accessions representing nine legume genera and 
seven grass genera are under evaluation in nursery plots or in grazed 
swards. Their inventory is presented in Table l. 

Preliminary evaluation of grass germplasm 

The range of promising grass species 
savanna conditions was further expanded. 
spp. and Andropogon gayanus. 

with good adaptation to 
Main emphasis is on Brachiaria 

Experience over the last four years indicates that Desmodium 
ovalifolium can withstand competition from aggressive mat-forming 
grasses. Consequently, Brachiaria species and ecotypes assumed greater 
importance in the testing programo Several accessions are currently 
being evaluated in association with Desmodium ovalifolium ecotypes. 

Brachiaria dictyoneura CIAT 6133 continued to show good 
performance. It combined well with Desmodium canum and Desmodium 
ovalifolium. It was grazed in preference to Brachiaria humidicola when 
animals had free access to both species. 

Brachiaria dictyoneura is a strongly rhizomatous grass with a 
rather tufted growth habito Morphologically it resembles Brachiaria 
humidicola. One of the important attributes of Brachiaria dictyoneura 
is a high caryopsis content of the florets coupled with high seed yield. 
At Carimagua this species produced 405 kg/ha of cleaned seed in the year 
of establishment with an average caryopsis content of 44%. Both yield 
and caryposis content were significantly (P=O.Ol) higher than those of 
Brachiaria humidicola (Table 2). Apparently, freshly harvested seed of 
Brachiaria dictyoneura has a strong dormancy. Sulfuric acid treatment 
for 25 and 20 minutes gave 6% and 3% germination one month after 
harvesting. Shorter periods of acid treatment as well as heat 
treatments were ineffective in increasing germination. When the lemma 
and palea were removed, 15% of the naked caryopses germinated within one 
week and without acid treatments. This phenomenon would suggest the 
presence of germination inhibiting substances within the glumes and/or 
caryopses (Table 3). 
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Table l. Forage spec1as introductions under evaluation at Carimagua, 1980-81. 

LeBiumes Grassas 
No. of No. of No. of No. of 

Ganus species accessions Genus spectes accesstons 

Aeschxnomene 18 193 Androl2o¡¡on 1 46 
Arachis 2 2 Brachiar1a 8 18 
Cassia 2 21 Echinocloa 1 1 

~ Calol2°Bion1um 1 1 Hemarthr1a 1 1 
Centrosema 18 In Mel1nis 1 1 
Desmodium 12 196 Panicum 2 2 
Stxlosanthes 11 242 Setaria 1 1 
TeEhrosia 1 1 
Zornia 8 281 

Total legumes 9 73 1109 Total graases 7 15 70 

Total No. of accessions 1181 



TabIe 2. Seed production potential oí two species oí Braehiaria, 
Carimagua, Llanos Orientales. 

Caryopsis 
Speeies Yield content No. of 

(kg/ba) (%) per 
seeds 
kg 

B. dietyoneura CIAT 6133 
B. humidieola CIAT 619 

405.20** 44** 200,000 
286.40 18 

** P • 0.01 

Table 3. Effeet of treatment on the germination of Braehiaria 
dietyoneura CIAT 6133 seed. 

250,000 

Treatment Means of four replications 
(%) 

HZS04 25' + Tiourea 6 

HZS04 20' + Tiourea 3 

H
2

S0
4 

15' + Tiourea o 

Control o 

Naked caryopsis 15 

Brachiaria brizantha CIAT 664. This eeotype of signal grass was 
introdueed from Puerto Rico where it was rated as one oi the top 
yielders. An important attribute of this Brachiaria specles i5 its 
rapid spread by stolons. Currently, its productivity 1s being tested in 
association with eight ecotypes of Desmodium ovalifolium. Another 
aceession, CIAT 6Z98, has a similar prostrate, creeping habit, but it ia 
somewhat less vigorous. 

Andropogon gayanua. In populat1ons of Alldropogon gayanua, the 
percentage of early flowering, stemmy types ls showing an increase with 
advancing generations. The aim of the Andropogon gayanus improvement 
project is to produce a vigorous and fairly uniform, late-flowering 
cultivar. 
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Andropogon gayanus i8 a strongly out-crossing, practically 
self-incompat1ble grass. The polycross technique was cona1dered mast 
appropr1ate with this grasa. lt ia baaed on the vegetative propagation 
of clones with the desired charactera and selection of those with 
progenies exhibiting the highest percentage of these characters. l'he 
principle 1s to arrange the provisionally selected plants 1n such a way 
that they po111nate each other uniforroly. A time table and schematic 
plan of the project 1s shown in Table 4. 

Table 4. Time table and schemat1c plan of the Andropogon gayanus 
improvement project. 

1979 - Selection of late floweríng, vigorous segrega tes of ~ gayanus, 
establishment of clonal propaga tes 1n space-planted field plots, 
16 clones x 5 plants x 3 replications, seed barvested from "seed 
islands" contain1ng the best late flowering plants. 

1980 - To ensure maximum intercrossing, 12 clonal selectione were 
1ntercroseed in the plant house to forro synthetic l. 

1981 - Twelve clones and their polycrossed seeds were established in 
replicated field plots. Parent offspring relationship was 
determined on the basis of yield and flowering/maturity date. 
Final selection of genotypes with high comh1ning ability for 
vigor and late flowering babit, seed production of synthet1c 11. 

Preliminary evaluation of legume germplasm 

Arachis pintoi. Most wild species of Arachis examined to date 
suffer from a range of fungal and virus diseases, which normally affect 
the cultivated apecies as well. This new accession, originally from 
Bahía, has shown good tolerance to pests and d1seases over the pase two 
years. Arachis pintoi spreada by stolons; an important attribute of 
this legume 1s its compatibility with the stoloniferous Brachiaria 
humidicola. In general, perennial species of peanut provide high 
quality fodder. 

Seed production is feasible and it may be 
like other pesnuts, it seta pods underground. 
and 1t 1s hard to recover the seeds. 

tried on sandy soils; 
They are rather small, 

Aeschynomene. Preliminary agronomic evaluation of 193 accessions 
representing lB species was started 12 months ago. A very small number 
of accessions exhibited tolerance to disease and insects. Included in 
chis group were eight accessions of Aeschynomene americana out of a 
total of 64 accessions of this species. By the end of August several of 
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these showed symptoms of one or more fungal diseases, anthracnose being 
of very common occurrence. Aeschynomene villosa CIAT 7008 was one of 
the accessions that was still disease-free after one yesr; this 
prostrate, fine-leaved species appears to have the morpho-agronomic 
attributes to withstand intense grazing. 

Cassia. A few disease-resistant accessions of Cassia rotundifolia 
show use fuI forage traits, e.g. early vigor, disease tolerance, late 
flowering and good seed production. The seed pods do not shatter very 
easily, snd at this stage CIAT Nos. 8389, 8390 show some promise. 

Centresems. All species under observation including f. macrocarpum 
and C. brasilianum were severIy attacked by leaf diseases. Less damage 
occurred in the pIots under grazing. NevertheIess, it will be necesssry 
to examine oeher species and ecotypes of Centrosema fer disease 
resistance. Annual yields of dry matter of six Centrosema accessions 
are shown in Table 5. 

Desmodium ovalifolium. Of the 12 species under observation, 
ecotypes of Desmodium ovalifolium and Desmodium canum continued to show 
good promise. An "in depth" study of D. ovalifolium ecotypes was 
commenced. Marked variation was obse~éd among the nine ecotypes 
included. Dry matter "on offer" was recorded during the first semester 
in grazed pastures of these nine ecotypes, each established in 
association with Brachiaria humidicola. 

The top yielder was CIAT accession 3652. The standard CIAT 350 and 
the other ecotypes gave presentation yields ranging from 8 to 10.6 t/ha. 
Legume percentages oí five mixtures containing high yield~ing ecotypes 
ranged from 62 to 77%. The remaining four ecotypes produced 6.2 to 7.9 
t/ha DM. and legume percentages in these associations ranged from 50 to 
59% (Table 6). 

Seed yield. variation in flowering/maturity dates 

Variation was observed among the accessions of D. ovalifolium in 
flowering/maturity dates. CIAT 3784 was the earliest. It began 
flowering shortly after the end of the wet season. By the last week of 
December it had reache2 the "full seedhead" stage. Hand harvesting of 
mature seed in 2 x 1 m quadrats in ea eh of the four replications was 
carried out on 27 December. 

Two other accessions, CIAT 3666 and 3793, were the next to ripen 
the seed snd were harvested on27 Janusry. Although these ecotypes 
showed prolific flowering, seed yields were much reduced due to severe 
moisture stress. Both Decemher and January were rainless in Carimagua. 

A second flowering was ohserved immediately after the early opening 
raíns in February, and seed was harvested in a11 plats on 24 April. On 
thia occasion seed yields were low in all accessions. 
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Table 5. Dry matter "on offer" in grazed pastures of six access10ns of Centrosema spp. in association wieh 
Andropogon gayanus. 

Dn: matter "on offer" 
Drz season Wet seaeon 

Mixture Grass Le~me Grass Legume Total Legume 
(k¡¡/ha/season¿ (kg/ha/zear~ (%~ 

A. gazsnus + f.. brasilianum 5234 4219 5482 9733 7706 27140 48.6 
A. gazanus + f.. brasilisnum 5184 3634 5281 9553 3752 22220 40.7 
A. gazanus + f.. bras111anum 5181 6945 5240 11312 3172 26669 31.5 
A. gaZanus + f.. macrocar2um 5062 4450 4973 10290 3935 23648 37.7 
A. gayanus + f.. macrocar2um 5276 4188 4670 11077 3423 23358 34.7 
A. gazanus + Centrosema sp. 5278 4561 4451 13686 6418 29116 37.3 



Table 6. Dry matter "on offer" in grazed pastures of nine ecotypes of 
D. ovalifolium in association with B. humidicola for the 
period 30 Jan. 1981 to 14 July 19817 

Ecotypes Grasa Le,ume Total Legume 
(t ha) (%~ 

3652 4.0 13.4 17.4 77 
350 4.4 10.6 15.0 71 

3794 5.5 9.2 14.7 63 
3793 5.1 8.2 13.3 62 
3666 4.8 9.0 13.8 65 

------------------------------------------------------------------------
3776 6.4 7.9 14.3 56 
3780 5.0 7.2 12.2 59 
3784 5.4 7.8 13.2 59 
3788 6.3 6.2 12.5 50 

There was an inverse relationship between seed yield and dry matter 
(DK) yield. To date, the late flowering CIAT 3652 produeed the highest 
DK yields and the lowest seed yielda. The early floweríng 3784 produeed 
the highest seed yield but it had lower DM yields than five other 
aeeesaions. ClAT 3784 and four other aeeesaions also yielded more seed 
than the control variety CIAT 350. 

Seedling eounts earried out in July also showed variation among the 
ecotypes in self-propagation. The highest numbar of volunteer seedlings 
was found in ClAT 3784. It is recommended to test 3784 in regions with 
shorter growing season. Yields of clean seed obtained during the first 
semeater and results of seedling counts are summarized in Table 7. 

In a normal season much higher seed yields are expected from the 
late flowering eeotypes including CIAT 350. However, the very late 
flowering accession CIAT 3652 may be a poor seed produeer in most 
eireumstanees. 

Observations on the palatability of Desmodium ovalifolium ecotypes 
earried out during the wet sea son showed the following trends: 

In some eeotypes presentation yields under grazing declined 
more rapidly than in others; in one case this vas assoeiated with a 
higher CP content in the herbage. 

Taunin levels in the leaves were high 1n a1l cases and showed 
an 1nerease from 5.9% 1n May to 39% in July. In comparison, Desmodium 
canum (range 7-12.8%) and~. gyroides (range 2.2-6.5%) showed 
considerab1y 10ver leve1s of tannin contento The 1atter tvo legumes had 
a higher palatability rating than any ~. ovalifolium. 
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Figure l. Desmodium ovalifolium CIAT 3784, a free-seeding ecotype, 
regenerates by auto-propagation. 

Table 7. Yields of clean seed* and number oi volunteer seedl1ngs in 
grazed pastures of n1ne accessions of Desmodium ovalifolium. 
Carimagua, Llanos Orientales. 

CIAT 
Accession No. 

3784 
3666 
3793 
3780 
3788 
3794 
3776 
3652 

350 (control) 

L.S.D. P ; 0.05 
P = 0.01 

Seed 
(kg/ha) 

152.57 
109.10 
48.94 
15.15 
4.50 
2.75 
1. 75 
0.82 
0.75 

54.84 
74.32 

Mean numher of2 seedlings per m 

53.31 
9.81 

40.06 
18.50 
21.25 
2.75 
2.56 
0.19 
2.88 

15.82 
21.43 

Correlation coefficient for al1 comparisons: 0.54 (P ; 0.01) 

*Mechanically scarified seed. 
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At least during the wet season, there were no marked 
differences in palatability between the ecotypes of D. ovalifolium 
currently under trial at Carimagua. 

Desmodium canum. The original selection from oId pastures, 
established over four years ago, CIAT 3005A, a rather robust growth 
form, is continuing to show the best promise. So far, no major insect 
or disease problems occurred in this species. The ecotype 3005A was 
included in various mixtures with molasses grass, severa! Brachiaria 
species and Andropogon gayanus. These companion grasses were selected 
to include a range of species froID the least competitive IDolasses grass 
to the most aggressive species such as Brachiaria spp. and Andropogon 
gayanus. 

Stylosanthes guianensis, "fine-stemmed" stylo. Sorne 42 accessions 
were established of this species form in legume-only sward plots in late 
1980. Five accessions showed satisfactory performance, yield and 
disease tolerance in the second season under a seasonal cutting regime 
(Table 8). 

Table 8. Dry matter yields of five ecotypes of S. guianensis "tardio" 
type. 

Seasonal ::z:ield 
CIAT No. Wet Dr::z: Total year 

(t/DM/ha) 

10136 6.6 1.6 8.2 
1062 5.9 1.4 7.3 
1317 4.8 1.0 5.8 
1808 4.0 0.9 4.9 
2034 5.8 1.2 7.0 

Accession CIAT 10136 was the top yielder in this experiment, and at 
this point in time CIAT 1808 is highly resistant to anthracnose. 
However, none of these accessions produce adequate amounts of seed for 
self-regeneration, and certainly non e of them produce sufficient seed to 
make commercial seed production an economically feasible proposition. A 
few ecotypes of ~. guianensis, however, are showing promise, being 
resistant to anthracnose and stemborer; they are free-seeding types as 
well. 

Zornia. The two species, ~. brasiliensis and ~. m::z:riadena are the 
best species and their resistance to fungal diseases is still holding. 
Nutrient contents of both are exceptionally high. Both species were 
included in sward plot studies. Again, grass species of greatly 
different growth habit and vigor were used in order to test their 
compatibility with these distint growth forms of Zornia. 

29 



6000 

5000 

4000 

" ~ ...... ... ... 
~ 

3000 o 

2000 

1000 

Figure 2. 

p= 0.01 

.. ¡ 

t 

11 
¡ \ 
: 1 
¡ \ 
i \ 
i i , \ 
f : 
: i 
! i , , 
i : 
¡ ! 
i 
! 
¡ 
~ 

1 
~ , 
! 

\ 1 
~ / , I 

\ I , , 
\.----' 

/~.......... ./ 
" J '-....... ... 
t/ 

?I 
J A s o N o J F M A M J J 

8. humidlcolD A. goyonus -_ .. _- ___ 8. decumben. 
O. ovallfolium O. ovollfollum O. ovalifollum 

Growth rates of Brachiaria humidicola - Desmodium 
ovalifolium. B. decumbens - D. ovalifolium and 
Andropogon gayanus - Q. ovallfolium pastures harvested 
by cutting at six-week intervals. 
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Grass-Legume Associations Under Grazing 

B. decumbens - D. ovalifolium vs. B. humidicola - D. ovalifolium. 
These-mixtures were ¡razed by 2.5 animals/ha all year-round. 

B. humidicola showed significantly higher growth rate in grazed 
pastures than B. decumbens, and this resulted in a significantly 
(P = 0.01) higher total yield of the B. humidicola - ~. ovalifolium 
mixture (Figure 2). No significant difference occurred in these two 
associations between legume yields. Also the Brachlarla humidlcala -
Desmodium ovalifolium association produced the highest presentatlon 
ylelds. Ibe legume percentage in thls pasture showed a marked build-up 
during che wet season (Table 9), (Fig. 3). 

Andropogon gayanus - R. ovalifollum. Growth rares and presentar ion 
yields of the component of this mixture were remarksbly uniform 
throughout the year indicating grass-legume compatibility under a 
suitable grazing pressure. In general, this mixture was less productive 
than R. ovalifolium with the two Brachiaria spp. 

Stylosanthes capitata. TVo experiments are in progress with 10 and 
16 aecessions af~. eapitata, respeetively, each in mixture with !. 
gayanus. Ibe former pasture ia two years old and the latter one was 
established in 1980. Ibis seeond experiment also ineludes seven S. 
maerocephala ecotypes. A marked reduction in the yields of these
legumes occurred in the second year following establishment. Again, the 
~. macrocephala accessions were in the low-yielding group, an obvious 
competition effect from the tall !. gayanus (Tables 10 and 11). 

Table 9. Dry matter "on-offer" in a Brachiaria humidicola - Desmodium 
ovalifolium pasture - Carimagua, Llanos Orientales. 

Harvest date 

15- Il-SO 
1- IV-80 

13- v-so 
23- VI-80 
5-VIII-80 

16- IX-80 
29- X-80 
10- XIl-80 
23- 1-81 

Total 

S.E. 

B. humidicola D. ovalifolium Grass + 
lesume 

------------------- t/ha-------------------

6.11 0.95 7.06 
5.43 0.73 6.16 
4.51 0.70 5.21 
5.25 0.85 6.10 
3.49 0.98 4.47 
2.96 0.94 3.90 
2.82 1.73 4.55 
2.65 2.73 5.38 
2.02 1.36 3.38 

35.24 10.97 46.21 X: 

0.64 0.37 0.79 
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Legume 
(%) 

13.46 
11.85 
13.44 
13.93 
21.92 
24.10 
21.98 
18.59 
40.23 

23.74 



Figure 3. Desmodium ovalifolium formed productive and stable 
associations with Brachiaria decumbens (photo above) and 
B. humidicola (below) at Carimagua in the Llanos 
Orientales. 
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Table 10. Mean montbly presentation yields of 10 ecotypes of 
Stylosanthea capitata in asaociation witb!. gayanua in the 
firat and second year. 

CUT Year 
Accesaion No. 1 2 

1315 978 236 
1318 951 144 
1323 786 180 
1342 681 108 
1405 741 418 
1325 668 134 
1693 760 335 
1728 1222 351 
1943 413 144 
1019 181 298 

Table 11. Mean monthly preaentation yielda of 16 ecotypes of 
Stylosantbes capitata and 7 !. macrocepbala in aasociation 
with Andropogon gayanus under grazing (2 Dec. 1980-7 Sept. 
1981). 

CUT 
Accesaion No. 
S. capitata 

1686 
1441 
2013 
1414 
1019 
2044 
1318 
1315 
2041 
2055 
1943 
2201 
2092 
1642 
1181 

55840 (eSIRO) 
S. macrocephala 

1643 
2039 
1582 
2061 
2066 
2093 
2082 
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DM 
(kg/ha) 

2744 
2139 
1792 
1110 
1475 
1274 
952 
946 
912 
826 
651 
510 
482 
466 
411 

739 
668 
552 
471 
421 
301 
290 



Desmodium gyroides (~ Codariocalyx A.) - Q. ovalifolium -
Andropogon gayanus. The mixture containing both Iegumes produced the 
highest total yield. Q. gyroides was preferentially grazed in the 
two-Iegume mixture, and the role of Q. ovalifolium as a ground cover 
legume seems to function well (lable 12). 

TabIe 12. Dry matter "on offer" in Andropogon gayanus, Desmodium 
ovalifolium and Codariocalyx gyroides associations. 

Legume 1 

Mixture Grasa 1 A B Legume 
(kg/ha) (kg/ha) (%) 

A. ga)'anus - D. ovalifolium 15310 13041** 46 
A. ga)'anus - C. gyroides 19033** 12569** 40 
A. ga)'anus - D. ovalifolium -
c. ¡¡xroides 13202 7841 9235 56 

* P = 0.05 3606 2174 2420 
L.D.S.** P = 0.01 5463 3189 4443 
c.v. 13.15% 9.25% 9.87% 

1 -X of ten cuts. 

Plana for the Future 

Grasses 

l. Evaluation of a wider range of accessions of Brachiaria spp., 
e.g., !. humidicola, !. dictxoneura, !. br1zantha is oi particular 
importance, with the aim to find productive companion grasses for 
various types of Q. ovalifolium, and res1stance to spittlebug. 

2. Andropo¡¡on ¡¡axanus: seed multiplicatíon and testing of the 
synthetic variety in mixtures under grazing. 

Legumes 

l. .§.. gu1anensis, "fine-stemmed" stylo. It 1s proposed to 
contlnue the search tor seeding types and accessions resistant to 
anthracnose and stemborer in cooperatian with the PIant Pathology and 
Entomology sections, followed by agronomic evaluatíon of free-seedíng 
ecotypes in grass-legume associations. 
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2. ~. capitata. Multilocational testing of 5 to 10 promising 
ecotypes in tbe Regional Trials Network in the Llanos of Colombia, 
Venezuela snd in Roraima, Braz~l. Preference to be given to sccessions 
resistsnt to anthracnose and stemborer st all three sites. Th1s should 
be an opportunity to test bred-lines of ~. capitata produced by the 
Legume Breeding section. 

3. Desmodium ovalifolium. Continue evaluation of existing 
collection and new aceessions to be obtsined. Inelude selected material 
in the Regional Trials Network and test different flowering/maturity 
types and adaptation of esrly flowering accessions to lower raintall 
conditions. 

4. D. Canum. Evaluate promising lines under grazing. CIAT 3005A 
to be included in regional trials and grazing productivity experiments. 

5. Centrosema spp. In collaboration with the Plant Pathology 
section, study performance of new accessions with the objective of 
selecting disease resistant material of f. macrocarpum, C. brasilianum, 
f. pubescens. Test accessions of otber species Jf. arenarium, C. 
rotundifolium) in grass-legume mixtures under grazing. 

6. Zornia spp. Test new accessions of Z. brasiliensis and study 
seed production potential of existing and new ecotypes of Z. myriadena. 
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Axronomy in the Isotbermle Savannas (Cerrado) 

Pasture Evaluation 

Its objective is to select, under Cerrados conditions, legumes and 
grasses that wiII (i) grow and produce seed on acid soils under aluminum 
and water stress, (1i) pers1st under grazing, and (111) tolera te pest 
and diaeases. 

Prelimina!] evaluation of legume germplasa (Catego!] 11) 

Legume accessions presently under evaluat10n in Category 11 are 
listed in Table l. Tbe 900 accessions represent 13 genera, and 69 per 
cent of them are spec1es of Stylosanthes. Accesslons are established as 
spaced plants on the two most important s01l types of the region, 1.e., 
the dark-red latosol (LVE) and red-yellow latosol (LVA). Observat1ons 
are made on phenology, dry matter yleld, regrowth potential, nutrit1ve 
value, seed production and tolerance of pests and d1seases. 

Stylosanthes species. Observations over a four-year period 
indlcate that the key Stylosanthes spp. for the region are Stylosanthes 
guianens1s (specifically the "tardío" types), Stylosanthes capitata and 
Stylosanthes macrocephala. Tbe early prom1se shown by access10ns of 
Stylosanthes scabra bas not been ma1nta1ned. 

E1ght aceess10ns from germplasm planted 1n 1978-79 and 1979-80 have 
been selected for further evaluatlon in Category 111 under graz1ng wben 
sufficient seed 1s ava1lable. Tbese aceess10ns appear in Table 2. All 
Stylosantbes guianens1s aecessions are of the "tardío" type, and all 
eight aeeessiona are of Brazilian origino Theae are more product1ve 
tban control accessions and, in general, were of higher nutrit1ve value. 
In add1t10n, the accessions have shown good tolerance to anthracnoae, 
whieh continues to be the majar d1seaae problem. It was responsible for 
another 15 accessions being eliminated frem tbe 24 selected last seasan. 

Eight more aecess10ns were selected as promiaing from new germplasm 
planted in 1980-81 (Table 3). The tbree Stylosanthes guianensis 
aceessions were substantially more productive on the LVE than the 
control CIAT 2243, now in Category IV. Tbe two new Stylosanthes 
eapitata accessions CIAT 2253 and CIAT 2254 performed similarly. Tbe 
new Stylosanthes macrocephsla accessions appear to be better adapted to 
the LVA than the control CIAT 1582, which i8 a1so in Category IV. AII 
seleeted accesslons showed good tolerance to anthracnose. 

In 1981-82, more aecessions will be introduced particularly those 
of Stylossnthes viscosa. 

Other genera. Ibe two key non-Stylosanthes genera showing 
potential for the region are Zornia snd Centrosema. 
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Table l. Legume germplasm under preliminary evaluation in Category 11 
at CPAC, Brazil. 

1978-79 1979-80 1980 81 Total 

Stylosanthes spp. 

S. guianensis 70 O 101 171 
S. scabra 42 70 59 171 
S. capitata 27 61 68 156 
s. macrocephala 4 17 31 52 
S. viscosa 14 O 19 33 
S. humilis 14 O 7 21 
S. species O 2 6 8 
S. hamata 4 O O 4 
S. leiocarpa O 2 O 2 
S. tomentosa O O 2. 2. 
S. ingrata 1 O O 1 
S. campes tris O O 1 1 
S. ruellioides O O 1 1 
S. angustifolia O O 2. 2 

Totals 176 152 297 625 

Other spp. 

Zornia 49 28 25 102 
Centrosema 18 5 23 46 
Desmodium 30 O O 30 
Calopogonium 13 10 O 23 
Galactia 14 6 O 20 
Leucaena 18 O O 18 
Aeschynomene 16 O O 16 
Macroptilium/Vi!na 11 O O 11 
Pueraria 3 O O 3 
Soemmer!n!ia 2 O O 2 
Teramnus 2 O O 2 
Cratyl1a O 2 O 2 

Totals 176 51 48 275 

Five Zomia accessions, predominantly Zornia brasiliensis. have 
been selected as being more productive on the LVE than the control 
Zornia latifolia CIAT 728 (TabIe 4). However. there were indications 
that the specie5 are better adapted to the LVE 50il. No symptoms of tbe 
insect-virus fungus complex or Sphaceloma scab which attack accessions 
of Zornia latifolia (including CIAT 728) have been observed on Zomia 
spp •• CIAT 7847 or on the selected Zornia brasiliensis accessions. 
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Table 2. Performance of selected Stylosanthes accessions planted in Category 11 (1978-79 and 1979-80) at CPAC, 
Brazil (samples collected in June 1981). 

CIAT 
accession 

No. 

S. guianensis 

2 ev. Endeavour 
1095 
2191 
2203 
2244 
2245 

~ ~. capitata 

14052 

1318 

~. macrocephala 

15822 

2039 
2053 

Origin 

Guatemala 
Bahia 
BahIa 
Goias 
Goias 
Piaui 

Mato Grosso 
Maranhao 

"Distrito 
Federal" 

Bahía 
Bahía 

Sea son Anthracnoae 
of score 

flowering 

Late 
Late 
Mid 
Late 
Late 
Late 

Mid 
Mid 

Early 

Mid 
Mid 

4.0 
1.5 
1.5 
1.S 
1.0 
1.5 

3.0 
1.5 

1.0 

1.0 
1.0 

DM 
production 

(g/plaut) 

39 
149 
105 
340 
198 
160 

45 
266 

139 

240 
206 

In vitro 
DDM 
(%) 

40.6 
43.8 
45.6 
43.2 
41.2 
42.0 

41.0 
49.3 

35.4 

30.1 
43.5 

+ Early (December, January), Mid (February, March), Late (April or later). 
++ 1.0 (no anthracnose) to 5.0 (plant death). 

CP 1 
content 

(%) 

fl.1 
11.8 
12.4 
11. 6 
11.8 
12.0 

6.9 
9.6 

7.6 

5.1 
5.9 

Ca 1 
content 

(%) 

0.55 
0.67 
0.61 
0.68 
0.60 
0.58 

0.66 
0.69 

0.65 

0.63 
0.66 

1 2 DM = dry matter, DDM = digestible dry matter, CP = crude protein, Ca • calcium, P = phosphorus. 
Control accessions. 

P 1 
content 

(%) 

0.12 
0.12 
0.11 
0.12 
0.12 
0.12 

0.10 
0.11 

0.09 

0.08 
0.09 



TabIe 3. Performance of selected StyIosanthes accessions pIanted in 
Category 11 (1980-81) at CPAC. Brazil. 

CIAT Origin AnthracnJ¡!se +1+ DM production 
accession acore ++ (g/pIant) 

No. LVE LVA LVE LVA 

l· ¡¡uianensis 

2243* "Distrito 
Federal" 1.0 1.5 44 56 

2950 Minas Gerais 1.0 1.0 265 22 
2951 Minas Gerais 1.0 1.0 123 39 
2953 Minas Gerais 1.0 1.0 122 17 

l. eapitata 

1405* Mato Grosso 2.5 2.0 59 31 
2253 Ceará 2.0 2.0 144 26 
2254 Ceará 2.0 2.0 135 15 

l. macroee2hala 

1582* "Distrito 
Federal" 1.0 1.0 85 15 

2133 Bahia 2.0 1.0 71 40 
2280 Minas Gerais 2.0 1.0 60 37 
2732 "Distrito 

Federal" 1.5 1.0 84 29 

+ (plant death). ++ 1.0 (no anthracnose) to 5.0 
+1+ LVE (dark-red latosol), LVA (red-yellow latosol). 

DM = dry matter. 

* Control accessions. 

Three new Centrosema maeroear2um aecessions, Centrosema spp., CIAT 
5118 and Centrosema brasiIianum, CIAT 5234 have been selected as showing 
promise on the LVE (TabIe 4). No pest or disease problema have been 
hitherto noted. 

Preliminary evaluation oi grass germ2lasm (Cate¡¡ory 11) 

The grass accessions presently under evaluation in Category 11 are 
found in Table 5. They had been establlshed in 1979-80 on both soil 
types. Ohservations are made on phenology, dry matter yield. regrowth 
potential, nutritive value, seed production and pest and disease 
tolerance. 
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lable 4. Performance of selected Zornia and Centrosema accessions 
planted in Category 11 (1980-81) at CPAC, Brazil. 

CIAl 
accession 

No. 

Z. latifol1a 

728* 

Zornla spp. 

7847 

Z. brasll1ensls 

9472 
9473 
7485 
8023 

.!i.. macrocarpum 

5062* 
5274 
5275 
5276 

Centrosema spp. 

5118 

C. brasilianum 

5234 

Origin 

Colombia 

Babra 

Bahía 
Bahia 
Goiás 
Pernambuco 

Colombia 
Colombia 
Colombia 
Colombia 

Mato Grosso 

Bahía 

Season 
of + 

flowering 

Mid 

Mld 

Mid 
Mid 
Mid 
Mid 

Late 
Late 
Late 
Late 

Late 

Late 

+ Mid (February, March), late (Apri1 or later). 
++ LVE (dark-red 1atosol), LVA (red-yellow latosol). 

1 DM = dry matter. 
* Control accessions. 

1 DM production 
(g/plant) ++ 

LVE LVA 

45 

96 

109 
103 
90 
93 

50 
102 
107 
95 

145 

119 

41 

17 

45 
21 
16 

9 

10 

14 

22 

Panicum maximum. Performance of selected accessions on the LVE is 
shown in lable 6. The situatíon has changed apprecíably since the first 
season (1979-80). Of the selections made last seaSOn only the 
common-type CIAl 6141 has continued to show promise. lwo new green 
panic/Gatton-types, CIAl 6116 and crAl 6124, are currently showing 
signifícantly better production than the controls. No disease problems 
have been recorded. 
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TabIe 5. Grass germpIasm under preliminary evaluation in Category 11 
(as per October 31, 1981) at CPAC, Brazil. 

Genus Species No. 
accessions 

Panicum P. maximum (75) 75 

Brachiarla B. decumbens ( 4) 
B. humidicola ( 2) 
B. ruzlziensis ( 2) 
B. brizantha ( 5) 13 

Melinis M. minutiflora (11) II 

Setaria S. anceps ( 2) 2 

Andropogon A. gayanus (22) 21 

Total 123 

For the second successlve year data could not be collected froro the 
accessions at the LVA si te because of poor growth. 

Other genera. The three most promising non-Panicum spp. are 
Brachiaria brizantha CIAT 6016 and 6021, and Brachiaria spp. CIAT 6058 
(Table 6). All three accessions have produced markedly more DM than ,the 
commercial control cultivar Basilisk. 

Melinls mlnutlflora accessions have shown a decline in productivity 
with cutting. This is consistent with observations elsewhere that the 
species does not withstand frequent defoliation or heavy grazing. 

None of the new accessions of Andropogon gayanus are superior to 
the control cultivar CIAT 621 whlch was relea sed as cv. Planaltina in 
Brazil in October 1980. 

As with Panicum maximum accessions, no data were collected at the 
LVA site because of poor growth. No disease problems have been not:ed in 
the genera Brachiaria, Melinis or Andropogon. 

Agronomic evaluation oí legume and grass germplasm under grazing 
(Category III) 

Promising accessions froro Category 11 are evaluated in this 
category in sroall, lndividually-grazed plots. Each legume is sown 
separately with"two grasses of contrasting growth habit, namely 
Andropogon gayanus CIAT 621 (ev. Planaltina) and Brachiaria decumbens 
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Table 6~ Performance of selected grasa accessions planted in Category 11 (1979-80) on the dark-red lato sol at 
CPAC, Brazil. 

CIAT Time DM production 1 
In vifro CP Ca P 1 1 1 accessions of + (kg/ha) DDM content content content 

No. flowering Year 1 Year 2 ~lQ (%) (%) (%2 

Panicum maximum 

(common type) 

ev. Common* Mid 3395 2670 72.7 14.0 0.28 0.19 
6141 Mid 6825 8130 61.9 13.4 0.23 0.17 

(Creen-Panie/Cattan Type) 

ev. Petrie* Early 4405 5900 55.6 10.6 0.27 0.18 
CV. Gatton* Early 4010 3480 72.8 12.5 0.32 0.19 
6116 Early 3515 8630 60.6 13.9 0.23 0.18 
6124 Early 2948 7400 54.5 12.6 0.35 0.23 

Brachiaria decumbens 

ev. Basílisk Early 3262 3510 61.5 11.9 0.18 0.23 

Brachiar1a br1zantha 

6016 Early 4896 7320 58.4 12.7 0.17 0.23 
6021 Early 2695 5840 64.3 13.2 0.14 0.24 

Brachiaria 'pp. 

6058 Early 5120 8470 65.6 13.2 0.17 0.22 

+ 1 Early (January, February), mid (March, April). 
CP • crude protein, Ca • calcium. DM = dry matter praduction (two harvests), DDM = digestible dry matter. 

P • phosphorus, ("limpIe for che~1cal analysis taken December 1980). 
* Control aceession. 



ev. Basilisk. Grasses are sown with Stylosanthes guianensis cv. Cook. 
Observations are made on persistenee. speeies eompatibility. 
productivity, fixation and transfer of symbolic nitrogen. In this 
system pasture mixtures are exposed not only to defoliation but also to 
the effects of grazing such as trampling and to nutrient cycling via 
faeces and urine. 

Legume germplasm. Originslly, 14 legumes were sown in Category 111 
in 1978-79. Total DM production and legume contents for the first three 
years of evaluation are shown in Figure 1. 

The most persistent and productive legumes are Stylosanthes 
capitata CIAT 1097, Stylosanthes capitata 1019. and Stylosanthes 
macrocephala CIAT 1582. The DM production of these assoc1ations 18 now 
appreciably higher than that of the pure grass controls. In 1980-81 the 
legume contents of the three species with both Andropogon and Brachiaria 
ranged from 27 to 38 percent on a DM basis. No serious anthracnose 
problems have been recorded except with Stylosanthes eapitata CIAT 1405 
and CIAT 1315. 

Across legume associations the DM yield of Andropogon in its third 
year was markedly higher than that of Braehiaria. A sharp decline in 
third year yield of Brachiaria is a common oecurrence on cOllllllercial 
ranches in the region. 
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Figure 1. Performance of legume accessions under grazing in Category 
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The content of Stylosanthes guianensis "tardío". crAT 2243. has 
declined significantly under high grazing pressure. However. this 
accession is anthracnose-tolerant and has persisted longer than the 
commercial cultivar Cook which disappeared in the second year due to 
disease. The content of Zornia latifolia CIAT 728 has also declined in 
the third year. Plants were seriously attacked by the 
insect-virus-fungus complexo Other legumes that have disappeared during 
the eourse of the evaluation are Desmodium ovalifolium CIAT 350. 
Galactia striata CIAT 964. Centrosema pubescens CIAT 438 and the 
commercial cultivars of Centrosema pubescens and Calopogonium 
mueunoides. 

Grass germplasm. The five grasses under evaluation are Andropogon 
gayanus ev. Planaltina (CIAT 621). Brachiaria decumbens cv. Basil1sk, 
Brachiaria ruzlz1ensis ev. common, Brach1aria humidicola cv. common. and 
Pan1cum maxlmum ev. gu1nezinho. 

The associated legume Stylosanthes guianensis ev. Cook disappeared 
during the seeond dry season because of anthracnose. However, Figure 2 
shows that there was a strong residual effeet from the high legume 
contents in earlier yeare. For each grass species. DM production of the 
former associations was substantially higher than that of the pure grass 
controls. 

Andropogon gayanus was the highest yielding grass while Brachiaria 
humidicola continued to be the least productive. The superior 
performance of Andropogon gayanua in the third season ls in agreement 
with the observations made in Category 111 (legume evaluation) • 
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Seed Production 

This part of the program aima at (i) investigating the potential of 
the Cerrados for commercial seed production of adapted species and to 
define the1r limitations; (1i) condueting research on seed production 
problema in adapted species; (lii) multiplying seed of promlslng 
germplasm to serviee pasture evaluation and other programs at CPAC. 
This activity is being condueted in cooperation with a regional trial 
lnvolvlng other areas of Brazil. Colombia and Bolivia. 

Regional trial 

Nine legumes snd four grasses were originalIy sown in 1978-79 
(Table 7). Seed yields for the nine legumes over the three yesrs are 
shown in Table 8. Anthracnose destroyed the Stylosanthes cspitata CIAT 
1405 plots the seeond year, and those of StyIosanthes capitata CIAT 1315 
in the 1980-81 seaaon. A heavy weed infestation prevented seed and 
production of Stylosanthes eapitata CIAT 1078 in 1980-81. Stylosanthes 
maeroeephala CIAT 1582, after slow establishment, produced very good 
seed yieIds the seeond year. Stylosanthes guianensis "tardio" CIAT 2243 
did not persist into the third season because the post-harvest cut (5 
cm) Was too low. Stylosanthes hamata CIAT 147, Pueraris phaseoloides 
CIAT 9900 and Zornia lat1fo11a CIAT 728 ¡sve s1gn1fieantly lower seed 
yieIds in the third yesr becsuse of dry conditions during flowering. D. 
ovalifolium CIAT 350 disappeared during the second dry sesson, because--
of severe nematode sttack. 

Seed yieIds for the three-year period sre presented in Table 9. 
Andropogon gayanus seed yield was significantly improved in the third 
year. A pre-flowering cut in January redueed plant height and 
suseeptibility to lodging. It should be reealled that low seed yieIda 
in the seeond seaSon resulted from heavy Iodging. Peak seed yielda for 
the other grasses were observed in the seeond season. 

TabIe 7. Speeies and accessions originally sown in 1978-19 in the 
regional seed produetion trial. 

Legumes 

Stylosanthes guianensis CIAT 2243 
~. eapitata CIAT 1405 
~. capitata CIAT 1315 
~. espitata CIAT 1078 
~. macroeephals CIAT 1582 
S. hamata CIAT 147 
Zornia latifolia CIAT 728 
Desmodium ovalifolium CIAT 350 
Puersria phaseoloides CIAT 9900 

Grasses 

Panieum maximum var. Trichoglume 
ev. Petrie 

Braehiaria decumbens ev. BasiIisk 
B. humidieola ev. eommon 
Andropogon gayanus CIAr 621 (ev. 

Plsna1tina) 



Table 8. Seed production in nine tropical pasture legumes at CPAC, 
Brazil. 

Species CIAT Pure seed ;)!ield (kg/ha~ 
accessions 1978-79 1979-80 1980-81 

No. 

Stxlosanthes caEitata 1405 199 
Stxlosanthes ca)2itata 1315 150 25 
St¡¡losanthes ca2itata 1078 31 40 
St¡¡losanthes IJI8croce2hala 1582 17 207 40 
St;)!losanthes guianensis 2243 42 61 
St¡¡losanthes haDl8ta 147 322 208 60 
Zornia latifolia 128 175 687 210 
Desmodium ovalifolium 350 NF'" 18 
Pueraria 2haseoloides 9900 NF 186 111 

'" NF = no flowers produced. 

Table 9. Seed production of four tropical grasses at CPAC, Brazil. 

Species Pure seed ;)!ield (kg/ha) 
1978-79 1979-80 1980-81 

Brachiaria decumbens ev. Basilisk 163 443 373 
Braehiaria humidicola ev. common 12 501 84 
Andro2ogou ga;)!anus CIAT 621 

ev. Plaualtiua 128 45 330 
Psnieum maximum cv. Petrie 
green paule 132 382 70 

The relationshlp between lnfloreseenee development aud seed yield 
grasses ls presented in Figures 3 and 4. In Andr0)20gou gayauus the 
major1ty of tillers apP2ared within one week of "initial-heading-date" 
(4 inflorescences per m). A preflowering cut in January 1981 did not 
significantly reduce the percentage of fertile tillers, and the absence 
of lodging problema resulted in a high aeed yield. In the other 
graaaea. which produce inflorescences eyclieally during the wet season. 
a reduetion in ferrile tillers in 1980-81 resulted in lower seed yields. 
No majar peat or disesse problems were noted. 
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Figure 3. Psttern of inflorescence snd seed production in A. gayanus 
and P. maximum. 

Effects of cutting or deferred grazing on Andropogon seed 
production 

In the 1979-80 wet season Andropogon gayanus CIAT 621 (cv. 
Plansltina) suffered from severe lodging, and seed yields were well 
below the species potential. Plant height in the second part oi che wet 
seaeon may reach 3 m or more which makes the crop very vulnerable to 
lodging under conditions of relatively high fertility. Defoliating the 
crop early in the wet.season would seem to be a suitable management 
strategy. 

To determine the optimum time to defoliate the crop without 
prejudicing seed yield, two trials were established in 1980-81 in an 
existing Andropogon area. In one trial, plots were cut to 20 cm on 
either 20 January, 20 February or 20 March. An uncut control treatment 
was included. In another trial, treatments were grazed until either 12 
January, 12 February, 12 March or 12 April. Animal numbers were 
adjusted to maintain the treatments to a he1ght of approximately 40 cm. 
At the point of deferment of grazing for each treatment, the pIots were 
cut 20 cm to obtain uniformity. An ungrazed control treatment was also 
included. 
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Figure 4. Pattern of inflorescence and seed production in B. decumbens 
and B. humidicola. 

The results for both trials for the first season are presented in 
Figure 5. The highest seed yields were recorded when the crop was cut 
or grazing deferred in late January. Defoliating later than the first 
week of February reduced seed production. 

Evidence from the regional trial in 1980-81 and these data indicate 
that defoliation early in the wet season can prevent lodging and the 
ensuing reduction in seed yield. 

Seed Multiplicat10n 

Seed multip11cation of promising material 1s continuing. lt is 
anticipated that there will be sufficient seed of many promising 
Category 11 accessions to commenee a new Category 111 evaluation in 
1981-82 with both legumes and grasses. 

Almost 3000 kg of clean seed of Andropogon gayanus CIAT 621 (ev. 
Planaltina) have been colIected on 15 ha. Sufficient seed has been 
collected of Stylosanthes capitata CIAT 1097, Stylosanthes macrocephala 
CIAT 1582 and Stylosanthes guianensis CIAT 2243 to initiate new Category 
IV grazing trials. 
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AlI'onomy EvaluatioDS in Regional Trials 

The objectives of this section are: 

a) To evaluate germplasm adaptation te different ecosystems 
through the International Network of Regional Trials. 

b) To conduct agronomic evaluations of promising germplasm going 
to and coming out of the Network. 

e) To test and develop methodology to be implemented in the 
Network through the different levels of evaluation in the 
Regional Trials. 

The International Network of Regional Trials 

The Network has now assembled 13 Regional Trials A for first 
evaluation of a large (100-120) numher of accessions in the five main 
ecosystems of tropical America (Llanos, Cerrados, poorly drained 
savannas, tropical rain forest and semi-evergreen seaaoosl forest). 
Table 1 shows the location of participant institutions responsible for 
the trials, the represented ecosystems, and the planting date of each 
trial. Eleven of the 13 trials have to this date been established, and 
10 of them have reported data. The information being gathered from this 
first level of Network evaluations is under statistical analysis in 
order to select the best materials in terma of survival under the 
prevalent conditiona of each site. Table 2 lists the grass and legume 
accessions classified as excellent or good in Regional Trials A in the 
savanna ecosystems. Legume and grasses classified as excellent or good 
in the tropical forest ecosystems are listed in Tables 3 and 4. 

The previous two tables for the tropical forest ecosystems depict 
the outstanding behavior of Stylosanthes guianensis common type (136 and 
184) as well as some "tard10 types" and the good performance of 
Desmodium ovalifolium 350. In general, a large number of legume 
accessions are regarded as potentially good in the humid tropics. In 
the case of grasses, the good performance of Andropogon gayanus 621 is 
quite apparent and the even better performance of the other two 
Andropogon gayanus (6053 and 6054) entries. The excellent performance 
uf some Brachiarias should be pointed oqt also, particularly Brachiaria 
humidicola 6013 which ls spreading out rapidly into the Amazon 
ecosystems, especially in Brazil, where it ia known as "Quicuio da 
Amaz8nia". 

Progre ss has been made also in terms of Regional Trials B. These 
trials are designed to evaluate seasonal productivity of the promising 
material comíng out from the two major screen1ng sites of the Tropical 
Pastures Program (Carimagua and CPAC) as well as from Regional Trials A. 
Location. participant lnstitutions and persons responaible for the 
trials, ecosystem, and planting date of each Trial are presented in 
lable 5. Thirty six Regional Trials B were established out of 54 seed 
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Table 1. Network of Regional TriaIs (type A) in tropical America. 

Countrx Location Institution/2erson res20nsible Ecosxstem* Planting date 

Colombia Macagual ICA/A. Acosta TRF VI-80 
Leticia CIAT-ICA/G. Sierra TRF IU-80 
Oroeue RIMAT-CIAT/P. Argel POS VI-SO 

Brazil Boa Vista PROPASTO-CPATU/E.A. Serrao WDHS VI-80 
Corumbá EMBRAPA/A. Pott, J.A. Comastri POS XI-80 
Jataí EMGOPA/E. Barbosa WDTS XIl-80 

.... Paragominas PROPASTO-CPATU/E.A. Serrao SESF lV-81 ... Tabuleiro CEPLAC/J. Marques Pereira TRF XI-80 

Peru Pucsllpa lVITA/L. Pineda, C. Reyes SESF 111-80 

Venezuela El Tigre FONAIAP/O. Sanabria WDHS VIl-80 
Apure FONAIAP/R. Torres PDS X-81 

Nicaragua Nueva Guinea MIDINRA/A. Cruz, C. Avalos SESF VII-SO 

* TRF = Tropical rain forest; POS = poorly drained savannas; WDHS = well drained isohypterthermie savannas 
(Llanos); WDTS - well drsined thermic savannas (Cerrados); SESF - semi-evergreen seaaonsl foresto 



• 
TabIe 2. Legumes and grsases classified as excellent or ¡ood in the Regional Trials in tropical savannas. 

Well drained savannas 
Isohyperthermic (Llanos) 

RTA "El Tigre" 
Venezuela 

Legumes: 
Excellent 
Aeschynomene brasiliana 9684 
Centrosema brasilianum 5180 
Centrosema macrocarpum 5274 
Stylosanthes guianensis 1280** 
5tylosanthes guianensis 1283** 
Stylosanthes guianensis 1523** 

Good 
Centrosema pubescens 5053 
Stylosanthos macrocephala 1582 
Stylo"anthos macrocephala 2133 
Stylosanthes capitata 1097 
Stxlo.anthes capitata 1315 
Stylosanthes capitsta 1342 
Stylosanthes capitsta 1693 
Stylosanthes capitsta 1728 
Stylosanthes capitata 1943 
Stylosanthes guianensis 1493** 
Stylosanthes sp. 2115 
Zornia brasiliensis 7485 
Zornia sp. 7485 

GLasses: 
El<cellent 

Good 
Andropogon gayanus 621 
Brachiaria decumbens 606 

* 001y one repetition 
** II tard1o" 

< 

Poorly drained savannas 

RTA 110rocuéu 
Colombia 

Desmodium gyroides 3001 
Desmodium ovalifo1ium 350 

Aeschynomeoe sp. 8057 
Cass!a rotundifo11a 7792 
Desmodium heterophyllum 349 
Pusraria phaoeoloídes 9900 

Brachiar1a humidicola 679 

Brachiaria brizantha 665 

RTA '*Corumba"* 
Brazil 

Aeschynomene americana 7562 
Calopogon1um mucuno1des 7367 
Vigna adenantha 4016 

Aeschynomene americana 9881 
Aeschyoomene histrix 9690 
Aeschynomene sp. 8057 
Calopogonium mucunoides 9161 
Vigna lasiocarpa 4044 
Vigna sp. 9143 
Vigna vexillata 9546 



Tablc). Lcgumes clusbitied a& exccllent or good in che Regional Trials A in tropical forest ecosystems. 

Tropical rain forcst 
RTA IILeticia ll RTA "Macagual" 

Culombia Colombia 

Le:gumes: 
Excellent 

C. macrocarpurn 5065 
D. oveliíolium 350 
S. suianensis 184 
S. g-üíanensis 1175 
Z. latifolia 728 

Good 
A. histrix 9666 
A. histrix 9690 
f. pubescens 438 
Centrosema sp. 5112 
C. pubescen s SUB 
D. gyroides 3001 
D. heterophyllum 349 
D. heterophyllum 3782 
D. ovalifolium 3673 
!. phaseoloides 9900 
~. capitata 1019 
§.. capi~ta 1078 
S. capitata l097 
s. capitáta 140~ 
1. guianensis 136 
s. guiacensis 1283* 
Z. latifolia 9179 
Z. lútlfullú 9199 
Iornía sp. (ev. Tarapoto) 
=="'- sp. 7475 

A. histrix 9666 
A. hiS'"trix 9690 
c~ macroearpum 5065 
O. gyroides 30Ul 
D. ovalifolium 350 
Desmodium sp. 3019 
G. s t":r:rata 964 
l. phaseoloides 9900 
~. guianensis 136 
~~ guianensis 184 
S. guianensis 1175 
S. guianensis 1283* 

Ca brasilianum 494 
C. brasilianum 5234 
C. pubesceus 438 
Centtosema sp. 5112 
C. pubcscens 5118 
C. pubesce.!l~ 5126 
D. ovalifolium 3673 
-S. macrocephala 1281 
S~ capitata 1019 
S. capítata 1097 
S. capitata 1315 
s. hamata 147 
S. viscosa 1132 
S. viscosa 1790 
z. IatiToí.i. 728 
Zornia sp. 935 
201'01a sp. (natiye) 

Semi-evergreen 
RTA hPucallpaH 

Peru 

Centrosema sp. 5112 
S. guianensis 136 
S. guianensis 184 

A. histrix 9666 
C. brasilianum 5180 
C. macrocarp~m 5065 
C. mucunoides 9161 
C. mu~unoides 9892 
C. pubescens 438 
C. pubcscens 5126 
c. schiedeanu~ 5066 
D. heterocarpon 365 
D. heterophvllum 349 
D. ovalifolium 9179 
G. striata 964 
~~ striata 9339 
P. phaseoloides 7182 
S. capitata 1315 
S. hamata l47 
V. adonantha 4016 
Zorniu. :;;p. 7/,75 

seasonal forest 
RTA "Nueva Guinea" 

Nicaragua 

A. histrix 9666 
C. pubescens 438 
C. pubescens (cornmon) 
D. gyroides 300l 
L. leucocephala (native) 
M. atropurpureum 4048 
S~ guianensis 136 
S. guianensis 184 
s~ guianensis 1175 
S. h.mat. 141 
z. l.tifolia 9179 
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Table 4. Crasses classified as excellent or guod in the Regional Trials A in tropical forest ecosystems. 

Tropical 
RTA "Leticia" 

Colombia 

Grasses: 

Excellent 

B. decumbens 606 
B. humidicola 6013 

Cood 

A. galanus 6053 
B. brizantha 665 
B. brizantha 667 
B. ruziziensis 655 
B. ruziziensls 656 
P. maximum 673 
P. plicatulum 6046 
T. andersonii 6051 

rain forest 

A. 
A. 
A. 
B. 
B. 

A. 
B. 
B. 
B. 
P. 
P. 
P. 
S. 
T. 

RTA "Ma.cagual" 
Colombia 

galanus 621 
ga;¡:anus 6053 
galanus 6054 
brizantha 667 
humidicola 6013 

mical 6050 
decumben5 606 
ruzlziensis 654 
ruziziensis 656 
maximum 604 
plicatulum 600 
purpureum 672 
s1nen51s 6263 
andersonii 6051 

A. 

A. 
A. 
P. 
P. 

Semi-ev~rgreen 

RTA "Pucallpa" 
Peru 

galanus 6053 

gaxanus 621 
ga;¡:anus 6054 
maxlmum 604 
maximum 697 

seasonal forest 
ERt\ HNueva Guineall 

Nicaragua 

P. maximum 
(ev. Colonial) 

A. ¡¡a;¡:anus 6054 
P. maximum (common) 



Table S. Network of estnblished Regional Trials B 1n troptcal Amer1ca. 

Country 

Bolivia 
Brazil 

Colombia 

Costa Rica 
Ecuador 

Guyana 

Mexico 
NicaraiP,Ia 
Panama 

Paru 

Surinam 

Tr1nidad 
USA 
Venezuela 

Valle del Saeta 
Barroland1a 
Maraba 
Paragom1nas 

Porto Velho 

Carimagua 
Guayabal. Pto. Ga1tin 
El Para1so) Pto Caitán 
El Viento; Pto. Gattln 
Caucas1a 
Fuerto Asís 
Quilichao 
Orocué 

Buenos Aires 
El Napo 
El Puyo 
Moblissa. Ebini 
Lethero. Rupununi 
Arriaga, Chiapas 
El Recreo 
Calabacito 
Los Santos, Chir1qu1 
El Chepo 
Yurimaguas 
Tarapoto 
C. Educativo, Tarapoto 
Alto Mayo 
Coebiti 

Centeno 
Hawaii 
Guachi 

Mantecal 
Calabozo 
Atapirire 
Jusepln 
La Esperanza 

Inst1tution/peraon respons1ble 

Univ. M~ San Simon/J. Espinoza 
CEPLAC/J. Marques PereiTa 
PROPASTO-CPATU/E,A. Serrao-A. Camarao 
PROPASTO-CPATU/E.A. Serrao, 
M. Diaz Fl1ho 

PROPASTG-CPATC/E.A. Serr¡o~ 
C.A. Goncalves 

CIAT/R. Gualdrón 
CIAT/C. Castilla~ A. Carabaly-GÓmez 
CIAT/C. Castilla~ A. Carabaly-Gómez 
CIAT/C. Castilla~ A. Carabaly-Góme~ 
Univ. Antioqua/L.F. Ram1rez 
Fondo Ganad. Putumayo/D. Orozco 
CIAT/H. Giraldo. A~ Ramlrez 
HIMAT-CIAT/A. Carabaly-Gómez. 

C. Cutilla 
Min. Agric. y Ganad./V.M. Prado 
tNIAP /K. Muño:t: 
ESPOCU/M. Freire 
L1vestock Dev. Co./J.M. Wilson 
Livestock Dev. Co./J.M. Wilson 
lNIA/F. de León Espinosa, A. Ramos 
MIDINRA/A. Cruz. C. Avalos 
INIAP/M. A. Avila 
Univ. Panama/J. Quintero 
Univ. Panama/J. Quintero 
INIPA-NCSU/D. Bandy. M. Ara 
INIPA-COPERHOLTA/W. López 
lNlPA-COPERROLTA/W. tópez 
tNIPA/E. Palacios. W. López 
Fae. oí Nat. Resources¡R~F. Druiventak. 

F.ll. \Tan Amson 
CARDl/N. Persad 
Unlv. of hawaii/A.S. Whitney 
Univ. de Zulla/l. Urdaneta~ 
J. Landaeta 

FONAIAP/R. Torres 
MAC/C. Sánchez 
FONAIAP/D. Sanabria 
UDO/C. Alcalá. M. eorado 
Univ. de Zulia/I. Urdaneta t 

R. Paredes 

Ecosystem* 

\lDRS 
TRF 

\IDUS 

TU 

TRF 
\IDas 
IIDRS 
\lDRS 
\lDHS 

TRF 
IRf 

SESf 

PDS 
1'&F 
rR' 
rRF 
IRF 

WDHS 
\lilas 

TRF 
\lDRS 
\IDas 
\lilas 

TRf 
rRF 
TRf 
TU 

SESF 
TRf 
rRF 

rRF 
\IDUS 
\lDHS 
\IDas 
\lDHS 

""DES 

Planting date 

x-so 
XlI-aO 

V-81 

Iv-8l 

1I-81 
V-SO 
V-80 
V-SO 
V-80 

VIl-SO 
1-80 

XI-79 

VI-81 
Vlll-80 

lX-SO 
v-80 

lX-80 
x-60 

VlI-8l 
VIII-SO 

x-SO 
VlI-80 
n-81 
XI-80 
1I-81 
U-Sl 
Xl-SI 

X-80 
VI-60 

V-80 
v-so 

v111-80 
VIl-80 

VI-80 

X-80 

* WDHS - well-dra1ned isobyperthermic savannes; TRF - tropical rain foreet; SESF ~ aemi-evergreen seasonal 



package s sent accounting for 67% initial success. Out of the 36 
established trials 23, or 64% of the total, are being evaluated already. 

Data recelved from Network participants are being proeessed by 
means of a statistical analysis package developed by the Biometrics 
Section of the Data Services Unit, using the SAS package as a base. The 
eomputer output for eaeh Ioeation incIudes an ANOVA test and DUNCAN mean 
separation for the different harvesting ages (3, 6, 9, and 12 weeks of 
regrowth) in two seasons of the year (maximum and minimum 
precipitation). The data 18 a180 fitted with a linear and quadratic 
model in arder to estimate seasonal rates of growth for eaeh accession 
under test. Information on changes in number of plants, eoverage, and 
diseases and pest effects, are al so analyzed statistically. Processed 
data 18 sent back to the part1cipants within the next month after it is 
received. 

The firsr multilocational data analysis fram Regional Trials B has 
been done using a modificar ion of the Environmental lndex developed by 
Eberhart, S.A. and Russell, W.A. (1966)*. The Environmental Index (El) 
was computed with the following formula: El = PI - P, where: PI 1s the 
local overall yield mean and P is the overall yield mean including a1l 
the locations in the ana1ys1s. This modified formula eliminates the 
dependence of the X and Y ax1s by excludlng, in the calculation of the 
two means, the values of the entry under consideration. In thls manner 
the X axis of the regression, corresponding to dry matter productian 15 
independent of the Y axis which corresponds to the Environmental Index. 
El gives an indication of how superior or inferior a location is 
relative to mean productivity in all locations, expressed as mean dry 
matter production of all entries at ea eh Iocation, excluding the one 
being tested. This method assumes that the best integrating sensor of 
the attributes of the location's environment (soil, climate, pests, 
etc.) is the mean performance of the germplasm in the trial. Obviously, 
legumes have to be treated separately from grasses because their 
praductivity is different. 

An example is presented in Figure J of regression analysis (dry 
matter production vs. El) with tour ecotypes of Stylosanthes capitata 
for the Llanos of Colombia, uaing six points representing locations. 
Four of the points correspond to Regional Tdals B with the Game level 
of fertility (22 kg of P + 41.50 kg K), while the other two points 
correspond to a trial in Carimagua which was run with a low (11 kg of P 
+ 20.75 kg K) and a high (33 kg P + 62.25 kg K) leve! of fertilization. 
The intercept is an estimate of the mean productivity of an eeotype 
throughout different trials in the ecosys·tem and the slope represents 
changes in performance of that eeotype with changes in El. The chascn 
Stylosanthes capitata accessions have a narrow range 9f intercepta which 
mean s that all produce similar1y throughout rhe Llanos ecosystem of 
Colombia. However, a large difference is apparent in slopes, indicating 
degrees in whieh the tour É.. capitata ecotypes perform with changes in 
the locations' general quality of the environment. Hore specifically, 

*Eberhardt, S.A.; Russell, W.A. 1966. 
comparing varieties. Crop Scienee. 
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RAINY SEASON 

Moan O.y Malto. ylold 
(kg DM¡ha) 

3000 

S.c. 1405 
A 

y= 1770.I+e.45X (r=0.97' 

S.c. 1315 
y= IS34.I+ 1.4SX(r=Q.S9) 

S.c.1019 
A 

y= 1391. 5+1.63X( r=0.91) 

S.o.2013 
A 

Y:1767.5+0.5X(.=0.79) 

-800 -600 -400 -200 200 400 SOO 
Envlronmontal Indo. 1 (kg OM ¡ha) 

El = Environmentallnd •• = Mean by locollty mlnus generol mean of the dlfferon! 'Irialo 
Note: ooeh ont.y has dlfforonl lA du. fo Ihe •• cluslon of Its produ.tíon in the mean •. 

Figure 1. Adaptability of four aeeessions of ~. capitata throughout 
the Colombian Llanos. Mean oi six points included. 

while Stylosanthes eapitata 1405 has a very high response to general 
quality of the location environment, ~. eapitata 2013 responds less to 
these changes in environment and Stylosanthes eapitata 1315 and 1019 
respond sim1larly and intermediately relative to 1405 and 2013. 

This study of the species and entries oi promising material's 
adaptability aeross loeationa has elear implicationa for the suceeaa of 
adoption by producers. It followe that the Program ahould emphasize the 
selection of accessions with the highest production throughout the 
ecosystem (intercept) and leaat changes in performance throughout the 
different locations (slope). However, there ls no clear definition yet 
of the magnltude of the slope for seleetion of germplasm; tentatively, 
germplasm vith alopes in the order of 1.5 or les s eould be taken aa 
having wide range adaptability. 
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A multilocational analysia including six locationa in the Llanos of 
Colombia and all grasses and legumes commonly tested in Regional Trials 
B has been done using growth rates rather than dry matter production. 
The analysis has been done with information for the rainy season 
(maximum precipitation period) and dry aeason (minimum precipitation 
period), and results are presented in Tables 6 and 7 for location and 
entries, respectively. Locations included in the Llanos of Colombia 
were significantly different for both grasses and legumes in terms of 
mean-growth rates of all entries tested (Table 6). The superiority of 
Stylosanthes capitata accessions in terms of wide adaptability to the 
Colombian Llanos ecosystem for both the rainy and dry perioda is quite 
evident (Table 7). This high degree of adaptability of ~. capitata as a 
group is particularly remarkable when one considers the low level of 
fertilizer used in their evaluation (22 kg of P + 41.50 kg of K). It 
should be noticed that Desmodium ovalifolium 350 follows~. capitata in 
terma of growth rate during the rainy season, but outperforms all 
legumes during the dry season. Among the grasses Brachiaria decumbens 
and Andropogon gayanus perform very similarly as indicated by the 
non-significant differences in growth rate in both seasons. 

Table 6. 1 Seasonal mean growth rate of legumes and grasses by loeation 
(3 RTB + 1 RTB with 3 levels of fertilization) of the 
Colombian Llanos. 

Regional Trials B Growth rate by ses son 

Legumes 

2 Carimagua (level A)2 
Carimagua (level B)2 
Carimagua (level C) 
Finca "El Paraíso" 
Finca "Guayabal" 
Finca "El Viento" 

Grasses 

Carimagua (level A)2 
Carimagua (level B)2 

2 Carimagua (level C) 
Finca "El Paraiso" 
Finca "Guayabal" 
Finca "El Viento" 

Rainy Dry 

--------kg DM/ha/day--------

25.4 b 
30.6 a 
34.1 a 
24.0 b 
20.7 b 
12.7 e 

26.3 ab 
29.9 ab 
41.4 a 
28.4 ab 
10.4 b 
18.7 b 

4.3 ab 
4.8 a 
4.6 a 
2.5 b 
1.7 b 
2.7 b 

15.9 a 
15.0 a 
19.6 a 
3.6 b 
3.0 b 
4.5 b 

1 
Mean of growth rates of 4 regrowth periods (0-3, 3-6, 6-9 and 9-12 

2 weeka) 
Fertility levela: A = 11 of P + 20.75 of K; B - 22 of P + 41.50 of K 
- a11 other RTB; and C - 33 of P + 62.25 of K. 
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Table 7. Mean growth rate
l 

of legumes and grasses tested in four 
Regional Irials B in the Colombian Llanos. 

Entries 

2 Legumes 

S. ca~itata 1019 
S. caEitata 1315 
s. ca~itata 1318 
s. ea~1tata 1342 
S. eaEitata 1405 
S. caI!itata 1693 
S. ca~itata 1728 
S. caI!itata 1943 
S. eaI!itata 2013 
C. I!ubeseens 5053 
C. pubescens 5126 
C. maeroearpum 5065 
P. phaseoloides 9900 
D. ovalifolium 350 
C. gyroides 3001 
A. histrix 9690 
Z. la tifolia 728-
Z. latifolia 9199 
Zomia sp. 9286 

Grasses 2 

B. decumbens 
A. &a~anus 621 

Mean growth rate/season 
Rainy Dry 

-------- kg DM/ha/day-------

26.45 cdef 2.78 d 
35.85 ab 4.64 bc 
37.25 abe 3.75 bcd 
33.95 abcd 4.37 bcd 
34.94 ab 3.02 ede 
39.22 a 4.32 bed 
35.92 ab 4.10 bed 
27.52 bcde 2.98 de 
33.70 abcd 3.71 bed 
2.91 h 1.38 e 
7.95 gh 2.80 de 

11.72 gh 2.85 de 
19.32 efg 5.17 b 
25.12 def 7. 70 a 
18.10 efg 3.48 beda 
13.78 gh 4.31 bcd 
17 .18 fg 2.72 de 
17.51 fg 2.74 de 
15.05 g 2.78 de 

25.9 a 9.6 a 
25.8 a 10.9 a 

1 
Mean of growth rates of four regrowth periods (0-3, 3-6, 6-9 and 9-12 

2 weeks). 
ANOVA and Duncan calculated separately for grasses and legumes. 

The El analysis was much more sensitive with the mean absolute 
yield that with growth rateo Mean yields correspond to the accumulated 
DM yield at 3, 6, 9 and 12 weeks of regrowth. Tables 8 and 9 show the 
linear regression parameters iot dry matter production vs. El on 
commonly tested legumes in the Regional Triala B of the Llanos of 
Colombia for the rainy and dry season, respectively. 

As mentioned above. Stylosanthes capitata as a group outyields all 
other legumes; this i8 indicated by the intercept followed by Desmodium 
ovalifolium 350. In general, a relatively wide range oí slopes is 
ev1dent nat on1y with~. eaI!itata but with all other epecies. 



TabIe 8. Rainy season mean yield (intercept) and degree of adaptabiIity 
(slope) of legumes and grasses in the Llanys of Colombia. 
Linear regíession of dry matter production va. environmental 
index (El) with slx points. 

Entries Intercept Slope r 
(kg DM/ha) 

Legumes 

S. caEitata 1019 1391. 5** 1.63** 0.91 
S. ca12itata 1315 1834.1** 1.48** 0.89 
S. caEitata 1342 1781.4** 1.83** 0.97 
S. ca12itata 1943 1441.5** 0.97** 0.94 
S. ca12ítata 1405 1770.1** 2.45** 0.97 
S. caEitata 1728 1841. 7** 1. 37** 0.96 
S. caj2itata 1693 2009.1** 1.79** 0.96 
S. ca]2itata 1318 1969.1** 2.08* 0.91 
S. caj2itata 2013 1767.5** 0.50* 0.79 
z. latifolia 728 857.0** 0.47 NS 0.69 
z. latifol1a 9286 787.2** 0.63 NS 0.79 
Z. 1atifolia 9199 964.0** 0.97* 0.85 
C. gyroides 3001 890.3** 0.54 NS 0.70 
D. ovalifolium 350 1167.3* 1.11** 0.96 
c. macrocar12um 5065 392.7* 0.56* 0.89 
C. pubescens 5126 342.1** 0.39* 0.85 
C. j2ubescens 5053 140.0* 0.07 NS 0.42 
P. j2haseoloides 9900 899.5** 0.93** 0.94 
A. histrix 9690 713.4** -0.41 NS 0.61 

Grasses 

A. Ilaxanus 621 1313.4** 0.61 NS 0.65 
B. decumbens 606 1376.4** 0.69 NS 0.65 

1 Dry matter mean by 10cation fram the yields at four different regrowth 
2 ages (3. 6. 9 and 12 weeks) 

El = Environmental lndex, explained in the texto 
* Significant (P = 0.05) 

** Significant (P = 0.01) 
NS = Not signlficant 

The same statistieal analysis procedure was applied to data 
obtained by the Regional Network Triala in the tropical forest 
ecosystems. A comparison of loeations in terma oi growth rate for the 
maximum and minimum periods of precipitation (Table 10) indica tes the 
best sites for both grasses and legumes. This could be rated to better 
fertllity and humidity conditions in those laeations. The seasonal mean 
growth rate of sorne legumes and grassas commonly testad in the 11 
Regional B Trials in the tropical forast ecosystem are presented in 
Table 11. 
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Table 9. Dry season mean yíeld (íntercept) and degree of adaptabílity 
(slope) of legumes and grasses in the Llan~s of Colombia. 
Linear reg~ession of dry matter production va. environmental 
index (El) with six poínts. 

Entries lntercept Slope r 
(kg DH/ha) 

Legumes 

S. ca2itata 1019 123.6** 0.88** 0.96 
S. ca itata 1315 232.2** 1.39** 0.98 
§:'~'i itata 1342 219.9** 1.90** 0.98 
~.·~}éa2itata 1943 138.5** 0.41 NS 0.74 
S. ca2itata 1405 151. 9** 0.71** 0.95 
S. c8Eitata 1728 212.7** 1.49** 0.96 
S. c8Eítata 1693 227.6** 1.43** 0.98 
S. caEitata 1318 199.9** 1.17** 0.98 
S. E.!I'ítata 2013 182.0** 0.57* 0.81 
Z. latifolía 728 132.7** 0.33 NS 0.62 
Z. latifolia 9286 137.8* -0.08 NS 0.10 
Z . latifolia 9199 101.8** 0.40* 0.78 
C. .l!}'roídes 3001 133.5** 1.09* 0.96 
D. ovalifolium 350 212.7** 2.64** 0.97 
C. macrocarpum 5065 118.0** 1.19** 0.96 
C. Eubescens 5126 78.8** 0.78* 0.90 
C. pubescens 5053 41.1* 0.34* 0.84 
P. Ehaseoloides 9900 153.5** 1. 49** 0.95 
A. histrix 9690 214.8** 1.18* 0.88 

Grasses 
,. ,. 

A. ¡¡al'anus 621 595.3** 1.55** 0.97 
B. decumbens 606 504.0** 0.60** 0.97 

1 Dry matter mean by Ioeatíon frC'm the yields at four different regrowth 
ages (3, 6, 9 and 12 weeks) 

2 EI = Environmental Index expla1ned in the text 

* Significant (P = 0.05) 
** Significant (P = 0.01) 
NS = Not significant 
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Table 10. Seasonal mean 
loca t ions (11 

Regional trials B 

1 growth rate of 
Regional Trials 

legumes and grasses by 
B) in the tropical foresto 

Growth rate/period of 
Maximum ppt. Minimum ppt. 

Grasses 

"EL Napa", Ecuador 
"El Puyo"" Ecuador 
"Quiliehao", Colombia 
"Caucasia", Colombia 
"Puerto Asls", Colombia 
IIPucallpa", Perú 
"Yurimaguas", Perú 
"Tarapoto", Perú 
"El Recrea ll

, Nicaragua 
"Guachi", Venezuela 
"Valle del Saeta", Bolivia 

Legumes 

"El Napa", Ecuador 
"E1 Puyo", Ecuador 
"Quiliehao", Colombia 
"Caucasia", Colombia 
"Puerto Asls", Colombia 
"Pucallpall

, Perú 
IIYurimaguas", Perú 
"Tarapoto", Perú 
"El Recreo", Nicaragua 
"Guachi", Venezuela 
"Valle del Saeta", Bolivia 

---------- kg DM/ha/day ----------

100.7 a 

58.7 b 
21.0 e 

116.9 a 
91.2 a 
93.0 a 

20.8 e 

38.6 b 
17.9 e 
20.3 e 
57.9 a 
29.8 be 

107.0 a 
76.0 a 
82.2 a 
25.4 b 
10.5 b 
13.3 b 

11.1 b 

54.2 a 
45.4 a 
24.5 b 
14.1 be 
18.9 be 
9.9 e 

9.1 e 

1 
Mean of growth rates of four regrowth periods (0-3, 3-6, 6-9 and 9-12 
weeks) • 
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Table 11. 

Entries 

Legumes* 

1 Mean growth rate 
Regional Trials B 

S. capitata 1405 
S. guianesis 136 
S. guianensis 184 
D. heterophyllum 349 
D. ovalifolium 350 
c. pubescens 438 
P. phaseoloides 9900 

Grasses* 

P. maximum 
B. decumbens 
A. gayanus 621 

of some legumes and grasses tested in 11 
in tropical forest ecosystems. 

Mean growth rate 
Maximum ppt. Minimum ppt. 

---------- kg DM/ha/day ---------

28.4 b 
50.5 a 
47.5 a 
16.9 b 
34.1 ab 
18.4 b 
25.4 b 

68.3 b 
73.8 ab 
91.4 a 

23.6 bcd 
29.1 abc 
37.9 a 
12.5 d 
30.6 ab 
16.6 cd 
21.9 bcd 

59.8 a 
48.6 a 

1 
Mean growth rate of four growth periods (0-3, 3-6, 6-9 and 9-12 weeks) 

*ANOVA and Duncan separate for legumes and grasses. 

As in the case of the multilocational analysis for the Llanos, the 
interaction location x entry is analyzed by the regression between 
seasonal dry matter mean yield of each entry vs. the El. Results of 
this analysis (Table 12) for the 11 locations of the humid tropic forest 
ecosystem show Stylosanthes guianensis 136, 184 and Desmodium 
ovalifolium 350 as the legumes with highest productivity for the 
maximum period of precipitation. In terms of changes in performance 
with changes in quality of the environment in each location, Desmodium 
ovalifolium showed the less steep slope eventhough not significant. In 
contrast, Stylosanthes guianensis 136 shows the steepest slope, probably 
due to differences across locations in anthracnose resistance. During 
the minimum period of precipitation, the slope of Stylosanthes 
guianen8i8 136 i8 reduced in magnitude, but it increases in the case of 
Desmodium ovalifolium 350. This could be the result of reduced effect 
of anthracnose in some of the locations in the case of ~. guianensis 
136, and of different water holding capacity of the soils and length of 
the dry period in the different locations in the case of Desmodiurr 
ovalifolium 350. 

Andropogon gayanus i8 the more productive grass during the maximum 
and minimum periods of precipitation and shows the greatest range of 
adaptation as indicated by a non-significant slope during the maximum 
period of precipitation; like Brachiaria decumbens, it shows a moderate 
slope during the minimum period of precipitation. 
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Table 12. Seasonal mean yield (intercept) and degree of 
locations of the tropicai forest ecosystems. 
environmental index (El) • 

Entries Maximum 22t. 
Intercept Slope 
(kg DM/ha) 

Legumes 

S. ca2itata 1405 1336.1* 1.02 NS 
S. guianensis 136 1980.7** 2.62* 
S. guianensis 184 2001.8** 1.17 NS 
D. heteroEh~llum 349 1046.9* 0.45 NS 
D. ovalífolium 350 1961.5** 0.64 NS 
C. pubescens 438 938.8** 0.53 NS 
P. phaseoloides 9900 1186.9* 0.46 NS 

[,rasses 

P. maximum 604 2809.2** 1.30* 
B. decumbens 606 2557.5* -0.01 NS 
A. ga:¡:anus 621 3929.5* -0.02 NS 

adaptability (slope) of some legumes and grasses in 11 
Linear regression of dry matter production vs. 

Minimum I1l1t. 
r Intercept Slope r 

(kg DM/ha) 

0.75 1015.3** 1. 32** 0.99 
0.91 1523.2** 1.45** 0.94 
0.77 
0.59 649.3** 0.71** 0.91 
0.70 1598.9** 1. 12** 0.93 
0.77 866.3** 0.26 NS 0.72 
0.59 1127.8** 0.57* 0.85 

0.93 1317.0* 0.62* 0.98 
0.05 2602.4** 1.35** 0.98 
0.08 2896.9** 0.98* 0.91 

1 2 Dry matter mean by location from yields at four regrowth ages (3, 6, 9 and 12 weeks) 
El = Environmental Index explained in the texto 

" Significant (P = 0.05) 
** Significant (P = 0.01) 
NS = Not significant 



The use of the Envlronmental Index (El) technlque 15 very useful to 
show germplasm performance in different 10eation5. However, it ls 
recognized that the methodo10gy for analysls of the interaction 10eatíon 
x entry should be based on physieal and biologíea1 informatíon from eaeh 
10cation. In other words, the analysis should separa te the effects of 
weather, soils, pests and diseases in order to explain behavior of the 
germplasm under test. Consístent with this, the lnternatlonal Regional 
Trials Network is recording, in addition to entry performance by season 
and looation, soil chemical analysis of the site, weather parameters 
from the closct meteorologícal station, and diseases and pests observed 
during the triaI. 

The information being recorded through Regional Trials A and B is 
very valuable to a8sess not oply the adaptability of the materials 
throughout ecosystems, but also to set solid bases for extrapolatíon and 
exchange of information among institutíons participating in the 
Internacional Regional Triais Network. 

Supportive Agronomic Research 

Various factora and characteristics of pasture planta determine 
productivity aed persistence under grazing, among them, aeasonal 
productivity whích i5 measured by Regional Triais B throughout the 
Network. Selected legume and grass species being tested in RTB are 
simultaneously evaluated at the Quilichao Station to study the1r growth 
pattern and changes in forage quality during periods of positive and 
negative water balance. Two trials are conducted, one far grasses and 
one for legumes. This scetion reports on the growth curves for two 
different periods of extreme water balance. The Pasture Quality and 
Nutrition section is reparting data pertaining to the same trial on 
quality analysis and relative acceptability of these materials to the 
grazing animals. The growth curves of nine grasses are presented in 
Figure 2. The X axis scale used in the dryer period ls four times 
larger than the y axis scale used in the raíny periodo The growth rates 
of the five Brachiaria species are presented in the bottoro part of 
Figure 2. It should be notlced that Brachiaria decumbens 606 15 the 
only Brachiaria that performs similarly to Andropogon gayanus 621 and 
Panicum maximum 604 in terms of drought tolerance and response to the 
first rains. 

Figure 3 shows the growth curves of 12 legumes in two different 
water balance periods. During the rainy periad Desmodium ovalifollum 
350 (bottom of Figure 3) had a linear growth rateo However, during the 
dry period it did not grow and responded oniy moderately to the first 
rains. 

Looking at the Stylosanthes species (center'of Figure 3), 
Stylosanthes guianensis 184 and Stylosanthes hamata 147 had similar 
growth rates during the rains and during the negative water balance 
períods, with a strong reaction to first rains. Stylosanthes capitata 
1315, had the slowest growth rate during the rainy periad, and was the 
only Stylosanthes that did not grow during periods of negative water 
balance, but it strongly reacted to the first rains. 
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Figure 3. 
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The legume Galactia striata 964 (top of Figure 3) is a well known 
drought-tolerant specíes, and this 19 canfirmed by this study which 
shows that it grew during the dry periad even at a faster rate than in 
the rainy periodo 

In order to study the potential compatibility of grass-legume 
mixtures, two triaIs were condueted, one to test nine legumes assoeiated 
with two grasses, in monoculture, and the other to test six grasses 
associated with two legumes, in monoculture, with and without nitrogen 
íertilizatjon. 

Relative dry matter yield oí the components in each plot are shown 
in Figures 4 and 5 for the associations of the six grasses with 
Desmodium ovalifolium 350 and Stylosanthes capitata 1315. In Figure 4 
the three Brachiaria species show different degrees of aggressiveness as 
indicated by the growth of Desmodium ovalifolium and Stylosanthes 
capitata in different proportions in the mixture. It would seem that 
Brachiaria humidicola is a grasa tbat requires time to show its 
aggressiveness in full potential, as indicated by the high proportíon of 
legumes at the first cuttings. 

In the case of bunch type grasses (Andropogon gayanus 621, 
Hyparrhenia rufa 601 and Panicum maximum 604), the proportions of 
Stylosanthes capitata in the association was similar. However, when the 
associated legume was Desmodium ovalifolium, Hyparrhenia rufa seemed to 
be the weakest grass, as índicated by greater proportion of Desmodium 
ovalifolium through the eight cuts. 

To complement the information on relative competition between 
grasses and legumes, root studies are carried out by sampling the 
interphase between the lines of grasses and legumes in each plot. This 
attempts to study root interaction, as indicated by occupation and 
utilizatíon of the soil. As a summary, Table 13 shows values for the 
eighth cut of a Root Efficiency Index (REI) calculated by dividing the 
root dry matter present in the 40 Cm top soil by the top dry matter 
production. This index i8 interpreted as an indicatíon of the amount of 
roots requíred for the plant to produce certain amount of aerial dry 
matter, and consequently it is an important indicator of aggressiveness 
or ability of the plant to occupy and use the soil. In this context, 
Brachiaria humidicola 6013 i5 the grass with the greatest REI, in other 
words, with the ability to locate more roots in the so11 as compared to 
other grasses. A comparison of means across grasses for the different 
competitíon treatments with legumes, indicates little dífferences, 
possibly with the exceptíon of Desmodíum ovalifolium, with the lowest 
REI (2.73). 

In order to evaluate the nitrogen contribution of legumes to the 
grasses, chemical analyses of the sward components ín the different 
plots were done on each of the cuttings. Table 14 shows the seasonal 
nitragen yie1ds of six grasses when associated with Desmodium 
ovalifolium 350, Stylosanthes cspitata 1315 and in monoculture with sn 
without nitrogen fertilizatíon (100 kg per hectsre). 
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TabIe 13. Root efficiency index (REI) of s1x grasses when associated with Desmodium ovalifolium 350, Stylosanthes 
capitata 1315 or in monoculture, with and without fertilization with 100 kg of N/ha. Measure at eighth 
cut (15 months after pIanting). 

Treatment of Andr°l!°llon HXl!arrhenia Panicum Brachiaria Brachiaria Brachiaria Mean 
competition llayanus rufa maximum brizantha decumbens humidicola 

----------------------------- RE! = (kg root DM/kg top DM) -----------------------------
Desmodium ovalifolium 1.23 1.40 2.47 2.46 2.55 6.27 2.73 
Stxlosanthes cal!itata 1.26 1.44 2.56 3.12 3.22 8.60 3.36 
Grasa + nitrogen 1.28 0.99 2.37 3.47 2.71 7.60 3.08 
Grasa without nitrogen 1.53 1.30 3.16 3.12 2.89 7.67 3.28 
Nean 1.32 1.28 2.64 3.04 2:85 7.53 



;j 

,v 

Table 14. Seasonal N yields (kg N/ha) of six grasses when associated with Desmodium ovalifolium 350. Stylosanthes 
capitats 1315 or in monoculture with snd without fert11ization w1th 100 kg of N/ha. 

Treatment of Grssses Mean 
competition P. maxlmum A. ¡¡axanus H. rufa B. decumbens B. brizantha B. humid1cola 

604 621 6~ 606 665 6013 

------------------------------------------- kg N/ha -------------------------------------------
Rainy sesson 

D. ovalifol1um 23.4 34.0 20.4 28.6 27.0 21.4 25.8a 
§.. capitata 26.6 30.6 41. 7 27.4 23.1 20.8 28.4a 
Grass + N 29.8 31.9 30.1 26.5 22.1 30.3 28.5a 
Grass 13 .1 19.2 17.3 14.3 12.8 15.6 15.4b 

Mean 23.2b 22.0b 29.0 27.4a 24.2R 21.3b 

DrX sesson 

D. ovslifolium 12.1 10.2 15.2 8.4 16.2 15.9 13.0a 
S. ca];!itata 15.0 7.3 13.1 1l.S 17 .2 16.1 13.4s 
Grass + N 12.3 7.5 12.1 12.1 10.0 13.4 U.2b 
Grass 7.7 5.5 9.6 7.6 10.4 7.5 8.1e 

Mean 11.s8 7.6e b 12.5a 10.15 13.4a 13.2R 
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Figure 6. Changes with time of Relative Compatibility Index (RCI) of 
six grasses when associated with Desmodium ovalifolium 350 
and Stylosanthes eapitata 1315 in Quilichao. 

A Relative Compatib11ity Index (RCI) was calculated to indicate the 
degree of yield of such species in association ve. the produetivity of 
the same speeies in monoculture. The RCI was caleulated by dividing DM 
yield of the species assoc1ated vs, DM yield of the spec1es in 
monoculture. In the case of srasses, two controls were used with and 
without nitrosen fertilization. Consequently, two RCI are calculated 
for each grass under competit1on by two companion lesumes. An RC! of 1 
represents a situation of equilibrium 1n which the spec1es 1s not 
affected by the companion species. An RCI above 1 indicates that the 
species 1s benef1ted by the compan1on spec1es in the assoeiation, 
whereas an RIC of less than 1 indica tes that the species is negatively 
affected by the compan1on species. In general. the produetivity of 
grass was in most cases favored by the association with a legume (Figure 
6). The two extreme situations were Hyparrhenia 601 (the less 
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aggressive grass) and Brachiaria decumbens 606, always benefited by the 
companion legume. Andropogon gayanus 621 seemed in mast cases to 
benefit by the companion legumes except witb Desmodium ovalifolium. In 
Figure 6, the dlfference between the two RCr's calculated using the two 
nitrogen levels of the monoculture aS the denominator, shows the range 
of beneflt due to the nitrogen contribution. The difference from RCI=l 
explains the redueed competitive abil1ty of the associated legumes. 

The Same RCl calculations have been done wíth data recorded from 
the experiment in which nine legumes are associated with Andropogon 
gayanus 621 and Brachiaria decumbens 606. Figure 7 shows RCl changes 
with time for the nine legumes under the ínfluence of associated 
speeies. lt ls c1ear that a11 legumes have a high tendency to be 
negatively affected by the companion grasa (RCI < l). This is an 
important difference with grasses which normally benefít from the 
companion legume. 

Desmodium ovalifolíum 350 is the legume wíth highest RCI throughout 
the periad of evaluatíon; in other word~. it is the most aggressive 
legume in the study. It also shows the largest díff erence in RCI 
between the two companion grasses as it was only slíghtly affected by 
Andropogon gayanus as compared wíth Brachiaria decumbcIl!. in which case 
it reached a somewhat stable level after the fourth cut. 

The lnformat10n obtained in thls cUpping trial has to be 
interpreted with caution, since it ls only meant to indicate the 
potential aggressiveness or compatibility among grasses and legumes 
eliminating factor s such as trampling, preferential grazing and 
perenniality of species which strongly affect the compatibility and 
productivity of a mixture under grazing. 

Hethodological Studies 

The section i8 currently testing alternative rnethodologies and 
sampling techniques that could be used in Regional Trials C and D, in 
which animals are introduced in the evaluations. 

A prototype of a Regional Trial C whieh attempts to evaluate the 
effect of three grazing pressures on five grass-legume mixtures 
(Andropogon gayanus 621 with Centroséma pubescens 438 and Stylasanthes 
eapitata 1405; Panieum maximum 604 with Centrosema pubescens 438 and 
Stylasanthes capitata 1405; and Brach1aria decumbens 606 with Desmodium 
ovalifolium 350) has completed six montha under grazing. This trial i5 
condueted simulating rotational grazing with a three-to-four-days 
grazing periad followed by six weeks (rainy) or eight weeks (dry) 
resting periods. Figure 8 shows the changes in dry matter availability 
in two mixtures oí Centrosema pubescens with Andropogon llayanus and 
Panicum maxímum. As a consequence of the three graz1ng pressure 
treatments applied (2.4 and 6 kg of DH on orfer per 100 kg of 
liveweight), botanieal eomposition of the pasture changed with time. 
Starting from similar DM availabilities, after the first six months oí 
grazing, DM on offer has changed drastically as shown in the last 
August evaluation. 
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Measurements of the botaniea! eomponents in the mixture are done 
during the grazíng period to monitor ehanges with time of botaníeal 
eomposition of the differcnt mixtures under the different grazing 
pressures. At this point, it 18 too early for a definite picture of the 
treatment effects on botanica! composition. However, this information 
should prove very valuable after one or more years to get informatíon on 
the range of productivity (earrying capacity) sud persistence of the 
mixtures under different defoliatíon regimes. Obviously, this type of 
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information for a few selected associations will allow the Network 
researcher in charge to chose for a Regional Trial D, not only the best 
pasture mixture in terms of total productivity but that having the 
widest range of tolerance to under- or overgrazing. 

In designing a Regional Trial D, there are basically two options: 
1) using fixed grazing pressures and, 2) using fixed stocking rates. 
The choice of either one technique to evaluate the productivity of 
pasture in terms of animal gains, should not be, by any means, a 
dogmatic decision. The advantages and disadvantages of either approach 
are related to the potential productivity of the ecosystems (soil 
fertility, dry sea son length, carrying capacity level of native speciee, 
etc.) and the prevalent animal production system (intensity of 
management, level of stocking rate required, other sources of feed 
availability, type of animal, etc.). Methodologies should be assembled 
in each case to respond to specific ecosystems and production systems. 

In order to try one of the alternatives an old trial was used. 
This included three pastures: 1) Andropogon gayanus 621 + Panicum 
maximum 604 + Hyparrhenia rufa 601 + Brachiaria decumbens 606 in blocks, 
with five repetitions in the same paddock; 2) Andropogon gayanus 621 + 
five Centrosema pubescens ectoypes sown in separa te mixtures also with 
five repetitions within the same paddock; 3) the four grasses indicated 
aboye in mixture with Stylosanthes guianensis, Centrosema pubescens, 
Pueraria phaseoloides and Galactia striata. Starting in December 1980, 
a pure stand of Andropogon gayanus 621 was added to this trial. These 
four pastures are grazed using a "put and take" or constant grazing 
pressure management, adjusting the stocking rate to the availability of 
forage plus an estimate of the growth rates obtained with enclosed 
areas. 

The changes in botanical composition of one of the four paddocks 
(Andropogon gayanus 621 + Centrosema pubescens) is shown in Figure 9. 
Since the beginning of 1980 the proportion of grass and legume has been 
stable in terms of .green dry matter, varying from 15 to 20% of legume on 
offer. These results show a high degree of compatibility of the two 
species when properly managed. Figure 10 shows the accumulated gains 
per head and per hectare on the four pastures. Gains per head have 
increased linearly in all paddocks as expected, with small inflections 
between July and September 1980, when a long and drastic dry period 
occurred. This drought effect is more clearly shown in terms of animal 
gains per hectare where number of animals per paddock was drastically 
reduced during that periodo The mean animal gains are around 550 
g/an/day and 1700 g/ha/day. 

An important aspect of this trial is to make measurements in the 
paddocks that could be used to predict animal performance. A first 
analysis of the data shows some interesting results. The relationship 
between animal gains per hectare and per head with total dry matter on 
offer (TDMO) for the paddock of Andropogon gayanus 621 with the five 
Centrosema pubsecens is presented in Figure 11. The TDMO, usually 
measured in grazing trials, had no relationship with animal gains and 
even shows less gains with more DMO. When "present green dry matter on 
offer" (PGDMO) is correlated to animal gains (Figure 12), the situation 
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ímproves drastícally as indicated by the r , and the relationship 
becomes logical. This PGDMO is obtalned by discarding dead material 
from the samples taken in the pasture. Furthermore, when daily average 
regrowth is added to the PGDMO, or "true green dry matter on offer" 
(TGDMO), variatíon in animal weight grains 1s better explained (Figure 
13) • 

Several other botanical separations are being done as well as 
chemical analyses on resulting materíals. It ls expected to have enougb 
information in the future to be able to select tbose measurements on 
pastures that provide the highest prevailing value of animal 
performance, so that they can be used by the Network participants. 

As a closing statement, it ls important to mention that one of the 
moat critical conatraints to researcb on pasture evaluation in tropical 
America is tbe lack of a reliable metbodology, compatible with the 
national institution resourc:es, with the productlvity potentlal of 
different ec:osystems, and with tbe feed resources of tbe prevailing 
production systems. It ls tben important for tbe Tropical Pastures 
Program 100 emphas1ze researcb in the methodology f1eld. 
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Plant Pathology 

lntroduction 

The major a1ms of the Plant Pathology Section cont1nued to be: a) 
To SCREEN all new germplasm for resistance to diseases in major 
evaluation sites; b) to detect, identify and assess diseases of 
germplasm under forage evaluation; c) to evaluate and develop control 
measures for damaging diseases of promising forage species. 

Evaluation oi germplasm continued as a major activity at Carimagua 
and Quilichao, Colombia, and CPAC, Brazil. Further information was 
collected on disease distribution. Studies continued on anthracnose and 
blight of Stylosanthes spp., Rhynchosporium leaf spot of Andropogon 
gayanus, biological control of spittlebug with fungus Metarrhizium in 
close collaboration with Entomology, and on seed pathology. Studies 
were initiated on several bacterial diseases snd Rhizoctonia foliar 
blight of Centrosema brasilianum. Several new diseases were detected. 

Disease Survey 

The folIowing additions were made to the tabIe of distribution with 
respect to ecosystem of forage diseases (Table 1). 

l. Sooty blotch (Polythrincium sp.), affecting some oi the more 
prostrate Aeschynomene sp., was detected only at Carimagua; 

2. Bacterial wilt (Corynebacterium flaccumfaciens) affecting 
Zornia 7847, and Zornia brasiliensis, was found both at 
Quilichao and Carimagua; 

3. Alternaria leaf spot, another disease of Centrosema spp., was 
detected at Carimagua and in regional trials of the Llanos. 

During the three years of disease survey, 25 diseases have been 
detected in the Tropical lso-hyperthermic Savanna Ecosystem, 18 in the 
Tropical Isothermic Savanna Ecosystem, 11 in the Tropical Semi-Evergreen 
Seasonal Forest Ecosystem and 24 in the Tropical Rainforest Ecosystem 
(Table 1). lt should be noted that the table does not include genus 
host range. Some diseases, e.g., anthracnose, affect lOor more genera. 

Diseases of Stylosanthes spp. 

Field screening continued as a major activity. New and old 
germplasm was evaluated at 4-6 week intervals in Carimagua and Quilichao 
and once at CPAC, Brazil. Results are presented in Table 2. 
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a) Stylosanthes capitata. As for the last three years, most 
accessions were susceptible at CPAC, Brazil, and resistant in 
Carímagua. 

b) Stylosanthes guíanensis "common". Although les s accessions 
have been evaluated at CPAC, Brazil, the Carimagua environment 
appears to have greater anthracnose pressure than the CPAC 
envíronment (Table 2). 

e) Stylosanthes guianensis "tardío". Although few have been 
screened in the two major evaluation sites, CPAC-Brazil and 
Carímagua, chese two sites have greater anthracnose pressure 
than Quilichao. The total collection should be evaluated next 
year at both sites. 

A comparison among accessions of .!!.. guianensis "tardío" in reaction 
to anthracnose at Quilichao, Carimagua and CPAC was made. The 
similarity between CPAC and Carimagua was considerably higher than 
between Quiliehao and those two sites, again stressing the importance of 
screening the whole colleetion in the major screening sites. It was 
interesting to note that in both, the Venezuelan "tardíos" are more 
susceptible to anthraenose than the Brazilian "tardios". In Quilichao 
recuperation of anthracnosed aceessions of S. guianensis "tardio" ",as 
cornmon in the dry seasons. 

d) .!!.. macrocephala. rt remained resistant to anthracnose in both 
majar screening sites. Also, the large CIAT-EPAMIG trial in 
Sete Lagoas, Minas Gerais, Brazil, was free of anthracnose. 
Thls species 15 worthy of further collection and study. 

e) S. leiocarpa. In Carimagua most accessions were susceptible 
to anthracnose. 

f) 

g) 

S. scabra. In CPAC many accessions are susceptible to 
anthracnose. In addition, plants sre stressed by another 
problem, tentatively described as an inseet-virus complex, 
which probably increases their susceptibility to anthracnose. 
This will be studied in Brazil. 

S. viscosa. The plantíng in Quilichao had two levels of 
anthracnose during 1981. 

Specific screening studies 

Anthracnose oi S. guianensis in the forest (e.g., Pucallpa, Perú). 
During the past ten years, .!!.. guianensis cultivars Cook, Endeavour, 
Schofied snd CIAT 136 and 184 have persisted in Pucallpa, Peru, and for 
several years in other forest environments in Bahía, Brazil and Letieia, 
Colombia, with only slight levela of anthracnose. At the same time, 
these ecotypes are severely affected by anthracnose in savanna 
ecosystems. Studies were therefore initiated to investigate why S. 
guíanensis í8 only slightly affected by anthracnose in Pucallpa, Peru. 
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Table 1. Distribution of forage diseases in different ecosystems. 
Summary. 

Forage disease 

Grasses l. Anthracnose 
Legumes 2. Cercospora leaf spot (A) 

3. Cercospora leaf spot (B) 
4. Root-knot nematode 
5. Blight 
6. Sphaceloma scab 
7. Smut - Ustilago 
8. Smut - Urocyst1s 
9. Camptomeris leaf spot 

10. Rust - Uromyces 
11. Rust - Puccinia 
12; Fals. rust 
13. Rhizoc tonia solani 
14. Rhynchosporium leaf spot 
15. Drechslera leaf spot 
16. Littl. leaf phyl10dy 
17. Ergot 
18. GibereHa infloreseenee blight 
19. Botrytis inflorescenee blight 
20. Black mold 
21. Powdery mildew 
22. Sl1me mold 
23. Bacterial blight 
24. Bacterial pod blight 
25. Botryosphaeria canker 
26. Macrophomina phaseolina 
27. Pokkah Boeng 
2B. Cerebella inflorescencc blight 
29. Víruses 
30. Rhizopus inflorescence blight 
31. Sooty blotch 
32. Bacterial wilt 
33. Alternarla leaf spot 

* Number of sites surveyed 
** Only at one site 
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Table 2. Disease, evaluation, anthracnose, at CPAC. Carimagua, and 
Quilichao. 1979-1981. 

Sp./site 

5tylosant2es capitata 
CPAC-LVE 
Carimagua 

Stylosanthes guianensis 
"colDlllonu 

CPAC-LVE 4 
Carimagua 

Stylosantbes 
"tardio" 
CPAC-LVE6 CPAC-LVA 
Qullichao 
Cadmagua 

5tylosanthes 
CPAC-LVE 
Carimagua 

Stylosanthes 
Cadmagua 
Quilichao 

Stylosant:hes 

gulanensls 

7 macrocephala 

leiocarp} 

9 s cabra 
CPAC 10 Stylosanthes viscosa 

R 

o 
1.6 

15.7 
25.3 
77 .9 
27.3 

92.6 
87.1 

o 
23.3 

1.5 
72.6 

Evaluation1 

MR MS 

11.8 
10.6 

4.8 
6.8 

19.3 
18.4 
16.8 
33.3 

7.4 
12.9 

15.3 
36.7 

24.5 
17.9 

35.4 
6.1 

64.6 
20.4 

25.3 
24.1 
5.3 

27.2 

O 
O 

61.5 
20.0 

46.4 
5.1 

5 

46.5 
O 

30.6 
71.2 

39.7 
32.2 

O 
12.1 

o 
O 

23.1 
20.0 

24.6 
4.4 

Total 
accessions 

119 
132 

62 
545 

51 
55 

131 
33 

41 
31 

13 
30 

102 
117 

1 R - resistant; MR - moderately resistant; MS - moderately 
2 susceptible; S = susceptible. 
4 LV! • dark red latoso1 so11 site. 
6 Eva1uat1on til1 September 1981. 

LVA = red-yellow latosol soil. 

; ~e8c§ntage of accessions. 
10 Evaluation in 1980-1981. 

Evaluat10n in 1981. 

Various hypotheses were set up: 1) less pathogenic isolates in the 
Pucallpa environment; 2) lack of inoculum in the forest environment; 
3) reduced 1nocu1um spread; 4) favorable env1ronmental conditiona; 
5) biological control agents. 

The first hypothesis was tested by seedling 1noculation studies in 
the greenhouse with iso lates of f. gloespor101des from Stylosanthes spp. 
collected in Pucallpa, Peru. Colombia and Braz11. Isolates from S. 
guianensis CIAr 17 and 184 from Pucallpa were just as pathogenic to ~. 
guianensis as isolates from CIAT 136, 184 and 13 in Colombia (rabIe 3). 

At the same time, 1t was found that four isolates from S. 
guianensis "common" (CIAT 13, 17 and 184) were pathogenic to-~. 
guianensis "tardío" 1283. Previously 11: had been. found that isolates 
from "common" types do not attack "tardíos". It was also found tor the 
first time that iso lates from~. capitata affected~. guianensis (Table 
3). 
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Table 3. Reaction of 10 Stylosanthes spp. accessions to eight isolates of Colletotrichum gloeosporioides froID 
Brazil, Colombia and Perú. 

St;¡:losanthes spp. 
1029

1 Anthracnose reaction 
CIAT No. Species 2310 1097 136 17 13 184 

B C P C P C P 

147 S. hamata +t + 
1283 S. ¡¡uianensis + + + + + + 

136 ~. ¡¡uianensis + + +++ +++ +++ +++ ++ 
184 S. ¡¡uianensis + + +t +++ +++ +++ +++ 

1019 S. cal2itata ++ 
1405 S. ca2itata +t 
1315 S. ca2itata +t 
1078 S. cal2itata + 
1074 S. viscosa 
1047 S. scabra + 

1 
CIAT accession numbers 2 
B = Brazil, e - Colombia, P • Peru 

184 
C 

++ 
+++ 
+++ 



Other hypotheses are presently being tested in Pucallpa 
particularly to determine whether biological control agents of C. 
gloeosporioides exist on leaves and steros of ~. guianens1s. 

Studies on S. guianensis in Colombia. During the past two years, 
545 accessions of ~. guianensis "common" (all accessions of which seed 
was available) have been evaluated in Carimagua (Table 2). Alroost a11 
accessions were susceptible to anthracno8e and died within ane wet 
season. One maderately resistant accession, CIAT 1875 froro Panama, i8 
under further evaluatían in a larger planting. 

lsolates are belng collected from a11 anthracnosed accessians in 
Carimagua. Pathogenic variatíon studies are in progress, and iso lates 
are being grouped according to their reactions. To date, many iso lates 
were found Dot pathogenic. Of the pathogenic ones, eight groups have so 
far been identified (Table 4). One group affected all accessions tested 
of ~. guianensis common, others affected certain accessions, while Croup 
8 affected both~. guianensis common and~. guianensis tardío. lsolate 
collection and screening is continuing. 

TabIe 4. Reactions of Colletotrlchum gloeosporioides isolates from 
Stylosanthes guianensis, Carimagua, to seedlings of 
Stylosanthes spp. 

Stylosanthes spp. Reactions 
1 2 3 456 7 8 

S. caEitata 1019 
s. caEitata 1405 
S. caEitata 1315 
S. guianensis 136 + + + + + 
S. ¡uianensis 184 + + + + + 
S. guianensis 77 + + + + + 
S. guianensis 1003 + + + + 
s. scabra 1047 
S. VLscosa 1074 A 
S. hamata 147 + 
S. macrocaEhala 1281 
S. guianensis T 1283 + 

9 

No. of iso lates 15 1 2 2 1 3 2 2 40 

Screening studies with S. capitata. Seedling screening of the 
whole~. capitata collection of which seed was available was completed 
with isolates froro~. capitata ClAT 1019, 1405 and 1315 froro CPAC. 
Isolates from CIAT 1019 and 1405 were more pathogenic than those froro 
1315 (Table 5). lt appears more likely that differences in react10n 
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among isolates are due to strain differenees, rather than pathogenie 
variation or rae e differenees. All Venezuelan aeees5ions were resistant 
to all isolates. The data i5 being analyzed for pathogenie variation. 
In addition, studies are in progre ss with iso lates eolleeted from ~. 
eapitata in Minas Gerais. Results show that isolates from Minas Gerais 
are generally less pathogenie than those from CPAC. 

To date, studies of pathogenie variation among isolates of f. 
gloeosporioides from Stylosanthes spp. have reeognized Seven groups of 
isolates: 

Group 1 - Stylosanthes guianensis UcommonH 

Group 2 - Stylosanthes guianensis "tardío" 

Group 3 - Stylosanthes guianensis "eoromon·' and "tardío" 

Group 4 - Stylosanthes eapitata and Stylosanthes seabra 

Group 5 - Stylosanthes eapitata and Stylosanthes hamata 

Group 6 - Stylosanthes eapitata late flowering accessians 

Group 7 - Stllosanthes caEitata and Stllosanthes &uianensis 
l1commonlt 

Groups 1, 2, 3 and 6 have been found in Colombia, while Groups 4, 5 
and 7 have been found only in Brazil; Groups 1 snd 2 are present in both 
countries; Groups 1 and 6 appear to be closely related. 

These studies are showing that f. &loeosEorioides is an extremely 
variable pathagen, and considerable wark will be needed to fully 
classify its variatian. 

Table 5. Reaetian of Stllasanthes caEitata seedlings to isolates of 
Colletatriehum gloeasEoriaides fram~. eaEitata at CPAC. 

¡solate 

1019 1 1 40 
1019 II 25 
1315 59 
1405 1 34 
1405 II 37 

Resistant 
(%) 

(40)2 
(64) 
(27) 
(47) 
(43) 

Reaetian 
Susceptible 

(%) 

60 
75 
41 
66 
63 

1 
2 Roman numerals indieate different iso lates fram the same hast 

16 accessions of Venezuelan S. capitata 
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Multilocational screen1ng trials 

The f1rst multilocational~. capitata screening trial vas planted 
in El Tigre, Venezuela in August. This comprised 86 aceessions of 
S. eapitata, including 14 from Venezuela. The first evaluation viII be 
made in October. The second trial vill be planted in Acaua in northern 
Minas Gerais in November. This eomprises 100 accessions of ~. eapitata, 
24 accessions from Minas Gerais, 29 aceessions from Bahía, 13 from 
Venezuela, and the remainder from various sites in Brazil. Several of 
the Minas Gerais accessions were collected at the trial aite. The third 
trial is planned for Bahia in collaboration with EHBRAPA; however, 
alternative sites will be considered in Maranhao and Pernambuco. 

Host plant resistance studies 

Studies were cont1nued on the physical and chemical characters of 
anthracnose-susceptible and-resistant accessions of ~. guianensis. 

Physical stud1es. Dur1ng the past year they showed that neither 
remov1ng the trichome secretions nor removing the trichomes of S. 
guianensis "tardío" 1283 had any effect on the reaetion of this-h'gume 
to slightly pathogenic isolates of f. gloeosporioides. Further work was 
planned with isolates of higher pathogenicity. 

Recent tests with pathogenic isolates have shown that seedlings of 
several accessions of ~. gu1anensis "tardío" were susceptible to 
anthracnose while adult plants were resistant. Trichomes may form a 
physícal barrier to penetration by Colletotríchum gloeosporioides. 

The effect of age on tríchome density was therefore evaluated in 
stems of ~. gulanensis "common" CIAT 136, and~. guianensis "tard~o" 
CIAT 1283 (Figure 1). Trichome den2ity reached a maximum in CIAT 136 st 
17 weeks of age at 160 trichomes/cm. In CIAT 1283, however, triehome 
density increased rapidly when plants reached 18-19 weeks of age. 
Counts are continuing on older plants, and further work 16 planned to 
study trichome density on susceptible and resistant accessions of ~. 
guianensis "tardíou

• 

Determination of phenols in Stylosanthes.guianensis. In the past, 
various plant phenols have been noted as toxins to fungi. These include 
tannins, polyphenols and glucosides. Plants possessing phenols have 
been shown to be reslstant to plane pathogenic fungi. In particular, it 
has been shown in many tropical fruits that the phenomenon of 
anthracnose latent infeetion caused by Colletotrichum spp. ls due to 
immature fruit containing high levels of phenolic compounds which 
prevent development of anthracnose. As frult ripens. levels of tannins 
decreased markedly, and anthracnose ripe rot occurs. Also, it has been 
shown that onions resistant to rot by Colletotrichum dematium possess 
phenolic compounds in the1r skins. Preliminary analyses of two ~. 
guianensis "tardíos" showed glucosides and dihydro-monophenols, both 
members of the phenol group. 
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Figure l. Changes in time in the dens1ty oi tr1chomes on stems 
of ~. guianensis CIAT 136 and CIAT 1283. 

A project in collaborat10n with the Animal Nutrition Section was 
therefore initiated to survey ~. guianensis for phenols using the 
Folin-Denn1a method to determine if there 1s any correlation between 
possession oi phenols and res1stance to anthracnose. 

Small samples of adult plants of ~. guianensis "tardío" were taken 
from field plots and greenhouse at the same time. Percentage tannie 
acid was determined. Results Were classified aceording to adult plant 
reaction to anthracnose at Carimagua (Table 6). For greenhouse samples, 
there was a deerease 1n percent tannie acid from 2.98 to 1.15 as the 
leve! of anthracnose increased from 1 to 5. For field samples, although 
percent tannie aeid decreased from 2.25 to 1.37 as the level of 
anthraenose increased from 1 to 3, the mean pereent tannie acid in 
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accessions rating 4 and 5 was, however, higher than the level in 
accessions rating 3. Preliminary results suggest that a relationship 
may exist between planta possessing higher levels of phenols and 
resistance to anthracnose. Further studies are planned to identify 
phenols in resistant and susceptible accessions of S. guianensis 
"tardio". 

Table 6. Analysis of tannins in accessions of StyIosanthes guianensis 
utardlo". 

Sample No. of 
sampIes 

Reactions to anthracnose in Carimagua 
1 234 5 

Greenhouse 
Field 

23 
51 

2.501 

2.25 
2.98 
1. 72 

1. 81 
1.37 

1. 74 
1.58 

1.15 
1. 70 

1 
% Tannic acid 

Cross-protection. It has been shown that p1ants inoculated by 
non-pathogenic iso lates of pathogena are protected against disease 
caused by subsequent infections of pathogenie isolates. Also. that 
primary infeetíon by pathogenie íso1ates, fo110wed by recuperation and 
subsequent infeetion by the same iaolates resu1ts in less damage. 
Activatíon of ehemieal defense meehanisms appears to be part of the 
plants' resistance to sorne diseases, ine1uding anthracn08e. 

Various preliminary studies were therefore made to investigatE' 
cross-protection against anthracnose in Stylosanthes spp. The effeet of 
different coneentrations of inoeu1um on the reaction of !. guianensis 
CIAT 136 and!. eapitata 1019 to anthracnose was studied. In each 
treatment the first inoculation was made with a non-pathogen1c isolate 
and subsequent inoeulations with a pathogenic iso1ate. In CIAT 136, no 
protection by the non-pathogenie isolate was found; in CIAT 1019, 
protection was found for the first inoculation with the pathogenic 
1s01ate; however, a1l other inoeu1ations cause infection. 

The effect of different eoncentrations of inocu1um and time of 
recuperation on the reaction of !. guianensis CIAT 136 and!. eapitata 
CIAT 1019 to anthracnose was al so studied. In CIAT 136, no protection 
by either the non-pathogenic or pathogenie iso1ates was observed. In 
CIAT 1019, although no protection by the non-pathogenic isolate was 
observed, protection by the pathogenic iso1ate oceurred for four weeks 
and six weeks after the inoculatíon. By 12 weeks ~fter inoculation with 
the pathogenic i801ate, however, plants were susceptible to the 
subsequent inoculatíon with the pathogenic iaolate. Possibly there ls 
activatíon oí chemica1 defensa machanisms to anthracnose in!. eapitata 
1019, but the effeet appears to be short-term and thus of little vaIua 
lar anthracnose resistance in~. eapitata. 
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Effect of 8nthracnose on yíeld and quality oí S. guianenSis
1 

Although it has been known since the early 70's that S. gu1anens1s is 
severely affected by anthracnose, no attempts have been mado to quantify 
losaos in yiold and quslity. A study was mado during the past year of 
the offect of anthracnose on yield and qual1ty of ~. gu1anens1s CIAT 136 
and CIAT 184. 

Level of disease followed the rainfall pattern closely (Figure 2). 
Yield reductíon in dry matter over one yesr was 62.8% in CIAT 136 snd 
64.4% in CIAT 184 in relatían ta che fungicide protected control (Figure 
3) • Losses in crude protein (Figure 4). phosphorus, potassium snd 
dígestíbility were of the same level. 
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Figure 2. Levels of disesse during the trial. 

1 Student thesis project by Jorge Gutiérrez and Carlos Cardozo. 

95 



CIAT 136 

j -¡ -- 200 ~ e 
o. E 

100 o~ .. 
~ o a. 

150 

130 

110 

... 90 

::E 
70 Q 

50 ,'" :p." ':. --.... 
30 ,,- , " ...... -... ' 
10 A N o E F M A M J J 

1 2 3 4 5 6 7 8 9 10 

Her.sels 

• Control 
o Funglclde 

CIAT 194 " Peptone 
.. Mixture 

150 

130 

110 

'" 90 
t.~ .. ........ 

::E 
el 

70 

:1 A N O E F M A M J J 
• • I I , I I , , , 

2 3 4 5 6 7 8 9 10 

Harvest • 

.. Control 
• Mixture 

• Peptona 
A Funlllclde 

Figure 3. Yield of S. &uianensis by treatment and harvest. 



IBO CIAT 136 

160 .. 140 ii. 
E 

" 120 .. ..... 
'" 100 
c: 
i 80 e 
Q. .. 60 .. 
" ~ 

(.) 40 

20 

2 

CIAT IB4 
ISO 

160 

a 140 
E 

" 120 .. ..... 
'" 
.5 100 .. 
2 80 
Q. .. .. 60 
" ~ (.) 

40 

20 
A N 

2 

A Fun<;tlclde 

3 

o 

4 

E 

4 

I , I , 
5 6 7 8 9 10 

Harvesto 

,-" ...... 
";~,,,, 

," ---

F M A M J J Month 
~I~~'~~~'--~'--~,--~,. 
5678910 

Harvests 

oPeptone • Mixture ... Control 

Figure 4. Production of crude protein of ~. guíanensís by treatment and 
harvest. 

Blight 

Counts of ~. capitata plants killed by ~. rolfsii continued in 
Carimagua this year. Only 2-4% of plants were killed (Table 7). Viable 
sclerotia were again monitored at different sites in Carimagua. Levels 
have been considerably lower during the past two years than in 1979 
(Table 8). Slight has now been classed as a minar disease of S. 
capitata. and no further studies of this disease are planned. -
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Table 7. Counts of ~. eapitata planta killed by Selerot1um rolfaii in 
Carimagua (mean of var10us sites). 

CIAT No. Dead Elants (%) 
1979 1980 

1019 5 5 
1315 9 6 
1405 6 3 

Table 8. Viable sclerot1a of Sclerotium rolfsii in the soil at 
different sites in Carimagua. 

1 Sites 

1 
2 
3 

1979 

9.8 
6.8 
2.7 

Sclerotia/l00 &~soil 
1980 

2.3 
1.0 
0.9 

1 2 Sites: 1 = 3 years; 2 - 2 years; 3 = 1 year 
3 Mean of May and December samplings 

May sample only 

RhizOEuS head blight 

(No.) 

1981 

4 
2 
2 

19813 

0.3 
0.8 
0.4 

This disease was first deteeted in Carimagua in 1980 causing severe 
damage to several accessions of ~. caEitata. lt was detected again in 
July, August and September at low levels in~. caEitata in Carimagua and 
also in the regional triala 1n the Llanos. lt is very similar to 
Rhizopus head rot of sunflower, an important d1sease in Asia and the 
Americas. Three species of Rh1zoEus are thought to be involved: 
R. arrhizus, !. oryzae and R. stolon1fer. Surveys of the occurrence of 
this d1sease will continue. 

D1seases oí Desmodium sEE. 

Germplasm surveys. Germplasm surveys of Desmodium spp. continued 
in Quil1chao and Carimagua (Table 9). Of the more important species. D. 
heterocarpon has most disease problema, including anthracnose, 
Cercospora leaf spot, little leaf mycoplasm and root knot nematodes 
sporadically at Quilichao. Desmod1um ovalifolium and D. heteroEhyllum 
have few d1sease problems. 

Root knot nematode. No further stud1es were made on this disease 
due to low populations of nematodes in Quilichao. 



Table 9. Disease evaluations of Desmodium spp., 1980-1981. 

Disease D. D. D. 1 
o~alIfolium heterocarEon heteroEhxllum Others 
e .. Q e Q e e 

Anthracnose + ++ + 
Cercospora leaf spot -/+ -/+ + + + + 
Little leaf mycoplasma ++ ++ ++ 
False Rust -Synchytrium -/++ 
Root knot nematode ++ ++ 

1 
2 Others include: Q. barbatum, ~~ tortuosum, D. scorp1urus, D. adscendens 

e = Carimagua; Q ~ Quilichao 

False rusto A new diaease of Desmodium ovalifolium was detected in 
El Tomo, Carimagua, in July. It caused distortion of young leaves, 
shortening of internodes and, subsequently, stunting of plants. 
Fruiting bodies or sori of the fungus filled with orange sporangia were 
produced in large quantities on the undersurface of leaves, on petioles 
and young atems. Galls were formed on old stems. The seed for this 
planting was a mixture msde up of lots imported from Sri Lanka and India 
via Singapore. The disease was identified as Synchytrium desmedii, 
first described on D. ovalifolium in Sri Lanka in 1955. Because of the 
importance of D. ovalifolium, the El Tomo planting was destroyed and 
resown with Brachiaria dictyoneura. All plantings of Q. ovalifolium 
will be surveyed periodically over the next year for false rusto 

Diseases of Leucaena sp. 

Bacterial pod roto In February 1980, pod rot was observed for the 
first time on Leucaena leucocephala in southern Mexico and at forage 
evaluation sites in Belize and Panama. In 1981, the same disease was 
observed in Colombia, Brazil, and Perú on cultivars of ~. leucocephala 
Cunningham. A bacter1um was consistently isolated from rotted pods and 
seeds, and on the basia of morphology, cultural characters, biochemical 
and physiological properties, it waa identified as Pseudomonas 
flourescens Biotype 2. 

Symptoms were manifest firstly as water-soaked lesions surrounding 
insect feeding holes. Lesions expanded and became necrotic as seeds 
began to roto Under humid conditions, there was general pod rotting and 
bacteria oozed from insect feeding holea. Pods often fell prematurely, 
and few seeds were recovered from affected pods. 

The bacterium caused pod rot of L. leucocephala when 1noculated by 
inj ect ion , and bacteria were readily reisolated from affected pods. 
Cross-inoculation studies with four other spec1es of Leucaena showed 



that all were susceptible to pod rot; howcver, L. diversifolia and L. 
shannoni were more resistant than L. esculenta and~. pulverulenta.-

Thc development and association of lesions with insect-feeding 
holes under natural conditions lndicated that the bacterium roay be 
insect-borne by a Heteroptera of the family Pcntatomidae (Mario 
Calderón, personal communication). However, a survey of secd harvested 
froro healthy pods of 14 accessions of ~. leucocephala and one each of L. 
macrocephala and ~. pulverulenta found 48-95% of seed infected with the 
bacteria (Table 10). It is possible that Pseudomonas flourescens 
Biotype 2 is a natural component of the microflora of Leucaena pods and 
seed and usually does not cauSe disease. However, when insects feed on 
poda, the wounds caused enable the bacteria to enter and cause rotting 
of aeeds. This will be further investigated. 

Table 10. Survey of Leucaena leucocephala seed tor Pseudomonas 
flourescens Biotype 2. 

Accession of L. lcucocephala 

78-36 
K 4 
K 8 
K 9 
K 29 
CIAT 734 
K 72 
78-165 
78-19 
K 132 
78-50 
78-85 
K 341 
78-24 e 
K 340* 
78-65** 

* L. pulverulenta 
** L. macrocephala 

Diseases oí Zornia spp. 

Seeds with bacteria 
(%) 

60 
66 
88 
76 
76 
80 
80 
95 
68 
76 
58 
78 
48 
86 
50 
64 

Sphaceloma scab. Evaluations of germplasm continued in major 
screening aites (Table 11). Most acceasions In Carimagua were 
susceptible. Resistant accessions included !. brasiliensis, !. 
myriadena and other four-leafed types. Although Sphaceloma 5cab 
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pressure was not as great in CPAC. the virus-fungus complex affected 
many accessions. Evaluations of regional trials in the Llanos of 
Colombia also showed that Sphaceloma scab is the most important disease 
of Z. latifolia. CIAT 9199. however, was resistant at all sites. 

Table 11. D1sease evaluations of Zornia spp. 1980-1981. 

Site 

1 
Csrimag~ 
CPAC-LVE 
Quilichso 

CPAC-LVE1 

R 

17.0 
25.0 
44.4 

R 

31.9 

SEhaceloms 
MR 

6.6 
19.3 
28.9 

Virus-funius 
MR 

19.4 

scab evsluation 
MS S 

43.9 32.5 
52.7 3.0 
O 16.7 

com2lex evaluation 
ME S 

33.3 15.4 

Total 
sccessions 

212 
72 
54 

Totsl 
accessions 

72 

1 Collections contain a high percentage of ~. latifolia snd relatad spp. 

Bacterial wilt. Over the past year. young plants snd mature plants 
aftar cutting of accessions of Z. brasiliensis and Zornia sp. CIAT 7847 
wilted and often died at Quilichao and Carimagua. Of 73 accessions of 
Zornia sp. at Quilichso. 13 were found affected in the field. At 
Csrimagua. however, only CIAT 7847 was affected. Cross-sections of 
lower stems snd tsproots ahowed brown colorstion of the outer vascular 
tissue. The bacterium consistently isolated from affected tisaues was 
identified as COrynebacterium flaccumfaciens on the basis of its 
morphological. cultural, biochemical and physiological characters. 

AII isolates of the bacterium caused chlorosis, wilting. dieback. 
and death of young plants of CIAT 7847. In addition. it caused 
chlorosis and severe wilting of young plants of Phaseolus vulgarls P 
635. Cornyebacterium flaccumfaciens i8 an important pathogen of beans 
in the U.S. 

The bacterium was readily isolated from seed of CIAT 7847 at levels 
ranging from 75-100% of seed infected. One hundred percent of seed from 
diseased plants carried the bacterium while 75% of seed from apparently 
healthy plants in the same plot were affected. The bacterium is able to 
colonize plants in a symptomless manner. It is a1so present in the 
Quilichao soil. 

Further studies are in progress to determine the host range of the 
pathogen. especially among tropical forage legumes, to determine the 
survival of the bacterium in s01l, and to produce clean seed. Survival 
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was studied by locating nylon discs impregnated with bacterial 
suspensions in nylon bags of soil on the soil surface and at 10 CIT. 

depth. Disc samples were taken each week to determine survival by the 
dílution plate method. Prelimínary results suggest that C. 
flaccumfaciens does not survive tor long in 50il without the presence of 
plant roots. After three weeks in the field, percent survival al the 
soil 5urface was as low as 13.8% and at 10 cm depth was 10.8%. After 
five weeks in the field, no colonies of f. flaccumfaciens were found 
associated wíth the nylon díscs. Sampling ls continulng; however, it 
appears that chis bacterium can survive only in association with plants. 

Diseases of Centrosema spp. 

Germplasm surveys. Due to increased planting of Centrosema spp. in 
Carimagua and Quilichao during the past year, detailed disease 
evaluations were made. Diseases detected were Cercospora leaf spot, 
Anthracnose, Rhizoctonia foliar blight, bacterial blight and Alternaría 
leaf spot. However, the ímportance oí disease in Centrosema depends on 
the species. 

In Carimagua it was found that Cercospora leaf spot has a wide host 
range affecting all species especially f. pubescens (Table 12). 
Rhizoctonia foliar blight affects C. brasilianum severely and C. 
pubescens slightly while bacterial-blight affects Centrosema sp. CIAT 
5112, 5118 and 5278 moderately (Table 12). Anthracnose and Alternaria 
leaf spot are presently regarded as minor diseases. Centrosema 
macrocarpum has less disease problems than other species. A similar 
species-disease pattern was found in Quilichao; however, Bacterial 
blight was severe on CIAT 5112, 5118 and 5278 and also affected f. 
virginlanum and f. brasilianum. Due to their severity on particular 
species of Centrosema, the two diseases are belng studied further. 

Table 12. Diseases commonly associated with species of Centrosema in 
Carimagua. 

Species CLS1 

C. brasilianum + 
C. macrocarEum + 
C. Elumieri ++ 
C. Eubescens 2 

+++ 
Centrosema sp. ++ 

A ~B 

+ +++ 

+ 
+ + 

BB 

+ 
++ 

ALS 

+ 

+ 
++ 

1 

2 

CLS = Cercospora leaf spot; A = anthracnose; RFB = Rhizoctonia foliar 
blight; BB = bacterial blight; ALS = Alternaria leaf spot. 
CIAT 5112, 5118, 5278 
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Bacterial leaf spot and dieback oí Centrosema spp. In 1980 and 
1981, a previously unreported leaf spot and dieback of young growth was 
detected on accessions of f. brasilianum, f. plumieri, f· pubescens, f. 
virginianum and Centrosema spp. at Quilichao and Cariamgua. At 
Quilichao, leaf spotting and dieback appeared to greatly reduce yield oí 
promising accessions of Centrosema sp. CIAT 5112, 5118 and 5278. This 
disease, however, was less severe in Carimagua. A bacterium was 
consistently isolated from affected plants and was identified as a 
species of Pseudomonas. 

The first symptoms expressed were wilting of young leaves snd 
terminal s and chlorotic spotting of mature leaves. Young leaves and 
terminals becsme partially or completely necrotic and dieback developed. 
On mature leaves, chlorotic spots became necrotic and were of varying 
size and shape. Leaves were often crinkled or distorted. 

AIl iso lates of the bacterium caused wilting, dieback and necrotic 
spotting of four-week old plants of Centrosema spp. in pathogenicity 
tests. The bacterium was al so found associated with seed of CIAT 5112 
and 5118 at levela of infection ranging from 8 to 32%. 

High susceptibility to bacterial leaf spot and dieback appears to 
be restricted to accessions of Centrosema sp. CIAT 5112, 5118, 5277 and 
5278 which are similar morphologically. Although it has been isolated 
from accessions of five other Centrosema spp., few accessions are more 
than slightly affected. 

Rh1zoctonia foliar blight. In the past, Rhizoctonia foliar blight 
(RFE) was considered a minor disease in Carimagua occasionally attacking 
Pueraria and Macroptilium. Since 1980, however, RFB has been observed 
as an important disease of Centrosema brasilianum in Carimagua. 

Observations and rating of RFE in two Centrosema brasilianum 
plantings were made each month during 1981. Levels were found generally 
high early in the wet seaaon but declined as the wet season progressed, 
with loweat levela of damage be1ng recorded to date in September. 
Exceptions were 5173 where damage increaaed and 5367 where damage 
remained at a low level. Because rainfall and, probably, ralative 
humidity increased, as diaease level decreaaed, and because RFB is 
favored by high humidity, c11matic conditions fa1led to explain the 
decrease in RFB. 

One possible explanat10n is an increase in the population of 
antagonists of R. solani in soil and on foliage which reduced the 
population of the fungus. A study of natural antagonists of Rhizoctonia 
has been initiated. High populations of Trichoderma spp., known 
antagonists of R. solani, have been found associated with soil snd on 
leaves from plota of f. brasilianum with reduced RFB. In addition, 
various fungi, bacteria and actinomycetes have been isolated. 
Antagonism tasts with these micro-organisms and R. solan1 ara planned. 

Studies are also be1ng made on the pathogenic1ty of various 
isolates of R. solan1 from C. brasi11anum, Desmodium ovalifolium and 
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from Phaseolus vulgaris to Centrosema spp. All four iso lates of R. 
solani from f. brasilianum were pathogenic to 4-week-old seedlings of f. 
braailianum, f. pubescens 438 snd f. macrocarpum 5065 (Table 13). They 
were also psthogenic to five cultivara of Phaaeolus vulgsris. Isolates 
fromQ. ovslifolium were slightly pathogenic to Centrosema spp. and 
Phaseolus vulgaris. Four isolates from Phaseolus vulgaris, however, 
were variable in pathogenicity. 

Table 13. Reaction of Centrosema spp. to isolates of Rhizoctonia solani 
from Centrosema brasilianum, Desmodium ovalifolium snd 
Phsseolus vulgaris. 

Centrosema spp. Reaetion to Rhizoctonia solani 
Aceession No. Isolates from

l Isolates frem Isolates fro, 
C. brasllianum D. ovalifolium P. vulgaris 

438 +++ +++ + - +++ 
5055 +++ ++ + - +++ 
5062 +++ ++ + - +++ 
5065 ++ ++ + - +++ 
5173 ++++ ++ - - +++ 
5178 ++++ ++ + - ++++ 
5184 ++++ ++ - - +++ 
5234 ++++ ++ - - +++ 
5247 +++ ++ - - ++ 
5369 ++++ ++ - - +++ 
5372 +++ ++ + - +++ 

1 Isolates from Centrosema brasilianum CIAT 5178, 5211, 5369, 5372, 
2 Carimagua 

Isolates from foliage of !. vulgaris Restrepo 1981, Huila 486, 1980. 
Isolates from roots of !. vulgaris 1, 11 

Diseases of Andropogon gayanus 

Rhynchosporium leaf spot. Studies on the effect of 
Rhynchosporium leaf spot (RLS) on yield of !. gayanus both with and 
without grazing continued this year at La Libertad, Villavicencio. 
Results from the 1980 harvest showed no effect of RLS on yield of A. 
gayanus (Annual Report, 1980). The second harvest was taken in August 
this year (Table 14). In the medium stocking rate plot, no signifieant 
differences were found among the four treatments. Although the highest 
level of RLS lesions was found in the treatment without grazing aud 
fungicide, it was as low as 8.3 lesions per 100 leaves. As RLS was 
present as foei of infeet1on, further evaluations during the year may 
show higher levels of 1nfeetiou. In the h1gh stocking rate plot, the 
ungrazed treatments signif1cantly outyielded the grazed treatments; 
however. there were no d1fferences between treatments w1th and w1thout 
fungic1de. The RLS level in this plot was extremely low. 
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Table 14. Effect of Rhynchosportum leaf apot on Andropogon gayanus. 
Harveat August 4, 1981. 

Treatment Dry we~ght Moisture content Lesion No. 
(g/m ) (%) 

Medium stockins rate 

A. Without animo & fungo 361 a 46.9 8.3 
C. Without animo & with fungo 425 a 53.8 2.0 
B. With animo without fungo 432 a 43.9 3.0 
D. With animo & fungo 379 a 38.9 2.0 

HiSh stockins rate 

G. Without animo & fungo 238 b 53.3 1.3 
E. Without animo with fungo 273 ab 58.4 O 
H. With an1m. without fungo D5 e 55.0 O 
F. With animo & fungo 88 c 52.7 O 

Harvests will continue every two months. Samples are also being 
raken to determine forage quality. At present, it appears that RLS i8 a 
minor d1sease of !. gaysnus. Ir has been detected on!. sayanus at 
other sites including Csrimagua, Quilichao and regional trials in 
various countries. In all cases, only a few spots.have been found. In 
addition, studies are continuing on the identity of the Rhynchosporium 
which attacks !. gayanus and its relation to Rhynchosporium oryzae which 
attacks rice. Isolates of the fungi are being collected from both. 
Cross-inoculation studies will be made later this year. 

Effect of D1fferent Levels of Various Fertilizers on the Reaction of 
Tropical Forases to rnseet Pests snd Diaeases 

The effeets of fertility on disease development and resistanee in 
erops has reeeived much attention in the pasto Diseases caused by 
bacteria, fungi, namatodes and viruses have beeo shown to be affected by 
fertilization. For various pathogens, evidence has accumulated "that 
increasing levels of potassium reduced disease levels, while increasing 
levels of nitrogen increased them. 

An experiment was set up in Carimagua in May to determine the 
effect of different levels of various fertilizers on the reaction of 
tropical forages to diseases snd insect pests, in collaboration with the 
Entomology Section. With the exception of Centrosema pubescens 438, 
disease levels are low, and trends in the reaction of diseases to 
different fertilizers are not yet obvious. For~. pubescens 438, the 
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híghest levels oi Cercospora leaf spot were found in zero Mg and high Ca 
treatments while the highest levela of Rhizoctonia foliar blight were 
observed in the zero S treatment. lt i8 also planned to assess the mast 
important problem, either disease or pest, in each forage at each 
fertilizer treatment in collaboration with the Entomology Section. 

Surveys of Diseases and Pests of Native and Naturalized Legumes snd 
Grasses 

Periodic surveys of diseases oi native and naturalized legumes and 
grasses are being made in various aites in Colombia and other countries 
to gain more information about the range and types oi pathogens that may 
affect tropical forages. In Central and South America collectíons are 
being made for pathogenicity tests of isolates of Colletotrichum spp. 
mainly from Stylosanthes spp. in Colombia. 

Classiiication oi Diseases oí Tropical Forage Plants According to Host 
and Country 

During the past year informatíon was collected and collated on 
díseases of tropical forage plants. The major sourees oi informat:ion 
were the Commonwealth Mycological Institute, Mycologieal and 
Phytopathological Papers, Host-Disease lists fram as many tropical 
countries as possihle, including Asia, Afriea, Australia, Caribbean, 
Central Ameriea and South America, and miscellaneous papers on the 
microflora of various countries. This information is haing developed 
into a manual that should provide useful information to plant 
pathologists and agronomists working with tropical forages. 

Seed Pathology 

Surveys of changes occurring in the microflora of ~. capitata seed 
in Carimagua and CIAT-Quilichao continued during 1981. Surveys 
concentrated on Aspergillus app. which are noted for aflatoxin 
production in seed. After a two-year survey in Carimagua it was found 
that the percentage of both green and dry seed infected with Aspergillus 
spp. inereased toward the end oi the wet season and reached a maximum in 
the dry season before declining as the wet season progressed (Figure 5). 
Cattle are therefore eating more seed at the time when most seed i~ 
infectad with Aspergillus spp. 

Ten different species of Aspergillus, ineluding four potential 
toxin producers, have been isolated from seed since May 1979 (Tabla 15). 
Aspergillus favus and !. ochraceous, both potential texin producers, 
were most eommonly associated with seed in Carimagua (Table 15). 
Analysis of toxin produetion by isolates of both A. flavus and A. 
echraceous assoeiated with~. capitata seed is in progresa in 
collaboration with Universidad del Valle. 
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Figure 5. Percentage of dry and green seed of S. capitata infected with 
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Table 15. Species of Aspergillus associated with seed of S. capitata in 
Carimagua. 

Species Frequency of Potential toxin 
isolation (%) producers 

A. flavus 74 T 
A. ochraceous 17 T 
A. niger 4 
A. fumiga tus 3 T 
A. terreus 1 
A. versicolor 0.5 
A. sydowii 0.2 
A. nidulans 0.1 T 
A. chevalieri 0.1 
A. tamarii 0.1 

Biological Control of Spittlebug with Entomogenous Fungi 

In 1980, a project in collaboration with the Entomology Section was 
begun on biological control of spittlebug with entomogenous fungi, in 
particular, Metarrhizium anisopliae. Indigenous entomogenous fungl were 
collected from various pasture evaluation sites in Colombia, including 
Carimagua, Quilichao, Popayán, Espinal, from infected nymphs and adults 
of spittlebug ando from soil (Table 16). A selective medium was 
developed to readily isolate~. anisopliae from soil. In addition, 35 
iso lates were obtained from various countries either by collection or 
request (Table 15). These isolates are being evaluated in pathogenicity 
and soil survival studies. 

Pathogenicity studies were made with 45 iso lates of Metarrhizlum 
spp. on nymphs and adults of the spittlebug Zulia colombiana Lallemand 
on Brachiaria decumbens in pots placed in cages in the greenhouse. Data 
was taken on death of nymphs and adults, reisolation of fungi and 
development of adults from inoculated nymphs. Among iso lates there was 
a wide range in percent pathogenicity (Table 15). Of 45 iso1ates, 25 
were rated as pathogenic. Two iso lates CAR 7 from Carimagua, Colombia, 
and FL 11 from Australia, were 100% pathogenic on both nymphs and adults 
(Table 16). 

Studies were al so begun on the effect of soil infested with the 
most pathogenic iso lates of Metarrhizium spp. on nymphs emerging from 
soil. Plants of B. decumbens were established in trays of 
fungus-infested soll with four iso lates oí M. anisopliae - CAR 1, CAR 7, 
Fl 11 and Fl 12 (Table 17). Emergence of nymphs was irregular and 10w. 
This may be due to the methods of placing eggs in the soil and wi11 be 
further investigated. Pathogenicity to emerging nymphs of infested soi1 
was high for CAR 1 and Fl 11. 
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rabIe 16. Pathogenicity of iso lates of Metarrhizlum spp. to nymphs and adults of tbe spittlebug 
Zulla colombiana. 

!solate Origio Host Pathogenidty 
Nymphs 

BE 1 Belize Spittlebug - Adult 50 
ES 9 Brazil Spittlebug - Adult 50 
MET 1 Japan Bombyx mori 25 
HET 4 Japan 
MET 5 Japsl1 Ornebiu8 kanetataki 75 
MET 6 Japan Po~illia ja20nica 25 
EU 1 USA Nemocestus incomputus 
MET 3258 New Zealand Parina sp. 
MET 3259 New Zealand Black beetle 
MET 3095 New Zealand Costrelrtra 25 
MET 4560 New Zealand Rhinoceros beetle 
CBS 130-22 Rolland 25 
CBS 285-59 Holland 25 
CBS 431-64 Holland SO 
CBS 248-64 Rolland 50 
CBS 218-56 Holland 25 
CAR 1 Colombia Aeneolamia reducta - Adult 
CAR , Colombia SoU 16 
CAR 3 Colombia Aeneolamia reducta - Nymph 33 
CAR 4 Colombia Aeneolamia reducts - Nymph 83 
CAR 5 Colombia Aeneolamia reducta - Nymph 33 
CAR 6 Colombia Mocis sp. Larva 16 
CAR 7 Colombia Mocis sp. - Larva 100 
QUIL 1 Colombia Zulia colombiana - Adult 33 
POP 1 Colombia So11 33 
ESP 1 Colombia 5011 67 
FL S Australia Telegrillus commodus 67 
FL 6 Australia Rhopaea verreauxi 100 
FL 7 Australia Rhopaea verreauxi 
FL 8 Australia Rhopaea verreauxi 100 
FL II Australia Anoplognathus porosus 100 
FL 12 Australia Rhopaea magnicornis 100 
FL 13 Australia 5evicesth1s semitlata 67 
FL 14 Australia 5evicesthis nigrolineata 100 
FL 19 Australia Rhopaea verreauxi 33 
RS 324 Australia Austraeris sp. 83 
RS 435 Australia Cricket 
RS 440 Australia Cricket 16 
RS 445 Australia Cricket 100 
RS 473 Australia So11 100 
RS 297 West Samoa Rhinoceros beetle 100 
RS 455 Phllippines Brown plant hopper 
RS 457 Philippines Brown plant hopper 
RS 485 Philippines Bro\rffi plant hopper 100 
RS 487 Ph11ipplnes Bro\rffi plant hopper SO 

Pathog~nicity determlned wlth three replications of six nymphs and six adults 
* Selected isolates for 5011 survival studies 

1 

Adults 

100* 
83' 
16 
50 
83' 
16 
50 

33 
83 
67 
83 
SO 
67 
67 
83 

100* 

83 
33 
SO 
67 

100* 
16 
16 
33 
SO 
67 
67 
83 

100* 
83 

33 
SO 
83 
SO 
16 
33 
33 
SO 
16 
16 
67' 
SO 

Due to a lack of suitable sites with high populations of spittlebug 
during the past year, there was a delay in setting up pathogenicity 
tests in the field. However, an experiment was set up in Carimagua in 
September in an infested pasture of !. decumbens and!. phaseoloides. 
Seven isolates of ~. anisopliae selected on the basis of greenhouse 
pathogenicity tests have been applied to determine their pathogenicity 
to spittlebug nymphs (Table 18). 
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Table 17. Pathogenicity to nymphs oí spittlebug Zulia colombiana oi soil 
infested with Metarrhizium anisop:liae. 

Isalate Country of Emergence of Pathogenjcíty 
origin nymphs 

~%1 (%) 

CAR 1 Colombia 22.5 67 
CAR 7 Colombia 22.5 O 
FL 11 Australia 30.0 75 
FL 12 Australia 27.S 36 
Control 10.0 O 

TabIe 18. Survival of iso lates of Metarrhizium sp. in wet* aud dry 5011 fram 
Quilichao under laboratory conditions. 

Iaolate 

soH 

BE 1 
ES 9 
MET 1 
HET4 
"lIT 5 
MET 6 
EU 1 
ME! 3258 
"lIT 3259 
MET 3095 
ME! 4560 
CBS 130-22 
CSS 285-59 
CSS 431-64 
CSS 248-64 
CBS 218-56 
CAR 1 
0.&2 
CAR 3 
CAR 4 
CAR 5 
CAR 6 
CAR 1 
QUIL 1 
POP 1 
ESP 1 
FL 5 
FL6 
FL 7 
FL8 
FLll 
FL 12 
FL13 
FL 14 
FL 19 
RS 324 
RS 435 
RS 440 
RS 445 
RS 473 
RS 297 
RS 455 
RS 457 
RS 485 
RS 487 

Origin 

Belüe 
Brazil 
Japan 
Japan 
Japan 
Japan 
USA 
New Zealand 
New Zealand 
New Zealand 
Mew Zealand 
Holland 
Kalland 
Rolland 
Hollana 
Holland 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Austrillia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia 
Australia. 
A\lstralia 
\test Samoa 
Philippines 
PhiHppines 
Philipp1nes 
Philippines 

Host 

Spittlebug - Adult 
Spittlebug - Adult 
Bombyx moti 

Costrelytra 
Rhinoceros beetle 

Aeneol$M1a redueta - Adult 
Soil 
Aeneolamia ~educta - Nymph 
Aeneolamia reductil - Nymph 
Aeneolamla wiedüCta _ Nymph 
Mocis sp. - Larva 
Macis sp. - Larva 
'Z'U'lIa colombiana - Adult 
5011 
Soil 

Cdcket 
Cr1cket 
Soil 

sp. 

Rhinoceros beetle 
Brown plant hopper 
Srown plant hopper 
Brown plant hopper 
Brown plant hopper 

*Soil ",as wat at the time of inoculatiún with fungi 
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Survival after 3 .cnthe 
"Wet $011 Dr¡ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 

+ 

+ 
+ 

+ 
+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 

+ 
+ 
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The value of any fungus as a biological control agent depends not 
only on its pathogenicity but also on its survival and persistence in 
the environment. Studies were therefore begun on survival on M. 
anisopliae in soil. Firstly, survival of isolates in wet and dry soil 
from Quilichao was studied under laboratory conditions in petri plates. 
After three months (Table 19) 28 isolares were readily reisolated from 
dry soil while 24 isolates could be reisolated from wet soil. Fourteen 
iso lates did not survive in either soil including three isolates from 
Rolland and five from Australia. Of the four iso lates originally 
obtained froro soil, three did not survive in Quilichao soil. It is 
becoming apparent that the ability of ~. anisopliae to survive in the 
soll environment i8 just as important as its pathogenicity to 
spittlebug. Of those pathogenic isolates selected for field studies, BE 
1, ES 9, MET S, CAR 1, CAR 7, FL 11 snd RS 485, all survived in both 
soils with the exception of RS 485 in wet soil. Studies are continuing 
on survival in different soil types. 

Secondly, atudíes were begun on survival of pathogenic iso lates in 
the field in Quilichso snd Carimagua. Seven pathogenic isolates (Table 
16) were used in both sites, and in Quilichao the isolate Quil 1 was 
used as a control. Plots of B. decumbens were selected and treatments 
included four pasture cuttings at heights of 2, 10, 20 and 40 cm, and 
application of the fungi as powder or in suspension with water. Rate oí 
application was 100 kg/ha ?f rice/fungus mixture with a spore 
concentration averaging 10 spores/g of mixture. Soil ssmples will be 
taken each month to sssess survival of these fungi. 
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Entomology 

Entomology research during 1981 continued ro pursue the following 
main objectives: 

a) To systematically evaluate the germplasm bank for p1ant 
roaterials tolerant or resistant to insect pests; 

b) to study insect taxonomy, biology and population dynamics of 
the most important pests, and 

c) to evaluate germplasm included in regional trials for insect 
damage in various ecosystems~ 

Basically, tbe Section continued studies on tbe stemhorer. sti11 
considered the most important pest of tbe genus Stylosanthes; on 
spitt1ebug. tbe most important pest of several grasses; it completed 
studies on population f1uctuations of tbe false army worm and yellow 
apbid on grasses. It also lnltiated studies on tbe components of 
natural biological control of spittlebug and false army worm, especially 
in tbe Carimagua environment. 

Pests of Legumes 

Stemborer 

Field evaluations bave sbown tbat most aeeesslons of Sty10santhes 
guianensis. and sorne of Stylosantbes eapitata. are bad1y affected by the 
stemborer Calopti1ia sp. Tbis pest causes yield reductions and roakes 
the stems breakable under grazing, great1y affecting persistance of tbe 
legumes. 

Tbe legume Sty10santbes is sti11 consldered promisory by the 
Tropical Pastures Programo Tbus, studies on the stemborer were 
continued to better understand resistance or t01erance observed in tbis 
genus to the stemborer attack. On tbe basis of previous studies, 
researeh was conducted this year to understand field resistance observed 
and to complete information concerning antibiosis reported in S. 
eapitata species. Resulta have shown c1early tbat tbe antihiosis effect 
of ~. capitata is affeeting more the bio10gy of the progeny corning from 
females reared on~. eapitata substrate than progeny coming from males 
reared on~. guianensis substrate (Tables 1 and lA). 

Stem bardness, a characteristic of several Sty10santbes species, 1s 
considered an important resistanee factor, wbich restricts the abil1ty 
of tbe larvae to penetrate and bore the stem. A penetrometer was used 
to measure the degree of stem hardness, and this was corre1ated to 
percentage of stemborer infestat10n. Considering different ecotypes of 
~. guianensis and~. eapitata, it cou1d be shown that harder ones -
tbose with more sclerenchyma -- present less stemborer damage. In 
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Table l. Effect of food substrate on the biology of the stemborer Caloptilia sp. 

Female from Male from Substrate No. eggs No. larva e No. pupae 
accessions accessions 

1. ¡¡uianensis 1. capitata S. ¡¡uianensis 
crAT 136 crAT 1019 -CrAT 136 41 29 28 

1. ca)2itata 1. ¡¡uianensis 1. ¡¡uianensis 
crAT 1019 CIAT 136 CIAT 136 25 18 17 

Table lA. Effect of food substrate on the biology of the stemborer Calo)2tilia sp. 

1. guianensis 
CIAT 136 

1. capitata 
CIAT 1019 

1. ¡¡uianensis 
crAT 136 

1. ca)2itata 
CIAT 1019 

1. ¡¡uianensis 
CIAT 136 

1. capitata 
CIAT 1019 

53 52 49 

16 8 7 

No. adults Longevity 
(mean days) 

26 6.3 

16 5.0 

48 6.9 

2 4.3 



contrast, softer ones -- those ~1th less sclerenchyma layers -- suffer 
more stemborer damage, w1th a r - .83 (Figure 1). These results are 
consistent with last year's results. This year, two-year data were 
completed from a series of experiments on the effect of management on 
stemborer incidence. Records have shown that the association A. 
gayanus-S. capitata 1s superior to !. decumbens-S. capitata. The 
par&meters considered showed higher reduction in number of larvae per 
plant,"percentage of infestation and length oí tunnels (Table 2). 
Grazing redueed inc1dence oí stemborer damage, suggesting good reduction 
in stemborer populations under field conditione in Carimagua (TabIe 3). 

Budworm 

Special emphasis was given to studies On oviposition preference of 
the budworm Stegasta bosquella (Chambers), considering Stylosanthes spp. 
and Zornia spp., the two genera mast affected by this insecto These 
studies showed that the females ovipos1t according to the number of 
inflorescences available. Consequently, higher oviposition occurs in 
the outer parts of the branches which is where inflorescences are mainly 
found. Another study to determine the larval damage of ~. bosquella in 
S. capitata showed that the estimated damage caused by an infestation of 
ane larva!inflorescence was related to the seed production capability of 
the ecotype. In Z. latifolia this relation was not so evident probably 
because the seed production capability of the ecotypes under study 18 
similar (Figures 2 and 3) • 
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~ 30 

E 27 184 .. .. .. ... 
.: 2.4 
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3 1062' 
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Figure 1. Relationship between percentage of stem hardness and 
percentage of stemborer infestation in Stylosanthes spp. 
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TabIe 2. Effect oí assoclated grass on the incidence of stemborer CeIoptilie sp. on Stylosanthes cepitate. 

Parameters 

... 
; No. larvae/plent 

% plent infested 
Tunnel length (cm)/plant 

§.. cal!itata 
pure stand 

(1) 

0.20 1 e 
28.68 a 
0.32 e 

S. cal!itata 
B. decumbens 

(2) 

0.17 ab 
22.51 b 
0.29 ab 

+ S. cal!itata + % reduction 
A. gaxanus 1-2 1-3 

(3) 

0.14 b 15.0 30.0 
21.57 b 21.3 24.8 
0.27 b 9.4 15.6 

1 Means followed by the same letter in the rows do not differ significantly at P = 0.05 level (Duncan). 



TabIe 3. Effect of grazing on the incidence of stemborer Calopt11ia sp. 
on Stylosanthes capitata. 

Parameters Ungrazed Grazed % reduction 

No. larvae/pIant 0.20 1 0.14 b 30.0 a 
% of infestation 25.64 a 22.87 b 10.8 
Tunnel Iength (cm){plant 0.33 a 0.25 b 24.2 

1 Means of the row followed by the same letter do not different 
significantly at P - 0.05 level (Duncan) 
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Figure 2. Oviposition preference of Stegasta bosquella (Chambers) 
on different conventional zones of branches of 
Stylosanthes capitata and Zornia latifolia plants. 
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Figure 3. Estimated reduction in seed production of different ecotypes 
of S. eapitata and Z. latifolia. with an infestation level of 
1 larva/inflorescence. 

In order to determine the critical level of damage of this insect 
in a given ecosystem. it is necessary to consider the species. seed 
produetion eapacity. inflorescenee aize, and flowering time. On sueh 
basia it is possible that the losses in seed production caused by S. 
bosquella may be slight in early flowering plants with good seed -
production capacity and big seed heads (e.g., some ecotypes of S. 
cspitata). -

Desmodium ovalifolium 

Preliminary experiments to study possible effect of fertilization 
on pest incidence vere initiated this year in Carimagua. The experiment 
was set up utilizing D. ovalifolium and four dífferent fertílizaticn 
levels (Table 4). Results showed that hígh N content (complete 
fertilizatíon) and high P content in the tissue had higher Crisomelidae 
damage. On the basis of these preliminary results, another experiment 
with promising plant material vas set up in order to better understand 
the relationship between fertilization and disease and pest incidence. 
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Table 4. Differences in N and P content in foliage of Q. ovalifolium with 
four fertilizatíon levels and different degrees of Crisomelidae 
damage. 

Nitrogen 

Fertilization 
level 

1 
2 
3 
4 

Phosphorus 

1 
2 
3 
4 

No damage 

1. 79 
1 a 

1. 74 a 
1. 71 b 
2.18 b 

o .125 a 
O .149 a 
0.141 b 
0.149 b 

Slí¡¡ht 

1. 74 a 
1. 71 a 
1. 74 b 
2.13 b 

O .121 a 
0.146 b 
0.145 b 
0.144 b 

Dama¡¡e 
Hoderate 

1. 75 a 
1.67 a 
1. 71 b 
2.05 b 

O .125 a 
0.147 b 
0.144 b 
0.142 b 

Severe 

1.80 a 
1.77 a 
1.82 a 
2.28 a 

0.127 a 
0.156 a 
0.157 a 
0.152 a 

1 Means followed by the same letter in the rows do not differ significantly 
(DMS; P - 0.05) 

Peses oí Grasses 

Spittlebug (Zulia colombiana - Aeneolamia !educta) 

During 1981, the attempt to characterize the damage of spittlebug 
at different stages of its life cycle was intensified. Research was 
conducted in Catimagua and Quilichao undet controlled conditions. The 
experiments attempted to study the feeding preference of spittlehug 
nymphs in fout gtasses, and to characterize the damage of nymphs, adults 
snd adults plus nymphs in three grasses: B. humidicola, !. decumben8 
and A. gayanU8. 

Results showed that adule damage i8 always more severe than nymph 
damage even when 1ts mean adult population 18 less than the nymph 
population (Figure 4). B. decumbens showed the híghest yield losses as 
well as numbers of dead planes, !. humidicola and!. gayanus presented 
lower yield losses. Recuperatíon (regrowth) in B. decumbens was slow 
(more than 90 days) while in!. humidicola it was fast due to its 
natural condition. In refcrence to!. gayanus, yield was affected 
although the spittlebug population was not high under this controllad 
situation (Figure 4), A general conclusion oí this study i8 chat B. 
decumbens i8 the most affected grass, being consídered highly 
susceptible to spittlebug. !. humidicola 1s tolerant, be1ng ahle to 
support high insect populations duting long pcriods. Because of its 
ability to produce new shoots rapidly, this grass is able to recover 
from spittlebug attack. 
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Figure 4. Forage losses of three grasses (above) caused by high 
infestation levels of Nymphs (N), Adulta (A) and Nymphs and 
Adults (NA) of spittlebug Zulia colombiana, under controlled 
conditions. Mean number of insects found per treatment 
(below) • 
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In contrast, !. gayanus ls presently considered abad host to the 
spittlebug. This 18 p08s1bIy due to its growth habit which 1s defined 
as erect, forming compact cIumps with its many stems, and/or che hairy 
condition of the stems, especially in their lower parto As a result of 
these characteristics and others. the resistance mechanism in A. gayanus 
is defined as antixenosis. 

Feeding preference studies of spittlebug nymphs have shown B. 
humidicola as che most preferred and!. gayanus the Ieast preferred 
(Figure 5). These results are in agreement with results of fieId 
evaluations (insect infestation) of several grasses from the germplasm 
bank. During this year preliminary studies were carried out with four 
grasses, .!. decumbens, B. humidicola, .!. ruziziensis and A. gayanus. 
The internal strocture of stems and their degree of hardness was studied 
in an attempt to find an explanation for the degree of susceptibility, 
resistance and/or toleranee to spittlebug damage. 
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Figure 5. Feeding preferenee oí nymphs oí spittlebug Zulia colombiana 
in four different grasses. 
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Figure 6. Transverse section oí the stem of A. gayanus st 10 weeks of 
age. 



The thickness of the sclerenchymatous tissue was measured. lt is 
composed by lignified celIa wh1ch make the stems harder and also give 
good protect10n to the vascular bundle. Results showed (Figure 6) thal 
!. gayanus has those characteristics 1n contrast to the Brachiaria 
species studied. In addition, !. gayanus presents several leaf sheaths 
around its erect stems that make it difficult for young nymphs to feed 
on them. 

Field surveying of grasses across Colombia has continued in order 
to understand one of the most important natural biocontrol agents of the 
spittlebug (Table 5). In collaboration with the Plant Pathology 
Section, pathogenicity of eight native strains of Metarhizium spp. have 
been tested using nymphs and adults of Zulia colombiana. Preliminary 
results indicate that under controlled conditions it i8 possible to 
obtain 100% control of nymphs and adults. The importance of this 
finding 1s that 1t may be poss1ble to help natural environment by 
spraying useful entomogenous fungí to reduce 8pittlebug populat1ons. 

Table 5. pathogenicity of different isolates of Metar hizium spp. on 
nymphs and adults of Zulia colombiana. 

Isolate Origin 

B 1 
E 59 
CAR 1 
CAR 2 
CAR 3 
CAR 4 
CAR 5 
CAR 7 
QUIL 8 

Belize 
Bradl 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 
Colombia 

Host 

Aeneolamia spp. - adult 
Deois spp. - adult 
Aeneolamia reducta - adult 
Soil - Carimagua 
Aeneolamia reducta - nymph 
Aeneolamia reducta - nymph 
Aeneolamia reducta - nymph 
Mocis latipes - larva 
Zulia colombiana - adult 

Pathogenicity 
Nymphs Adults 

50 
50 

16 
33 
83 
33 

100* 
33 

100 
83 

100 

83 
33 
SO 

100* 
16 

* Native strain highly pathogenic to different stages of spittlebug 

Life cycle studies of the spittlebug Zulia colombiana have been 
completed (Figure 7), and studies continue of a nematode which affects 
nymphs and adults. 

Yellow aphid 

Studies on population dynamics of this insect continued. Figure 8 
shows population fluctuations in A. gayanus in Carimagua. Aphid 
population increases rapidly with the first showers, reaching peak 
numbers when the heaviest rainfall occurs (May, June, July). At the end 
of the wet season, the population begíns to decresse reschlng the lowest 
numbers during the dry sesson. lt was found that s high stocking rste 
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(4.4 animals/ha) during June, July and August gave good control of 
aphids in comparison with the lower stocking rate (2.2 animals/ha) 
(Figure 9). 

8 -15 Doy, 

Adult 

LIFE CYCLE OF 
Zulla colombiano LALLEMAND 

Nymph (5 Instors) 

Figure 7. Life cycle of Zulia colombiana Lallemand. 

Also the effect of burning of !. gayanus during the dry season 
(January) on aphid population was studied. This practice kept the A. 
gayanus paddock practically free of aphid infestation during the year, 
ln comparison with other practices studied (Figure 10). However, 
burning should be considered carefully when the grass is associated with 
a legume. 

Germplasm Evaluation 

Evaluatian of entries in Categories 1, 11 and 111, as well as in 
regional trials, continued during the year. As in the past, emphasis 
was placad on the most important insect groups already defined as a) 
chewing and b) sucking insects. As a result of .he systematic 
evaluation of germplasm, the most important groups affecting plant 
material in different ecosystems have been defined (Table 6). Based on 
insect-plant ínteractlon during the wet seasan, and in order to better 
approach the evaluatíon system, different evaluatíon schedules of legume 
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rabIe 6. Importance of different groups of insects* in relation te damage caused Qn Iegumes and grasses in various 
ecosystems. 

Ecesystem Stylosanthes Zornia Centrosema Desmodium Pueraria Andro~ogon Bracbiaria 
sEE- 82:2- sEE· 822· S~2· sEE· sEe· 

Brazil (CPAC) SI +++ SI + SI + SI +++ 
Well-drained isothermic el +++ el +++ el ++ el ++ Cl +++ 

savanna-Cerrado SB + 
BW + BW + 

Carimagua SI +++ SI +++ SI +++ SI +++ 
\/ell-drained el + el + el ++ CI++ el +++ el + lBe ++ 

isobypertherm1c SB + LM+ A + 
savanna-Llanos Sil + BII + 

Venezuela SI +++ SI +++ SI +++ 
(El Tigre) el ++ el ++ el +++ 
lIell-dra1ned SS + SM +++ 

1sohyperthermic BW + 
savanna-Llanos 

Peru (Pucallpa) SI +++ SI +++ SI +++ 
Seasonal semi-eversreen forest el +++ el +++ el +++ el +++ FBe + 

* SI - sucking insects; el = chewing insects; SB = stemborer; BW • budworm; FBe - flea bettle (Rasper); LM = leaf miner; 
A = aphids; SM = spider mites 



germplasm wer€: defíned: An intellsive ane al the cnd of the \:et season; 
twc, during the dry season, cme when che soil is 5t1ll !!loist, aud the 
other in the midlil~ of the dry seaSOll. This i!:: l:ased on th(; necessity 
to have a better urlderstándíng Di plant pcrforr:Wllct! when pliH1ts go into 
the dry periúd stress, dliril1g whiel!, according t<' the strategy úf the 
Program, the animal is supposeo to utilize the legume as the main sourc€: 
of protein. In this way the Section expects to be able to better 
appreciate in the future che losses caused by íusect da!!lage ¿uriog this 
critical period of the year. 

Prelimíi,ary estimations were done Di lOf;s(:t> caused by í'hew:i::1g 
insects (Crísomelidae) in five forEge legumes • .:¿. capitata_, I. 
latífolia, Centrcsema pubesceus" lJesrJodiuI!l ovalifoliun:. and I-ueraría 
phaseoloides (Tabie 7). Results 5howed that the estí¡r,ated losses tor 
cach level oi <.iarnage in lhf: diffcrePt legumes under evaluation were very 
variable among plant spectes and Wl.th respect te l<:óf-stem latio and the 
time when the estimatior, w'<.is ffiárk. Furthel" studies wil1 be done to 
improve this new methodo] c'gy. 
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Table 7. Damag. categories usad in avaluating chewing insect damage (Crisomelidae) and estimating final yield reduction 
of five forage legumes. 

Degree of damage 1 - No damage 2 - Slight 3 - Moderate 4 - Severe 
% foliar area damaged 0.0 >0-10 >10-20 >20 
final yleld reductlon (kg DM!ha) (%) (\tg DM/ha) (%) (kg DM!ha) (%) (kg DM!ha) (%) 

S. capitata 0.0 0.0 >0- 85.4 >0-3.3 > 85.4-170.9 >3.3- 6.6 >170.9 > 6.6 
~. latifolia 0.0 0.0 >0- 51.1 >0-3.1 > 51.1-102.2 >3.1- 6.2 >102.2 > 6.2 
D. ovalifol1um 0.0 0.0 >0-159.8 >0-5.3 >159.8-319.7 >5.3-10.6 >319.7 >10.6 
f· E,ubescens 0.0 0.0 >0-135.4 >0-6.4 >135.4-270.9 >6.4-12.8 >270.9 >12.8 
P. I!haseoloides 0.0 0.0 >0-199.8 >0-7.9 >199.8-399.7 >7.9-15.8 >399.7 >15.8 



Forrage Breeding Agronorny 

This Section has responsibility for inieial agronomic 
characterization of new introductions of Andropogon gayanus, Brachiaria 
spp., and Panicum maximum and for breeding and genetic studies with A. 
gayanus and Stylosanthes guianensis. 

Grass Introductions 

During 1981, continuing observations were made on Brachiaria spp. 
and P. maximum accessions established ar Carimagua in early 1980 (Annual 
Report, 1980). Periodic ratings of general plant health of f. maximum 
accessions (freedom from disease and insect damage), vigor, and 
leafiness show several accessions with sufficient promise to warrant 
more detailed agronomic evaluation (Tables 1 and 2). 

Two ratings of earliness to flower and leafiness were made in later 
1980 on 20!. gayanus accessions in a small plot, replicated trial 
planted at Carimagua in early 1980 (Annual Report, 1980). The 
accessions exhibit a considerable range of variation in both traits 
(Table 3). However, they did not differ in total fresh weight yield 
over six harvests between January and July, 1981. It has not been 
determined yet if this collection of A. gayanus germplasm contains 
useful variation not to be found within accession 621. 

With the recent arrival of important new collections of grass 
germplasm, the Section w1ll be dedicating increasing effort to initial 
characterization and seed multiplication of these materials. This work 
will be conducted primarily at the level of small-plot, introduction 
garden at Quilichao and Carimagua. 

Table l. Promising Brachiaria spp. accessions. 

CIAT No. 

664 
665 
667 

6016 
6021 
6297 
6298 

606 (CK) 
Range for 25 

Brachiaria sp. 

B. brizantha 
B. brizantha 
B. brizantha 
B. brizantha 
B. brizantha 
B. brizantha 
B. "híbrida" 
B. decumbens 

Brachiaria access10ns** 

Mean plant 
health rating* 

4.4 
4.2 
3.4 
3.6 
2.4 
3.8 
3.8 
2.6 

1.8-5.0 

* Mean of five ratings from September, 1980 to August, 1981. 
** Trial included four !. humidicola accessions. 
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Mean vigor 
rating* 

4.2 
4.0 
3.6 
3.2 
4.2 
2.0 
1.8 
4.0 

1.8-5.0 



Table 2. Promising Panicum maximum accessions. 

CIAT No. Mean plant Nean vigor Mean leafiness 
hea1th rating'" rating*'" rating"'''' 

673 4.2 4.7 3.3 
689 3.0 4.7 5.0 

6000 3.0 3.3 4.0 
6168 4.2 3.7 4.3 
6179 3.8 3.0 4.3 
604 (Common) 2.0 1.7 1.3 
622 (Makueni) 2.8 3.0 4.3 

Range of 36 
accessions 1. 6-4.2 1.0-5.0 1.3-5.0 

'" Mean of five ratinga írom September, 1980 to August, 1981. 
"'* Mean of three ratings from September, 1980 to Auguat, 1981. 

Table 3. Barliness aud leafiness of A. &a~auus accessions, Carimagua. 

CIAT No. Mean earliness Leafiness ratinls"'* 
ratin!>'" SeI!t. 1980 Nov. 1980 Mean 

621 1.6 2.5 3.5 3.0 
635 2.4 3.8 3.3 3.5 

6053 2.3 4.0 2.5 3.3 
6054 1.9 2.5 2.8 2.6 
6201 3.0 5.0 3.0 4.0 
6202 2.9 5.0 4.5 4.8 
6203 3.0 5.0 4.0 4.5 
6204 1.3 1.0 3.8 2.4 
6205 3.0 3.0 3.8 3.4 
6206 2.1 3.5 4.0 3.8 
6207 2.8 4.3 3.5 3.9 
6208 2.9 3.8 3.0 3.4 
6209 3.0 4.3 3.0 3.6 
6210 3.0 4.8 3.8 4.3 
6211 2.8 4.5 3.5 4.0 
6212 2.8 5.0 3.5 4.3 
6213 1.4 2.3 3.0 2.6 
6214 2.3 2.0 2.5 2.3 
6243 1.0 1.5 5.0 3.3 
Composit 1.8 2.0 3.0 2.5 

ir. Mean over two repe on two dates on a 1 to 3 (earliest) (latest) 
scaIe. 

*'" Leafiness on alto 5 (stemmy) (leafy) acale. 
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Breeding and Genetics 

Andropogon gayanus 

During late 1980 and in 1981 addltlonal data were obtained from a 
quantitatlve genetic study of replicated clonal families from accession 
CIAT 621 p1anted at Qui1ichao and Carimagua in ear1y 1980 (Annua1 
Report, 1980). 

Analyses of variance for the traits: 1) who1e plant dry matter 
yie1d, 2) stem number, 3) percent 1eaf, and 4) leaf dry matter yield 
show that significant genetic variation exists for al1 traits with 
moderate1y high estimates of broad sense heritability (Table 4). The 
genotype-location interaction variance components were statistica11y 
significant for all traits but were on1y about one-half as 1arge as the 
variance components for genotypes. 

Table 4. Estimates of means, heritabilities, and variance components 
for four traits in Andropogon gayanus, CIAT 621*. 

Tráit 
H2 Varo coml.!'** 

Mean + S.E Gen. Gen.-Loc. 

Stem No. 22.1 + 0.31 0.59 94.1 55.9 
Dry wt. (gmlpl) 197.9 + 2.12 0.59 4333.6 2555.7 
% 1eaf 41.1 +0.26 0.69 114.8 50.6 
Leaf D.W. (gm) 75.5 + 0.80 0.63 961.4 599.2 

* Estimates based on two harvests of 200 clones with two single-plant 
replications at Carimagua and Quilichao. 

** Al1 variance component estimates significant1y different from zero at 
the 0.0001 probability leve1. 

A high genetic correlation between total yield and leaf yield was 
found, whi1e the genetic correlation between total yield and percent 
leaf was essentially zero (Table 5). Thus, selection on percent leaf 
should result in no change in total yield while selection of leaf yie1d 
should produce a correlated increase in total yield. 

Heritability estima tes for fresh weight yield for each of five 
harvests between 31 March and 27 July, 1981, at Carimagua. were 
moderately high (Table 6). Due to a negligible genotype-harvest 
interaction, the heritability estimate for total (or mean) yield over 
harvests was quite high. 
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Table 5. Estimates of genetic correlationa in Andropogon gayanua CIAT 
621*. 

Dry wt. (gro) 
Lea! D.W. (gm) 
% leaf 

Leaf D.W. 

0.88 

% Leaf 

0.07 
0.58 

Stem No. 

0.55 
0.24 

-0.43 

* Estimates based on two harvests of 200 clones with two single-plant 
replications at Carimagua and Quilichao. 

Table 6. Estimates of fresh weight yield and heritability for 
Andropogon gayanus CIAT 621, at five harvests at Carimagua*. 

Harvest date 
(1981 ) 

31 March 
24 April 
15 May 
8 June 
27 July 
OVer harvests 

Yield + S.E*'" 

34.1 + 0.75 
111.9 :t 2.02 
110.8 + 2.07 
157.5 + 2.79 
137.7 + 2.18 
110.4 :¡:: 0.93 

Heritability*** 

0.58 
0.69 
0.69 
0.72 
0.77 
0.93 

* Estimates based on 200 clones with two single-plant replications. 
** Grama per planto 

*** AII genetic variance component estima tes significantly different 
from zero at the 0.0001 probability level. 

Percent protein and in vitro digestibility were measured on 
hand-separated leaf and atem fractiona on two harvest dates at 
Quilichao. Significant genetic varistion vas found for all traits on 
both dates except for percent leaf digestibility on one date (Table 7). 
However, estimates of genetic correlations between dates were erratic 
ranging from 0.62 to -0.34, suggesting that the relative values of 
genotypes for these qua lit y characters are not necessarily stable over 
seasons. Thus. evaluation in one seaaon may not identify those 
genotypes with high mean values over an entire year. 

At Quilichao. plant height was measured on two dates and internode 
length on one date in 1981. Both traits showed moderate to high 
heritability, suggesting that selection should be effective in modifying 
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plant height (Table 8). The data indicate that selection on internode 
length should be as effective in modifying plant height as selection on 
plant height itself. Selection for deereased internode length should 
result in a decrease in plant heíght without affecting no de number or 
leaf number. 

The data to date indícate that phenotypie variatíon for a number of 
traits in!. gayanus 621 is predominantly genetie. Thus, seleetion to 
modify these traits should be highly effeetive unless genetic variation 
is largely non-additive or unless a large genotype-year interaction 
exists. 

A more effieient method of leaf and stem separation was 
investigated in 1981. Whole plants were passed through a forage 
chopper, and leaf and atem fractiona separated by passing a sample of 
the choppped material through an air seed cleaner. Heritability values 
for percent leaf based on the air separation were not aS high aS when 
baaed on hand separation of whole plants. However, the decreased costs 
of meehanical separations makes it an attractive technique for routine 
determinations of leaf:stem ratios. 

Table 7. In vitro percent protein and digestibility of leaf and atem 
fraction of Andropogon gayanus CIAT 621*. 

Percent protein 
Lea~ St~m 

Date Mean + S.E H Gen. corr. Mean + S.E H Gen. corro 
bet. dates bet. dates 

XI-80 10.2 + 0.11 0.59** 5.3 ± 0.10 0.70*** 
0.62 0.05 

U-80 6.5 + 0.08 0.73*** 2.5 ± 0.04 0.66** 

Percent disestibilit~ 
Lea~ St~m 

Date Mean + S.E H Gen. corr. Mean + S.E H Gen. corr. 
bet. dates bet. dates 

XI-SO 49.5 + 0.26 0.79*** 47.4 ± 0.46 0.82*** 
-0.34 0.30 

11-81 38.9 + 0.36 34.4 + 0.35 0.73*** 

* Estimates based on 20 clones with two single-plant replicates st 
Qu1lichao. 

**, *** Genecic varisnce component differs frcm zera st the 0.05 or 
0.01 probability level, respect1vely. 
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Table 8 •. Estimates of means and heritabilities for plant height or 
internode length for Andropogon gayanus CLAT 621 ar Quilichao. 

Date Mean 1:: S.E 2 H (2 reps) 2 H (1 rep) 
(mas s select.) 

Plant height (cm) 

II -81 184.2 + 0.58 0.84 0.72 
VIII-81 201.5 + 1.00 0.66 0.49 
Genetie correlation between dates = 0.59 

Internode length (3 measurements per plant) 

VIII-8¡ 25.6 + 0.11 0.66 0.50 

Internode length (1 measurement per plant) 

VIII-81 25.6 + 0.11 0.53 0.36 

Stylosanthes guianensis 

Anthraenose (Colletotrichum spp.) has proved to be devastating on 
most !. guianensis accessions. Breeding and gene tic work i8 directed 
primarily at elarifying the genetlc basls of resistance to anthracnose 
and developing enhaneed levela of stable resistance. Additional atudies 
oí breeding methodology provide information whieh will facilitate the 
handling and evaluation of breeding matetials. 

Genetie studies 

An experiment to srudy genetie segregar ion tor anthracnose reaetion 
in FZ progenies of six "tardío" x common croases (Annual Report, 1980) 
was ne~er satisfaetorily established. Thus, data are on1y fragmentary. 
However, the data obtained do suggest two important points (Table 9): 
first, that evaluation of disease reaetion on the basia of single plants 
(e.g., in sn F2 population) is not entirely reliable, and disease 
evaluation in aegregating progenies should probably be de1ayed untíl at 
1eaat the F3 generatíon, when fami1y plots eould be established. 
Second, it appears that segregates with greater resistanee than that of 
either parent can be found w1thin the F2 population. 

Breeding 

A 10-parent, half-diallel series of erosses was completed during 
1981. Parents were chosen for superior survival in the field at 
Carimagua (primarily anthracnose and stemborer resiatanee). The 
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cbjective of this crossing program i8 to develop lines with improved 
anthracnose and 8temborer resistance combined with hlgh seed yield. lt 
16 anticipated that F_ families from these 45 crosses will be under 

,j 
field evaluation at Carimagua by tbe 1983 season. 

Table 9. Anthracnose ratings* on vegetative replicates of "tardío" and 
corumon~. guianensis parent and F

1 
and F2 genotypes**. 

Genotype ReElicate Mean 
1 II III IV 

Parents: 

184 (Common) 5. O, , 5.0, 4.5 ---. 4.8 
2160 (Tardío) 4.5, ---. • ---, 4.5 
F1 

(184 x 2160) 4.0, 5.0 2.5. 4.5 1.0, 4.5, 3.6 

F¡ genotype No. 

1 5.0 3.5 3.0 2.0 3.4 
2 4.0 4.0 4.5 4.2 
4 1.5 1.0 2.0 2.5 1.8 
5 1.5 1.0 1.0 2. O 1.4 
7 4.5 4.5 5.0 4.7 
9 0.0 0.0 0.0 0.0 

12 2.0 3.5 1.0 2.8 
13 5.0 1.0 4.5 5.0 3.9 
16 4.0 3.0 2.5 2.5 3.0 
17 4.5 3.5 3.5 3.8 
18 2.5 3.5 3.0 3.0 
19 5.0 5.0 3.0 5.0 4.5 
23 2.5 3.0 5.0 4.5 3.5 
28 5.0 5.0 3.5 4.5 

* Rating on a O to 5 (no anthracnose) (dead plant) scale. 

** Ratings made August. 1981, 11 months after transplanting at 
Carimagua. Data presented for F2 genotypes with three or more 
replica tes established. 
Missing planto 

Other studies 

PhotoEeriod. In the 1980 Annual Report the positive effect of 
short-da.y treatment in hastening flowering in nine ~. guianensis 
"tardio" accessions was reported. with the practical implication of 
providing a simple, effective method of reducing generation time in the 
breeding programo A subsequent experiment was conducted to determine 
the plant age at initiation of the short-day treatment which would 
result in a minimum delay from planting to flowering. Three "tardio" 
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accessions were subjected to short-day (9-hr) photoperlod from da} of 
planting or from 4, 8, 12, or 16 weeks after plantíng and flowerir,g date 
was recorded. As in the previous study, differences in earliness among 
accessions were found (Table 10). Also detected was a non-receptive, 
juvenile period during whieh seedlings were not responsive to the 
short-day treatment. Passage of the juvenile period was delayed under 
ahort photoperiod. The plant age at init1at10n of the short-day 
treatment result1ng in minimum delay to flowering differed with 
accession, ranging from 4 to 12 weeks. It 18 apparent that no uniform 
treatment will g1ve maximum ear1iness across genotypes. 1n1t1at10n of 
short-day treatment at approximately eight weeks after planting should 
give a significant reduction in time to flower over eontinuous short-day 
treatment fro", plantíng or over no short-day treatment ar al1. 

Hethod of establishment. An experiment was planted in 1981 at 
Quílichao and Carimagua to investigate the effeet of three establishment 
methods (direet seeding, transplanted seedlings, and transplanted rooted 
cuttíngs) on growth habit, yield, and persistence of 12 ~. guianensis 
accessions. Since transplanting is kno~~ to modify the natural root 
morphology, transplan~ed or direet seeded plants could differ in drought 
resistance, nutrient extraetíon or other important root-related 
eharacters. It will be of particular interest to determine if an 
accession-establishment method interaetion exists. This finding,if 
slgnifieant, would imply the avoidance of transplanting in evaluation 
tríals sinee the results of transplanted tríals would not reflect the 
true relative aceession performance of direct-seeded plants. 

Table 10. Mean number of days to flower from planting or from 
initiatíon of short-day (9-hr) treatment for three S. 
guianensis "tardío" accessions. 

Treatment* 

Control** 
O 
4 
6 

12 
16 

Days from 
planting 

Aceession number 
1280 1283 1959 

253.0
d
*** 

d d 
180.0d 

194.0cd 
202.5c 163.5 175.5d 
220.0c a 86.\ 187.0 
208.0c a 115.0 141.0ab a c 
155.\ 135.5 d 155.5b 
183.0 163.0 165.5 e 

LSD. 05 
19.04 

Days from initiation of 
short-day treatmenr 

Accession number 
1280 1283 1959 

* Age in weeks at eommencement of short-day treatment. 
** Plants grown continuously under natural (± 12 hr) photoperiod. 

*** Treatment means wlthin columns followed by the same letter do not 
differ by t-test at the 0.05 probability level. 
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Legume Improvement 

Stylosanthes capitata 

Selection was continued in F lines established at Carimagua early 
August, 1980, from vigorous F2 selections of the two crosses 1078 x 1019 
(late x early) and 1019 x 1097 (early x late). The F2 selections 
combined high yields of dry matter and seed with resistance to 
anthracnose, stemborer and drought. All F3 lines were grown in rows, 
and ea eh 1ioe was replicated twice. Preplanting fertilizer broadcasted 
over the area was 50 kg/ha triple superphosphate, 100 kg/ha ca1cium 
carbonate, 100 kg/ha su1fomag and the minor elements Mo, Zn, Cu, B. The 
aim was to select under low but adequate fertilizer applications, those 
types mast efficient in the use of nutrients. 

The extent of flowering was determined in a11 lines in Navember 
1980, and in February 1981 the most vigorous plants were se1ected in 
each F. Final ratings for vigor of a11 plants was done in March 1981. 
In botrt crosses, comparisons between the F3 lines and parents were made 
in vigor, flowering and seed production, and these are presented in 
Tables 1 and 2, respectively. 

TabIe 1 shows that in 1078 X 1019, about half the plants in most F) 
linee and the higher yie1ding parent 1078 had a vigor rating of 3. 
llowever, in vigor rating 4, 67% oi the F3 lines had 16-37% of plants 
with significantly greater yields than 97. of the planta of 1078. 

TabIe 2 shows that in 1019 x 1097, and in vigor rating 3, half the 
F3 lines had over 50% of plants with significantly greater yields than 
42% oí plants oi the higher yielding parent 1097. In vigor rating 4, 
there were no plants of 1097, but 10.5-27.5% of plants of all Fl 1ines. 
1019 was earlier flowering than all F lines in both crosses. Rowever, 
with regard to seed production, 83% 01 selected lines of 1078 X 1019, 
and 46% of 1019 x 1097, had significantly higher seed production than 
1019, some lines giving more than twice the seed of 1019. All F3 
selections showed high stemborer resistance, inherited mainly from 1019. 
Anthracnose Wss not a problem in the F3 lines. 

F3 selections comprised single plants combining high yields oí dry 
matter and seed with resistance to stemborer and drought. There were 35 
F3 selections of 1078 x 1019 and 106 oí 1019 x 1097. This latter cross 
gave markedly higher numbers oi promising lines than 1078 x 1019. The 
F4 populations from the F3 selections were established at Carimagua in 
June 1981. 

Anthracnose resistance was evalusted in F
4 

populations at CIAT, 
Palmira, after inoculation with slx strongly pathogenic strains. Half 
the lines had a mean of 80% plants with a systemic reaction, but the 
rest had a mean of only 20% plants with a systemic reaction. In all 
lines, vigorous plants with a localized leaf reaction were easily 
selected. 
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Table 1. Evaluations at Carimagua for vigor and seed production in FJ selections of !. capitata 1078 x 1019. March, 
1981. (Flowering ohserved November. 1980.) 

No .. plants No. planta Vigor 3 Vigor 4 Early flowering Seeo production of 
evaluated Une evaluated 80 gfplant 140 gfplant November 10 plants/line 

(%)* (%)* (%)* (%)* S ¡;ure seed 

160 1 80.0 47.0 a 31.0 a 45.0 b 2.42 abe 
182 2 91.0 50.0 a 37.0 a 47.0 b 2.36 abcd 
182 3 91.0 53.0 a 6.0 ef+- 20.5 e 2.31 abcd 
168 5 84.0 29.0 ab+ 17.5 be 26.5 e 2.64 ab 
172 9 86.0 53.5 a 23.5 b 27.0 e 1. 79 ode 
180 10 90.0 54.0 a 15.5 cd- 22.5 e 3.02 a 
166 11 83.0 41.0 a 9.0 de- 21.5 e 2.11 bede 
175 12 87.5 38.5 ab+ 36.0 a 24.5 o 2.40 abe 
188 14 94.0 58.0 a 24.0 b 40.0 b 3.01 a 
183 15 91.5 47.0 a 16.5 e 21.0 o 1.71 ode 
144 16 72.0 28.5 ab+ 16.0 e 26.0 o 1.67 deH 
165 19 82.5 41.0 a 11.5 cde- 26.0 o 1.46 ef+ 
166 1078 83.0 56.0 a 9.0 de 1.5 d 0.61 g 
159 1019 79.5 2.5 b 0.0 f 79.5 a 0.99 fg-

DMS 5% 36.8 12.5 8.2 0.71 
CV 39.87 32.31 12.42 16.32 

1078 x 1019 

+ • No difí.renee frcm 1019; - - No difference fTcm 1078. 
Mean pereentage. followed by the same letter do not differ at ehe 5% probab111ty level aeeording to Dunoan's Multiple 
Range Test. 
* % of plants on the bas1s of the number of original planta. 
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Table 2. Evaluations at Carimagua for vigor and seed production in ') aelections of 1. capitata 1019 x 1097. March, 
1981. (Flowering observed November, 1980.) 

No~ plante No. planta Vigor 3 Vigor 4 Early floweing Seed production of 
evaluated tine evaluated 80 s/plant 140 g/plant November 10 planta/line 

í%)* (%)* (%)* (%)' S. Eure seed 

183 25 91.5 62.5 a 14.5 b 37.5 der 1.90 ahcdef 
169 30 84.5 43.5 hcde- 12.0 b 40.5 def 2.31 ab 
175 31 87.5 50.0 abe- 15.0 b 44.5 ed 1.68 bedef 
178 33 89.0 56.0 abe- 18.5 ab 52.0 be 2.24 abe 
166 34 83.0 49.0 abed- 27.5 a 45.0 ed 2.06 abed 
137 35 68.5 25.0 f 18.5 a 33.0 fg 2.49 a 
170 36 85.0 29.5 ef- 12.5 b 49.5 be 1.34 fg+ 
143 37 71.5 34.0 def- 12.5 b 49.5 be 1.38 efg+ 
158 41 79.0 54.0 abc- 16.0 b 56.0 b 2.05 abede 
149 43 74.5 32.5 ef- 16.0 b 43.5 cde 1.48 defg+ 
139 45 69.5 19.5 fg+ 10.5 b 35.0 ef 1.37 fg+ 
180 46 90.0 58.0 ab- 14.5 b 25.5 g 1.58 cdefg+ 
188 47 94.0 53.5 abe- 12.5 b 40.0 def 1.49 defg+ 
168 1019 84.0 6.0 g 0.0 e 84.0 a 0.99 gh-
148 1097 74.0 42.0 de 0.0 e 4.0 h 0.39 h 

DMS 5% 15.5 9.6 8.8 0.67 
CV 17 .63 33.36 9.65 19.07 

1019 x 1097 

+ = No difference from 1019; - - No difference from 1097. 
Mean percentages followed by ehe same letter do not differ at th. 5% probability level aeeording to Duncan's Multipl. 
Range Test. 
* % of plants on the basia of the number of original plants. 



Centrosema pubescens 

Previously, ~. macrocarpum 5062 provided a souree of high ae:ld 
to1erance in the eros s ~. pubescens 5052 x ~. macrocarpum 5062. 
Additional Bources of acid tolerance were sought by growing 135 
CEntrosema introductions in pots of Carimagua oxisol for four mont:hs. 
The pots received rhizobium and the equivalent of a total 18 kg/h" of 
al1 essential nutrients. At harvest, acid tolerance was evaluated en 
tlle basis of grewth and degree of leaf yellowing. 

Tlle rcsults presented in lable 3 show that there was a negat:cve 
correlation between degree oi acid tolerance and Al uptake. There were 
10 highly acid tolerant introductions, matnly ~. macrocarpum. 

Evaluation of acId and Al tolerance within populations from "ix C. 
pubescens croases, and the cross ~. pubescens 5052 x ~. macrocarpum 
5062, was continued in Eand culture and Carimagua oxiso!. The sand 
culture solutioll contained all essential nutrients, wilh P at 0.5 ppm, 
Ca 1 ppm and Hg 1 ppm; pH was at 4.2 and Al 5 ppm in the final 
experiments. In fíve sand culture experiments, 3000 F plants of the C. 
pubescens - f. macrocarpuD crOS$ wcre evaluated~ In t~ree of the~e 
experiments, 2500 F

2 
plants of four ~. pubescens crosses were alsc 

evaluated. 

Table 3. 135 Centrosema introductions classified for acid tolerance 
after growth in Carinmgua oxisol and a relation between acid 
tolerance and Al content of tops. 

Acid tolerance rating+ 
and (No. introds.) 

Dead (16) 

1 (30) 

2 (79) 

3 (lO) 

C. 
c. 

C. 
C. 
C. 

C. 
C. 

c. 
C. 

Species++ and 
(No. introds.) 

schottii (la) 
eascuorum ( 3) 

virginianum (lO) 
pubescens ( 5) 
acutifolium ( 3) 

pubescens (49) 
plumieri ( 4) 

macrocarEum ( 6) 
schíedeanum ( 1) 

Centrosema sp~ ( 3) 

Fotil:: random 
introds. 

mean dry wt g~t* 
(mean Al ppm ) 

1.04 (764) 

2.03 (198) 

2.74 (53) 

+ 1, 2, 3, low, medium, hígh acid tolerance, respectively. ++ +++ Only main species líGted. 
Al froID each replicate. 

* Least significant difference 0.45 (P< 0.001) calculated froro 
analysis of varíance. CorreJatían coefficient between Al and dry 
weight -0.96. 
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Table 4 gives the results of the last sand culture evaluation using 
4.5 ppm Al. Among the Centrosema parents, only ~. macrocarpum 5062 
showed high acid and Al tolerance. This character was transferred to 
20% of the F 's of the cross ~. pubescens 5052 x ~. macrocarpum 5062. 
None of the F

2
's of the~. pubescens 5052 x 5210 were highly tolerant. 

Growth of Al tolerant selections from the various sand culture 
experiments, including the above experiment F in Carimagua oxisol gave 
variable results. Up to 20% of the plants had poor growth and 
yellowing, 60% moderate growth with some yellowing, and about 20% had 
vigorous green growth. The discrepancy between the results from sand 
culture and Carimagua soil is explained by the following results from 
relatively uniform F3 populations grown and evaluated in trays of 
Carimagua oxisol. Tfie F3 seed was produced from acid tolerant F2 selections grown in the CIAT field. 

In the trays of Carimagua oxisol there were 100 plants of each F3 
line per tray. Rhizobium was added, and restricted weekly applications 
of essential nutrients given. Table 5 gives the results for acid 
tolerance and foliar levels of N, Al, Ca, Mg in 96 F lines of C. 
pubescens - ~. macrocarpum cross and parents. AIl línes had relatively 
low Al levels, showing that sand culture selection had been effective. 
However, only 10% of the lines had high tolerance, due apparently to 
efficient Ca absorption, as indicated by the high Ca level. This 
character was inherited from~. macrocarpum 5062, and should give the 
roots the ability to extract the small amounts of Ca in acid subsoils, 
and so penetrate them deeply. Efficient Ca absorption was present to a 
lesser degree in the 75% of lines with medium tolerance. The C. 
pubescens parent 5052 and 15% of the hybrid lines had low tolerance in 
the Carimagua oxisol, and a similar low Ca absorption, but all had Al 
tolerance. 

Table 4. Acid tolerance of F2 's and parents of Centrosema crosses 
in sand culture. 

+ ++ % population highly 
Experiment f No. Elants in ratinss acid tolerant 

1 2 3 

5052 (C.p)* O 97 O O 
5062 (C.m)* O 36 67 65 
5210 (C.p) O 98 O O 

F2 5052 x 5062 250 265 132 20 
Fo 5052 x 5210 410 201 O O 

L 

2 (8) = 730.24; P < 0.01 x 

+ 
++ Sand culture Al level 4.5 ppm. 

1, 2, 3, low, medium, high acid tolerances, respectively. 
* C.p = Centrosema pubescens; C.m = Centrosema macrocarpum. 
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Table 5. Acid tolerance ratings and foliar levels of N, Al, Ca, Mg of 96 F3 lines and parents of the C. 
pubescens - f. macrocarpum eros s 5052 x 5062. 

Ac1d tolerance Symptoms No. F3's/96 Means 
ratinll snd 2srents % N Al EEm % Ca 

3 Vigorous. green 10 4.41 15S1 0.961 

lesfy without 
symptoms 5062 4.5 240 1. 79 
12-16 cm high 

2 Green w1th yellow 
4.1 2 1362 0.702 mottling 8-12 cm 72 

high 

1 Yellow-green 14 4.63 1303 0.51 3 

6-8 cm high 
5052 3.3 280 0.55 

l. 2, 3 Means of 8, 16. 5 lines, respectively. 

%Mg 

0.301 

0.43 

0.282 

0.323 

0.22 



Most F3 lines shown in Table 5 are growing in the current 1981-82 
season at Carimagua. They have been given the same low but adequate 
fertilizer applications as outlined in~. capitata, so that the m08t 
mineral-efficient lines will be selected. There i8 a good 
correspondence between glasshouse evaluations and field performance. 
However, susceptibility to diseases and insects reduced the vigor of a 
proportion of the highly tolerant lines. Selection for disease and 
insect resistance are now major aims. Bacterial blight affected all 
lines moderately to severely, except f. macrocarpum controls. 
Chrysomelid and Homoptera attack al so varied between lines. About 10% 
of F} lines showed a high level of resistance to both diseases and 
insects. 

Leucaena 

Selection for acid tolerance was continued in populations from 
second and third generation seed of the Fl ~. leucocephala cv. 
Cunningham x ~. pulverulenta) backcrossed twice to Cunningham. The sand 
culture conditions were the same as outlined for Centrosema. As stated 
in 1980, among 45,000 seedlings evaluated in 10 sand culture 
experiments, 12.5% were selected for Al tolerance. However, when these 
were grown in Carimagua oxisol, only 2.7% of the original number proved 
to be tolerant. This reduction was due, like in Centrosema, to an 
additional screening for efficiency of Ca absorption, as shown in the 
following results with populations from third generation open-pollinated 
seed of selections. 

Populations from third generation seed of 100 selected Leucaena 
lines and the controls were grown in trays of Carimagua oxisol with 100 
plants of each line or control per tray. Rhizobium was added, and 
restricted weekly applications of essential nutrients given. After 10 
weeks' growth, foliar samples were taken, and all plants evaluated for 
acid tolerance. Table 6 gives the results from a1l highly tolerant 
lines in which a majority of plants had high acid soil tolerance. It 
also gives the results from a proportion of the lines with medium and 
low tolerances, and these also had highly tolerant plants, but in lower 
numbers. Thus, uniformity for acid soil tolerance bad been achieved in 
only a small percentage of the lines. Among the hybrid Leucaena lines, 
the most tolerant had the lowest Al and highest Ca contents. In the L. 
leucocephala controls, all had a low Ca content, but variety 11, a 
"giant" wood type, had no Al in this experimento Nodulation was poor in 
all lines and varieties and accounted for their poor N contento 

lt appears from Table 6 results that lines with more efficlent Ca 
absorption can be selected in these crossbred populations. Whether 
their capacity to absorb Ca wil1 be high enough for good growth and deep 
root penetratían in the Llanos at Carimagua, and in other acid soil 
areas, remains to be fully tested. Observations of the Carimagua 
triaIs, planted from seed in May 1981, indicate that lines selected for 
high ~id so11 tolerance in the glasshouse have better growth after six 
months chan lines with medium or low tolerance. 
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Table 6. Foliar levels of Al, N, Ca, Mg in Leucaena lines (from third 
generatíon seed) growing in Csrimagua oxisol. 

No. lines* Aeid so11 Al ppm % N % Ca % Mg 
toleranee 

15 High 54 2.32 0.40 0.20 
4 Medium 73 2.68 0.24 0.16 

11 Low 98 2.46 0.23 0.15 

Controls* 

L. leucoce2hala 11 Medium O 2.30 0.14 0.11 
Cunningham Medium 120 2.44 0.19 0.17 
L. leucoce2hala 1 Low 180 2.35 0.14 0.09 

* Esch line and control variety, 100 plants. 

It wss necessary to find new sources of acid tolerance in Leuesena 
to supplement the selection work being done in the above crossbred 
populstions. Seed of eíght Leucsena speeies, produced in the field ar 
CIAT, was plsnted in pots oí Carimagua oxisol in the glasshouse, and 
also st Carimagua. Table 7 shows that high acid tolerance i8 present in 
sorne varieries of ~. diversifolia, ~. macr02hylla and~. Shannoni. 
Significant natural outcrossing had occurred in all the 52 chromosome 
species, except~. trichodes. Planned eros ses have been achieved 
between these species and~. leueoee2hala ev. Cunningham, so it appears 
that other sourees of acid toleranee eould be transferred to L. 
leucoce2hala. 

At Carimagua, iu August 1981, 15 months after seeding as show~ iu 
Table 7, there was vigorous growth in the two L. diversifolia 
varietíes, and ín trees of ~. macrophylla aud~. Shannoni and their 
hybrids, some of which were 3 m high. By contrast at this atage, L. 
leucocephala 11 (78-15; TabIe 7) previously with no foliar Al (TabIe 6), 
had retarded growth and yellow leaves. Yet in 1980, ~. leucocephala 11 
was one of the most vigorous aceessions at Carimagua. 

Leaf samples were collected in August and October 1981, from a 
number of the species iu the Carimagua tr~al. Table 8 shows that the Al 
level was lowest in the first samplíng of leucocephala 11, aud iu 
macrophylla. The Ca content was lowest in leucocephala 11, 
intermediate iu h. díversifolia, and highest iu ~. macrophylla snd 
L. Shannoni. The Iow Ca sbsorption of ~. leucoce2hsla 11 was reflected 
in its retarded second season's growth. However, Ca absorption ws.s 
apparently h1gh enough in L. diversifolia to sustain active growtt, in 
the second season. The most spectaeular growth was obtained in ~. 
macrophylla and L. Shannoni, the species with the most efficient Ca 
absorption. 
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Table 7. Glasshouse and field evaluations of Leucaena species and varieties tor variability and acid tolerance at 
CIAr. 1980-81. 

1981 Carimagua fieid 
1980 glasshouse evaluatíon Aeid evaluation Chromosome 

after 5 months f srowth tolerance* after 15 months f growth Nos. 2x 
Plants survivins: No. % differ. He1ght 

Leucaena species % planta Ne. % differ. plants trom 
and varíeties dead from parent parent 

(mean) (mean) (mean m) 

L. leucoceEhala cv. 
Cunningham O 30 O 1 210 O 1.0 104 

L. leucoceEhala K8 O 20 O 1 274 O 1.0 104 
L. leuceeeEhala 78-15 O 19 O 2 317 O 1.5 104 
L. Collinsii 78-57 50 16 O O 159 O 0.2 102*· 

l· diversifelia 78-3 O 48 10 3 107 1.5 2.1 52 
L. diversifolia 78-4.9 O 40 35 3 105 9 2.0 52 
L. escuienta 78-53c 56 7 86 O 
L. esculenta 78-55 53 9 100 O 52 
L. macroehzlla 78-65 3 28 17 2.3 
L. Eulverulenta K 340 38 24 O 0-1 157 6 0.2 56 

pulverulenta AJO 3279 28 47 57 0-2 156 13 0.5 56 
Shannoni 78-70 O 31 65 3 56 92 2.4 52 
trichodes 78-86c 60 8 O O 52 

* Acid tolerance O: 1 (low); 2 (medium); 3 (high) en basis glasshouse and Carimagua results. 

** Further ínvestigation required for definite number. 



it seems that breeding Leucaena lines for the Llanos and Cerrado 
soils can now be achieved with the knowledge. techniques and acid 
tolerant lines available. If the interspecific crosses made are able to 
be manipulated without fertility problems. it will be possib1e to 
concentrate a high leve! of acid soi1 tolerance in a variety of new 
forms. 

Table 8. Foliar analyses of trees of Some Leucaena speeies p1antcd from 
seed at Carimagua Research Station. June 1980. 

Species and Sampling Means for foliar analyses of dry matter 
line No. date % Al % % % 

N ppm P Ca Mg 

L. leucoce2hala 11 Aug. 24/81 3.12 70 0.11 0.40 0.22 
L. leucoceEhala 11 Oct. 7/81 2.91 130 0.10 0.46 0.29 
L. diversifolia 26 Aug. 24/81 3.46 ISO 0.11 0.54 0.16 
L. diversifolia 26 Oct. 7/81 2.79 140 0.12 0.60 0.20 
L. macroEhIlla 18 Aug. 24/81 3.86 70 0.12 0.72 0.21 
L. Shannoni 16 Oct- 7/81 3.50 170 0.10 0.74 0.39 

* Means from two replicates; replicates were in close agreement. 
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Soil Mierobiology 

Objectives 

The objectives of the S01l Microb10logy sect10n were specified in 
1980 as: a) to select promising legumes which do not need inoculating, 
b) to seleet Rhizobium strains for those whieh do need inoeulating, aud 
e) to evaluate the effeet of inoculation techniques and pasture 
management practices on nodulation and nitrogen fixation in the fieId. 

Need to inoculate tests in cores of undisturbed soil 

A series of experiments was csrried out to detect responses to 
inoculation and nitrogen fertiIizer of twenty legumes in Cstegor1es 111. 
and IV and V in cores of undisturbed Csrimagua soil. lt was found that 
all the legumes tested produced more nitrogen in the tops when 
fertilized with nitrogen. snd none produced more when inoculated than 
when not inoculated (Figures 1. 2 and 3). The strains used for 
inoculation were: CIAT 79 for Pueraria phaseoloides and Aeschynomene 
histrix; CIAT 71 + 1238 for Stylosanthes capitata; CIAT 71 for ~. 
macrocephala. ~. leiocarpa, ~. guianensis and Zomia brssiliensis; and 
CIAT 299 for Desmodium ovalifolium and D. canum. 

The response to inoculation was sometimes negative (Z. 
brasiliensis, S. macrocephala). although this was not statisticslly 
significant. 

Some legumes nodulated more in the uninoculated treatments than 
others. For example, C. brasilianum ecotypes nodulated more with native 
strains than~. pubescens and ~. maerocarpum. and produced 
correspondingly more nitrogen in the tops (Figure 3). Nitrogen 
fertilization inhibited nodulation in some legumes whereas in others it 
did noto 

Comparison of disturbed and undisturbed soil, and mineralizstion studies 

Four legumes were tested for their response to inoculation and 
nitrogen fertilization in cores of undisturbed soil snd in pots of the 
same s01l which had been dried and broken into small pieces. Figure 4 
shows that the difference between the treatments with snd without 
nitragen was much greater in the undisturbed than in the disturbed s011. 
This 1s partly due to greater production of N in the tops in the 
disturbed 5011 than in the undisturbed soil without nitrogen fertilizer. 
This indica tes tbat disturbing the soil stimulates mineralization of 
organic matter to produce NO;-N which is taken up by tbe planto 
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per coreo Different letters represent significant 
differences in nitrogen in the tops. 
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Table 1 shows that the 5011 under undlsturbed savanna contalns very 
low concentratlons of N03-N. However ln soíl which had been ploughed 
but na!; planted th~ levels were higher, and at 1 ID depth there wete 18 
ppm N03 -N. Tha NH4 -N levels in the surfaee sol1 were eorrespondir.g1y 
lower. In soil from dífferent sites at Carimagua which had been 
ploughed and planted with~. capitata, the NO;-N levels varied between 1 
and 3 ppm depending on the site (Table 2). Tfiese results indicate, that 
preparatíon of the land by ploughing can release considerable amounts of 
NO;-N which may_díminish the effect of inoculation during establishment. 
However, the N03-N produced may not remain long in the s011 due to 
leachíng and uplake by plant roots, and the amount produced may vary 
with soíl conditions. 

Table l. Nitrogen concentrations in disturbad and undisturbed Carimagua 
soil, September 1981. 

Depth in so11 Undisturbed savanna Unplanted ploughed and 
(cm) disked savanna 

PEm p+m ppm PEm p+m ppm 
N0

3
-N NH -N N total N03-N NH -N N total 

4 (Kjeldahl) 4 (Kjeldahl) 

O - 5 0.97 18.75 1288 3.94 7.53 1064 
20 - 25 0.90 3.82 672 7.77 3.34 672 
40 - 45 1.11 2.83 336 6.51 2.49 392 
60 - 65 1.09 2.17 280 3.30 1.96 336 
89 - 85 1.38 1.82 280 9.60 2.23 336 
95 -100 1.18 2.50 280 18.23 3.01 280 

Rhizobium straln ..selection in cores of undisturbed Carímagua soil 

Over 1000 new strains of Rhizohium isolated froro legumes for which 
previous1y few strains were available have been added to the collection 
this year. The strains are tested for the1r ability to nodulate 
"Siratro" if their cultural characteristics are not those typical of 
Rhizobium. Sorne of the strains are fast-growing or produce acid ~n 
neutral yeast mannitol agar or both, which is unusual for Rhizobium 
isolated from tropical pasture legumes. A small proportion of the 
strains grows better on acid than on neutral medium. 

Preliminary experimente have been carried out to test the response 
of different 1egume hosts to inoculation with a range of Rhizobium 
strains (usua11y isolated from the same species) 1n cores of undisturbed 
Carimagua 5011 in arder to determine which strains are most effective. 
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Table 2. Nitragen concentrations in ploughed snd disked ooil planted with Stylossnthes capitata at Carimagua in 
June-August and sampled in September 1981. 

Depth in 50H Hato 1 Yopare Hato 6 YOEare Ha ta 8 Alegría 
(cm) PEm p.\!m ppm ppm p.\!m ppm PEm p.\!m ppm 

N03-N NH4-N N total N03-N NH4-N N total N03-N NH N N total 
(Kjeldahl) (Kjeldahll 

4-
(Kjeldahl) 

0-5 2.17 14.78 1176 1.07 11.40 784 1.05 11.73 616 
20 - 25 2.55 5.06 560 1.53 4.43 448 1.50 3.08 280 
40 - 45 3.00 3.98 392 1.56 3.19 280 1.07 1.71 168 
60 - 65 2.57 3.15 392 1.30 2.57 224 1.06 2.11 168 
80 - 85 2.34 3.16 280 1.32 2.52 168 1. 73 1. 97 112 
95 -100 2.12 4.75 280 1.60 3.87 168 1. 27 1. 74 112 



Figure 5 shows the results obtained with Desmodium ovalifolium. The 
best strain increased N in tops of the uninoeulated control by 18% (1.81 
fold). However N in tops of the N fert1lized control was much greater 
than any of the 1noculated treatments, and the best strain was not 
significantly better than a group of 10 other atraina, although it was 
significantly better than the uninoeulated control. Possibly this was 
due to the limitation of nitro gen fixation by the low nutrient levels in 
the eores. 
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Figure 6 shows that~. capitata responded tQ nitrogen, but the 
control without nitrogen or inoculatíon contained high nitrogen leveIs 
even though it had few nodules. The best strain increased N in tops of 
the uninoeulated control by only 39% (1.39 fold) although the total N in 
these plants was much higher than in the equivalent Q. ovalifolium 
plants. 

Figure 6. 
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Response of Stylosanthes eapitata 1019 to inoculatíon with 
different Rhizobium atrains (~) and two levels of N 
( 8~:~~1 ~ores of undisturbed Carlmagua so11, and 
number of nodules per eore. 

This indica tes that nodulatíon by ~. capitata is very sensítive to 
low levels of 8011 nitrogen, which are used very effíciently by the 
planto In sand and acid (pH 4.5) nutrient solutíon the dífference 
between the controls with and wíthout nitrogen was nruch greater, and 
CIAT straín 1460 was found to be vcry effeetive on three ecotypes of S. 
capítata (Table 3). Straín 308, which was effective in the cores of 
soíl, was not efíective in the sand and acid nutrient solution. 
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Tabl. 3. Effect of inoculation oí Rhizobium strain. on nodulation and growth of three ecotypes of S. capitata in 
sand aud acid (pH 4.5) nutrient solution. 

SC;¡;losanthes c8Eitata ecotZfes 

1019 1315 2310 
Treatment No. nodulesl mg dry No. nodules' mg dry No. nadules/ mg dry 

2 E;lants "e1~ht'2 elants 2 flauts wei~ht'2 Elants 2 Elants wei~bt/2 Elants 

Not inoculated O 15.4 O 19.4 O 17 .0 
Strain 308 11 23.0 31 36.6 35 28.8 
Strains 71 + 

1238 0.2 14.5 0.6 15.2 1.6 16.4 
Strain 1460 28 456.4 24 502.8 31 606.6 
10 ppm N O 158.4 O 366.4 O 227.4 



Centrosema macrocarpum 5065 and Centrosema sp. 5112 were inoculated 
with the same 11 strains of Rhizobium. For both Iegumes strain 1780 was 
effective increasing N in tops by 260% (3.6 fold) and 150% (2.6 fold), 
respectively (Figures 7 and 8). However, the three most effective 
straina of Centrosema sp. 5112 were among the four leaat effective for 
f. macrocarpum. Strain 2389 was completely ineffective for both 
legumes, even though it increased the number of nodules per planto The 
two figures show that Centrosema sp. 5112 nodulated more effective1y 
with a wider range of strains than f. macrocarpum. 

In other similar experiments with Pueraria phsseoloides and 
Desmodium canum, strains 2434 and 1502 respective1y, produced most 
nitrogen in the tops. 
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Response of Centrosema ~ 5065 to inoculation with 
different Rhizobium strains (_) snd nitrogen (~) in 
cores of undisturbed Carimagua soi1, and number of nodules 
per coreo 
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Figure 8. Response of Centrosema sp. 5112 to ir.aculatían with different 
Rhizobium strains (~) and nitrogen (_) in cores of 
undisturbed Carimagua 5011 and number of nodules per coreo 

Further experimenta are being carried out with different fertility 
levels and different soil in the undlsturbed cores to determine whether 
the performance oí the good strains is consistent under different 
conditions. 

Response to nitrogen of unínoculated legumes in the field 

Figure 9 shows responses to N of uninoculated legumes in the field. 
Thus, a response of these legumes to inoculatíon with an effective 
strain can be expected. However, the differences between the treatments 
with and without nitrogen are not as great as those observed ín the 
disturbed 80i1 cores. This ls probably due to mineralizatíon of soíl 
nitrogen during preparatían oí the land far planting. These legumes 
were planted in pure stands. rt is possible that if they were plimted 
with a grass, nitragen uptake by the grass would in crease nitrogen 
deficiency in the uninoculated legumes. Further studies to detec< 
responses of legumes ta inoculation in che field will be carried out in 
soils expected to be deficient in nitrogen such as sandy soi18, humid 
soi1s, soi1s prepared with minimum tillage, and in mixed swards w1th 
grasses. 
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Seed Production 

The Sect10n has eont1nued with its basie objeetives of: a) 
production and distribution of seed of experimental lines snd of basie 
seed, and b) the study of limiting factors to produetion technology of 
important species. 

Seed Production 

Seed production areas are mainly located in Quilichao (Cauea) and 
Carimagua (Llanos Orientales), and facilitates for cleaning, qua lit y 
assessment and storage of seed are located at Palmira. Species and 
aceessions for seed increase are defined by a Program Committee and 
depend on the potential demand for seed in the next phases of pasture 
evaluation. 

Seed of a large number of speeies is produced in amall plots in 
Qu1liehao, while larger seed production areas are coneentrated in 
Carlmagua. Quantitles of seed produced durlng 1981 are shown in Table 
l. Emphasis was on the genera Stylosanthes, Centrosema, and Desmodium. 

Table l. Summary of seed produced, October 1980-0ctober 1981. 

Genus 

Legumes 
Stylosanthes 
Centrosema 
Desmodium 
Zornia 
Aeschynomene 
Pueraria 

Total legumes 

Grasses 
Andropogon 
Brachlaria 
Panlcum 

Total grasses 
Total all accessions 

Accessions 
(No.) 

34 
14 

7 
6 
2 
1 

64 

3 
5 
1 
9 

73 

* Legumes, seed or seed in pod, > 95% purlty. 
Grasses, cIean seed, :> 35% purlty. 

163 

Seed weight 
(kg)* 

3,030.5 
70.5 
57.0 
67.0 
88.0 
2.0 

3,314.5 

4,949.0 
43.0 
8.0 

5,000.0 
8,314.5 



~. ovalifolium 350 failed to produce seed in Carimagua during 1980 
due to an early dry season which coincided with the onset oi flowering. 
Observations suggest that this species requires good moisture 
availabilíty extending through the flowering period for high seed 
production. 

The quantities of aeeda distributed by 
and to collaborators are shown in TabIe 2. 
were handled and a total of 7370 kg of seed 

the Section to the Program 
During 1981, 242 requests 
was distributed. 

TabIe 2. Seed processed and distributed during 1980-1981. 

Distribution* 

Pastures Program 
Regional trials 
Basic seed 
Other 

Grand total 

Grasses 
(kg) 

3,327.3 
138.6 

1,015.0 
53.1 

4.534.0 

*From a total of 242 composite request8. 

Production.Technology and Andropogon gayanus 

Legumea 
(kg) 

2,708.8 
30.7 
62.0 
35.0 

2,836.5 

Total 
(kg) 

6.036.1 
169.3 

1,077.0 
88.1 

7,370.5 

In the Quilichao region, the two growing seasons offer two 
potential harve5ts annually, provided approprlate management ls applied. 
An experiment i5 in progress comparing three defoliatíon treatments and 
two nitrogen levels. Burning stimulated higher seed yields and later 
maturity at 2 of 5 consecutive harvests. Otherwise burning, cutting, 
and cutting with removal of aftermath resulted in similar seed yields. 
Nitrogen (zero versus 100 kg/ha as urea) increased pure seed yields at 3 
of 4 harvests. with lncreases averaging 40%. Overall, seed yields 
tended to decrease with age of stand. 

The commercial management of established stande destined for seed 
production requires defoliation so as to restrict mature plant height 
and allow an efficient harvest. The simplest on-farm defoliatlon method 
i8 via grazing. lt will be necessary to determine, withln each 
geographic region, the optimum period and timing of regrowth followlng 
grazing to promete maximum seed yield. As a prelude to such a grazing 
experiment, the effects of different times of cutting aud concurrent 
fertilizer application were compared at Carimagua dur1ng 1980. The 
eutting treatments were, uncut, cut July 30, cut August 29. cut 
September 30, and cut October 29, using a slasher at 30 cm helght. 
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Nitrogen treatments O, 50, 100 kg/ha, were applied to subplots as urea, 
following a common maintenance fertilizer dressing at the time of 
cutting. Tha uncut plots grew to 3 m at maturity, while the cut in 
July, August, September, and October treatments grew to 2.5, 2.1. 1.7. 
and 1.5 m. respectively. The maximum pure seed yield was recorded in 
the cut August 29 plus 100 kg N/ha treatment. with a period of 15 weeks 
between cutting and harvest maturity. Cutting after August 29 resulted 
in reduced seed yield in 1980. A response to nitrogen was only observed 
at the August cutting. These results used to plan a follow-up 
experiment involv1ng different periods of continuous grazing until the 
same months of the year, to determine how to bese manage areas for seed 
production under grazing. 

On several occasions seed harvests have been made in comparable 
clrcumstances by both manual harvesting and direct combining. Results 
are summarized in Table 3 and indicate an average of 50% more pure seed 
by the manual method whereby inflorescences are hand cut. sweated in 
heaps for 3-4 days then lightly threshed. On the basis of 25 versus 4 
mandays/ha for the manual and combine methods. respectively, a combine 
harvesting rate of 4 hr/ha and prevailing costs of labor and combine 
rental at Palmira, the cost of harvesting a kg of pure seed is 
comparable for the two methods. 

Table 3. Pure seed yields from two methods of harvesting Andropogon 
gayanus at Palmira. 

Harvest Pure seed }:ield* (k¡¡/ha) 
Combine Manual 

l. January, 1978 32 69 
2. August, 1980 19 32 
3. September. 1980 29 49 
4. July. 1981 23 51 

Average 26 50 

*Pure seed. as defined by presence of a caryops1s. 
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Soil Fertility and Plant Nutrition 

The research strategy on soil fertility and plant nutrition of the 
Trop1cal Pastures Program 1s based on a low-input soll management 
technology. Its general objectlve 1s to make the most efficient use oí 
scarce fertilizer inputs by establlshing pasture species and ecotypes 
that are most tolerant to exist1ng s01l constraints, thus decreasing the 
rates of fertilizer applications while attaining reasonable, but not 
necessarily maximum quality and yield. The specific objectives of this 
strategy are the management of soil acidity (Al and Mn toxicities, Ca 
and Mg deficiencies) and management of low native soil fertility (macro 
and micro-nutríent deficiencies, except nitrogen) for the establishment 
and maintenance of tropical pastures. 

Management of Soil Acídity 

The main 5011 acldity constraints are identified as aluminum and/or 
manganese toxicities, calcium and magnesium deficiencies, which need to 
be alleviated in order to obtain successful pasture establishment. 
Selection of productive pasture species and ecotypes that are tolerant 
to Al and/or Mn toxicities is the main component in soil acidity 
management. In additlon, the aluminum-tolerant species and ecotypes of 
tropical pastures do not need a decreased aluminum saturation leve! of 
the soil by limlng. but in most cases the plants require fertilization 
with calcium and magnesium. 

Tolerance to aluminum toxicity 

Although the hematoxylin test is a very useful technique to 
separa te the germplasm into two broad groups according to tolerance to 
Al toxiclty, ié was found that the evaluatíon in many Cases was very 
qualítative. In order to avoid this situation and in addition to the 
visual estimation of the stainabillty of the root system by the 
hematoxylin, the relative root length was introduced as a quantitative 
measurement. Figure 1 shows the relationshlp between regression 
coefficients of the relative root length and the relative dry matter 
yields of 47 ecotypes of Stylosanthes macrocephala grown under three 
levels of Al stress. This figure shows the distribution of the ecotypes 
according to their Al tolerance. Comparing with the hematoxylin test 
and the Al-susceptible control (Stylosanthes sympodialis 1044). the 
Al-susceptible ecotypes of ~. macrocephala fall within the group defined 
as susceptible by the hematoxylin test. There are several ecotypes that 
were grouped as Al-tolerant by the hematoxylin test but that were 
identified as susceptible by their low regression coefficients of 
relative root length. These results may be explained in the sense that 
the ecotypes identified as Al-tolerant by the visual-hematoxylin test 
were healthy plants although their root growth was redueed under Al 
stress. In fact. the relative dry matter yields of most of the ecotypes 
were over 50% of maximum yield obtained with no Al stress. It appears 
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that not only the reduction in root growth but also the top growth has 
to be considered in this screening process. Rowever, for practical use 
the selection of the most Al tolerant ecotypes by any of the two tests 
1s enough considering the high number of ecotypes. 
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10 ppm Al of 47 ecotypes of Stylosanthes macrocephala and 
their comparisons with the hematoxylin test. 
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To1erance to manganese toxicity 

Managenese toxicity 18 another constraint in certaln acid 80ils but 
its geographical extent 18 not known. During the soi1 charaeterizations 
for the pasture regional trials, however, severa1 soi1s were identified 
with availab1e soi1 manganese above the toxie leve1 for tropical 
pastures ( >50 ppm Mn). Using the natural distribution of the soi1 
manganese from 10w (0-20 ppm Mn) to high ( :> 50 ppm Mn) at Quilichao. a 
field experiment was establlshed to study the differentia1 tolerance of 
several species and ecotypes of tropical pasture grasses and legumes. 

The results are shown in Tables 1 and 2. The idea that legumes are 
more susceptible to manganese toxicity than the gras8es appears not to 
be true slnce among pasture specles and ecotypes within species in both 
grasses and legumes there 19 a differential tolerance to Mn toxiclty. 
Among the pasture grasses the differential tolerance ls better 
appreciated among ecotypes than at species level. On the other band, the 
most tolerant ecotypes had higher dry matter production at high Mn 
stress than at low Mn stress which would indicate a beneficial rather 
than a detrimental effect. Sorne ecotypes within a species judged on the 
basis of the relative index as ~m-susceptible (Relative Index less than 
O.S) had a dry matter production similar to the most Mn-tolerant 
ecotypes. This fact can be re1ated to the high inherent potential of 
these ecotypes for biomass production which in many cases may be enough 
for animal feeding. This i8 the case of Brachiaria humidicola 679, 
Brachiaria em1nii 6241 and Andropogon gayanus 6200. 

TabIe 2 shows the dry matter yield and differential tolerance of 
several tropical legume specles and ecotypes to Mn toxicity in the soil. 
The performance of these pasture legumes follows a similar trend to that 
of grasses. In general, the manganese toxicity symptoms included 
marginal chlorosis, induced iron deficiency, distortion of young leaves. 
sud localized spots where manganese accumulates. 

Calcium requirements by tropical pastures 

The diagnosis of aluminum toxicity in acid soils of tropical 
Ameriea has been based on exchangeable sluminum extracted by 1N KCl. 
Liming recommendations are commonly derived from the level at which this 
exchangeable a1uminum is almost neutra1ized snd the soil pH 15 raised to 
the range 5.2-5.5. However, liming requirements based only on 
exchangeable aluminum may overestimate the lime rates because of varying 
degrees of plant tolerance to aluminum toxicity. In addition, initial 
results (Tropical Pastures Program, Annual Report, 1980) provided the 
information that the response of the Al-tolerant pasture grasses and 
legumes was mainly related to ealcium requirements rather than to 
liming. Thus a field experiment was established on an Oxisol of 
Carimagua to determine the cale1um requirements of several tropical 
pasture grasses and legumes. Four calcium rates (50, lOO, 200 and 400 
kg Ca/ha) plus a control (no Ca applied) were used and calcitic lime was 
the calcium source. Table 3 shows the external and internal critical 
calcium requirements associated with about 80% of maximum yieId during 
the rainy sea son and dry seasons of several tropical pastures species 
and ecotypes. 
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Table 1. Dry matter production and differential tolerance of several 
species and ecotypes of tropical pasture grasses to manganese 
toxicity under field conditions. 

Species Ecotype Dr~ matter Iieli 
Low Hu High Hu Relative Index 

(lO I!l!m Hu) (86 I!l!m Hu) ~Hi,h Mn/Low Hu~ 

-1 -1 -----t ha year ------
Brachiaria ruziziensis 654 2.88 3.00 1.04 

655 4.86 3.10 0.64 
660 3.53 1.83 0.52 
656 3.30 1.48 0.45 

Brachiaria decumbens 606 5.52 6.69 1.21 
6130 3.37 3.19 0.95 
6131 2.82 1.93 0.68 
6132 3.14 1.28 0.40 

Brachiaria humidicola 675 2.66 2.63 0.98 
6013 3.76 3.00 0.80 
679 5.73 2.78 0.48 

Brachiaria brizantha 665 5.74 6.05 1.05 
667 5.44 3.29 0.60 

6016 1.47 0.86 0.58 
Brachiaria radicans 6020 1.30 1.87 1.43 
Brachairia dictloneura 6133 2.42 1.86 0.77 
Brachiaria eminii 6241 4.70 2.20 0.47 
Andropogon gayanus 6054 3.40 4.06 1.19 

621 3.70 4.01 1.08 
6053 6.81 6.78 0.99 
6200 6.07 4.39 0.72 

Panicum maximum 661 3.14 4.45 1.42 
673 4.30 4.54 1.05 
697 4.78 4.85 1.01 
684 2.28 1.95 0.85 

Pennisetum purpureum 658 10.0 8.73 0.87 
672 13.1 10.39 0.79 

Setaria anceps 6187 6.25 7.13 1.14 
6188 3.13 1.16 0.37 

Among the grasses, Brachiaria humidicola 679 had the least external 
calcium requirement (50 kg Ca/ha equivalent to only 125 kg calcitic 
lime/ha) and a180 the least internal calcium requirement (0.22% Ca) as 
compared wíth the other grasses which required twíce the amount of 
external calcium to have more or less the same dry matter production. 
However, all these grasses have a low Ca requirement since the small 
amount of calcium applíed to the soil practically did not change the 
soíl pH or the Al saturation percentage at all. 
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Table 2. Dry matter yield and differential tolerance of several species 
and ecotypes of tropical pasture legumes to manganese toxicity 
under field conditiona. 

Species Ecotype Dr~ matter ~ield 
Low Mn High Mn Relative index 

(10 :e:em Mn) (86 :e:em Mn) (Hiah Mn/Low Mn) 

-1 -1 -----t/ha year ------

St~losanthes ca2itata 1405 1.93 2.59 1.34 
1315 2.14 2.31 1.07 
1019 1.95 2.01 1.03 
1097 3.23 3.32 1.02 

St~losanthes guianensis 136 4.82 6.21 1.29 
184 5.39 5.80 1.07 

St~losanthes hamaca 147 4.78 5.05 1.05 
Centrosema macrocar:eum 5065 3.11 2.72 0.87 

5462 2.95 2.36 0.80 
Centrosema brasl1ianum 5237 2.10 2.52 1.20 

5180 1.61 1.44 0.89 
Centrosema 2ubescens 5118 1.26 1.95 1.54 

5053 1.88 2.20 1.17 
5112 3.03 3.23 1.06 
5189 2.27 2.27 1.00 
5126 3.23 2.80 0.87 

438 3.16 2.55 0.80 
Common 2.47 1.89 0.76 

Desmodlum ovalifolium 350 3.95 4.52 1.14 
Desmodium hetero2h~11um 349 2.80 2.36 0.84 
Desmodium heterocar2on 365 2.34 1.15 0.49 
CodarlocalIx ~roides 3001 3.37 2.20 0.65 
Calo2ogonlum mucunoides 7367 2.27 2.41 1.06 

Common 4.09 3.72 0.90 
9161 2.79 1.68 0.60 

Pueraria 2haseoloides 9900 4.79 5.79 1.20 
Zornia latifolla 9286 1.93 1.65 0.85 

728 1.54 1.27 0.82 

Results with pasture legumes also show marked variations in their 
calcium requirements not only among species but also among ecotypes 
within species. Although the external calcium requirements were in many 
cases the same as with the grasses, the internal calcium requirements 
for legumes were higher than those of the grasses at both rainy and dry 
seasons. Tbese observations have implications for competitive effects 
with respect to calcium in grass-legume mixtures and especially for 
those with the same external Ca requirement. Under these conditions 
pasture legumes may compete with grasses since when the immediate supply 
of calcium falls below the combined demands of the plants. competition 
begins. 
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The equivalent amount of calcium to that applied with the 
calcitic lime would be also applied with the basie slag (Ca1fos) or rock 
phosphates to meet the external ealcium requirements avoiding in ~his 
way the use of lime. 

Table 3. External and internal critical calcium requirements* and crit1:al 
dry matter yields fer the ratny and dry seasons of various tropical 
pasture species for the establishment periodo 

---... 

Internal 
Species Ecotype External Dr)! matter )!ield criUcal 

critical Rainy Dry Ca level 
Ca lev=l 
(kg/ha ) 

(3 cuts) (2¡cuts) 
(t/ha ) 

Rain:! Dr:z: 
(%) 

Grasses 

Brachiaria humidicola CIAT-679 50 6.7 2.0 0.22 0.25 
Andropogon gayanus CrAT-621 100 6.7 2.6 0.23 0.21 
B6 decumbens CrAT-60b 100 7.6 2.1 0.37 0.30 
B. brizantha CIAT-665 100 7.3 1.8 0.37 0.32 

Legumes 

Stllosanthes caE.itata CIAT-l31S 50 6.0 1.1 0.73 0.53 
S. cáEitata CIAT-1693 50 5.5 1.4 0.82 0.56 
S. caeitata CIAT-1691 50 5.6 1.2 0.70 0.54 
S. ca~itata CIAT-131B 100 6.5 1.1 1.16 0.71 
S. caEitata CIAT-I019 100 5.6 0.7 0.93 0.74 
s. c3Eitata CIAT-1441 200 5.5 1.0 1.15 0.88 
S. caEitata CIAT-140S 200 5.1 1.0 0.96 0.72 
S. c312itata CIAT-1342 200 5.1 0.9 1.30 0.89 
S. macroceI?hala CIAT-1643 50 5.5 1.4 0.78 0.49 
Desmod1um ova11folium CIAT-350 100 4.9 1.3 0.74 0.64 
Pueraria Ehaseoloides CIAT-9900 100 4.4 0.9 1.04 0.57 
Centrosema macrocarpum CIAT-5065 100 2.5 0.7 0.72 0.5 ) 
Desmodium gyroides CIAr-3001 100 3.0 0.5 0.66 0.48 
Zornia sp. CIAT-9600 100 2.9 0.3 0.53 0.50 
~. latifol1a CIAT-72a 200 3.5 0.8 0.82 0.66 
Z. latifolia CIAT-9286 400 2.7 0.9 0.95 0.76 
C. Eubescens CIAT-50S) 400 2.0 0.6 0.98 0.74 

·Critical requirements associated with about 80% of maximum yield. 

Management oí Low Native Soi1 FertiIity 

The main low-input technology required to manage low native soil 
fertility eenters on increaaing the efficiency of ferti1ization. This 
may be posaible through the identification and correct10n of 80il 
nutrient deficiencies and use of pasture species and ecotypea that are 
more efficient usera of low fert1lizer ínputs. In addition, the 
promotíon of nutrient recyc1ing in paature production systems needs 
substantial investigatíon. 
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Phosphorus and rotassium requirementlil ..... ()f tropical pastures 

Following the methodology for regional trials but with three 
fertilizatíon levels of P and K, a field experíment waS estabIished with 
the germplasm identified for the isohyperthermic weIl-drained savannas 
such as Carimagua. The results are presented in TabIes 4 and S in 
relatíon to the external and internal requirements for P and K during 
the establishment period of the pasture species and ecotypes. With few 
exceptions, most of the pasture species and ecotypes required 20 kg P/ha 
and 20 kg K/ha. 

All the pasture grasses present quite low internal phosphorus 
requirements in both rainy and dry seasons. On the contrary, the 
pasture legumes in many cases present twice the tissue P concentrations. 
These differential interna1 P requirements imply that pure stands of 
pasture grasses may not satisfy the animal P requirements (0.2% P). 
Consequently, a mineral P supplementation would be necessary since these 
tropical grasses even with high P fertilizer inputs did not increase 
their tissue P concentration beyond 0.15% P. However, grass-legume 
mixtures may provide enough phosphorus to fulfill the animal P 
requirements, and this suggests that research is needed with and without 
mineral P supplementation to the animal grazing grass-legume mixtures. 
Results indicating that mineral P supplementation could be reduced or 
eliminated would imply less input costs. 

The differences in internal potassium requirements are less marked 
between legumes and grasses. In general, there are no major inter or 
intraspecific differences in terms of tolerance to low available so11 
potassium. The results presented in Tables 4 and 5 only indicate a 
temporary low K requirement since sooner or later an external souree of 
K will be needed. The main reason for this is that potassium is similar 
to nitrogen in that potassium deficiencies increase with time due to the 
fast consumption by the plants and high susceptibility to leaching in 
most of the acid soils. All this suggests that the main avenues for 
increasing the efficiency of the K inputs for the establishment and 
maintenance of tropical pastures in highly weathered acid soils are: 1) 
the use of the sourees of potassium with slow K release and long 
residual effects; cement plant kiln flue dust rich in potassium might be 
evaluated as an alternative for the highly soluble K sources, and 2) 
the recycling of potassium to the soll from the pasture lit ter and 
excreta depositions. 
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Table 4. External and internal critical levels of P and K of various species and ecotypes of tropical pasture 
legumes at the establishment period of the 1sohyperthermic well-drained savanna. 

Species Ecotype External critica! leve!* Internal critical level* 
Rainy aeason Dry season 

p ¡ K P K P K 
(!&!ha í ¡Xl 

Cateao~ V 
Desmodium ovalifo11um 350 20 20 0.10 1.03 0.08 0.43 
Pueraria phaseoloides 9900 20 20 0.22 1.22 0.10 0.66 

Categorx IV 
Stxlosanthes ca2itata 1019 20 20 0.11 1.15 0.08 0.67 
1· caEita.ta 1315 20 20 0.18 1.18 0.08 0.60 
S. ca~itata 1318 20 20 O.l! 0.98 0.09 0.64 
S. c8;e1tata 1342 20 20 0.12 1. 16 0.10 0.62 
1· caEitata 1405 20 20 0.11 0.98 0.09 0.58 
1· c6Eitata 1441 20 20 0.12 1.18 0.09 0.61 ... s . ca2itata 1693 20 20 0.14 1.21 0.09 0.56 .... .... S. cal?;1tata 172a 20 20 0.12 1.22 0.09 0.64 

Catesor~ 111 
Centrosema macrocarpum 5065 11 10 0.16 1.24 0.09 0.72 
f. 2ubescens 5053 20 20 0.16 1.50 0.09 0.76 
fw pubeacens 5126 20 20 0.18 1.40 O.l! 0.75 
Coda'l.'iocalxx Bi:l'oides 3001 35 30 0.17 1.15 0.11 0.57 

Other categories 
~. éapitatA 2013 20 20 0.13 1.28 0.10 0.68 
!. capitata 1943 35 30 0.15 1.19 0.13 0.86 
!. macrocephala 1582 20 20 0.10 0.93 0.08 0.50 
Zomia sp. 728 11 10 0.12 1.16 0.08 0.43 
Zorn1a sp. 9199 20 20 0.15 1.11 0.09 0.72 
Zomia sp. 9286 20 20 0.18 1.28 0.09 0.60 
Zornia sp. 9600 20 20 0.14 1.00 0.09 0.68 
C. bras111anum 5055 20 20 0.14 0.12 0.09 0.57 
AeschlGomene histrix 9690 11 10 0.19 1.25 0.07 0.47 

*Critical levels associated with about 80% of maximum yields Qbtained at eight weeks of plant growth& 



Table 5. External and internal critical levels of P and K of four tropical pasture grasaes at the establishment 
period fer the isohyperthermic well-drained savanna. 

Species 

... 
~ Andropogon gayanus 

Brachiaria humidicola 
Brachiaria decumbens 
Brachiaria brizantha 

Ecotype 

621 
679 
606 
665 

Externa! critical leve1* 
P K 

(kg/ha-1) 

20 20 
10 10 
20 20 
20 20 

Internal critical 
Rain:¡: season 
P K 

(%) 

0.10 0.95 
0.08 0.74 
0.08 0.83 
0.09 0.82 

·Critical levels associated with about 80% of maximum yield obtained at eight weeks of plant growth. 

level* 
D~ sea son 

P K 

0.04 0.53 
0.05 0.39 
0.05 0.38 
0.05 0.44 



Effects of micronutrient applications on pasture establishment 

A field experiment was set up in Carimagua to determine the 
external and internal micronutrient requirements for promising pasture 
grasses and legumes as well as to determine the residual effects of 
mieronurient applications. Zinc, cooper, boron, manganese and 
molybdenum (only in legumes) were the mieronutrients studied. Tha 
grasses tested were Andropogon gayanus 621, Braehiaria decumbens b06, 
Brachiaria humidicola 679 and, Brachiaria brizantha 665 and the legumes 
were Stylosanthes eapitata 1019, Pueraria phaseoloides 9900, Desmodium 
ovalifolium 350 and Zornia latifolia 728. 

The results for the establishment period are presented in Tables 6 
(legumes) and 7 (grasses). After ayear of establishment none of the 
pasture grasses or legumes showed signifieant responses to the 
micronutrient applications. Under native savanna conditions, soi1 
analyses of the upper 20 cm provided the information that the levals of 
available soil zinc and cooper Were higher than those considered as 
deficient for acid so11s (0.5 ppm Zn, 0.2 ppm eu). After ayear, the 
availability of these two micronutrients was even higher with an 
1ncrement of fertilizer levels. 

In the plant tissue, marked differences in zinc concentrations 
among species as well as between grasses and legumes were observed. 
During the rainy season and without zinc applications, the pasture 
grasses with exception of Brachiaria humidicola 697, showed zinc tissue 
concentrations near or below the level required for the animal. Similar 
results were obtained with copper. These results indica te that although 
the dry matter production was not affected when zin~ and copper were not 
applied, the concentrations of these micronutrients in the plant tissue 
would not fulfill the animal'a requirements. Therefore, it would be 
important to determine whether mineral supplementation provides a more 
economic source of these micronutrients of whether direct application to 
the soil i8 more efficient, since both zinc and copper fertilization 
produce long residual effects. 

Pasture legumes without zinc and copper applicat10ns to the soi1 
all fulfilled the minimal requirements for the animal. The plant tissue 
concentrations showed a differential increment by species, especially 
Stylosanthes capitata 1019 with zinc and Pueraria phaseoloides 9900 with 
copper. 

In the case of boron the tendency was to increase only with the 
first level of application (0.5 kg B/ha). In both grasses and legumes 
the boron concentrations in the plant tissue were higher than that 
considered as a deficiency level (20 ppm B for legumes and 4 ppm B for 
grasses). Manganese applications had no effects either on grasses or on 
legumes. Similar results were found with molybdenum in the case of 
legumes. 
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Table 6. Effects of micronutrient applications on the dry matter productlon 
establishment perlad Qf four tropical pasture legumes in an Oxisol 

1 1 snd micronutrient contents in p1ant tissue and so11 during the 
oi Carimagua. Cúlombia~ 

Micronutrient < D. ovalifolium 350 P. ehaseol01des 9900 S. ca¡:itata 1019 z. latifolia 
Applied SoU availab le DM Tiasue content DM Tissue content DM Tissue cantent DM Tissue content 

Ra1nz Drl Rainl Dr:z: Ra1nz Dri: Rainz: DrX 
kg/ha ppm -1 tani l ---- ppm ----- _ltonLl ppm ---- _l tonLI ppm ----- _ltonL t ----- ppm 

ha !yr ha /yr ha Iyr ha Iyr 
Zinc 

O 1.7 6.0 20 37 4.8 71 41 4.4 82 91 3.6 70 64 
2 1.5 5.1 23 30 5.0 45 35 5.6 17 66 3.0 71 81 
4 2.0 6.4 2Z 33 5.2 60 39 4.9 102 111 2.9 73 96 
8 2.2 5.2 32 38 5.0 73 45 4.4 109 72 3.2 72 83 

Copper 
O 0.7 6.1 9 12 5.1 17 16 5.2 8 10 3.0 10 13 
1 0.7 5.9 9 10 4.7 19 15 5.3 9 10 3.0 10 13 
2 0.9 5.7 9 10 5.0 17 16 4.8 8 10 3.0 9 12 
4 0.9 6.0 9 11 5.1 16 16 5.3 8 11 3.3 9 12 

J)oron 
O 0.3 5.4 30 22 4.9 38 27 5.1 24 23 3.5 34 31 
O.S 0.4 5.7 28 22 4.9 39 34 5.4 21 23 3.5 25 29 
1.0 0.4 5.9 28 25 5.4 41 39 5.3 22 21 3.2 33 32 
2.0 0.5 6.1 30 26 5.0 37 36 5.7 26 23 3.3 28 28 

Manganese 
O 1.9 5.6 353 184 5.0 247 168 5.4 209 160 3.1 121 173 
0.25 1.9 5.8 312 206 4.9 202 218 5.1 169 209 3.6 102 165 
0.50 1.7 5.2 288 220 4.9 247 338 S •• 176 288 2.7 93 209 
l.00 2.0 6.2 397 187 5.2 230 184 5.\ 183 142 3.0 128 193 

Molyhdenum -----% N----- ----% N----- -----% N----- -----% N-----
O 6. i 1.7 1.7 5.2 2.8 2.9 5.4 2.4 2.4 3.4 2.6 2.8 
0.05 5.2 1.7 1.7 5.4 2.7 3.0 5.5 2.5 2.4 2.9 2.6 2.8 
0.10 6.0 1.7 1.5 5.1 2.7 2.9 5.1 2.3 2.5 3.3 2.7 2.8 

1 Deficiency level; Le8;utne l!lant tis6ue Acid so11 
Zn 20 ppm (Jones and Clay~ 1976) 0.5 ppm (Cox and Kamprath • 1972) 
Cu 4 ppm (Andrew and Thorne, 1962) 0.2 ppm .. .. 
B 20 ppm (Jones, 1972) 0.3 ppm " .. 
Mn 20 ppm (Jones, 1972) 1.0 ppm " .. 

2 Mo -
DH ... Dry matter prúduction 
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TabIe 7. Effects oi micronutrient applicat10ns 
establishment periad oí tour tropical 

1 1 on the dry matter production and micronutrient contents in p1ant tissue and 5011 during the 
pasture grasses in an Oxise! nf Carimagua, Colombia. 

Micronutrient 2A• ¡a):anus 621 B. humidicola 679 B~ decumbens 606 B. brizantha 679 
Applied 5011 ava11able OH Tissue content DH Tissue content DH rissue content DH 1luue content 

Rain;z: DrX RainI Drl: RainX DrX Ra1n:t: DrX 

kg/ha- I ppm _tonl _l ppm _ronl_l ppm _fon/_1 ppm _ton -1 ppm 
ha /yr ha Iyr ha Jyr h. /yr 

Zinc 
O 0.7 8.8 14 17 6.9 19 18 7.3 13 13 6.9 IS 28 
2 2.7 10.1 18 17 8.2 32 27 8.9 11 25 8.7 17 26 
4 2.0 8.0 28 31 6.9 24 34 1.8 20 29 1.1 18 33 
8 2.2 8.1 40 52 8.1 37 47 7.8 19 35 8.6 24 44 

Copper 
O 0.4 8.6 5 9 8.2 4 6 8.4 4 5 8.1 4 6 
1 O.S 8.4 5 8 7.6 4 6 6.5 4 5 1.1 S 6 
2 0.9 S.9 4 8 8.3 4 6 7.7 4 6 7.0 4 6 
4 1.0 9.3 5 8 6.8 4 6 7.6 4 6 1.2 4 1 

Boroo 
O 0.3 8.0 7 6 7.3 4 6 7.S S 5 8.4 6 10 
0.5 0.3 7.4 10 7 7.7 6 S 8.4 7 1 8.0 1 6 
l.0 0.4 8.4 8 1 1.1 5 6 8.1 6 5 8.3 6 5 
2.0 0.4 8.1 8 7 1.3 6 6 8.S ¡ 6 7.5 7 6 

Hanganese 
O 3.5 9.6 109 146 8.3 126 118 8.9 70 SO B.7 BO 109 
0.25 3.3 8.9 151 130 8.5 183 91 8.5 104 I1S 7.9 103 88 
0.50 3.1 9.3 S3 120 7.9 99 71 8.0 B6 16 7.1 74 89 
l.00 4.7 7.2 151 128 7.3 222 101 1.7 94 85 7.3 66 111 

I level: GrasS 1?,1ant tissue Acid 9011 Deficiency 
Zn 20 pp" (Jones. 1972) 0.5 PP" (Cox aud Kamprath. 1972) 
Cu 5 ppm " " 0.2 ppm " .. " 
B 4 ppm " 0.3 ppm " " " 
Mn 20 ppm .. " 1.0 ppm " " " 

2 üH = dly ma\.l..~I. ptvd\l\..-llun 



From the results obtained, the recommendation for the establishment 
of tropical pasture grasses and legumes in Carimagua is that there 18 no 
positive effect of mieronutrient applications on the forage 
availab1lity. The available amount of B and Mn under native savanna i8 
adequate for pasture establishment. Zinc and copper applications to 
this soil improve the zinc and copper contents in grasses, which is 
important since without them the levels are below those required by the 
animal. Hence, maintenance fertilization with zinc and copper 1s 
important in pure stands of grasses. The presence and consumption of 
tropical legumes in the pasture, in addition to the quantity and quality 
of the protein, may supplement to a great extent the zinc and copper 
deficiencies in the grasses. This implies that reduction if not 
elimination of mineral supplementation of copper and zinc may be 
possible. However, this figure may change eompletely for tropical 
pastures growing in sandy soils. 

Effects of sulfur fertilization on tropical pastures 

Under native savanna conditions with well-drained ac1d soils, the 
available s011 sulfur 1s often deficient, and as the soil texture 
beeomes sandier and the organie matter de creases this deficiency is 
accentuated. Under Carimagua conditions the available sulfur (calcium 
phosphate extraction) was about 4 ppm S, a value considered as 
inadequate for pasture establishment. 

Tables 8 and 9 show the data from a field experiment established in 
Carimagua to study the effect of sulfur fertilizat10n on the response of 
several tropical pasture grasses and legumes. The dry matter production 
of both shows no signifieant response at any S rateo In addition, the 
tissue S concentrations without S application were similar to the 
critical concentrations determined under greenhouse conditions (Tropical 
Pastures Program, Annual Report, 1980). The lack of response to S 
fertilization by the pasture 1egumes and grasses was attributed to the 
considerable increment in availability of the native soi1 sulfur after 
conventional land preparation. This increment was about five times the 
initial S value found under native savanna, whieh was enough to support 
90% of the maximum dry matter yields in both grasses and 1egumes. An 
exp1anation for this appears to be that the Carimagua Oxisol has a 
re1atively high organíe matter content (about 4%). With the 
conventional 1and preparation for pasture establishment, organic sulfur 
becomes available for the plants during the establishment periodo Table 
10 shows the sulfur contents and forms in the top layer of the Carimagua 
Oxisol under native savanna and under pasture one year after 
establishment. Total sulfur and mainly organic sulfur were less under 
the established pasture than under the native savanna. As a consequence 
of this, the available sulfur increased almost four times when no sulfur 
was applied. This has an important implieation for pasture 
establishment on this type of so11 since one can avoid S fertilization 
when using conventional land preparatíon and therefore reduce input 
costs. 

179 



-= 

Table 8. Effect$ oí sulfur fertilizatlon on the dry mattcr productlon and sulfur contents in the plant tis$ue and soi1 during the establishment 
periad oí four tropical pastura legumes in an Oxisol of Car1magua. Colombia# 

S treatment D. ovalifolium 350 P. Ehaseoloides 9900 s. ca:eitata 1315 
S S S 

Applied Available s011 DX in the tissue OH in the tissue DH in the tissue DH in the tissue 
sulfur Rain;l Dr): Rainj:' DrX Raini: D!J: Rainv DrX 

. -1 
_lton[l (%) -1 ton!¡ (%) _¡ to~í (%) _l tonL l (%) kglha ppm 

ha j.yr ha Iyr ha Iyr h. /yr 

O 22* 5.3 0.12 0.14 4.7 0.11 0.19 7.8 0.12 0.15 3.2 0.17 0.17 
5 24 5.9 O; 13 0.12 4.9 0.18 0.11 8.4 0.13 0.13 2.9 0.18 0.17 

10 24 5.6 0.13 0.14 5.0 0.20 0.17 8.6 0.13 0.16 3.2 0.20 0.15 
15 29 5.3 0.13 0.13 4.6 0.20 0.19 7.3 0.14 0.16 2.7 0.22 0.16 
20 27 5.5 0.14 0.15 4.7 0.19 0.22 7.1 0.16 0.18 2.8 0.21 0.17 
30 27 5.7 0.15 0.15 4.7 0.20 0.19 7.8 0.16 0.18 3. 1 0.20 0.18 

*Before conventional land preparation: 4 ppm-available soi1 sulfuro 



... 
00 ... 

l"able 9. Effects of sulfur fertilization on che dry matter production ano sulfur contents in the plant tissue and soi1 during the establishment 
period oí iour tropical pasture grasscs in an Oxi$ol oí Catimagua~ Colombia. 

S treatment A. salanus 621 B. decurnhens 606 
S S 

Applied Available 60il DH in the tissue Dl'! in the tissue 
sulfu!' Rainy Dry Rainy Dry 

-1 
_ron/_1 kg/ha ppm (%) _ton/_l (%) 

ha Iyr ha !yr 

O 25' 8.9 0.12 0.10 8.5 0.12 0.13 
5 24 9.0 0.13 0.08 9.3 0.14 0.13 

JO 24 10.0 0.12 0.09 9.1 0.15 0.15 
15 24 8.6 0.13 0.09 7.8 0.15 0.13 
20 24 7.6 0.14 O.OS 9.2 0.16 0.14 
30 27 8.3 0.13 0.09 8.7 O.IB 0.16 

*Before conventional land preparation: 4 ppm ava11ahle $011 sulfur. 

B. humidiéola 619 

DM 

_ltonL1 
ha Iyr 

7.2 
7.1 
7.7 
7.5 
6.7 
7.4 

S 
in the tissue 
Rainy DD' 

0.11 
0.12 
0.14 
0.14 
0.16 
0.14 

(%) 

0.12 
0.12 
0.13 
0.13 
0.15 
0.15 

8. brizantha 665 

DH 

tonl 
-"1 -1 ha yr 

8.5 
8.4 
8.1 
8.1 
7.7 
7.7 

s 
in the tissue 
Rainy Dry 

0.12 
0.15 
0.16 
0.20 
0.11 
0.20 

(%) 

0.12 
0.13 
0.15 
0.11 
0.15 
0.16 



Table 10. Sulfur fractions in the Carimagua Oxisol under native savanna 
vegetation and under tropical pastures after one-year 
establlshed with three sultur treatments. 

Sulfur fraction Native savanna One-year pasture established 
o kg S/ha 15 kg S/ha 30 kg S/ha 

----------------ppm----------------

Total-S 420 280 300 295 
Organic-S 231 101 113 105 
lnorganic-S 189 179 187 190 
Available-S* 6 23 26 27 

*Calcium phosphate extraction. 

However, che sulfur requirements for maintenance fercilization of 
pastures under grazing may be completely different. lt appears that 
after a certain time the organic matter returns to a stable state, and 
there ls a net sulfur lmmobilization. Since apasture does not receive 
an annual land preparation, the avallable soil sulfur seems to returo to 
the status under native savanna. This was the case of a Desmodium 
ova1ifolium pasture established in 1978, which received in addition to a 
basal fertilizatlon about 20 kg S/ha during establishment. In August 
1980 lt received tour malntenance fertilization treatments including 
sulfuro The soil nutrient dynamics as a function of these four 
treatments is shown in Figure 2. Results regarding forage availability, 
protein quality, cann1n content and preferential intake by che animal 
are presented and discussed in the Tropical Pastures Quality Section. 

The available P, w1th exception of Treatment 4, increased five 
months after phosphorus was app11ed, which may be an effect of the end 
of the rainy season. A similar response was observed with the 
exchangeable calcium, but the increase occurred at the beginning of the 
rainy season and in all the treatments, except the control which d1d not 
receive any maintenance fertilizer. Treatment 4 received Mg and S in 
addition to P and Ca. The available P, S, and Mg but not exchangeable 
Ca became available in the s011 as soon as the fertilizera were applied. 
The sulfur snd magnesium levels can be acredited to the fertilizer 
applied, but the higher availability of P as compared with treatments 2 
and 3 may be due to a better nutritional balance in the soil caused by 
an almose complete fertilization which might have stimulated chemical 
and biological activity of the soil. 

The main conclusion from these results 1s that the only significant 
response of this pasture was obtained with the maintenance fertilization 
applied in Treatment 4. Later on this experiment was modified to test 
che hypothesis that sulfur 1s the key element in modifying the soil 
fertility dynamics as well as the changes in forage avsilability, 
protein quality, tannin content and intake of Desmodium ovalifolium by 
the animal. Preliminary evaluations are confirming the hypothesis. 
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Figure 2. Soi1 nutrient dynamics as a function of four fertilizer 
treatments applied to a Desmodium ovalifolium 350 pasture 
under grazing at Carimagua (August 1980-May 1981). 
Treatments: 1 E control; 2 = P + Ca; 3 - P + Ca + K; 
4 E P + Ca + K + Mg + S. 

Nutrient Recyc1ing in Pastures 

In pasture production systems, there is a natural recycling 
mechanism in which the three main components, the soil, planto and 
animal. represent the nutrient pools and determine to a great extent the 
pasture productivity and the yield of animal producto Thus the 
magnitude of nutrient recycling in pastures needs quantification in 
order to define maintenance fertilizer recommendations. 
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Legume residues as a nitrogen pool 

The contribution of a legume to tropical pastures ls both as 
high-protein feed and as plant residues which are sources of nutrients 
for recycling to the grass-legume components. A majar pathway of 
nitrogen cycling i8 through legume leaf litter. Thus two experiments 
were established to evaluate the contribution of this lit ter to tropical 
pastures. 

For the first experiment, legume leaf materials from two pasture 
1egumes (Pueraria phaseoloides 9900 snd Desmodium ovalifolium 350) were 
incubated in the presence of a growing grass (Brachiaria humidicols 
679). Ihe grasa was harvested at 11, 18, and 24 weeks and N recovery 
was calculated. Two soils plus one lime treatment were emp1oyed: Soi1 
from a Desmodium ovslifolium 350 pasture and the same soil plus lime (Al 
saturat10n below 40%); aud a soi1 from an Audropogon gayanus 621 
pasture. Ihe results are shown in Figure 3. At the first harvest the N 
in the grass leaves apparently represented the easily mineralizable-N 
(soluble N). The soil from the Andropogon gayanus pasture had a lower 
Al saturation percentage (74% Al Sat.) than the soil from the D. 
ovalifolium pasture (82% Al Sat.) and this was reflected in higher net 
nitrogen uptake by B. humidico1a. The second harvest probably 
represented mineraiization of some of the tannin-bound protein. 
Apparently the soil from the A. gayanus pasture did not have a high 
population of the micro-organisms that could mineralize this type of 
protein as there was net imroobilization of N, especially with the D. 
ovalifolium dead leaf material (moderately low in both N and tannlo). 
Cumulative net nitrogen recovery data show that the soil from the A. 
gayanus pasture was able to mineralize more of the nitrogen from the 
dead!. phaseoloides leaf material than the other soi1s and this may be 
related to its lower Al saturation percentage. Liming the soil from the 
D. ovalifolium pasture apparently stimulated the microbial population 
responsible for mlneralizing tannin-bound protein. 

A1I the soils mineralized N in a similar way and in high quantities 
from the green leaf material oi f. phaseoloides (high N, low tannin). 
However, only limed soi1 from the D. ovalifolium pasture was able to 
mineralize substantial quantities of nitrogen from the high tanuin 
material, but for some reason this soil was much less able to mineralize 
the low-tannin dead !. phaseoloides leaf material than the other so11s 
at 18 and 24 weeks, respectively. 

For the second experiment, four pastures under grazing were sampled 
to determine the amounts and nitrogen concentrations of tha Iittar; the 
soils were also samplad at dlfferent depths in order to observe the 
varlations in nitrate and ammonla levels in the four pastures. 
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Figure 4 shows the amount oí N from the lit ter of the four pastures 
as a function oí time (March-August, 1981). In general, the tendency 
was a decrease in the amount of N as the rains inereased. This 
reduction of N was mainly related to redueed amount of lit ter snd not to 
a de crease in the N content in the litter due to the growing sea son in 
which there is a higher amount of green biomass and lesser defolistion 
thsn in the dry season. The litter present at the end oí the dry sesson 
was high and correlated with the concentration oi N-N03 in the soil. 
The pasture Andropogon gayanus 621/ Pueraria Ehaseoloides 9900 (A.g/P.p) 
had high lit ter produetion (4.5 t/ha) snd was the litter with the 
highest N content (1.8% N). The litter from the Brachiaria decumbens 
606/Pueraria phaseoloides 9900 (B.d/P.p) pasture also had a relatively 
high N content (1.65 % N), bur the amount of litrer was leas (2.2 t/ha). 
The pasture Andropogon ~~ 6211 Desmodium ovalifolium 350 (A.g/D.o) 
had the higher 1itter production (5.9 t/hs) but the N content was only 
0.91%. Finally the pasture Brachiaria humidieola 679/ Desmodium 
ovalifol1um 350 (B.h./D.o) had the least amount both of lit ter and N 
content (2.6 t/ha and 0.68% N). Continuatíon of the sampl1ng for a full 
year will be eesential to characterize the N contribution of the litter 
material fully. 

Figures 5 aud 6 show the changes in the nitrare and ammonia levels 
with s011 depth st two sampling dates (May 5 and August 4). At the 
first soi1 sampling date the nitrate levels tended to increase with the 
soil depth with exception íor the A.g/P.p pasture soi1 which hsd higher 
levels oí nitrate at all depths. For the second set sampling date, 
nitrate levels tended to de crease and mainly for the A.g/P.p saH but 
only on the 20 cm topsail. Ammonium levels decreased sharply with soi1 
depth in the four pastures at the two sampling dates. Apparently the 
improved grasses are not ful1y exploiting the 100 cm depth. Hawever, 
the improved grasses are utilizing this nitrate much more than the 
native savanna, where there is sometimes abundant "fossl1" nitrate (up 
to 16 ppm N03-N at 100 cm depth and up to 6.5 ppm N03-N at 180-190 cm 
depth). This has implications for the establishment of legumes 
associated with improved grasses, because legumes would not be able to 
compete with these grasses as long as they had access to the "foss11" 
nitrate. Once the nitrate ls depleted the 1egumes would be more able to 
compete with the grass. 

Animal excreta as nutrient pools 

Return oí nutrients to the 5011 via excreta in pasture production 
systems ls an important natural recycling mechanism but depends 
considerably on stocking rate, grazing management, and other factorE •• 
Prcliminary data are presented in Figure 7 which shows the changes in 
th .. t0l' 20 C¡;¡ of an Ultisol from Qui1ichao, Colombia, caused by dung 
deposition in a Lrachiaria decumbens pasture under rotationa1 graziLg 
every 15 days. 
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Figure 4. Total nitrogen in the lit ter as function of time in four 
pasture mixtures under grazing at Carimagua. 



A.g.IP.!>. 8, d'/P.p. A. g./D. o. 8. h.ID. o. 

2 3 2 2 2 3 

AU~.4 Ma 5 , Ir\' 0-3 '\ 
I I \ 

I : I \ 

I I \ 

4, I I 
5-20 t • \ 

\ 1 1 

\ I \ 
I \ 

\ , I - \ I I 
e \ I \ ... \ I \ - I I ., \ I I 1i. \ I \ .. \ I I .., 

I 

T 'O 60 , lt 
\ ... '" \ I :: I I I 

I \ I I 
\ I I I \ I I 

I \ I I 

\ I 1 I 
\ I I 
\ I I 
\ I I 1 I I \ 

100 • • 
..... 1 

N-NO;- (ppm) 

• Aug.4 o May, 5 

Figure 5. Nitrate distribution with the so11 depth 1n four mixture 
psstures under grazing st Carimagua. 



E 
o 
~ 

"li. .. 
" 
'0 ... '" 

QO 

"" 

A. g./P. p. 8.d./P.p. A.g./D.o. 8. h./D.o. 

o 10 20 30 40 50 O 10 20 ::1040 50 O 10 20 ::lO 40 50 O 10 20 3040 

0-3 

3-20 

100 

, , , 
I I I I I 

I I 
I 

" f I 
I I 
I I 
I f 
I I 
I I 
I I 

I 
I 

/ I I I I • I 
I 
I 
f 
I 
I 
I 
I 
I 
I 
I • 

r 
I 

I 
I • 1 

I 
I 
I 
I 
1 
I 
¡ 
I 
I 
I 
I 

t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I • 

, 
I 
I 
J 
I , 
r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

t I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I • 

I . . 
10 20 ::lO 40 50 O 10 20 ::lO 40 50 O 10 20 ::lO 40 50 O 10 20 ::lO 40 

N-NH't (ppm) 

Figure 6. Ammonia distribution with the soi1 depth in four mixture 
pastures under grazing at Carimagua. 



40 4 

E 
CL E CL 

CL 

'''' 
... 

O 30 ~ 3 
z ~ 

+ >-
o , .. ~, 

+~ 
~ 

:J: al ,/' " z 
20 

Q. 
2 

, 
z " ,,4 

.;. o -_ ... 
> 

~ <t o 
" 

10 

0.14 1.8 

.. '" O O 
Q 

0.12 O 1.6 
, 

"-
, 

o- "- , .. o- , 
E ""---"'A .. I / .... E I 

'" 
....... / 

0.10 I ", o , 
..: I ~ <> 1.4 ,A 

" '1 -= .... 
" '" " ...... 

" '" 
0.08 1.2 

O 15 30 45 

60 Dayl aflor dopos;Ilon 

E ... 
... 40 

rn 

20 

OL---~~--~~--~ 
15 30 45 

Doyo aflor dopol;I;on 

Figure 7. Nutrient recycling on the top cm of an Ultisol from 
Quilichao, Colombia, as a result of dung deposition by cattle 
grazing a Brachiaria decumbens pasture. Distance from dung 
(cm): • 20; A 100. 

190 



The results show that the topsoil inorganic nitrogen 
content doubled at the first 15 days within a 1 m radius from the 
excreta and declined sharply afterward. Available phosphorus, 
potassium, calcium snd sulfur also showed a similar increase but with 
less effects at 1 m distance, except for sulfur, and followed by a more 
gradual decrease with time than nitrogen. The effects of the urine 
depositions (Table 11) indicate a sharper incresse in potassium and 
sulfur than with feces, but a smaller increase in the availability of 
nitrogen, phosphorus snd calcium. The overall effects of these 
additiona were favorsbly reflected in increases of all five elements in 
plant tiasue concentrations within the first 30 days after excreta 
deposiÍ:.ion. 

Table 11. Nutrient recycling on the top cm of an Ultisol from Quilichao, 
Colombia, ss a result of urine deposition by cattle grazing a 
Brachiaria decumbens pasture. 

Ti~e after Distance Ino!ganic:N Available Available Exch. K Exch. Ca 
urine from urine (NH + NO)) p S 

deposition deposition ppm (Bray II) ppm meq/l00g meq!lOOg 
(da)'s) (cm) EEm 

O 20 20 2.5 25 0.09 1.20 
100 21 3.0 26 0.10 1.24 

15 20 65 2.0 36 0.19 1.39 
100 35 2.3 33 0.11 1.17 

30 20 28 1.8 37 0.20 1.61 
100 27 1.8 38 0.11 1. 61 

45 20 13 2.1 42 0.22 1.59 
100 9 2.2 40 0.11 1.56 
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Pasture Development in the Isohyperthermic Savannas- Carimagua 

Introduction 

The period 1980-81 has been one of consolidation for the pasture 
development section in Carimagua. The role of the section is primarily 
the development and/or integration of practical establishment and 
management systems for advanced category species, making use of the 
basic knowledge derived from activities of other sections and its own 
previous experíence. In this way, the section serves as a bridge 
between germplasm collection and early evaluation, and later activities. 
These concentrate on advanced category materials being tested for 
persistence and productivity under grazing management, and on their 
utilizatíon in cattle production systems. 

Results for 1980-81 

Establishment 

Spatial distribution trials. The association of ~. decumhens and 
l. phaseoloides in a systematic triangle design (Annual Reports 1978, 
79, 80) has been managed under continuous grazing since 1979 with 2.5 
and 1.25 animals/ha, respectively, during the rainy and dry seasons. 
The development of this trial has been somewhat hampered by very heavy 
spittlebug infestation. In spite of (or because of?) this limitation, 
the balance of species continues to be satisfactory, and animal 
performance has been good. During the current rainy sesson, gains have 
ranged from 545 to 685 g/animal per day. The pasture is becoming more 
legume dominant than in previous years, due in large measure to the 
increasing severity of spittle bug. 

As sn outgrowth of this trial, another apatíal distribution trial 
was established in May, 1980, and was stocked at the beginning of the 
eurrent rainy season. The trial is designed to study the effects of 
initial proportions of legume and grass and strip width. Three 
proportions and three strip widths, as shown in Table 1, are used for 
two associations: B. humidieola, associated with D. ovalifolium and 
with l. phaseoloides. Difficulties were encountered in adjusting 
grazing pressure to forage availability with the result that exeessive 
amounts of over mature grass accumulated in a number of treatments, thus 
neeessitating clipping. Early observations indicate a strong 
interaetion between proportion and optimum strip width and between both 
those faetora and association. The combination of B. humidicola x P. 
phaseololdes ls mueh more sensitive to both factors-than the other -
nssociation, and at the end of the first rainy season under grazing, the 
legume has almast disappeared in al1 but the widest strip widths of che 
2/3 1egume-1/3 grass treatment. 
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TabIe l. Proportions and strip widths used fDr a trial in which 
Brachiaria humidicola ls assoclated with R.:.. phaseoloides 
and D. Dvalifollum. 

Proportions 
Legume grass 

1 
1 
2 

2 
2 
1 

Low denslty seeding 

Strip widths 
(m) 

1:2, 2:4, 4:8 
1:1, 2:2,4:4 
2:1, 4:2. 8:4 

Minimum and zcro tillage for low density pasture seeding. Ilased 
on experiencc reported in 1980, a trial was initiated to test the 
feaslbility of entirely substituting chemlcal control of native 
vegetatíon for mechanical control and planting in a low density pattern 
with manual preparation of the seeding site. The Iocation of the trial 
adjacent to a large block of savanna, which continues to the MueD river 
with its flood plains and gallery forests, has resulted in heavy 
predation by deer and rabbits, making it impossible to obtain a vlllid 
test of the treatment variables. It may well be that wild animals wouId 
be of relatively minor importance on small farms where this type of 
establishment would be most relevant. 

Mechanized seeding with vegetative material. Sorne of the fiOHt 
promising grasses produce very little viable seed in the Colombian 
Llanos, but are readily prapagated by vegetative material. Others offer 
the alternative of plantíng with vegetative material or seed. In 
general, farmers readily accept vegetative propagatian as an efficlent 
means of establishing pastures and often express a preference for 
vegetative material over sexual seed because of reduced risk of 
establishment failure. Nonetheless, the logístics for conventional 
planting with vegetative material are formidable. Two trainees were 
interested in developing a simple method oí partially mechanizing the 
planting operation for ~. humidicola. Two 55 gallon drums were used as 
a hopper for planting material which was mounted on the front oí a 
small, 25 H.P. field plot tractor. A plank was also mounted on the 
front of the tractor as a seat for a man on each side to drop stolons 
lnto previously opened furrows 1.8 m aparto The stolons were partially 
covered by modified sweeps mounted on the too1 carrier in front oí the 
rear whecls of the tractor, and the so11 was firmed over the seed by the 
rear wheel, thus eliminating exposure of the planting material to sun 
and wind as i8 normal with traditional manual seeding. Stands were good 
and grazíng waS initiated only three manths after plantíng. Using this 
system, the three men were able to plant one hectare in 45 minutes using 
200 kg (fresh weight) of vegetative material. This resulted in a ratio 
of seed plot to planted area oí over 1:100. The relatively 8mall amaunt 
of material required greatly simplif1es the logistics of the pIanting 
operation. 
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Comroercial Gcale experience with low density seeding. A number of 
large seale legume-grass pastures have been established using low 
density seeding as reported in 1980. These pastures primarily based on 
!. gayanus and !. phaseoloides, have developed well under grazing 
management and appear stable and persistent. 

Factors influencing establishment using vegetative material. With 
the cooperation of trainees, the section also investigated the effect of 
several factors on the establishment of B. decumbens and B. humidicola 
vith stolons. The effects of partial (at least one node exposed) and 
complete eovering of stolons and of compaetion aftar planting are shown 
in Figure l. It can be seen that complete eoverage of the atolons vas 
very detrimental in both species. Compaction after covering had a large 
positive effeet in the case of B. humidieola, but had little effect on 
B. decumbens. In another trial: it vas observed that field storage of 
plantiog material after cutting had relatively little effect on 
viability under conditions which prevailed during the experimento Rains 
vere frequent and the days vere cool and overeast. Planting material 
was stored in 50 cm stacks and covered with burlap bags. 

Maintenance 

Association x phosphorus levels. This trial is completing three 
full years of grazing. As previously reported, the P. maximum - P. 
phaseoloides treatments became strongly legume dominant after the-first 
grazing season. Grazing of this treatment was discontinued in the 
second year and the plots have been renovated with the same tvo apecies 
and are now under grazing. Other problems which have occurred during 
the year include severe ant damage to two plots of Andropogon. These 
plots have also been replanted but are not yet fully established. This 
trial has proven hard to manage primarily because of difficulty in 
adjusting stoeking rate to achieve uniform grazing pressures for the 
different treatment combinations. The associations of !. gayanus wíth 
!. phaseoloides and l. eapitata continue to be the most stable and weed 
free. The greater persistence of l. capítata with A. gayanus under 
rotational grazing in this trial contrasts with the same association 
under continuous grazing in pasture utilizatíon trials in which the 
persistence of l. capitata has been poor. Likewise, the balance of !. 
phaseoloides and A. gayanus under rotational grazing contrasts sharply 
with the seasonal imbalance of the same association, which results from 
continuous grazing in adjacent pasture utilization plots. The 
interaction of phosphorus by association has been observed primarily in 
the !. maximum - l. capitata association in which inereasing P levels 
are reflected in species balance and forage production. 

Seedling vigor in S. capitata. The lack of persistence of S. 
capitata in association with !. gayanus appears to be a serious 
limitation for that species. Studies conducted by a graduate student 
are as yet inconclusive but all indications are that one of the major 
adverse factors 18 competition by the grass for nutrients, leaving the 
new seedlings inadequately supplied for normal development. Work 
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initÜ:ted by lCA colleagues in 19/8 indicates that.§.. capitata may be 
quite compatible with M. minutiflora. The trial has been grazed at 
approximalely six week-intervals since establishment and stands are 
excellent after three years. 

lt ls clear that M. minutiflora ia less aggressive and competitive 
than~. gayanus and, therefore, should tmpose much less stress on 
seedlings. A similar experience has been observed in which.§.. capitata 
was planted with native savanna. Under similar grazing management, the 
native savanna has largely disappeared from the tria!. 

Savanna replacement. This experiment ínvolves both establishment 
nnd maintenance concepts derived from researeh in spatíal distríbutíon, 
lo,", densíty seeding, tillage methods, establishment and maintcn¡;nce 
fertilizer requirements. The strategy being pursued ls reported in the 
1980 Annual ReFort. Establishment of the :lnitial strips (20% oi total 
;n'ea) was successful and the pastures were grazed lightly during the 
lirst dry season and stocked beginning early in the present rain y 
$ea'On. The stocking rate 15 1 animal/ha total area, or :; animals/ha 
sceded area. Animals entered welghing ± 200 kg in May. Both D. 
ovalifolium and !. phaseoloides have rapidly spread into native savanna 
$trips under grazing and have covered at Ieast an additional 20% of the 
area with the exception of the 5 m strips of both species where a 2.5 m 
spread on eaeh side is requlred to cover the 20% addítional area 
fertilized at the end of the second rainy sea son (Table 2). 

There 15 a strong species interaction as reflected by markedly 
different growth of B. humidicoIa in the two assocíations. D. 
ovalifolium has formed a dense and formidable barrier for the spread of 
B. humidieola from the center third oi the strip where it was origlnally 
planted. It has spresd sorne in spíte of the heavy cover of D. 
ovalífolium. However, in the other associatíon, the open, rambling 
growth of !. phaseoloides and improved nitrogen fertility have 
stimulated the grass to colonize the entire planted strip to the 
detriment of the legume. Much more planted grass is available than with 
tite other association, and the grass is beginnlng to spread into the 
natíve savanna. Both legumes have eovered 2/3 or more of the total area 
when planted in 50 cm strips with 2 ID intervening strips of natlve 
savanna as shown in Table 2. 

The grazing animal s consume the planted grasses preferentially, 
with A. gayanus receiving the highest grazing pressure in both D. 
ovalifolium and !. phaseoloidcs associations. !. humidicola is-grazed 
more heavily in association with D. ovalifolium than in the P. 
phaseoloides treatments. Consumption of native species is oñ the 
inerease with anímals aggressively consuming savanna which has not been 
burned for 18 months. This i6 undoubtedly due to the presence of legume 
in the dieto A greater volume of Q. ovalifolium than!. phaseoloides 
has accumulated. Animal performance varies with associatlon, with gains 
ranging frem 200 to over 400 g/animal per day froro April 22 to September 
17 in the following order: B. h. x !'.F.. >! . .!!. X Q. ~. 
~. !.. x! • .F.' > ~. !.. x Q. ~. 
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Table 2. Effect of associared species and strip width on tbe inv¿lsion 
of narive savanna by two legumea in a savanna replacement 
trial. Planted May 1980; measurements taken Nov. 1981; 
grazing initiated April 1981. 

Association 
Planted1 

strip 
width 

(m) 

2 Average advance 
from 

original strip 
(m) 

Addit.iona13 

covel'age of 
total area 

!. bumidicola x 
!. oval1fol1um 

B. humidicola x 
f.. phaseoloides 

!. gayanus x 
D. oval1fol1um 

!. gayanus x 
f.. phaseoloides 

5 
2.5 
0.5 

5 
2.5 
0.5 

5 
2.5 
0.5 

5 
2.5 
0.5 

1.7 
2.75 
1.0 

1.65 
2.6 

> 2.0 

1.4 
1.75 
1.0 

2.85 
2.8 

>2.0 

1 Center 1/3 of 5 and 2.5 m strips planted to associated grass. 
2 m planted strip width, every third strip planted to grasa. 

The average advance of legume on each side oí planted strip. 
measured only ",hen coverage was complete; many stolons extend 
further into the savanna. 

3 % additional coverage = 2 x average advance x 100 
center to center distanee 

between strips 

Future Plans 

Establishment phase 

(%) 

14 
44 
53 

13 
42 
80 

11 
28 
53 

23 
44 
!lO 

F~r 0.5 

Priority should be given to the development of alternative syotema 
for aeed bed preparation and planting of s10plng and/or sandy soi1E 
wbere the eroslon hazard ls high and soil structurQ i5 often very ... 'eak. 
Emphasis wil1 be given to mínimum til1age wlth the possibility of 
combining chemical control with chisel or stubble mulch sweep 
cultivation. Some species are capab1e of establishing after minimum 
ti1lage without need of further control. 

198 



There 18 need for a simple system for firming the soil over the row 
at planting time. This factor 15 continually shown to be extremely 
important in Car1magua. 

There 1s need for the development or testing of alternative means 
oí planting!. gayanus. It i5 a difficulr seed to handle, and we have 
thus far only been abIe to pIant it successfully when mixing it with a 
fertilizer material like rock phosphate oC bas1e slag. 

There is need to further deveIop methods of mechan1zed planting of 
vegetative material. le 15 thought that the basic field cuItivator 
could serve as a carrier for a Ilumber of planting systems including 
mechan1zed vegetative planting, and planting of legumes into degraded 
grass pastures, as well as for conventional planting of legumes and 
grasses in prepared seed beds and minimum tillage planting in native 
savanna. 

There 15 need for expanding research on pasture establishment in 
low, wet areas including low density planting in areas of "zurrales". 

Maintenance phase 

There i6 need for continued effort in the area of pasture 
renovation, especially as related to the introduction of legumes in 
degradad grass pastures. 

The problem of 
should he pursued. 
competitive grasses 

low seedling vigor of ~. capitata under grazing 
One possibility is to test associations with les s 
which might be more compatible than A. gayanus. 
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Pasture Development in the Hyperthermie Savannas-Cerrado 

The objectives of this section are to develop effitient systems of 
pasture establishment for the Cerrado ecosystem and to determine 
establishment and maintenance fertilizer requirements for the mast 
promising grass-Iegume assoclations. There is a range of alternatives 
available for pasture establishment within multiple production systems 
in the Cerrado. Planting techniques for legume introduction into native 
pastures Or into declining pure grass pastures have been tested snd 
results were reported in the 1980 Annual Report. This year, mare work 
on conventionsl planting methods for pasture establishment has been 
initiated, and preliminary results as well as information on fertilizer 
requirements are presented. 

Soil Nutrient Deficiencies durina Pasture Establishment 

Exploratory greenhouse snd fieId experiments have shown that once P 
deficiency has been corrected, S, Ca, and sometimes Mg and K are 
limiting in mast Cerrado soils. Mo and Zn have been found Iimiting 
under some conditions. These findings apply to the dark-red latosol 
(LVE) and the red-yeIlow latosol (LVA). There are other soils in the 
Cerrado which are less important in terma of srea but could be of 
strategic importance if usad for planted pasturas during the dry season. 
With this in mind, exploratory wotk was extended to humic gley (glei 
humico) and low humic gley (glei pouco humico) soils. According to 
results, in the low humic gley, limitations are similar to those of the 
LVE 80il, resulting from extremely low levels of P and low levels of S, 
Ca and K. However, the humic gley is severely deficient in B, and 
application of this element would be essential for suceessful pssture 
establishment. In addition, S, Ca, Mg, K and Me were found to be 
limiting as measured by plant response. 

Pasture Response to Phosphorus in a Red-yellow Latosol 

A grass-legume pasture was established in a red-yellow latosol 
three years ago to study pasture response to initial P levels snd snnual 
applications of O. 13 and 26 kg p/ha. Three different sources of P were 
tested. Lime rates of O sud 1 t/ha were introdueed as treatments in the 
seeond year to study pasture response to Mg and Ca. 

Plant growth and pasture produetivity were mueh better chis year 
than those observed during the first two years of the experimento Dry 
matter produetion inereased three fold. The inerease was observed with 
all sourees of P but was more dramatie with Araxs phosphate roek and 
triple superphosphate. the least effective sources in previous years. 
Thi8 improvement i8 probably due to a wet seaSOn eharaeterized by low 
raiufall aud a 35 day drought which resulted in greater depth to che 
water table than in normal years. Field observations have shown that 
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the experimental site and ocher similar high plateau areas are 
characterized by a high water table during the peak of normal rainy 
seasons. Greenhouse trials showed that these conditions severely limit 
plant growth in these soils. 

A summary of last year s results is presented in Figure l. Yoorin 
thermophosphate continues to be better at 26 and 52 kg P/ha inlti .. l 
rates. Dry matter production at 105 kg P/ha level was similar to that 
of triple superphosphate, when lime was applied. The beneficial .,ffect 
of lime was particular1y clear at the lower lavels of P with triple 
superphosphate and Yoorin thermophosphate but, as expected, did nc,t 
improve Araxa phosphate rock performance. 

Annual application of 13 and 26 kg of P!ba had little effact on dry 
matter production during the second and third years of the experi.~nt. 
The effect was similar for a1l initial rates; the only significant 
increase was observed when 26 kg P/ha Was applied to triple 
superphosphate and thermophosphate treatments, to whleh no lime w •. S 
applied. Table 1 summarizes these results. 

Response of A. gayanus to Phosphorus on a LVE Soll 

A field experiment established in 1980 in a dark-red latosol (LVE) 
showed lineal response of A. gayanus to P levels. Lime applied at 1 
t/ha increased yield at low levels of P. The effeet of fertilizers 
applied in 1980 earried over to this yeer and was very similar to the 
first year effeet. Lime continued to enhanee P fertilizer effici.,ncy at 
the 1 t/ha rate (Figure 2). Results suggest tbat lime should be applied 
unlesa very high rates oí Pare employed. In the second year, P .~s 
applied at rates of O, 13 and 26 kg P/ha to subplots within each i.nitial 
P treatment. No benefit waS realized from these additional fertilizer 
applications (Table 2). This experiment and re1ated research wil1 be 
continued to develop practical fertilizer recommendations for pasture 
establishment in recently cleared soils. An attempt i8 being made to 
corre late response to P with soi1 test and plant analysis data in those 
areas in which fertilizers have been applied previously. 

Paeture Response to Other Nutrients 

In previoue research, nutrients other than P have been shown to be 
limiting in Cerrado soils. In greenhouse trials, responses to S, Ca, Mg 
and K have been observed. The importance of S, Ca and Mg fertili2ation 
for pasture establishment in LVA soils was confirmed in a field tl'ial as 
shown in Figure 3. Results show that Ca and Mg can be supplied by small 
application of dolomitic lime, while sulfur requirements can be 
satisfied by using ordinary superphosphate as a P source. 
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Table l. Pasture response in the second and third years to annusl 
dressings of P for two levels af lime and three sourceS of P 
on sn LVA soi1. 

Annual P rates 
P Sources Lime Year ~p ks/ha~ 

t/ha O 13 26 
DM ks/ha per year 

2nd 401 459 339 N.S* 
O 

3rd 1608 1659 1547 N.S. 
Araxs 

2nd 347 454 338 N.S. 
1 

3rd 1742 2010 1560 N. S. 

2nd 275 383 347 N.S. 
O 

3rd 1301 1551 1890** 
Super 

2nd 418 369 501 N.S. 
1 

3rd 1878 1950 2011 N.S. 

2nd 385 649 740** 
O 

3rd 1837 2192 2049 N.S. 
Yoorin 

2nd 743 1187 990 N.S. 
1 

3rd 2058 2140 2455 N.S. 

* N.S.: No slgnificant differences. 
**Slgnificantly different fram O lime level mean. 

LSD - 200 (2nd year); LSD - 428 (3rd year). 
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Table 2. Second year Andropogon response to P application on an LVE 
soil (meana of all initial P levels). 

L~e 

(t/ha) o 

Annual P rates 
(P kg/ha) 
13 26 

---------------DM yield. kg/ha----------------

o 3974 4336 4094 

1 4683 5041 ~801* 

*Significantly different from O lime level mean (P < 0.05). 

Planting Methods for Pasture Establishment after Crops 

It is commOn in the Cerrados to establish pastures in areas that 
have been cropped for sorne years. In this way establishment costs are 
reduced as a result of spreading land clearing, tillage and fertilizer 
costs over several crops. Cerrado vegetation regrowth is also better 
controlled. However, annual weeds multiply over che years and may 
becorne a serious problem for pasture establishment. It has been 
observed that~. gayanus sown On lands previously cropped sometimes 
fails to establish evenly because of poor germination or loss of 
seedlings due to unfavorable soil moisture conditions. Weeds make 
establishment more difficult. A trial was designed to test planting 
techniques that might improve pasture establishment in weedy areas or 
under suboptimal weather conditions. Aa association was planted in a 
site dominated by annual weeds and ª. minutiflora. Both row and 
broadcast planting were used with and without post planting s011 
compaction. In row planting compaction was done only over the seeded 
row. Compaction in the broadcast treatment was performed previously and 
post planting by a pass of a corrugated steel roller. ~. gayanus 'cIAT 
621 and~. capitata CIAT 1405 were planted in association. 

Weather conditions after planting were extremely favorable for 
germinatíon, with daily rains and cloudy skies for a month. Under these 
conditions, uniform germinatíon of both species was obtained with ,111 
plantíng methods. Weeds also established and grew very aggressively, 
and dominated the plots during the first year. However, after two 
mow1ngs, the pasture gained advantag~ and was completely domlnant during 
the second year. All planting methods were satisfactory under the 
conditions which prevailed following plantíng. When weather condi~ions 
are less favorable, plantíng techníques could have an important efiect 
on establishment. Results showed that once established, Andropogo,! and 
Stylosanthes are able to compete with annual weeds and domina te th"m 
after two slashings. 
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Pasture Quality and Nutrition 

The Pasture Quality and Nutrition Section was created in January, 
1981 as part of the Pasture Evaluation Unit of the Tropical Pastures 
Programo lts general objective is to evaluate the quality of promising 
germplasm. Specifically, the section is concerned with: 

a) ldentifying and characterizing quality factors in germplasm 
that will aid in the overa!l screening process; 

b) studying quality factors in germplasm assembled in pasture 
systems as they relate to performance of the grazing animal; 

e) identifying alternate uses of germplasm in pasture systems, 
based on quality related factors. 

From the beginning the need for integrating with other sections of 
the program became evident. This effort i9 reflected in cooperative 
research projects carried out with the following sections: Germplasm, 
Soil and Plant Nutrition, Agronomy-Quil1chao, and Pasture Productivity 
and Management. 

Gharacterization of Quality Factars in Germplasm 

Initial evaluatian of quality factora in Gategory 111 promising 
germplaam 1s done in the Palmira laboratory with vegetative material 
from cutt1ng experimenta in Qu1lichao and Garimagua. In addition, 
studies with crated we.thers are conducted in Quilichao to determine 
intake and digestibility af grasses and Iegumes fed aIone or in 
combinatian, and with grazing animals to determine relative 
acceptability. 

Grasses. Leaf material from nine grasses of 3, 6, 9, 12 and 15 
weeks regrowth from a growth curve experiment in the rainy Season in 
Quilichao were evaluated in terms af in vitro dry matter digestibility 
(IVDMD), nitrogen content and rates oY-decline over time. Summarized 
results (Table 1) indicate that major differences between grasses were 
in IVDMD and not so much in nitrogen contento The group af five 
Brachiaria grasses exhibited higher IVDMD and lese rapid decline in 
digestibility than the four bunch type grasses. Comparisons between the 
Brachiaria grasses indicate that B. humidicola 6013 had a fas ter decline 
in IVDMD than B. decumbens 606 (-~81% vs -.47% per week). This would 
explain, as suggested last year (GIAT, 1980), better animal performance 
observed in Garimagua in!. decumbens than in !. humid1cola. 

Recently it has be en indicated that one advantage of !. dictyoneura 
over B. humidicola ia its ability to produce seed under the Carimagua 
environment. Thus, it became of interest to determine if there was any 
difference in quality between the two grasses. In a preliminary study 
crated wethers were offered three-month growth of !. dictyoenura and B. 
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humidicola after establishment in Quilichao. Results in rabIe 2 show no 
difference in voluntary intake or dry matter digestibility betweea the 
two grasse~5 For both grasses intake of digestible nutrients (43.3 and 
39.9 g/kg' per day) was well abo,,~ the maintenance requirement "íled 
for this type of animals (25 g/kg' per day). Future experimenta "ill 
compare intake and digestibility of the two grasses at three difft!rent 
stages of regro"th. 

Table l. In vitro dry matter digestibility (IVDMD) and nitrogen content 
and their rate of decline in leaf tissue of grasses under 
cutting (Quilichao). 

Accession Leaf tissue a Rate of decline b 

IVDMD N IVDMD N 

--------%-------- ----% per weeks---

B. decumbens 606 62.1 2.4 - .47 -.11 
B. decumbens 6131 64.4 2.4 - [;76 -.11 
B. ruziziensis 655 62.1 2.3 LF -.12 
B. brizantha 6013 62.6 2.3 - .68 -.12 
B. humidicola 6013 63.5 1.9 - .81 -.11 
A. ¡¡a:tanus 621 52.6 1.7 -1.16 -.10 
P. maximum 604 52.5 2.3 -1.43 -.16 
P. ¡llica tulum 600 44.7 1.9 -1.49 -.10 
H. rufa 601 48.1 1.6 - .85 -.10 

a Values reported are the mean of t"o cycles during the rainy sea son 
b "ith S cutting frequencies each (3, 6, 9, 12, 15 weeks). 

Linear model (y = a-bx). 
c Lack of fit "ith model used. 

Legumes. As with grasses, leaves of 12 legumes of 3, 6, 9, _12 and 
15 weeks regrowth in the rainy sea son in Quilichao were analyzed :or 
IVDMD and nitrogen content and their corresponding ratea of decline over 
time. Results presented in Table 3 point out the very high nutricive 
value of Zornia sp. 9648 relative to f. latifolia 728 and to the other 
lagumes evaluated. The high IVDMD and nitrogen content of Zornia sp. 
9648 and of Zornias in general "ould make them ideal legumes tor .~arly 
weaning calves, provided they are palatable enough to ensure high 
intake. 

Of the other legumes evaluated, the two Desmodium species, ~. 
scabra 1009, f. phaseoloides 9900 and Centrosema H438 have in vit-ro 
digestibilities lo"er than would be expected for legumes. In the Case 
of D. ovalifolium 350, D. gyroides 3001 and S. scabra 1009, the 1"" 
IVDMD could be relatad to their tannin conte~t (see footnote Table 3). 
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Table 2. Preliminary evaluation with crated wethers of the quality of 
B. dictyonaura as comparad with!. humidicola (Quilichao). 

a Measurement 

Dry matter off erad 

(g/kg· 75 par day) 

Dry matter refused 

(g/kg· 75 per day) 

Intaka (DH) (g/kg· 75 par day) 

Faees produetion (DH) 
-·5 

(g/kg'! per day) 

Dry mattar digestibility (%) 

Digestible nutrient intake 

(g/DDM/kg· 75 par day) 

a 

B. humidicolab 

100.5 + .73 

33.1 + -8.8 

67.4 + -9.1 

24.3 + 3.0 

63.9 

43.1 

b B. dietyoneura 

101.4 + 1.5 

35.9 + 8.0 

65.5 + 8.0 

25.6 + 5.1 

60.9 

39.9 

b Six animals per species. 
Material feel: green-unchopped 3 months growth after establishment. 

It should be mentioned, however, that the in vitro systam 
underestimates the digestibility of legumeS-containing tannins, such as 
D. ovalifolium 350. Digestíbility vaIues obtaíned in vivo (x 56.9%) in 
several experimente have been consistently higher than those obtained in 
vitro (x 37.9%) (Table 4). The reason for this large difference, not -
found with other legumes, i8 not known. 

Differences between the legumes evaluated were also evident in 
terms of rate of decline in IVDMO (Table 3), which was above 1% per week 
for Zornia sp. 9648, ~. guianensis 184 and~. striata 964 which had 
higher initial IVDMO values. Exeept for D. ovalifolium 350, the total 
nitrogen content of the legumes studied wss within the level to be 
expected. However, eloser examination oí the nitrogen distribution in 
the leaf tissue and eorresponding solubilities revealed sorne interesting 
differences between legumes (Table 5). A great proportion of the 
nitrogen in the plant cell of the 12 legume8 was found in the eell wall 
(N-NDF), and was partieularly high in K. phaseoloides (81.8%) and 
Centrosema H438 (84.8%). The exact effect of quality of high N-NDF, and 
low solubility in pepsin present in the two legumes, i8 not known, but 
could be related to their reIatively low IVDMO reported in TabIe 3. 
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Table 3. In vitro dry matter digestibility (IVDMD) and nitrogen content 
and their rate of decline in leaf tissues of legumes under 
cutting (Quilichao). 

Accession 

Zomia sp. 9648 
Zornia latifolia 728 
S. guianensis 184 
s. hamata 147 
s. capitata 13~5 
s. seabra 1009 e 
D. ovalifolium 350 c D. gyroides 3001 
G. striata 964 
A. histrb: 9690 
P. phaseoloides 9900 
C. pubescens 438 

Leaf tissue a 

IVDMD N 

---------%---------
71.5 5.1 
65.5 4.3 
59.4 3.7 
64.5 3.7 
57.6 3.3 
55.8 3.4 
40.1 2.6 
35.6 3.5 
59.0 4.4 
68.4 4.8 
52.8 4.4 
51.6 4.8 

Rate of decline b 

IVDMD N 

----% per week.----

-1.61 -.14 
- .71 -.08 
-1.04 -.11 
- .61 -.14 
- .79 -.12 
- .63 -.11 
- .47 -.05 
- .49 -.08 
-1.06 -.14 
- a37 -.13 
LF -.09 
- .86 -.12 

a Values reported are the mean of two eyeles during the rainy seasan 
b with five eutting frequencies eaeh (3, 6. 9. 12 and 15 weeks). 

Linear model (y = a-bx). 
e Tannin content (catechin equivalent) was 6.6. 19.1 and 8.9 for S. 
d scabra 1009. Q. ovalifolium 350, and Q. gyroides 3001, respectively. 

Laek. of fic with model used. 

Table 4. Comparative results of dry matter digestibility of D. 
a -ovalifolium 350 in in vivo and in vitro atudies. 

b Experiment 

1 (wethers) 
2 (wethers) 
3 (wethers) 
4 (wethers) 
5 (wethers) 
6 (wethers) 
Average 

In vivo 

56.7 + 3.2 
60.9 + 2.1 
56.6 + 1.3 
55.0 + 3.9 
58.3 +" 1.9 
54.0 + 3.5 
56.9 

Digesti~~!~lm~~tgvalifolium 350 

1 (germplasm) 
2 (growth curves) 
3 (grass/leSUme mixture) 
4 (esophageal forage-Carimagua) 
5 (esopbageal forage-Carimagua) 
6 (fertilization-Carimagua) 

In vitro 
(leaf) 

31.6 + 3.4 
40.9 + 1.1 
34.7+2.7 
41.4 + 2.7 
38.8 + 5.1 
40.1 + 3.6 
37.9 -

a Correction faetors in the in vivo systems ( % lVDMD standsrd ) are: 
- -- % in vivo DMD standard 

.95 for bigh standard and 1.06 for low atandard.--
b Witb erated wethers fed D. ovalifolium 350 ad libitum. 
e - -In vitro digestibility using leaf material derived from several 

experimenta. 
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Table 5. Nitrogen fraetions and their solubility in the dry matter (DM) and neutral detergent fiber (NDF) of 12 

a legumes under cutting (Quiliehao). 

Nitrosen (%) bNitrogen solubilitx ~%l 
Aecession N-DM N-NDF N-NDF x 100 Buffer pe2sinC 

N-DM N-DM N-DM N-NDF 

Zorn1a sp. 9648 5.0 2.9 58.0 26.4 79.9 61.0 
Zomia lat1folia 728 4.4 3.0 68.2 26.8 80.5 64.2 
S. guianensis 184 3.7 2.7 73.0 18.4 61.9 64.6 
.§. • hamata 147 3.7 2.6 70.3 18.1 77.9 67.6 
S. cal1itata 1315 3.4 1.9 55.9 19.0 77 .3 62.2 

~ s. scabra 1009 3.3 2.0 60.6 15.3 61.4 62.9 
.... - oval1fol1um 350 2.7 1.9 70.4 12.0 48.7 51.7 D. 

D. &~roides 3001 3.5 2.4 68.6 11.1 51.0 57.3 
G. arriata 964 4.5 3.4 75.5 23.7 75.2 63.4 
A. histrix 9690 4.8 3.5 72.9 23.0 78.6 65.3 
P. I1haseoloides 9900 4.4 3.6 81.8 16.3 77 .0 56.9 
Centrosema sp. 438 4.6 3.9 84.9 18.0 73.0 54.8 

a b Values reported are the mean of two cutting cycles at five frequencies (3,6,9,12 and 15 weeks growth). 
Nitrogen in the dry matter soluble in a buffer solution after Wohlt et al. (1973) for 1 hour incubat1on. 

c Nitrogen in the dry matter and neutral detergent fiber soluble pepsi;-O::f% in .125 N Hel (.3 g sample/30 mI of 
pepsin solut1on) tor 48 hours incubation. 



The nitrogen soluble in buffer aud pepsin was considerably lo".er in 
D. ovalifolium 350, Q.. gyroides 3001, ~. guianensis 184 and~. scab~ 1009 
as compared to the other Iegumes. This would suggest that the api'arent 
nitrogen digestibility in these four legumes is lower, as compared with 
the nitrogen digestibility in the other eight legumes. Good agre"ment 
has been found between in vivo apparent nitrogen digestibility anel 
nitrogen solubility in pepsin in two legumes in which this reIatic.n6hip 
has been studied iQ.. ovalifolium 350, 48% in vivo vs. 51% N solubility; 
S. capitata 1314, 82.5% in vivo \'6. 77.3% N solubility). 

The lower nitrogen solubility in the two Desmodium and ~. ~bra 
1009 is associated with cannin content (r = .49) but, as measured in 
this study (catechin equiva1ents), it on1y explains a sma11 propoI'tion 
of the observed variahi1ity. rt 15 possible that more important than 
the quantity of catechin equiva1ents present in the tissue ls the type 
of Polipheno1, as suggested in the 1iterature. 

As a complement to the evaluation of quality factor9 in the nine 
grasses and 12 1egumes in Quilichao, an attempt was made to study their 
relative acceptability to the grazing animal. Both grasses and legumes 
from the growth curve experiment were given an uniformity cut, and after 
six weeks of regrowth four replica tes were grazed, each one with four 
animals, from 8 am to 4 pm. Grazing behavior was recorded every five 
minutís on the third and fourth day on one of the replicates of 162 and 
216 ~ for grssses and legumes, respectively. Ssmples to estimate d2y 
matter availability snd plant part composition were taken with a 1 m 
quadrat in each species at 8 am, 12 noon, and 4 pm. 

Results for grasses obtained on the fourth day (Table 6) indicate 
that among the Brachiariss included 1n the test, B. humidicola 6013 had 
the highest acceptability and B. ruziziensis 655 the least, both in the 
morning and afternoon observat10ns. Similar preference was observed for 
the two B. decumbens accessions (606 and 6013) and B. brizantha 665. In 
the erect group of grasses, !. gayanus 621 was more-frequently grazed 
both in the morning and afternoon as compared to the other three grasses 
(R. rufa 601, f. maximum 604 and f. plicatulum 600). rt ls recognized 
that some of the observed differences in preference for grasses, as 
measured in this study, could have been influenced by the prevíous 
grazing experience of the anímals. The test animals had previously 
grazed!. humidicola 6013, !. decumbens 606, !. gayanus 621 and f. 
maximum 604. en this basis it can only be stated with a certain degree 
of confidence that B. humidicola 6013 was more acceptable than B. 
decumbens 606 and that !. gayanus 621 was preferred over f. max1mum 604. 

To eliminate previous grazing experience as much as possible, 
future experiments will allow the animals more days of adjustment on 
each test material, before grazing behavior i9 recorded. 

In the case of the 12 legumes evaluated for relative preference, 
only Q.. ovalifolium 350 had been previously grazed by the test animals. 
Therefore, the relative ranking of acceptability of the remaining 
species is done under the ssme conditions of previous experience: three 
days in this study. 
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TabIe 6. Relative acceptability to grazing animals of six week regrowth 
of nine grasses (Quilichao). 

Grasses 
Morning Afternoon Total 

-------------------- % --------------------
humidicola 6013 11.2 7.0 18.2 

B. decumbens 606 6.7 3.5 10.2 
B. brizantha 665 5.1 5.1 10.2 
B. decumbens 6131 4.8 4.8 9.6 
B. ruziziensis 655 2.6 3.7 6.3 
! gazanus 621 8.9 9.2 18.1 
H. rufa 601 8.0 2.2 10.2 
P. maximum 604 5.7 2.9 8.6 
P. Elicatulum 600 5.4 3.2 8.6 

a Values reported are the mean of 183 observations made from 8 am to 12 
b noon st intervals of 5 minutes on the fourth dsy of grazing. 

Values reported are the mean of 131 observations made froro 12 noon to 
4 pm at intervals of 5 minutes, aíter the third day of adjustment. 

Results presented in Table 7 clearly show that 
animal s had s greater preference for ~. caEitata 1315, followed by S. 
hamata 147, f. Eubescens 438 snd!. phaseoloides 9900. lt vas -
interesting to note the very low acceptability of S. scabra 1009, D. 
gzroides 3001 and the two Zornias. In the case of-S. scabra 1009 and D. 
gzroides 3001, their low acceptability could be related to tannins 
present in their leaves (see footnote Table 3) and to Iack of previous 
animal grazing experience. as compared to D. ovalifolium 350. With the 
Zomias, one could suspect that the littIe-grazing activity observed in 
the two species was infIuenced by a Iimited amount of leaf initially 
available in the pIot (738 and 90 kg/ha for Z. Iatifolia 728 and Zomia 
sp. 9648, respectiveIy, as compared with some of the other legumes (leaf 
availability above 1400 kg/ha). The same could also hold true ior G. 
striata 964 (480 kg/ha oi leaves) and A. histrix 3690 (460 kg/ha oi
leaves), both of which presented low acceptability. 

As with grasses, future studies to evaIuate relative acceptabiIity 
oi legumes will incIude more days of adjustment on individual species 
and, as much as possible, similar amounts of forage on offer. 
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Table 7. Relative acceptability to grazing animals of six week regrowth 
of 12 legumes (Quilichao). 

Legumes a Frequency of time ~razing 
Morning Afternoon Total 

-------------------- % --------------------

S. capitata 1315 11.8 10.9 22.7 
S. hamata 147 9.5 5.3 14.8 
S. guianensis 184 5.3 5.6 10.9 
S. scabra 1009 0.3 0.7 1.0 
D. ovalifolium 350 2.0 4.6 6.6 
D. gyroides 3001 0.7 0.0 0.7 
Z. latifolia 728 1.6 2.3 3.9 
Zornia sp. 9648 0.3 0.7 1.0 
C. pubescens H438 8.9 5.6 14.5 
P. Ehaseoloides 9900 4.3 9.2 13.5 
G". striata 964 4.0 2.4 6.4 
A. histrix 9690 3.0 1.0 4.0 

a Values reported are the mean of 157 observations made from 8 am to 12 

b noon at intervals of 5 minutes on the fourth day of grazing. 
Values reported are the mean of 147 observations made from 12 n'Jon to 
4 pm at intervals of 5 minutes, after the third day of adjustme~t. 

Quality Factors in GermElasm in Pasture Systems 

The evaluation of quality related factors of germplasm in pa:lture 
systems is done in small plot grass-legume associations in Quilichao and 
in large grazing trials on legume-based pastures in Carimagua. The main 
objective is to relate attributes of the forage on offer with thar. 
selected by esophageal-fistulated animals, as affected by manageml!nt, 
type of association, season of the year and fertilizer treatments. 
Quantitative relationships between attributes of the forage available 
and selected by the grazing animal with observed performance are also 
examined. 

Studies on selective grazing -- Quilichao. In last year's Annual 
Report (CIAT, 1980), the Pasture Utilization Section reported that after 
11 months of continuous grazing with variable stocking rates the legume 
component in a B. decumbens + D. ovalifolium 350 association tended to 
increase. This-was thought to-be the result of the higher preferl!nce 
for the grass exhibited by the animals, particularly in the rainy 
season. After 21 months of continuous grazing, this mixture has 
remained very productive in terms of animal performance, but with a 
tendency for the legume component to decline (Figure 1), probably 
related to overstocking. A greater selection for the legume continued 
to be observed during the dry season (44.8%), as compared to the rainy 
season (12.2%). 
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The effect ot three grazing frequencies (4, 6 and 8 weeka) and two 
grazing pressures (4 and 8 kg DM/lOO kg BW/day) was studied in a mixture 
of ~. ovalifolium with three gr~sses (A. gayanus + !. maximum and + !. 
decumbens) • Small plots (550 m ) which had been under grazing w!l:h the 
same treatments tor over two years were grazed for flve days. Satlples 
of forage ava!lable were taken on day 1, 3 and S for yield, botan:lcal 
composition and chemical analysis. Esophageal forage samples wer" taken' 
daily for botan!cal compos!tion and chemical analysis. The eHect of 
previous grazing on botan!cal composition ie reflected on day 1 (1,able 
8). A considerably higher legume proportion was associated with the 
more trequent grazing (4 weeks - 33.5% L) as compared to the long"r rest 
period (8 weeks - 6.5% L). The effect of grazing pressure from previous 
years on legume proportion was less evident (23.0% for lower pres"ure 
ve. 16.3% L for higher pressure). The proportion of legume selected was 
not affected by grazing pressure but was influenced by grazing fn,quency 
and grazing days (Figure 2). As grazing progressed from day 1 to day S, 
the proportion of legume selected increased considerably, particularly 
in the 6 and 8-weak grazing frequencies. This was relatad to a dE,cline 
in protein content in the grass availab1e. As a result of legume 
selection the protein content of the diet selected by the grazing 
animals was in most cases above 7%, quoted by many as being the critical 
level in the diet. lt 18 interesting to note that animale grazing the 
8-week treatment, with relatively litt1e legume proportion in the forage 

Table 8. Changes in legume proportion in ao association of D. 
ova1ifolium 350 with A. gayanus + !. decumbens + !. maxj~ 
under different grazing frequencies and pressures 
(Quilichao) • 

Grazing Grazing Da;ts in ~asture Average 
fre~uenc;t :eressure 1 3 5 

Weeks (kg DM/IOO kg/BW per day) ------ % legume available ------
4 8 38 26 51 

38.5 
4 29 38 39 

6 8 22 33 25 
26.5 

4 16 30 33 

8 8 9 12 13 
8.5 

4 4 7 6 

Average 8 23.0 27.0 27.3 

4 16.3 25.0 26.0 

a 2 Small plots (550 m ). 
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available, were able to select as much legume as those grazing th .. 4- or 
6-week grazing frequencies, with greater legume availability. This 
reflecta the great selection ability oí the grazing animal and would 
question the need íor very high legume proportion in grass/legume 
associations, at least in the case oí ~. ovaliíolium 350 mixtures. 

Studies on selective grazing -- Carimagua. The evaluations oí !. 
gayanus pastures alone and in mixture with ecotypes of ~. capitat'~ (1405 
and 1019 + 1315) and f. phaseoloides have now been completed. Du"íng 
two dry seasons and one fully rainy season, samples of forage ava:clable 
and selected by esophageal fistulated steers were taken at 2-3 month 
íntervals in each pasture to estimate botanical eomposition and 
nutritive value. 

The ehanges over time oí the legume proportion in the three 
pastures and in the diet selected by grazing animals are presented in 
Figure 3. The proportíon oí ~. capitata in the forage available 
declined considerably with time, as a consequence of mother plantB dying 
and seedlings lacking vigor. In contrast, the proportion oí P. 
phaseoloides in the forage on offer varied with season of the-year, but 
has remained relatively stable over time. Eventhough the proport:.on of 
~. eapitata eeotypes was low in the 1981 dry season, the animals were 
still able to seleet the legume and gaín weight as reported in TabIe 4 
of the Pasture Produetivity and Management Section. This points out, 
once agaip, that what may be considered by the researcher an 
insufficient amount of legume in the psddock may not necessarily f.e the 
case in the eyes of the animal. 

In agreement with observations made last yesr, the legUme se:.ected 
in the three pastures evaluated continued to be greater in the dr)' 
season as compared to the rainy seaeon (Figure 4). lt was evident, 
however, that legume selection in the rainy season could be inereased 
with high stocking ratee, as was the case in!. gayanus +~. capitata 
1019 + 1315 stocked in July with 4 AU/ha (Figure 4). This was probably 
the consequence of reducing'the ability of animal s to select preferred 
plants in the pasture. The inflorescence of ~. eapitata and lesvE'S of 
f. phaseoloides were the legume components most selected in the dry 
sea son (TabIe 9). The high nutritive value of the inflorescence e,f §.. 
espitats ecotypes and leaves oí f. phaseoloides is reflected in their 
high protein content (Table 10), partieularly in the dry sea son when the 
grass invariably becomes defieient in protein. The contribution <,f the 
legume to the quaIity of the forage on offer was also evident in t:he 
proteín content of the!. gayanus leaves (TabIe 11). Consistentl)', the 
leaves of the grass in association with §.. eapitata 1405 and 1019 + 1315 
and f. phaseoIoides were higher in protein than the leaves of !. gayanus 
alone in the raíny season, and to a les ser extent in the dry season. 
This higher protein cantent in the A. gayanus leaf could be due to 
nitragen transfer from the legume and to a higher proportion of y(mng 
regrowth as a consequence of greater utilization of the grass, 
particularly in the P. phaseoloides pasture. 
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Table 9. Plant part compos1t1on of legume available and selected by esophageal fistulated steers in the ra1ny and 
dry season in associations of A. gayanus with ecotypes of ~. eapitata and R. phaseoloides under grazing 
(Cadmagua) • 

Pasture Sea son Legume available 
l!l dm4 Leaf Stem Infl. 

---------------------------------

.... + S. capitata 1405 
t:: + S. eapitata 1019 + 1315 

+ P. phaseoloides 

+ S. capitata 1405 
+ S. capitata 1019 + 1315 
+ P. phaseoloides 

Rainy b 

Dry e 

a 
b Infl = Infloreseence; dm = dead material. 

25.8 
29.4 
36.4 

8.6 
9.3 

19.1 

47.5 4.4 22.3 
42.3 1.1 27.2 
41.6 0.0 22.0 

50.3 17 .6 23.5 
39.3 9.8 41.6 
46.7 0.6 33.6 

Sampling: May, July, September-October 1980, and March 1981. c 
Sampling: February and November-December 1980, and January, February 1981. 

Legume selected 
" dml!l Leaf Stem lnfl. 

% ---------------------------------

54.0 26.0 20.0 
63.0 27.8 9.2 
86.3 13.7 

17 .0 30.2 51.8 1.0 
22.5 26.3 43.5 7.7 
61.4 28.6 10.0 



Table 10. Protein content in plant parts oí legumes available in 
assoeiation with!:.. gayanus under grazing during the rainy 
and dry seasons (Carimagua). 

Pasture of 
A. gayanus 

Season Legume parts available 
Leaf Stem Inf!. Dead 

----------- % protein ---.. -----

+ S. eapitata 1405 
+ S. eapitata 1019 + 1315 
+ P. phaseoloides 

+ S. eapitata 1405 
+ S. eapitata 1019 + 1315 
+ P. phaseoloides 

a Rainy 

b Dry 

18.1 
17.1 
23.5 

12.2 
12.4 
16.7 

7.9 
10.0 
10.6 

7.1 
7.8 
9.0 

15.7 
14.8 

14.2 
13.3 
15.8 

: Sampling: May, JuIy, September-october" 1980. and March 1981. 
Sampling: February and November-December. 1980. and January and 
February 1981. 

4.8 
8.7 

10.7 

3.5 
7.7 
9.4 

Table 11. Proteín eontent in plant parts of !. gayanus alone and in 
association with Iegumes under grazing during the rainy and 
dry seasons (Carimagua). 

Sea son Parts of Pasture of 
A. gayanus A. ~a~anus available 

AIone 
+ S. eapitata 1405 
+ S. eapitata 1019 + 1315 
+ P. phaseoloides 

Alone 
+ S. capitata 1405 
+ S. capitata 1019 + 1315 
+ P. phaseoloides 

a Rainy 

b Dry 

Leai Stem 

-------- % protein 

6.4 3.2 
8.1 4.4 
8.2 4.2 

11.0 6.0 

4.7 2.3 
5.2 2.4 
5.1 2.6 
7.7 2.8 

: Sampling: May, July, September-October 1980. and Mareh 1981. 
Sampling: February snd November-Deeember 1980, and January and 
February 1981. 
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Dead 

... _-----

2.7 
3.8 
4.1 
5.1 

2.2 
3.0 
3.3 
3.6 



The legumes' contribution to the nutritive value of the diet 
selected by the animal s in the experimental paaturea is summarized in 
Table 12. During the rainy season, protein in the consumed forage in 
the legume-based pastures was higher than in the A. gayanus alone, most 
likely a consequence of the higher protein content in the grasa leaves 
and to legume intake, particularly in the ~. phaseoloides pasture. In 
che dry season che forage selected in the!. gayanus alone was deficient 
in protein, marginal in the ~. capitata pastures, and well aboye 
requirements in the ~. phaseoloides association. The differences in 
protein content between forage selected in !. gayanus alone and in 
legume-based pastures could explain the liveweight changes observed 
during evaluation of the four pastures, particularly during the dry 
season (Table 13). 

One very promising grass/legume mixture under test in Carimagua is 
B. humidicola + D. ovalifolium 350. Since February of this year, two 2 
ha paddocks have-been evaluated for botanical composition of the forage 
on offer and selected by esophageal fistulated steers at regular 
intervals. Results (Table 14) indicate that selection of D. ovalifolium 
has been high in a1l the sampling periods, independently oI grazing 
systems used. However, a higher legume proportion in the diet has been 
measured in one of the pastures (OH8) with a relatively higher legume 
proportion. It is thought that the relatively high selection of D. 
ovalifolium in this mixture during the rainy season i5 the consequence 
of the high stocking rate in the grazing sy5tem used, which cou1d be 
1imiting the selection ability of the animsls. 

Effect of soil fertility on quality of D. ovalifolium 350. In the 
1980 Annual Report it was suggested that soil fert1lity eould be an 
important factor influencing the fo,age value of D. ovalifolium 350. An 
experiment was designed in Carimagua, in collaboration with the S01l and 
Plant Nutrition Section, to study the effeet of different fertilizer 
treatments on the forage qua1ity of D. ovalifo1ium 350. The experiment 
was set up in a 2 ha pasture with a pure stand of D. ovalifolium 350 
established in 1978 in mixture with B. decumbens and fert1lized with 
46.2 kg P, 117 kg Ca, 36.52 kg K, 22-kg Mg and 44 kg S/ha. In a 
completely randomized design with two replications, four fertilizer 
treatments were established: (TI) control, (T2) + P + Ca, (T3) + P + Ca 
+ K and (T4) + P + Ca + K + Mg + S. The level of each element applied 
in August, 1980 was: 26.4 kg P, 117 kg Ca, 36.52 kg K, 22 kg Mg and 44 
kg S/ha. Soil ferti1ity as affected by treatment and time after 
fertilizer application 1s discussed in the Soil and Plant Nutrition 
Section (see their Figure 2). 

Measurements of forage available, forage quality and grazing 
behavior of four intact animsls grazing the entire are a were msde in the 
dry season from late November, 1980 until late March, 1981. 

Prior to the initiation of the experimental grazing, estimates of 
forage yield were made in the pasture; results presented in Table 15 
show that the yield of Q. ovalifolium was considerably higher in the 
more complete fertilizer treatment (T4) than in the remaining 
treatments. 
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TabIe 12. Protein content of the grass avaiIable and forage seIected by eaophageal fistuIated steers grazing !. 
gayanua aIone snd with lagumas during the rainy and dry seasons (Carimagua). 

Pasture of 
A. gayanus 

Season 
Leaf 

Grass availabIe 
Stem 

Forage selected 
Dead Legume Protein 

--------------------------- % protein ---------------------------

Rainy a 

Alone 6.4 3.2 
+ s . cal2itata 1405 8.1 4.4 
+ S. cal2itata 1019 + 1315 8.2 4.2 
+ P. ehaseoloides U.O 6.0 

Dry b 

Alone 4.7 2.3 
+ S. caeitata 1405 5.2 2.4 
+ s. cal'itata 1019 + 13.15 5.1 2.6 
+ P. I2haseoloides 7.7 2.8 

a b SampIing: May, JuIy, September-October 1980, and March 1981. 
Sampllng: Februsry and November-December 1980, snd January snd ¡;ebruary 19tH. 

2.7 
3.8 
4.1 
5.1 

2.2 
3.0 
3.3 
3.6 

4.3 
5.0 

23.8 

17 .1 
12.7 
77 .5 

8.5 
10.1 
10.2 
13.1 

4.9 
6.3 
6.4 

12.0 



TabIe 13. Liveweight ehanges of steers grazing!. gayanus alone and in 
assoeiation with eeotypes of !. eapitata and!. phaseoloides 
during the rainy and dry season (Carimagua). 

Pasture of 
A. gayanus 

Alone 
+ !. eapitata 1405 
+ S. espitata 1019 + 1315 
+ !. phaseoloides 

4 Rainy 
Season 

----------- g/sn/day---------

454 
674 
666 
708 

- 36 
287 
147 
570 

a Values are averages of weighings in: May, June, August. September. 
b November, Deeember 1980, and Mareh 1981. 

VaIues are averages of weighings in: January, February, 1980 and 1981. 

TabIe 14. Relat10nship between legume on offer snd seleeted by 
esophageal fistulated steers grazing a B. humidieola + D. 
ovalifolium 350 mixture (Csrimagua). - -

Date of Pasture Grazing systeml Le&!:!me RSra 

sampling stocking Available Selected 
(1981) (an/ha) (%) (%) 

February OH4b Continuous (3) 21 16 .76 
March Continuous (3) 20 
April Continuous (3) 15 19 1. 27 
May Rotational (3.5) 20 26 1.30 
Ju1y Rotational (3.5) 22 25 1.14 

February OH8b Continuous (2.0) 43 36 .84 
March Continuous (2.0) 46 37 .80 
April Continuous (2.0) 31 19 .61 
May Rotational (3.5) 27 41 1.52 
June Rotational (3.5) 34 44 1.29 

a 
b RSI = % legume on torage selected ~ % legume on forage available. 

Grazing system was changed from continuous to rotational (2 pastures) 
in May starting in OH4. 
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After three months of grazing, the differences in residual 
forage between T4 and the other treatments was redueed, as a consequence 
of greater utilization by the animal. With the onset of the rainy 
aeason, which coincided with the laat measurement of forage 
availability. the regrowth in T4 was greater than in the other 
treatments despita being subjected to heavier defoliation. By the end 
of February the proportion of leaf in D. ovalifolium was less in the T4 
treatment (11%) as compared with TI (20%), T2 (17%) and T3 (16%), 
suggesting again greater forage utilization in T4. 

Table 15. Forage available in apasture of D. ovalifolium 350 under 
different fertilizer treatments and under grazing (1.5 an/ha) 
(Carimagua) • 

Sampling 
date 

c 28-11-80 
27-01-81 
27-02-81 
26-03-81 

TI 
a (Control) 

3.432 
2.816 
3.206 

912 

Fertilizer treatments 
T2 T3 

(+p+ca)b (+P+Ca+K)b 

forage available (kg DM/ha) 

3.844 
2.548 
2.484 

982 

3.424 
3.670 
4.770 
1.215 

T4 
(+P+ca+K+Hg+S)b 

5.680 
5. 180 
3.574 
1.,,40 

a TI fertilizer applied at establishment: May 1978 (46.20 kg P, 2~¡9 kg 
b Ca, 43.16 kg K, 11 kg Mg and 22 kg S/ha). 

T2, T3, T4, fertilizer applied: August 1980 (26.40 kg P, 117 kg Ca, 
36.52 kg K, 22 kg Mg and 44 kg S/ha). 

e Initiation of experimental grazing. 

Leaf samples of similar maturity ~obtained from areas enclosecl with 
cages were taken at monthly intervals for laboratory analysis. RE,sults 
presented in Table 16 indicate that tannins (catechin equivalents were 
lower (P < .05) in the T4 leaf materiál as compared with leaf irODl T1 
and T2. In contrast, leaf nitrogen and corresponding solubility tn 
pepsin, and sulfur and potassium conce,,'trations vere higher (P < .05) in 
leaves from T4. AII treatments receiving phosphorus (T2, T3, T4) had 
similar P levels in the leaf tissue, btit a trend to higher leaf 
concentratíon from T4 was apparent. 

The four anímals grazing the pasttÍ'te were observed every !:¡ hüur 
from 8 aro to 4 pm twice a week. Recordings were made on where thE 
animals vere grazing, resting or ruminating. SUllllllHrized results c,f the 
observed grazing behavior are presented in Figure 5. le ls clear that 
the animals apent more time grazing the more complete fertil1zer 
treatment (T4). However, it vas also evident that as'availabilitj of 
leaves was reduced in T4, che animals increased graz1ng time in T3. !he 
time spent grazing in TI and T2 waa the resule of small areas witl:,in 
these treatments with hlgh residual soll fertility, as was indicated in 
last year's Annual Report (CIAT, 1980). No clear pattern vas obsErved 
for che other two animal activities observed. 
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TabIe 16. Effect of fertilizer treatments on quality of D. ovalifolium 350 under grazing (Carimagua). 

!1easurementa 

on 
leaf tissue 

Gatechin equivalents (%) 
(Vanillin - Hcl) 

Nitrogen (%) 
Nitrogen soluble (%) 

Tl b 
(Control) 

d 
37.5 d 
1.9~ 

39.5 

Fertilizer 
T2 

(+P+Ca) e 

d 
37.0 d 

2 .O~ 
39.8 

treatment 
T3 T4 

(+P+Ca+K)c (+P+Ca+K+Mg+S)c 

34.1d ,e 28.7 e 

Z.09d 2.Sf 
43.4e 49.4 

N Pepsin (48 hr) 
~ 

Mineral content 
S (%) 
K (%) 
P (%) 
Ca (%) 
Mg (%) 

d .094d .617
d .118 

1.05 
.245 

.10Zd 

.643e 

.133d ,e 
1.13 

.239 

e .145 f 
.121

f .707
d 

.740& 
.130 ,e .140" 

1.08 1.03 
.232 .246 

: Values reported are the mean of four evaluations (20-10, 28-11, 1980 and 29-1 and 26-3, 1981). 
TI fertilizer applied at establishment: May 1978 (46.20 kg P, 259 kg Ca, 43.16 kg K, 11 kg Mg and 22 kg S/ha). 

~ T2 f T3, T4 fertilizer applied: August 1980 (26.40 kg P, 117 kg Ca, 36.52 kg K, 22 kg Mg and 44 kg S/ha). 
,e, ,g Means in the same row with different letters are different (P < .05). 
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In general, results from this experiment indicated that the 
application of Mg and S, in addition to P, Ca and K, to established D. 
ovalifolium resulted in: (1) increased dry matter on offer¡ (2) 
increased nutritive value; (3) increased utllization of the legume by 
the grazlng animal. 

The increased nutritive value of D. ovalifolium 350 as a result of 
fertilization was also observed with crated wethers in Qui1ichao. 
Fertilized (44 kg P, 20 kg Mg and 60 kg S/ha) and non-fertilized R. 
ova1if01ium 350 were fed ad llbitum to crated wethers. Results (Tab1e 
17) indicated that the fertilized D. ovalifolium had less tannins and 
more protein than the unfertilized--legume. The higher protein content 
resulted in a greater proportion of nitrogen betng apparently digested 
and consequently more digestible protein/100 g of DM in the fertilized 
D. ovalifolium. No effect of fertilizer treatment on voluntary intake 
was observed in this study. 

Table 17. Results obtained with crated wethers fed D. ovalifolium 350 
unfertilized and fertilized (Quilichao). 

Heasurement D. ovalifolium 350 offered 

Catechin equivalents (%) 
Vanilin - Hel 

Protein (N x 6.25) (%) 
Leaf 
Stem 

lntake (y) vs. level of offer (x) 
Nitrogen intake/100 g DH 

eonsumed (g) 
Apparent nitrogen digestibility (%) 
Apparent protein digestible/lOO g DM (%) 

Non-fertilized Fertilizeds 

29.8 

14.7 
7.3 

y=22.8 +. 4687x 

21.6 
57.6 
6.9 

23.8* 

17.1* 
7.9 

y=23.7 + .4612x 

25.0* 
65.4* 

9.0" 

a 
Fertilized with: 44 kg P, 20 kg Mg, 60 kg S/ha. 

* Signif1cance (P < .05). 

After analyzing data from the previous experiments, the question of 
whether the response of D. ovalif01ium to ferti1izer was due to a 
specifie element or combInation, sti11 remained. In an attempt to 
answer this question, a second trial was set up in Csrimagua, again in 
co11aboration with the Soi1 snd Plant Nutrition Section. In the same 
experimental pasture used in the previous experiment, seven ferti1izer 
treatments were established with two rep1ications. The ferti1izer 
treatments applied in Hay 1981, at the same 1eve1 as in the previous 
experiment, were: (TI) + K + Mg + S, (T2) + Hg + S, (3) + P + K + Ca + 
Hg, (T4) + P + Ca + S, (T5) + P + Ca + K + S, (T6) + P + K + Ca and (T7) 
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previously T4, + P + K + Ca + Mi + S. In order to arrange these 
treatments in the pasture, only some elements were applied in Hay 1981, 
as indicated in Table 18. To do this, it was assumed and later 
confirmed by analysis that elements applied in Hay 1980 would have a 
residual effect. Preliminary results of leaí material chemical 
composition (Table 18) indicated that the major responses in leaf 
nitrogen content and solubility were in the treatments with sulfur (TI, 
T2, T4, T5 and T7). Also assoeiated with sulfur fertilization, were 
higher S and lower tannin content in leaves and greater biomass 
production. Observation of grazing behavior indieates so far that 
animal s are preferentially esting Q. ovalifolium in T5. 

On the basis of evidence presented, and on the known effects of S 
on forage quality, it would seem reasonable to assume at this stage that 
S is the element whieh mainly sffects the forage qua lit y of D. 
ovalifolium 350 under the Carimagua eonditions. -

Alternate Uses of Germplasm 

It is accepted that lesumes result in improved quality of the 
forage on offer and, as a result, in animal production. As a strategy 
for inereasing livestock produetion in aeid infertile soils, both 
improved grasses and legumes in assoeiation could be introduced to cover 
a certain proportion of the farm unir. It is conceivable, however, that 
in the early stages of development of livestock units in these areas, 
introduced and appropriate legumes could be used in a pure stand to 
supplement native pastures, particularly during dry periods. 

Results obtained by the Pasture Productivity and Hanagement S.:ction 
in Carimagua indicate that production per animal could be increased in 
native pastures with the use of blocks of K. phaseoloides as prot.,in 
banks (see their Table 2). However, to better define appropriate 
management of a native grass-protein bank system, one would have to 
study some of the basie factor s which could influence the utilization by 
the animal of the legume and grass eomponent in the system. It is 
suggested that seasonal variations in protein and digestible energy 
content of the native grass greatly determine the utilization of the 
legume in a protein bank. In other words, as quality of the nativl! 
grass is reduced, particularly during the dry season, more of the legume 
is consumed, to the point where animals eould substitute the nativ" 
grass for the legume, as has been observed in the Carimagua experimento 
Obviously, substitution of grass by legume would defeat the purpos" of a 
protein bank. Other important factors which may affect the productivity 
of a native pasture-protein bank system are aggressiveness, degree of 
defoliation in the dry season and quality of the legume used. The first 
two factors are of agronomic nature and should weigh heavily in th" 
selection of the lesume for a protein bank. Obviously, legume quality 
is important particularly in terma of nitrogen content and its 
availability ta the animal. 

Some of the hypotheses stated will be examined in Carimagua in 
collaboration with the Pasture Productivity and Hanagement Section. 
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TabIe 18. Initial characterization of foliar tissue of D. ovalifolium 350 under different fertiIizer treatments 
(Carimagua). 

Measureroent 
(P+K+Ca+Mg)b 

Fertilizefi treatments b 
(P+K+ca)b (P+K+Ca+Mg+S) b (K+Mg+S) (Mg+S) (P+Ca+Mg+S) (P+Ca+K+S) 

N-total (%) 2.56 2.57 1. 71 2.62 2.61 1.86 2.43 
N-soluble (%) 36.02 35.83 23.29 37.00 39.06 22.56 30.65 
Sulfur (%) 0.14 0.13 " 0.09 0.17 0.16 0.10 0.14 
Catechin equivalent (%) 5.60 4.90 18.90 4.80 6.50 13.40 8.50 
Phosphorus (%) 0.10 0.11 0.11 0.14 0.12 0.12 0.11 
Potassium 0.59 0.50 0.53 0.64 0.76 0.59 0.52 
Calcium (%) 1.07 1.22 1.17 1.17 1.17 1.19 1.28 
Magnesium (%) 0.24 0.23 0.25 0.23 0.20 0.20 0.22 

a K = 36.52 kg K/ha; Ca = 117 kg Ca/ha; Mg = 22 ~~/ha; S = 44 kg S/ha. b P = 26.40 kg P/ha; 
Element underlined was applied in August 1980, and all other elements applicd in May 1981. 



Specifically, measurements will be made of grazing behavior, forage 
availability and quality. The experiment will use Q. ovalifolium as a 
protein bank, in different proportions of the total area, to supplement 
native savanna under different stocking rates and burning treatments. 
These will hopefully result in different degrees of quality of the grass 
on offer. 

This year some preliminary work was done with crated wethers in 
Quilichao in an attempt to measure effects on intake and digestibility 
due to quality of grass and legumes ofiered in a mixture. It is 
recognized that extrapolatian of results obtained with crated wethers to 
the grazing animal is risky. Nevertheless, it is a fast and unexpensive 
way to study some of the principIes involved in the utilization of 
legumes as a supplement to low quality grasses. 

Results of intake with crated wethers offered different proportions 
of Q. ovalifolium 350 and~. capitata 1315 in combination with mature 
native savanna and !. gayanus are presented in Table 19. In all cases 
with the 10% level of legume in the mixture, anfmals did nat substitute 
grass by legume, and as a result total dry matter intake increased. 

Table 19. Voluntary intake of grass and total dry matter by crated wethers 
offered different legume proportions (D. ovalifolium and S. 
eapitata) in combinat!on with mature native savanna and A~ 
gayanus (Quilichao). 

Treatment 
(% legume 
offered) 

Intake 

0% L Grasa 
5% L 

10% L 
20% L 
30% L 

Total dry 
matter 

0% L 
5% L 

10% L 
20% L 
30% L 

a protein in b 2.2% grasa 
4.7% protein in grass 

e 4.7% protein in grass 

a Savanna A. gayanus b 

+ D. 
ovalifolium 350 

+ D. 
ovalifolium 350 

g DM/hg· 75 per day 

30.0 45.4 
34.0 
32.4 45.4 
18.9 32.5 
1.8 28.3 

30.0 45.4 
40.0 
45.4 53.7 
45.0 50.9 
40.0 53.2 

and 10% protein in legume. 
and 10% protein in legume. 
and 14.2% protein in legume. 
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A. gayanus e 

+ S. 
capitata 1315 

50.5 

45.9 
41.2 
41.2 

50.5 

58.7 
64.4 
80.8 



In contrast, at the 20 and 30% 1egume level, substitution of grasa by 
legume occurred in all treatments. partieularly in the savanna + ~. 
ovalifolium 350. lhe lower substitution observed when!. gayanus was 
the grass or ~. eapitata the legume could be due to their higher 
quality, as reflected by intake snd digestibility values in Tables 19 
snd 20. Ihe lower apparent nitrogen digest1bility of D. ovalifolium 350 
(48%) as eompared to~. eapitata 1315 (82.2%) eould be-related to the 
low nitrogen high tannin eontent of this legume. as indicated before. 

From previous results, it is clear that, at least with erated 
wethers. degree of substitution of grass by legume is affected by 
proportion of legume in the forage offered and by the quality of grasses 
sud legumes fed. Ihis could imply that in order to assure a 
supplementary effect of the legume to the native grass one would have to 
control accesS of the animals to che bank in the dry season or, 
alternatively, maintain a certain degree of quality on the grass through 
strategic burning. Furthermore it would appear that in teTImS of 
quality, ~. eapitata 1315 is a better legume for a protein bank than ~. 
ovalifolium 350, and as such it is proposed for testing in the future. 

rabIe 20. 

Ireatment 
(% legume 
offered) 

0% L 
10% L 
20% L 
30% L 

100% L 

0% L 
10% L 
20% L 
30% L 

100% L 

0% L 
10% L 
20% L 
30% L 

100% L 

Effect of different legume proportiona (D. ovalifolium and S. 
eapitata) added to mature A. gayanus on~he apparent -
digestibility of dry matter. eell wall (NDF) and nitrogen with 
crated wethers (Quiliehao). 

Apparent 
digestibility 

Dry matter 

Cell wall (NDF) 

Nitrogen 

D. 
Mature A. gaxanus + 

ovalifolium " + S. 
(%) 

40.4 
44.3 
47.2 
47.4 
56.1 - Ll.31.2% -
45.7 
45.1 
45.6 
47.0 
52.9 - Ll.26.3% -
38.2 
41.3 
43.0 
41.4

b 48.0 - Ll.71.2% -

capitata" 

42.0 
51.3 
55.8 
56.6 
73.6 

47.4 
55.7 
58.1 
55.5 
66.8 

40.3 
51.7 
61.2 
63.5 
82.Zc 

a 75 
Legume intake was 60.9 and 108 g DM/kg' per day for D. ovalifolium and 

b ~. eapitata 1315. respeetively, tor the 100% L level. 
10% protein on forage offered. e 
14.2% prote1n on forage offered. 
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Pasture Produetivity and Management 

This section was separated from the former Pasture Utilizatlon 
Sectlon in 1981 to concentrate on the study of effects of grazing 
management on pasture components. lts research is closely related to 
work cOnducted in the Pasture Quality and Nutrition Section in order to 
closely understand the processes of animal selectlvity interacting with 
pasture management. lts main objectives are to determine the potential 
of promising germplasm for animal productivity in grazing trials, and to 
determine proper mansgement for persistence snd stability for pssture 
components. 

Grass Pastures 

Brachiaris humidicola. Results during this yesr's rainy season 
(Table 1) are below those of last year, even though pastures were rested 
during the dry seaaon snd mowed at the beginning of the wet Season to 
get rid of desd material accumulated from previous treatments. During 
the second part of the rainy season there wss significant improvement in 
animal performance after maintenance fertilization with 18.26, 11, and 
22 kg/ha K, Mg and S, respectively, which resulted in greater leaf 
production at all stocking rates (Figure 1) but was not sufficient to 
austain animal productivity. 

The productivity of this grass under Carimagua conditions ia below 
that of the other two promiaing grasses!. decumbens and!. garanus, and 
it is related to the lower proportion of leaf compared to total dry 
matter yields under different stocking rates (Figure 1). At the lower 
stocking rate the grass seems to mature too rapidly, affecting dry 
matter intake which, in turn, is related to leaf production, and also to 
a significant decrease in digestibility compared to B. decumbens, as 
indicated in Table 1 in the Pasture Quality and Nutrition Section. 

Table l. L1veweight gains of steers feeding on B. humidicola under 
continuous grazing during the rainy season* at different 
stocking rates in Carimagua, 1981. 

Stocking Wet sea son ~202 dals~ 
rate (g/an per day) (kg/an) (kg/an) 

(sn/ha) 

2.4 194 39 94 
3.4 215 43 147 
4.4 138 28 123 

* Alter mowed and rested for 15 daya. 
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Figure l. Effects of stocklng rates on forage svailability snd plant 
psrt composltion of S, humidicola in the wet seSGon in 
Csrimagus, before and sfter maintenance fertilization with 
18.26, 11, 22 kg/ha K, Mg and S, respectively. 

Legume Pastures 

Legume protein bank. One alternative to utilize legumes, 
particularly those species which are sggressive and tolersnt to heavy 
seasonal grazing, ia to establish pure stand stripa or blocks within a 
grasa pasture to provide high protein forage for supplementation during 
the dry seseon or during the growing sesson. At those times the protein 
content of the grass may be limiting voluntsry intake of dry matter and 
thus, energy intake and animal productlvity. This concept has been 
tested for the last three years with Pueraria phaseoloides (kudzu) in 
blocks with savanna, including seasonal burning, ~nd with the impr~ved 
grass!. decumbens in strips and blocks. 
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Table 2 shows third year results with savanna. Animal productivity 
at the low stocking rate was higher than last year's and similar to the 
first year of evaluation. At the high stocking rate productivity was 
somehow lower due to the tact that access to the bank was more limited 
this year. This was done to allow the legume to recover after heavy 
grazing during the dry season and after applieation of maintenance 
fertilization with 22, 11 and 22 kg/ha K, Mg and S, respectively, during 
the rainy season. On1y 1/3 of the total savanna area was burned once at 
the end of the dry season and another third at the end of the rainy 
season. This may also have had sorne effects on animal performance 
associated with stocking rates as indicated in Figure 2. It shows that 
at the lower stocking rate aceess of animals to the 1egume bank was 
sti11 higher at the beginning of the rainy season, after burning, 
compared to the high stoeking rate. The results al so indieate a strong 
interaetion during most of the rainy season when aeeess to the bank was 
limited and the selectivity for forage quality on the unburned area was 
more restricted at the high stocking rateo After three years, there is 
no apparent effeet of stocking rates on pasture structure as indicated 
by a preliminary study on vegetation succession conducted this year. 

Table 2. Liveweight gains of steers grazing on savayna supplemented 
with f. phaseoloides in blocks (0.2 halan) in Carimagua, 
1981. 

Stoeking 
rate 

(an/ha) 
Dry season (111 days) 

(g/an per day) (kg/an) 
Wet season (255 days) Total (366 days) 

(g/an per day) (kg/an) (kg/an) (kg/an) 

1 

0.25 
0.50 

117 
96 

14 
10 

423 
215 

108 
55 

122 
65 

Aceess to bank waa restricted for 186 days in the rainy seaaon to 
allow recovery of the legume after maintenance ferti1ization. 

31 
32 

Table 3 shows results in 1981 with B. deeumbens. After three years 
animal performance on che bank (establ1shed in strips) treatments was 
significantly different from the grass alone treatment only during the 
first part of the dry sea son. Animal produetivity on grass alone was 
much higher than expeeted, due to early rainfall during the last part of 
the dry season. During the rainy sesson leaf production of grass 
inereases very rapidly as shown in Figure 3, and sinee this grass does 
not present serious limitation on voluntary intake due to forage quality 
during the growing season, animals select against kudzu as the sea son 
progresses (Figure 4). Animal performance i5 more related to grass 
yields. After three years of grazing, the strips of kudzu have invaded 
the grass area and the pasture has evolved into a grass-legume 
association explaining perhaps the better animal performance as compared 
to the block treatment. 

239 



.. 
" o 

:;:: 

" > 
~ .. .. .o 

" '" ,5 ... 
l! 
'" Ó z .. .. 
$! 

" .. 
~ " ~ .. .. ... 

L H 
100 

75 

50 

25 1 

Jon O 

L = 0.25 ""/ha 
H" 0.50 anl ha 

L H 

Feb 50 

L H L H L H 

Mor 51 Apr 261 May 174 

mm month. rain 

_ Burned savona o Unburned savanno 

Figure 2. Eff~ct8 of Hlocklug l~Lc~ btrúr~ and ¿ftér burning at end cf 
dry sea son on the grazing behavior of steers grazing savanna 
supplemented with f. phaseoloides in blocks, Ca rima gua , 1981. 



Table 3. 
1 1 

Liveweight gains of steers feed1ng on B. decumbens supplemented with~. phaseoloides in atrips and blocks 
in Carimagua, 1981. 

Treatment Stocki2g ) 
rate 49 daya 

(an/ha) (g/an per day) 

Dry seasan 
63 daIs) 

Wet season Total 
254 daxa 366 daxa 

(kg/an) (g/en per dal) (kg/an) (g/~n per daX) (kg/an) (kg/an) (kg/ha; 

Grasa 1.0/1.8 265 
~Grass + legume 

13 619 39 512 130 182 291 

strips 1.0/1.8 551 27 526 33 567 144 204 335 
Grase + legume 
blocks 1.0/1.8 439 21 333 21 500 127 169 294 

1 2 0.30 and 0.15 halan for dry/wet seaaons, respectively 
3 Dry/wet seasons, respectively 

O snd 100 mm rain, respect1vely. 
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The beneficial effects of legume banks during the dry season in 
improving dry matter intake and animal performance have been documented 
with these studies. However, we still need to learn IlIOre abOllt the 
proportion of legume bank to stocking rates required to offer protein 
supplementation to the grase quality in order to improve voluntary 
intake. This in order not to substitute for dry matter intake and 
intake of energy frem the grass, aspecially with improved species su eh 
as !. decumbens which offera no serious quality limitation during the 
rainy season. The way the banks are established need also to be Eurther 
evaluated with other legume species, especially the most aggressive ones 
witb tbe ability to invade adjacent native or cultivated grasslands to 
facilitate establisbment with minimum tillage and land preparation costo 

Grass-Legume Associations 

Andropogon gayanus - legume associations. The evaluation of A. 
gayanus - Stylosanthes capitata, Zornia latifolia - Pueraria 
pbaseolodies kudzu assoclations under continuous grazing was continued 
for tbe tbird year with management similar to tbe previous year. Tbis 
year animal performance (Table 4) was similar or better tban last year 
for both dry and wet seasons, even tbough yleld and botanical 
composition of the legumes, except for tbe kudzu treatment, decli:led 
significantly, especially in the dry season (Table 5). According to 
data presented in Figure 3, Pasture Quality and Nutrition, animal. are 
capable of selecting legumes in their diet even at very low levels oi 
offer, which may explain performance tbis year. Furtbermore, gra.ss 
productivity in the associations witb~. capitata, as sbown in Table 5, 
was as bigh as tbe grass alone, and protein content was h1gber, 
especially during the rainy seasan (Table 11 in Pasture Quality and 
Nutrition). In the kudzu treatment, the legume became dominant, snd the 
presentation yield of !. gayanus was lower compared ta grasa alone; 
protein content was mucb higher for botb wet and dry seaaons. Lower 
animal production duríng the wet sea son may be explained by tbe lower 
amount of grass present in the diet oi tbe grazing animals. 

Results of animal productivity on A. gayanus -~. capitata pastures 
burned in 1980 are compared witb unburned treatments in Table 6. There 
was no signif1cant effect of burn1ng on animal production. In botb 
treatments productivity of the legume associations declined 
s1gn1ficantly from previous yeara due to lack of persistence under these 
conditiona. Performance of ~. capitata 1315 5eems to be better than 
that of~. capitata 1019, especially in the unburned treatments. 
However, animal production was lower tbis year compared to an 
association witb both ecotypes of A. gayanus and similar to~. capitata 
1405 (Table 4). Burning does not seem to 1mprove animal performance on 
tbis association and may have contributed to decreased persistence of 
the legume; thus, it is not recommended. 



Table 4. Liveweight gains of steers grazing A. gayanus-Iegume assoeiations in Carimagua. 1981. 

Treatment 

S. eapitata 1405 
~S. eapitata (1019 
(11-+ 1315) 

!. latifolia 2 
R.. phaseoloides 

Stoeking 
rate 

(an/ha) 

1.0/1.8 

1.0/1.8 
1.0/1.0 
1.0/1.8 

1 
2 Dry/wet seasons, respectively 

Rested for 71 days in 1980. 

D!J: season (96 da;j!s) Wet season (2692 da~s 
(g/an per day) (kg/an) (g/an per day) (kg/an) 

125 12 598 161 

166 16 684 184 
135 13 420 113 
531 51 52.0 140 

Total ~365 dal!s) 
(kg/an) (kg/an) 

173 291 

200 349 
126 126 
191 310 



Table S. Forage on offer in!. gayanus pastures in pure stand and 
associated with legumes under continuous grazing in th~! wet 
and dry seasons in Carimagua, 1980-1981. 

A. gayanua pasture Season Forage on offer 

Pure stand 

+ S. ca¡>itata 1405 
+ S. ca¡>itata (1019 + 1315) 
+ P. phaseoloides 

Pure stand 

+ S. cal!itata 1405 
+ S. capitata (1019 + 1315) 
+ P. phaseoloides 

1 Rainy 

Dry 2 

grass 
(t/ha) 

10.00 

6.95 
7.26 
2.86 

6.96 

5.35 
5.45 
1.89 

1 
2 Sampling 00: 

Sampling on: 
May, July, Sept.-oct. 1980, and March 1981 
Feb., Nov.-Dec. 1980, and Jan.-Feb. 1981 

Brachiaria humidicola - Desmodium ovalifolium association. 

legume 
(t/ha) 

1.33 
1.83 
4.66 

1.17 
1.56 
4.58 

Evaluation started this year on two pastures established in 1980. 
Previous experience with D. ovalifolium in Carimagua indicated that 
selection of the companioñ grass and grazing management of the 
association to encourage legume consumption are very important to 
maintain the balance of pasture components for better animal 
performance. The main objective of the evaluation the first year, with 
the support of the Pasture Quality and Nutrition Section, has bee~ to 
study the dynamics of the association components with a vigorous 3. 
humidicola grass, as affected by the grazing animal, and to learn'-how 
changes in pasture management may contribute to better utilization of 
the legume, preventing dominance during initial grazing. 

Figure S shows the dynamics of the components in the two pas":ures 
since the beginning of the evaluation during the dry season. A 
combinatian of different stocking rates, adjusted according to dr:r 
matter on offer, and changes in grazing method at the beginning oI the 
rainy season, have resulted in a better balanced asaociation at this 
critical state of evaluation. This balance may be explained by 
preliminary results on Table 14, Pasture Quality and Nutrition Se,otion, 
showing a significant inerease in legume consumption at the begirnling of 
the rainy season which may be associated with changes in grazing 
management. Animal performance so far--average of' 450 gl an per day at 
the end of first year grazing--is very promising considering stocking 
rates of 3.5 an/ha on alternate grazing. 
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Table 6. Liveweight gains of steers grazing unburned and burned!. gayanus + ~. cap1tata assoc1at1ons in Carimagua, 
1981. 

Treatment Stoclttng DrI season (l10 daxs ) Wet season (254 daIs) Total (364 daxs) 
rate (g/an per day) (kg/an) (g/an per day) (kg/an) (kg/an) (kg/an) 

(an/ha) 

Unburned 
Grass 1.0/1.8 118 13 527 134 147 248 
Grass - S. caj2itata 1019 1.0/1.8 145 16 456 116 132 229 
Grass - S. caj2itata 1315 1.0/1.8 445 49 492 125 174 301 

Average 1.0/1.8 236 26 492 125 151 259 

Burned 
Grass 1.0/1.8 127 14 504 128 142 237 
Grass - S. caj2itata 1019 1.0/1.8 236 26 480 122 148 248 
Grass - S. caj2itata 1315 1. O/ 1.8 436 48 464 118 166 273 

Average 1.0/1.8 266 29 483 123 152 252 

1 Dry/wet seasons, respectively 
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Cattle Production Systems 

The objectives of the Section are: a) Identificatíon and 
quantification of the main limiting factors affecting existing systems 
of catr1e production in the target area; b) integration of new 
technology into economical ~ystems of productíon; e) evaluatíon of the 
ímpact of improved pastures and technologies on cattIe production. in 
the context of real and/or feasible systems. To achíeve these 
objectives, several lines of research are pursued in close cooperation 
with the Economy and other sections of the Tropical Pastures Program. A 
significant effort is addressed to the problem of identifying and 
quantitatively describing the existing systems of cattIe produetion in 
the areas of acid. low-fertility soi1s of tropical America. This 
activity has been concentrated in two major ecosystems: the Cerrado of 
Brazil and the savannas (Llanos) of Colombia and Venezuela (ETES 
Project) • 

Another major line of research consista of evaluating the seasonal, 
strategic use of small areas of sown pastures for the supplementation of 
savanna-based breeding herds, under the extensive conditiona prevailing 
in the Llanos of Colombia (Breeding Herd Management Systems Experiment). 

LastIy, a validatíon of improved technology, based maínly on 
grass/legume or legume alone sown pastures, is being attempted at the 
farm level in ranches previously surveyed by the ETES Project (this 
activity is called ETES 11 Project). 

Evaluation of Cattle Production Systems (ETES) 

This international description aeheme of prevailing cattIe 
production aystema involves several national institutions. namely, the 
Institute for Animal Production of the University of Berlin, the German 
Agency for Technical Cooperation (GTZ), the Cerrados Researeh Center 
(CPAC) of EMBRAPA at Planaltina. Brazil; the North Eastern Plains 
Research Center (CIARNO) of FONAIAP, at Maturin, Venezuela. lt ís being 
coordinated by Economy. Animal Health, and Cattle Production Systems 
Sections of CIAT. The eurrent status by countries is described below. 

ETES Colombia. Comprehensive descriptions and discussion of the 
results were presented in pravious annual reports, and a fínal report i8 
being prepared. 

ETES Brazil. Fíeld collection data was complated in November 1980, 
and since then the informatíon obtained was codified and analyzed. 
Technical and economic information was collected on a total of 12 farms, 
seven of which are located in the State of Coias (districts of Gurupí 
and Porto Nacional), and five in Mato Grosso (districts of Tesouro and 
Cuiratinga). Although both regians belong to the Cerrados ecosystem, 
majar differences existo Average annual ralnfall is about 1800 mm, but 
the wet seaaon extends from October to April in Goías and from September 
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to May in Mato Grosso (Table 1). There is an important difference in 
terms of physiographic characteristics that affect land use. In effect, 
the larger proportion of "sierra" in Mato Grosso (Table 2) imposes 
restrictions on mechanized agriculture. 

Table l. Climatic parameters in two regions oi ETES Brazil. 

Parameter Goias Mato Grosso 

Elevation, m 237 720 
Rainiall, mm 1813 1798 
Average temperature, Oc 25.6 21.3 
Average temperature, Oc in 

coldest month (July) 24.3 16.9 
warmest month (Septemher) 35.0 24.0 

Table 2. Physiographic characteristics oi farms surveyed in Brazil. 

Means Goias Mato Grosso 

Total, ha 2212 3002 
Cerrado, % 65 51 
Sierra, % 20 48 
Mata"', % 15 1 

* Mata 010 "Cerradao": closed savanna with dense, tall trees. 

Since the area of available rice, together with that on Brachiaria 
pastures (Table 3) had a significant correlatlon with liveweight per 
hectare, it is likely that differences in physiography are associated 
with differences in productlvity. In 1980 sown grasses represented 
almost one-third of the average farm area. Dramatlc increases were 
noted ln the areas sown wlth Brachiarias (S. decumbens, B. humidicola 
and B. ruziziensis) during tbe period 1978-1981, while the areas sown to 
Hyparrhenia rufa tended to remain atable or grew slightly. 

The existing systems of animal production are centered on breeding; 
only Olle of the farms studied fattena steers. while the rest either sell 
calves at weaning (four farma) or raise the calves up until about 24 
roonths of age (seven farros). Sorne indices of animal productlvity are 
shown in Table 4. These are characterlzed by relatively short calvlng 
intervals. when compared to data froro ETES Colombia, but low postweaning 
weight gains. Therefore. it 1s not surprising that fully 37% of tohe 
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a~imal inventory consists of non-bred females (calves and heifers up to 
4 years of age). Similarly to what was reported for Colombia (Annual 
Report 1980), the correlation between the calving rates of successive 
years was negative (r b -0.08) indicating the inadequacy of data based 
on a single year; this 1s a natural consequence of long ( > 12 IDO) 
calving intervals. Breeding cows begin their reproductive phase at an 
old age; mean age at first conception was 41 months, and liveweight 
(adjusted for physiological condition) continued to rise until nine 
yeara of age. 

Table 3. Forage resources of farms surveyed in ETES, Brazil. as percent 
of total area, 1980. 

Area Goias Mato GrOBao 
~%~ (%~ 

Cerrado 34 10 
Sierra 19 48 
Rice 6 5 
Sown grasses 26 36 
Mata 15 1 

Table 4. Indices of animal productivity in the Cerrado of Braz1l. 

Mean SE 

Weaning rateo % 61.1 + 2.9 
Calving intervalo months 19.6 + 0.8 
Weight gain*, kg -1 -1 75.4 + 4.8 
Weight gain, kg/ha year 16.7 + 2.6 

* Gain of female calves from weaning to 24 months of age. 

ETES Venezuela. Collection of field data cont1nued during 1981. 
and the fourth and last visit to the farms surveyed was scheduled for 
October 1981. Thirteen farma are being surveyed. of which eight are 
located in the state of Monagas and the rest in Anzoátegui. A 
preliminary description of the farms was given in the Annual Report 
1980; it was noted that, contrary to what was observed in the Cerrado of 
Brazil and the Llanos of Colombia, extensive dairy ranching i5 practiced 
in the Llanos of Venezuela. In effect, 32% of the females recorded 
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during the third visit to the farms (July 1981) were being milked and 
only two of the farms did not mi1k eows. Actual numbers of milking cows 
in this visit varied greaLly fLom O to 96 (O to 71%). Of the total 
number of eows, on1y 5% were both pregnant and lactating, while 57% were 
empty and lactating and the remaining 38% were dry. 

+ Among the 2 to 4 year old heifers, 58% were pregnant. Their mean 
weight was 304 ± 4 kg and mean age was 45 + 1 month, while the 
nonpregnant heifers were 40 kg lighter and 4 months younger. Compared 
to the aboye weights, mature 8-10 year-old cows are on1y slightly 
heavier and tend to stabilize around 320 kg. This trend ls similar to 
that observed for Brazil. 

Breeding Herd Management Systems Experiment 

This experiment started in 1977 and is 8cheduled to end in n<!cember 
1981; therefore, a complete analysis ls not yet available. The 
experiment attempted to determine the effect of the strategic use of 
sown pastures on the productive effieiency of beef breeding herds raised 
under extensive conditions in the eastern Llanos of Colombia. Seasonal 
mating was also compared to continuous mating. Sown pastures were based 
mostly, though not exclusively, on Brachiaria decumbens (Table 5). 

Table 5. Availability of sown pastures in the breeding herd experimento 

Speeies Availabilit! (ha/cow) durins 
1978 1979 1980 1981 

B. decumbens 0.8 0.8 0.6 0.6 
A. sa!anus 0.2 0.2 0.2 
B. deeumbens + legumes* 0.2 0.2 
S. suianensis 0.2 

* P. phaseoloides, n. ovalifolium and~. eapitata. 

Legume persistency was a major problem during the first half of the 
experiment, which may explain the relatively small differences observed 
in reproductive performance between the savanna alone and the savanna + 
pastures treatment (Table 6). This trend ia reinforced by the data 
presented in Table 7, which shows the rate of conception of lactating 
cows in both treatments, as related to legume availability. 
Nevertheless, over the same three-year period (1978-80) the average 
weight of lactating cows at conception was the sa~ (345 kg). As a 
consequenee of similar calving pereentages (Table 6) and rate of growth 
of the calves, the production level of veaners was also similar between 
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treatments (Table 8). However, both in terms of reproductive efficiency 
and meat production at weaning (Tables 6 and 8), there has been a 
consistent trend for better performance on herds with aecess to pastures 
when the mating season ls short (90 days) and oecurs at the beginning of 
the rainy season. Nevertheless, it should be noted that calving 
percentages and liveweight produetion in the savanna-alone treatment of 
this experiment has been consistently larger than the average found for 
the Llanos in the ETES study (Annual Report 1979). This overall better 
performance i8 probably the consequence of a combination of factors such 
as a consistent poliey of mineral supplementation, well defined though 
nat strict, culling criteria, sequential burning of the savanna and 
better and continuous clase supervision of the herds. A more realístic 
"control" will probably be obtained from the confrontation of results 
observed in ETES-Colombia versus those to be derived froro ETES 11. 

Table 6. Calvíng percentage in the breeding herd experiment (calves 
born/l00 bred cows) 1979-1981. 

Mating season Savanna Savanna + Mean 
alone pastures 

Contlnuous mating 73 78 75.5 
June/September (120 days) 61 61 61.0 
May/July (90 days) 59 69 64.0 
Mean 64.3 69.3 66.8 

Table 7. Proportion of lactating cows conceiving, 1978-1980. 

Treatment 1978 1979 1980 Mean 

Savanna alone 23.5 22.0 28.0 24.5 
Savanna + pastures 2 64.4 25.4 41.7 43.8 
Legume availability, m Icow 2000 700 

Table 8. Calf weight weaned per cow in the breeding herd experiment 
(kg weaned cow/year) 1978~0. 

Mating season Savanna Savanna + Mean 
alone pastures 

Cont1nuous 107.5 117.8 112.7 
June/September 90.3 91.1 90.7 
May/July 90.8 105.9 98.4 
Mean 96.2 104.9 100.6 
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ETES 11 Colombia 

This follow-up study is located in seven farma which were included 
in ETES l. Its object1ve 1a to atudy the effect of introduc1ng a 
package of 1mproved technology based on sown grass-Iegume pastures, 
1nelud1ng mineral supplementat10n, reatr1cted mating, systemat1e weaning 
and a bas1e sanitary scheme (Annual Report 1980). Sown pastures are 
mastly Brachíaria decumbens/Desmodium oval1folium and Andropogon 
gayanus/Stylosanthes capitata associations, although smaller paddocks of 
protein banks (Pueraría phaseoloides and Stylosanthes capitata) and of 
Brachiaria humídicola/Desmodium ovalifolium have also been included. 
Mast pastures were established in 1980-1981 (summarized in Table 9). 
Complete records are be1ng taken in these farma of both pasture 
utilization and animal performance. 

Table 9. Sown pastures establiahed in farms participating in ETES 11. 

Farm* Area sown 
ha % of total 

04 170 6 
07 45 1 
08 8 2 
13 98 7 
15 160 5 
17 145 6 
+ 80 3 

Total 706 

* Numbers are the same used in ETES-Colombia. 

+ Farm not included in initial phase oí ETES. 

Ihe reproductive condition of cows ia recorded twice ayear through 
rectal palpation. Liveweighta are also recorded. 

A second, complementary aspect of this project consists of a series 
of farm-level experiments conducted in four farma to evaluate sown 
pastures--as opposed to native savanna--as forage reaourcea for reiaing 
replacement heifers. As noted previously, heifers reech breeding 
conditions at very advanced ages under the extensive conditiona 
prevailing in the Llanos. Furthermore, onCe calved, these animale wait 
a long time befo re rebred. Ihe objectivee of this line of research are, 
therefore, to evaluate age at first calving and the subsequent interval 
of raising heifera on improved pastures. 



Cattle Production - Cerrado 

!bis section is responsible for the evaluation of Category IV 
material in large scale grazing trials. This i8 the final stage of 
evaluation for pasture persistence and animal performance before the 
material moves into Category V, where the section has the responsibility 
of designing and carrying out experiments to determine where the new 
material can best be utilized to increase beef productivity at the ranch 
level in the Cerrados region of Brazil. 

Evaluation under Grazing 

TWo experimenta with Category IV material are currently under 
grazing at the Cerrados Center. The comparison of Brachiaria 
ruziziensis fertilized with 40 kg/ha of nitrogen vs. B. ruziziensis in 
association with Calopogonium mucunoides has completed two years under 
grazing. Liveweight gains in the second year were not as good as in the 
initial grazing year due to the greater amount of dry matter present at 
the beginning of the dry season in the first year. In both years, the 
animals on the nitrogen-fertilized Brachiaria pasture gained at a faster 
rate than those on the Brachiaria/Calopogonium pasture both in the dry 
and wet seaaons at the low stocking rate (Table 1). At the high 
stocking rate the individual animal gains were less than those at the 
low stocking rate, and differences were less between the 
nitrogen-fertilized pasture snd the legume-based pasture. The 
nitrogen-fertilized pasture produced about 50 kg/ha per yr more 
liveweight gain than the legume based pasture at the low stocking rate 
and approximately 100 kg/ha more at the high stocking rateo 

Table l. Weight gain of animals grazing Brachiaria ruziziensis 
fertilized with nitrogen or a mixed sward with Calopogonium 
mucunoides (Exp. 391). 

Seaeon AU/ha Brachiaria + NZ Brachiaria + CaloEogonium 

ha Animal (kg) ha Animal (kg) 

Dry .8 97 48 50 25 
Wet 1.1 186 93 140 70 

1.8 224 56 224 56 
Year 1.0 254 141 204 95 

1.4 350 104 258 81 
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As mentioned in the previous Annual Report, the initial stocking 
rates were too high and were reduced at the end of the f1rst yeaI. The 
higher stocking rates in the first year resulted in asevere reduction 
of available dry matter in the grass component of the sward accompanied 
by a marked increase in the amount of available legume. The effect of 
sdjusting the stocking rate downward can be seen in Figure 1, where 
during the second rainy seaGon Brachiaria returned to dominate the sward 
while Calopogonium was held down to 30 percent of the available dry 
matter at the end of the rainy season. 

Figure l. 
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While Calopogonium is not readily consumad by the grazing animal, 
it appears to be making a contribution through nitrogen fixation and 
greater utilization of the grasa by the grazing animal. The protein 
content of the Brachiaria was higher in the second year, both at the 
start and at the end of the rains, in association with Calopogonium or 
fertilized with 40 kg/ha per yr of nitrogen (Table 2). Nitrogen was 
applied in the middle oí the rainy season which explains the lower 
protein value in the pure grass stand at the start oí the rains. The 
higher protein levels in the grass associated w1th Calopogonium is 
probably the combined effect of slow and continuous mineralization of 
the nitrogen from the residue produced by the legume during the previous 
growing season and to a greater proportion of young grass regrowth due 
to heavier defoliation. While the protein content of the grass in the 
legume-based pasture was superior to that of the nitrogen-fertilized 
pasture, the dry matter available to the animal was less in the 
leguma-based pasture. The fertilized pasture prov1ded more ava1lable 
dry matter from grass alone at both stocking rates (with one exception 
in March) than Brachiaria and Calopogonium combined (Figure 2). The 
superior gains on the pure grass pasture are largely explained by the 
greater amount of dry matter availability in those paddocks and by the 
poor direct acceptability of the legume by the animal s in the 
legume-based pasture. However, it is expected that the full effect of 
nitrogen contribution from the legume will not be realized until the 
third year chus producing animal gains similar to those from fertilized 
grass pastures. 

Table 2. Percent protein of Brachiaria ruzizinesis when fertilized with 
nitrogen or in a mixed sward with Calopogonluru mucunoides 
(Exp. 391). 

B. ruziziensis B. ruziziensis C. mucunoides 
+ NZ 

+ C. mucunoides 

Beginning of rains 
(1/12/80) 8.Z 13.9 21.5 

End of ralns 
(30/03/81) 5.5 7.7 13.4 

During the past year the first large scale grazing trial with 
Andropogon gayanus in aS50ciation with a legume (Stylosanthes scabra, 
cv. Seca) was initiated. The data presented (Table 3) pertain to the 
results obtained from the first rainy season. Since there wss an 
abundance of forage in al1 paddocks at the start of the experiment, no 
difference was observed in individual animal performance during the 
rainy season. However, the high stocking rate produced nearly three 
times more liveweight gain per ha than the low stocking rateo Figures 
3, 4, and 5 give a graphic relationship of the effect of the various 
stocking rates on changes in botanical composition of the pastures and 
animal performance during the rainy season. In general, the grass 
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component of the sward declined as the stocking rate increased which 
also favored an increase in the percent of weeds in the sward. 
Andropogon comprised 50 percent or more of the available dry matter 
throughout the rainy seaaon, with the exception of two montha toward the 
end of the rainy season in the high stocking rate. Ihe Stylosanthes 
component varied between 20 and 30 percent of che sward in the medium 
and high stocking rate but was less than 20 percent at the low stocking 
rateo 

Table 3. Effect of stocking rate on growing animals grazing Andropogon 
gayanus plus Stylosanthes scabra ev. Seca during the rainy 
season (153 daya). 

Stocking 
AU/ha 
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It can be observed (Figure 6) that an excessive amount of gráss was 
produced which was not utilized by the animal and resulted in a 
reduction in the amount of legume in the sward. Because of 
undergrazing, Andropogon grew very tall which forced the Stylosanthes 
plants to grow tall instead of forming a bush type plant with more 
leaves which could have resulted in more dry matter production. After 
one grazing season, it would appear that the medium stocking rate of 1.4 
AU/ha will be close to that required to keep Andropogon under control 
and in a stable association with selected legumes in the Cerrado. 
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262 



Pasture Utilization and Herd Management 

The ultimate objective in developing new germplasm for pasture 
improvement i8 to increase beef productivity. Simultaneously with the 
development of new pasture species. it is necessary to determine where 
the new material might best be utilized within the overall beef 
production system in the region. The Cerrados region i8 predominantly a 
cow/calf operation where only about 5 percent of the animals produced 
are pa8ture fattened in the Cerrados. Thereíore, the most important 
problem facing the producer is that of increasing the number of young 
animals available for sale each year. The Cerrados Center is responding 
to this need by investigating ways in which both native and improved. 
pastures can be best utilized to increase beef reproduction. 

A long-term herd management experiment was started in 1977 (see 
1980 report) to study the effects on reproduction oí using sown pastures 
during the mating season, two versus one mating season each year, and 
weaning the calf at either three or five months of age. Results to date 
are summarized in Table 4. 

The stocking rate during the 90-day mating season was 2 cows/ha in 
the sown pasture va 5 ha/cow in the native pasture. !he three-year 
average shows that cows on sown pasture during the mating season had a 7 
percent higher calving rate than cows permanently on native pasture. 
This suggests that the native pasture, if properly stocked, is only 
slightly inferior to sowo pasture during the rainy season for covs which 
have their calves weaned at an early age. A 10 percent advantage in 
reproductlon was observed vhen the calves were not weaned until they 
vere five months old. 

Since groups A and B were poth mated on improved pasture, they can 
be compared for the effect oí one vs two matings per year and early 
weaning which to date appear to be interrelated. When a 90-day mating 
sea son ls used during the first part of the rainy season, there is a 25 
percent increase (84 vs 67%) in calving rate when the calves are weaned 
at three months vs five months of age, respectively. If a 45-day mating 
is used at the start of the rains and repeated towards the end of the 
rainy season, there ia only a 7 percent advantage to weaning at three 
months vs five months. The response to three- vs five-month weaning on 
native pasture using two 45-day mating seasons (group C) is 
approximately tvlce that observed on sown pasture (group B) which was 
greatly lnfluenced by the unusually large response to early weaning in 
the thlrd year. Because of year effects the experiment viII be 
continued for at least two more years. However, the results to date 
suggest that by using a combinatian of sown pastures and ear¡y weaning 
with one ar twa matings per year a 75 percent calving rate could be 
maintained year after year. 

Since mature size is highly variable in mast tropical zebu cattle 
populations, the practice of relating liveweight to the reproductive 
status of the cow does not appear to be a reliable tool for predicting 
reproductive performance on a herd bases. An additional observation on 
body condition was started ayear aga on each cow in the above 
experimento At the beglnning af the mating sea san and agaln at 
parturition a body conditian score is recorded which i6 a subjective 
estimate af the thinness ar fatness of the cow on a scale oi 1 to 10. 
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Table 4. Effect of pasture utilization during the mating sesson and early weaning on calving rate (%) in zebu cows 
(Exp. 394). 

Treatment 1978/79 1979/80 1980/81 Average Total 
Weaning age (mo) 3 5 3 5 3 5 3 5 (3 years) 

---------------------------------------- % ----------------------------------------
A 

90-day mating sea son 
in cultivated pasture 92 65 80 61 81 76 84 67 75 

B 
45 + 45-day mating season 
in cultivated pasture 88 84 73 58 77 80 79 74 76 

e 
45 + 45-day mating season 
in native pasture 76 84 65 76 88 42 76 67 71 



Table 5 gives the average condition scores sud eow weights at various 
reproductive stages. The cows are grouped aecording to the age oí the 
ealf at weaning and calving season (dry sea son Sept./Oct. or in the 
rainy season, Jan./Feb.). An inerease in reproduction due to early 
weaning was clearly shown in the previous table; however, early weaníng 
made no real differenees in body condition or liveweight of the cows. 
The season of lhe year in which the cows ealved did have an effeet on 
body condition and weight. Cows which calve in the rainy sea son were in 
better eondition ánd heavier at calving time and are heavier when they 
conceive than cows which calved in the dry season. At conceptíon, 
parturitíon and weaníng, those cows calvíng in Jan./Feb. were 
consístently heavier, í.e., 22, 21, and 15 kg, respectívely, indicating 
that cows calving towards the middle of the rainy season tend to be 
heavier and lose less weight during lactation. The obvious explanation 
for the difference in cow condition and weíght for two distinct calving 
seasons ls the avaílability of higher quality forage during the rainy 
season which coincides with the reproductive stages most nutrient 
demanding in the cow (late gestation and early lactation). 

The performance of the calves born in the aboye experimenta was 
followed from birth onward. rabIe 6 gives a three-year summary of the 
birth and weaning weighta grouped according to thc main experimental 
treatments. The age at which the cow's calf is weaned had no influence 
on the birth weight of the calf. Ihe calf weights at weaning were 
affeeted by treatment. As expected the calves weaned at five montha of 
age were heavier than the three-month weaned calves (113 vs 81 kg). 

Calves whose dams were on sown pasture during the mating seaBon 
were 10 percent heavier at three montha of age. Ihe difference between 
weaning weights is related to the amount of time the dam spent on sown 
pasture prior to weaning. Calves with no improved pasture weighed an 
average of 105 kg at weaning¡ the calves which spent 45 days on improved 
pasture averaged 115 kg ar weaning and the calves which spent 90 days 
with their dams on improved pasture weighed 121 kg at weaning. 

The two ealving Seasons eaeh year also permitted the study of 
seasonal effeets on the deve10pment of the calf (Table 7). Season of 
birth was found to 1nfIuence ealf weights both at birth and at weaning. 
Calves in group B which were born in the rainy sea son (Jan./Feb.) were 
34 percent heavier (7.2 kg) than calves of the same group born in the 
dry seasen (Sept.!Oet.). This 7-kg advantage was maintained throughout 
the nursing phase and was srill prescnt ar wcaning time. In group C 
wlth cows permanently on native pasture the weight advantage was nor as 
great at birth but the calves born in the rainy season were still 20 
percent heavier (4.1 kg) than calves born in the dry season and this 
weight advantage was still presenr ar weaning time. 

The calves which were weaned at three months of age were lighter at 
one year of age than those weaned at five months. In 1979 there was 12 
kg difference between the two groups ar one year of age; however, by 18 
months of age this difference had virtually disappeared (Figure 7). 
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TabIe 5. Effect of season of parturition on weight and body condition of zebu cows (Exp. 394, 1978/79/80). 

Treatment Body condition* Body condition Conception Postpartum Weaning 
~ost~artum durina maUn¡¡ seaaon wei¡¡ht wei¡¡ht weiaht 

Weaning age (mo) 3 5 3 5 3 5 3 5 3 5 

.... Cows caIv1ng in 
~ Sept./Oct. (dry 3.8 3.7 4.3 4.8 330 325 332 334 324 327 

season) 
Cows caIving in 
Jan./Feb. (rainy 5.2 5.1 3.3 2.8 357 342 352 356 343 339 
sea son) 

* Larger number indicates better condition. 



Table 6. Effect of three herd management systems on calf weights at 
birth and weaning (Exp. 394). 

Birth weights (kg) 
Treatment A B e 

Weaning age (mo) 3 5 3 5 3 5 

1978 21.3 22.8 23.0 24.0 21.8 23.6 
1979 21.3 22.6 23.7 23.0 22.1 22.8 
1980 21.5 22.6 24.0 23.0 22.0 22.4 

Weaning weights (kg) 

1978 83 122 84 112 77 109 
1979 83 120 82 115 75 101 
1980 86 120 86 118 76 105 

Table 7. Effect of season on calf veights at birth and veaning (Exp. 
394, 1980/81). 

Treatment 
A B e 

Weaning age (mo) 3 5 3 5 3 5 

Birth veights (kg) 21.5 22.6 24.0 23.3 22.0 22.4 
Bom in: Sept./Oct. 21.5 22.6 22.5 19.8 20.9 20.0 

Jan./Feb. 29.9 27.0 24.9 24.2 

Weaning weight (kg) 85.6 119.8 86.5 117.7 76.2 105 
Weaned in: Dec./Jan. 85.6 119.8 82.1 115.7 74.7 100.6 

May/Jun. 92.0 121.6 80.0 108.1 

In 1980 there vas a greater difference in yearling veights betveen 
the tvo weaning groups which vas a result of slower postveaning growth 
in the tbree-month weaned calves. Tbese results draw attention to the 
great importance of nutrition, management and healtb of early weaned 
calves, and tbe need for more research ln these areas to obta!n better 
growtb rates in the weaned calf. 
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The eame fertilizer applications have been used for establishment 
in all Category IV type evaluation on virgin soils. It is diffi<:ult to 
make compar1sons ameng experiments (Tables 8 and 9) s1nce they are of 
d1fferent stages of development. It was surprising to observe tbat the 
stocking rate had no real effect on animal performance in the 
Andropogon/Stylosantbes exper1ment ne1tber 1n the rainy nor dry seasons 
even though the amount of dry matter (especially Andropogon) availahle 
waa greatly different. Presently, after three weeks of rain all these 
pastures are growing rapidly with an ahundance of seedl1ngs of both 
epacies. Seca now has tbree plant generations: two-year-old plants 
"mother plant", one-year-old plants which did not mature last year but 
are now growing. and seedlinga now germinating from seeda which fell 
during tbe paat dry season. Without doing counts, it appears that the 
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blgb stocklng rate has most of tbe new seedllngs and sbould be the best 
pasture wltbin one month slnce no standing dry matter of poor quallty 
was left at the end of tbe dry season. 

Table 8. Annual weight gains on different sown pastures. 

Pasture Stocking rate Weigbt gain (kg) 
(AU/ha) Animal Ha 

B. ruzlziensis + 1.0 141 254 
H2 

1.4 104 350 

B. ruziziensis + 1.0 95 204 
-Ca1opogonium mucunoides 1.4 81 258 

Andropogon gayanus + 0.7 69 97 
Stylosanthes scabra 1.4 70 196 
(Seca) 2.1 65 273 

Table 9. Animal performance on sown pastures during the 1981 dry sea son 
(Hay 27 to Octoher 4, 1981). 

Pasture Stocking rate (AU/ha) 
Prior wet Dry Weight Years 

season sea son change (ks2 under ¡razing 

!. ruziziensis + 1.1 .77 - 2 3 
N2 1.8 .77 3 3 

B. ruziziens1s + 1.1 .77 -17 3 
-C. mucuno1des 1.8 .77 -11 3 

Andropogon gayanus + 0.8 .47 -16.1 1 
Sty10santhes scabra 1.4 .91 -23.8 1 
(Seca) 2.0 1.30 -19.6 1 

Andropogon gayanus + 
Zornia 1at1fo1ia 1.5 0.7 9.6 0.6 

Fertilizer app1ied in a11 experiments: 
Lime: 2.0 t; Supers1mp1e: 35.20 kg P/ha; KCI: 49.80 kg K/ha; Zinc 
sulfate: 20 kg/ha; Ammonium mo11bdate: 0.5 kg/ha. 
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The information reported on Andropogon + Zornia was a 3 ha area 
sown besides Category IV (Andropogon + seca) for observation, taklng 
advantage of surplus seed and area. The tact that the same class oi 
animal e did better during the dry season in the Andropogon/Zornia i5 
suspected to be due to the higher quality ot the legume. Zornia seed 
production was very high, and the ground ls presently covered by 
seedlings. Since Category 111 Zornia disappeared because of a disease 
complex and the fact that it was not allowed to produce seed because of 
the grazing/cutting pressure, this observation under continuous grazing 
will provide more information as to the severity oi the Zornia disease 
under large scale grazing. 

* The following two paragraphs are not part of the annual report. 
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Animal Health 

The objective of the Section is to study and develop preventive 
medicine schemes adapted to the pasture and mansgement production 
aystems developed by the Tropical Pastures Programo Strategiea for 
attsining this objective were explained in detail before (CIAT 1979., 
Tropical Pastures Program Annual Report). 

Animal Disease Inventory 

This inventory i8 important to understand the evolution of current 
infections. comparing findings for different areas snd ecosystems, and 
deciding on entities or conditions that need more study throughout tbe 
target area. The listing described in Iast year's Annual Report. with 
rankings by priority for the Tropical Pastures Program has be en 
confirmed by findings from Brazil and Venezuela. 

ETES Brazil. Herds surveyed in the vicinity of Brasilia revealed 
that the farms milking cows in more intensive production systems have 
considerable more control measures for ticks, bemoparasite and 
gastrointestinal parasites. than beef herda. Several farms bave 
installed preventive schemes witb dippings every 15 days for tick 
control. This is in concurrence witb tbe need to keep ticks at a level 
whicb will not affect productivity, maintaining at the same time a bigh 
degree of protection against bemoparasites. In contrast, at tbe moment 
tbere is no widespread control against ticks in pure beef herda in tbe 
area. It appears tbat most of tbe beef animals are zebu types whicb are 
somewhat more resistant to ticks. On tbe otber hand. animal density i8 
much lower in beef than in the mixed dairy herds, an average of 0.5 
AU/ha vs. 1 AU/ba. respectively. 

As far as vaccination i8 concerned. 10 of 12 farma in tbe ETES 
Brazil Project vaccinate against foot and moutb disease; all of tbe 
farms vaccinate against black-leg, and only one vaccinates against 
brucelosis. Tbis lack of vaccination aga1nst brucelosis is probably one 
of tbe reasons for the bigh prevalence of Brucela abortus infection in 
beef cattle herda under extensive range conditions in tbe north of Mato 
Grosso. 

Most tecbnical assistants are recommend1ng vaccination of adult 
animals agains botulismo Even tbougb this could be useful in berds 
wbere cases of botulism bave appeared. it is not economical for all 
berds in tbe area, since reports of botulism cases are localized. 

In relation to nematode infestation most farms deworm once ayear; 
bowever, tbey treat adults more often than young animals. This practice 
does not agree with most recommendations. since field studies revealed 
that young animal a are more susceptible to round-worms tban adults, and 
it is more important to remove parasites from growing animals. 
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In relation to photosensitization. three of seven farma reported 
cases in animale between 10 and 12 months of age. Ranchers associate 
the problem with the first grazing of the pasture and believe that it 
appears more often when the pasture ia h1gh. 

ETES Venezuela. Some of the farma in the ETES Venezuela Project 
reported similar problems. Several 1nclude t1cks as an increasing 
problem in recent years. Farmers feel they have more tick problema 
toward the beginning of the dry season. They also feel that Dermatobia 
hominis, "nuche", 1s rapidly increasing. One possible reaaon ls the 
forest invasion of the open savannas. This new cover provides an 
adequate envlronment for the fly and the vectors. The forest cov.~r is 
expanding because savanna8 are not burned, a practice wh1ch 18 banned ln 
Venezuela. 

It i8 also of interest that amall farmers who have credit for m11k 
operatlons have exper1enced calf mortal1ty problema, probably due to 
internal parasites and hemoprotozoos, and al so are being forced to spray 
aga1nst ticks every 21 days to prevent losses and to maintain milk 
production. Some farmers at low technical input levels do not treat 
animals against internal parasites until they experience losses from 
h1gh infestat10n and anemia. 

In Venezuelan farms two other conditions are reported. One 1s 
"sequita" which is probably similar to "secadera" from the Llanos of 
Colombia and "peste de secar" in rhe Cerrado of llrazi!. Farmers believe 
that "sequita" occurs st any age including that of young animals. 
Antibiotic treatments and body stimulants have been tried with limited 
success. If this conditions ls similar to the "secadera" cases in 
Colombia, mineral deficiencies could be involved. Ranchers alsoreport 
cases of botulism, especially in areas of "Valle de la Pascua" and "El 
Tigre". Even though there are no confirmed laboratory cases, farmers 
are beginning to vaccinate. The main problem could be a mineral 
deficiency that induces animals to consume careases, thereby p1cking up 
the botulism toxin. 

ElES Project 

This project i6 carried out in full cooperation among the Cattle 
Production Systema, Economics and Animal Health Sections. A complete 
description of the project appears in the Cattle Production Systems 
Section. Animal health informarion was obtained from surveys as 
reported above, of cattle ranches and examination of individual samples 
in each farm. Data analysis from farms in the Colombia and Brazil 
Projects was presented in CIAT 1980 Annual Report. Collection of data 
for ETES Venezuela has been completed and will be analyzed shortly. 
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Carimagua Surveillance 

Overall cattle mortality in Carimagua decreased over the last four 
years. Present mortality (2.0%) is at a reasonable low level (Table 1). 
As stated in last year's CIAT Annual Report, this is a reflection of 
better nutrition of the herds as well as of closer and more effective 
animal management. Calf mortality stabilized this yesr st 6.2% of 550 
registered births (Table 2). The main factors that contribute to calf 
mortality in Carimagua are sequelae of navel infectiona that induce 
poliartriti8 and abcesses. This i8 secondary to difficulties in 
management when calves are not trested soon after birth. 

Table l. 
1 

Surveillance of cattle mortality in Carimagua 

Cause 19802 

Sinking in watering holes 17 
Malnutrition 19 
Bone fractures 8 
Hepatogenous photosensitivity 1 
Snake bite 2 
Miscellaneous 14 
Undiagnosed 25 
Total 87 

19812 

8 
20 
10 

7 
1 

17 
18 
81 

1 Cattle population in 1980, 3500, in 1981, 4000; mortality rates (%), 
2 1980, 2.5, in 1981, 2.0. 

Through September 31. 

Table 2. Surveillance of calf mortality in Carimagua. 

1980 1981 
No. births Mortality No. births Mortality 

(%) (%) 

Management systema herd 190 6.3 263 6.1 
Breeding test herds 202 4.4 182 4.9 
Other 261 7.6 105 5.7 

Total 653 6.3 550 6.2 
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Nutrition-dlsease relationshlps. Monitoring of various herds in 
Carimagua showed the usefulness of two tests to study nutrition-disease 
relationships. A comparison is made in TabIe 3 of bIood parameters from 
a group of animals with clinical malnutritlon, with apparently ncrmal 
eattIe, and a group with external photosensitivity lesions. The animals 
with clínieal malnutrition have total blood serum protein levels 
sígnificantly lower than the steers on grass/legume associations (P < 
0.10). In the photosensitivity animal s bIood protein is at normal 
levels and G.G.T. enzyme is signifieantly higher than in the other t\olO 
groups (p< 0.10), indicatíng a liver Iesion frcm SOme toxie effect. 
Animals with no apparent disease (steers on grass/legume associations) 
have both total protein and G.G.T. enzyme at normal Ievels. 

Table 3. Comparison of clinical malnutrition and photosensitivity at 
Carimagua. 

Herd No. Total serum protein 
1 -:,....:G':;.~G:!;.:.;I~.~e~t~lZ"'yLm~e=-_ 

animals Range Average Range Average 

Steers on native 
savanna with clinical 

5.9a2 malnutrition 5 4.2- 8.0 5.4- 17.4 10.0a 

Steers on grass/legume 
7.5

b 11. la assoeiations 12 6.8- 8.0 6.4- 19.3 
Steers on B. decumbens 
wirh cHnfcal 

7.6b 
59.0b photosensitization 16 4.0-10.0 10.3-122.0 

1 LSD 1.39, 
serum protein LSD GGT 24.78 

2 Different letters denote differences s1gnif1cant at the 0.1 level. 

Bioecology oi Boophilus microplus. Ihis ls the most important 
external parasite in the Topical Pastures Program target area. It has 
become one of the priorities for in-depth studies and is one of the 
factors being modified by changes in animal management resulting irom 
introduction of sown pastures. A project was designed to study 
population dynamics oi che tick in the Colombian Llanos. lts majn 
objectlve ls to study the effeets of ecologiea1 factora in the 
infestation leve1s in animals wirh adult ticks. It is especially 
important to know seasona1 variatlons of tick levels in the pastures and 
in the animals in this area. 

The ecological conditions provided by Andropogon gayanus, 
Brachiarla decumbens, Melinis minutiflora and native savanna in l'ure 
stands for tick popu1ations are eva1uated during two full rainy "nd dry 
seasons. Anima1s are under continuous grazing and optimum stocking 
rates for each grass in each season, as described in CIAT's 1980 Annual 
Report. 
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Each paddock is infested with 500 evenly distributed engorged 
female ticks per animal. No acaricides are applied to the animals at 
any time. Evaluations (height and coverage) oí grass in each paddock 
are made to define che conditions under which the larvae snd adult 
populations are presento Tick larvae are evaluated on the pastures 
every two weeks and adult ticks on the animals every week. 

Tick larvae populat1ons are in the process of stabilization. After 
che first 13 samplings, Melinis grass had the lowest counts. followed by 
native savanna, Brachiaria decumbens and!. gayanus; however, the counts 
on!. decumbens increased toward the end of the rainy season. 

Levels of adult ticks on the animals are probably a better 
reflection of the environment influence on the tick population. Heifers 
in!. decumbens and!. gayanus paddocks have the highest infestation 
levels durlng the first slx months of the rainy season (Figure 1). 
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Figure l. Boophilus m1crop1us tick counts on he1fers graz1ng four 
pastures in Carimagua. 
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Levels of infestation in Brachiaria have increased gradually from low 
levels of 20 adult ticks/head per day, to levela above 100 ticka/head, 
which are considered high. Levels in animals on Andropogon gayanus are 
of medium intensity, averaging between 20 and 30 adult tiCKS. For 
animals on M. minutiflora and native savanna the levela of adult ticks 
are similar-and low (5-10 ticka average). In the firat rainy sesson 
Brachiaria and Andropogon provided better environment for the 
peraistence of larvae that end up as adult ticks in the animala. 
Pasture coverage could be one of the factora explaining differences in 
tick levela. At the August sampling (Table 4), Andropogon gayanua had 
roughly half the coverage of Brachiaria, and the average tick counts on 
the animals were much lower in the Andropogon group (20-30 ticks/head) 
as compared to the Brachiaria group (100-120 ticks/head) (Figure 1). 

Tbe findings of adult tick counts on the animals parallel 
observations of potted pastures. Larvae of B. m1croplus are seen 
readily in the leaves of !. decumbena, A. gayanus and even native 
savanna. However, they do not crawl on the leaves of M. minutiflora. 
Larvae in the pots only crawl dry and dead leaves of Melinis, and this 
1s probably one reason why animals pasturing Melinis hava low tick 
levels. Tbia confirms previous ob8ervations that Melinis pasturas have 
some repellent effect on the ticks. 

The level of hemoparaaitea in the heifera ia being measured. It i8 
becoming evident (Figure 2) that animal a grazing B. decumbena and A. 
gayanus have increaaed reactiona compared with animals grazing M. -
minutiflora and native savanna. 

The reaction to hemoparasites coincided with the tick adult counts, 
except for the heifers on!. gayanus. Even though these are results of 
only one rainy season, there is a tendency for M. minutiflora and native 
savanna to have lower larvae tick counts on the-pasture, lover adult 
ticks on the animals, and less reaction against hemoparasites. 

An apparently stable population oí ticks in the pasture has been 
obtained and variations seen in larvae and adult tick counts are 
beginning to reflect differences in the environment offered by the 
pastures for tick multiplication and persistence. Information obtained 
from the next dry and rainy seasons will be use fuI for best knowledge of 
tick ecology that can be used in the design of control measures. 

Photosensitization in catele grazing Brachiaria decumbens. 
Photosensitization in young animals grazing B. decumbens i8 a lúrlting 
factor for the use of this pasture in the Program's target area. Work 
continued to determine the main epidemiological factors involved in 
presentation of the syndrome as well as possible control meaaures. This 
syndrome resembles the photosensitization seen in sheep and catt.Le in 
New Zealand. 

No evidence has been found of the seasonality of the conditLon. 
However, clinical cases in the past four years show a tendency f"r cases 
to appear in the middle and at the end of the rainy season (Figure 3). 
Age ia an important determinant; most cases occurred in cattle b.¡tween 9 
and 24 monchs of age. 
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rabIe 4. Pasture coverage in paddocks under evaluation for tick ecology and population dynamics. 

December 80 Februar;t 81 Aprll 81 Au¡¡ust 81 
Pasture Coverage Height Coverage Height Coverage He1ght Coverage Height 

(%) (cm) (%) (cm) (%) 1cm} 1%l (cm) 

.... ..... Andropogon ga;tanus 47 60 34 68 35 44 33 51 ..... 
Brachiaria decumbens 40 30 33 27 36 26 58 30 
Melinis minutifIora 66 27 51 32 50 31 64 24 
Native savanna 43 24 55 29 54 44 65 51 
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Hepatogenous photosensitivity in animals grazing B. decumbens. 
Accumulated four-year incidence by month in relatlon to 
average rainfall. 

Cases in 1981 had two, commonly seen, clínical manifestations 
(Table 5). The animals developed edemas in the lower neck, dewlap and 
ears. Ihis edematous form i8 apparently more acute and usually 
terminates in death of affected animals (7/6 animals in 1981). There 
was an obvious liver involvement detected by gros s lesions and high 
levels of G.G.T. and S.G.O.T. enzymes. In the skin necrosis form, the 
animals developed severe necrosis in several areas of the skin. but most 
frequently in the perineal region, abdomen and lower part oi the neck. 
Animals thus infected generally recover. The levels of G.G.T. and 
S.G.O.T. are also elevated as a reflect of liver lesions; animals 
developed generalized icterous and elarged liver. The clinical and 
pathological changes were manifestations of the hepatic damage. 
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Table 5. Characterization of clinical photosensitivity cases from 
Carimagua in 1981. 

Clinical No. No. Enzyme Enzyme Total 
picture animals deaths G.G.T. S.G.D.T. protein 

------------- Range -------------

Edematous 7 7 10.3- 82.3 178-330 7.0-10.0 
Skin necrosis 9 O 12.9-122.0 42-380 4.0-10.0 

Total averages 16 7 (59.0) (183) (7.6) 

Forty-one steers grazing Brachiaria decumbens were monitored 
through weighings and liver functions tests from the end of the dry 
season through the middle of the rainy seaaon. Monitoring waa conducted 
in cooperation with the Pasture Productivity and Management Section. 
Weight los ses were valued. assuming gains of 100 gm/head per day for che 
dry sea son (December-March), 300 gm for March through May, and 500 gm 
for May through July, as a minimum for ~. decumbens. 

A comparison of liver damage and weight changes in anima1s tevealed 
a significant relationship at the March sampling (P < 0.10). For the 
second sampling in May the relationship was highly significant (P< 
0.01), and for the July sampling there was no relationship (TabIE' 6). 
lt appears that at the initia1 stages of liver damage, corresponding 
weight alterations are not significant. However, as liver damag., 
becomes more pronounced weight ia significantly altered. Ihis second 
stage coincided with appearance of anímals with external 
photosensitivity lesions. Toward the end of the observation period, 
most animals had recovered from liver damage; however, conva1escent 
animals were not gaining weight as expected. rt is evident that when 
hepatic damage is induced in animals grazing !. decumbens a sign~ficant 
proportion loses weight befare developing externa! photosensitization 
1esions. 

Evaluation was made of the re1ation of enzyme G.G.T. 1evels and 
liver lesions in animals with clinical disease. High average 1evels are 
seen at the onset of clinica1 disease (Figure 4). They begin to drop 
and reach normal leve1s 30 days after the first appearance of cl:Lnics! 
signs. 

A hypothesis for the etiology of photosensitivity ls that t"ne 
Plthomyces chsrtarum fungus is involved in its appearsnce. However, a 
system must be found to reproduce clinical signs to better study the 
syndrome. A strain of P. chartarum was iso1ated from a Carimagua 
paddock; the fungus was-cultured in the 1aboratory, mu1tiplied 
extensively, and returned to the same paddock in greater concentration. 
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11 A suspension of 2.7 x 10 spores was sprayed over four ha of the 1,. 
deeumbens pasture. Fifteen 18-months old heifers were allowed to f~aze 
the inoculated pasture. One month aíter seeding the spores, one ardmal 
showed clinical symptoms oí photosensitivity and four more were found 
with subclinical affection (hepatic damage). 

TabIe 6. Analysis of weight changes and liver damage en steers grazing 
B. decumbens paddocks where clínical photosensltization appeared. 

Liver damagéd measured 
Sampling No. Affected wei¡¡ht b¿: G.G.T. enz¿:me 

(date) animals No. animal s Range No. animals Range 

I 
+12(a) +14S(b) (March 10) 41 34 -41.2, 20 3.2, 

Ir 
+53(c) 60(d) (May 9) 40 8 -1, 13 3. E • 

III 
+19 (e) n.3(í) (July 1) 28 28 -9, 2 4. f" 

Significant correlation between (a) and (b) P < 0.01, (e) and (d) }' < 0.05, 
(d) and (e) P < 0.05. 

Levels oí fungus on the grass are low (CIAT 1980 Annual Report). 
!. decumbens lsolates from the Colombian Llanos and Santander de 
Quilichao area were sent to Ruakura Animal Health Laboratory in New 
Zealand and to the National Research Council labs in Canada for 
deteetion oí Pithom¿:ces toxin (sporidesmin). From 15 cultures so far 
tested only three have shown to produce toxin. However. toxin 
concentration lower than one was obtained from cultures isolated in New 
Zealand. Henee, it appears that other íactora might be involved in the 
etiology of the syndrome. The next step wil1 be to evaluate the role 
of zinc in conjunction with the fungus in the etiology and/or as a 
control meehanism. 

Test herds. This section i6 in charge of the lCA/CIAT herds. 
Production objectives were described in the 1978 CIAT Annual Report. 
Main emphasis ls to produce experimental animals of high quality and 
uniformity. There are 300 breeding cows dlvided in seven herds, with 
one bull for every 25 cows in a system of seasonal mating from May 
through September. Calving rate through September oí this year was 
61.7%. very similar to the previous two years. Calf mortality up to 
weaning was 5% this year, considerably below tbat of 1979 and 1980. 
Calves were weaned at nine manths of age. 

During the year the test herds provided 318 animals for research 
projects at Carimagua. 
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Economi~ 

During 1981 the Economics Section concentrated its efforts on: 

Economics of the use oí alternativa fertilizer sources for 
improved pastures in the Llanos Orientales of Colombia. 
Comparative advantages of alternative forms and uses of 
improved pastures in the Llanos Orientales. 
Continuation of the economic analysis of cattle farms. 
particularly 1n Brazil and Colombia (ETES Project). 
1nit1at10n of a monitoring study of six dual-purpose (beef and 
m1lk) farms in the Central Provinces of Panama. 

Economics oí Alternative Fertilizer Sources Use for Improved Pastures in 
the Llanos Orientales of Colombia 

Fertilization is a major cost factor in CIAT's pasture technology. 
involving 42% (Col$2580) of the pasture establishment costs per hectare 
and 75% (Col$1260) oí the annual maintenance costs. A number of 
alternative sources of mineral nutrients are presently available on the 
Colombian market (Table 1). Additlonal sources could be developed from 
locally available raw materials. 

A linear programming model was developed to minimize per-hectare 
costs of complying with nutrient requirements determined by the Soils 
and Plant Nutrition Section (Table 2). AII nutrient sources used (Table 
1) were assumed to have the same agronomic efficiency. Activities 
considered in the model include the purchase of different nutrient 
sources at Bogota and transportation to the Carimagua lacation in the 
Llanos Orientales. Cost of on-farm storage and distrihution are nat 
considered due to very sma!l differences among passib!e alternatives. 

In this analysis. average fertilizer requirements per-hectare for 
establishment are used (22 kg P, 33.20 kg K. 100 kg Ca. 20 kg Mg and 20 
kg S). Main results indicate that: 

l. A combination of basic slag and rack phosphate provides the 
most economic phosphorus supply (Table 3), 

2. At present prices, magnesium subcarbonate ls the most 
efficient magnesium source. follawed very closely by Sulpomag 
and both forms of magnesium oxide. 

3. Rising transportation costs do not have a substantial impact 
on the optimal combination of fertilizer sources, At levels 
100% aboye the present ones, basie slag use 18 reduced to 1/3 
of the original level and rock phosphate use is expanded 
accordingly. Magnesium sub carbonate is then substituted by a 
more concentrated source, magnesium oxide. 
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Table 1. Fertilizer nutrient content and price1 CIF Bogotá2 (July 1981). 

Fertilizer Nutrient content Pricelton :3 
P K Ca Mg S Col$ US$ 

--------------------- % ----------------------
Basic slag 6.60 O 37 1 O 2,400 44.02 
Simple superphoshate 8.80 O 20 O 12 22,000 403.52 
Triple superphoshate 19.80 O 14 O O 23,230 426.08 
Potassium chloride O 49.80 O O O 16,560 303.74 
Potasslum sulphate O 41.50 O O 18 22 ,000 403.52 
Sulfur flower O O O O 85 18,000 330.15 
Gypsum O O 29 O 20 3,600 66.03 
CalcUic lime O O 30 O O 2,500 45.85 
Dolomitic lime O O 37 8 O 3,600 66.03 
Huila rock phosphate 9.68 O 40 0.5 O 4,600 84.37 
Pesca rock phospha~e 8.80 O 21 O O 3,000 55.02 
Magnesium sulphate 4 O O O 10 13 28,800 528.24 
Magnesium carbonat~ O O O 24 O 11 ,550 211.84 
Magnesium oxide 704 O O O 42 O 22,000 403.52 
Magnesium oxide 60 4 O O O 36 O lB.800 344.82 
Magnesium sub carbonate O O O 16 O 6,100 111.88 
Sulpomag O 1B.26 O 11 22 16,000 293.47 

1 Bagged 
2 
3 Transport Bogotá-Carlmagua: Col$2500/ton 

Exchange rate July 15, US$l ; Col$S4.52 
4 Prices quoted by Magnesios Bollvalle Ltda., July 1981 plus frEight 

Medel11n-Bogotá: Col$1600/ton 

Table 2. Recommended fertilization levels for establishment ané. 
maintenance of promising species (kg/ha). 

Species Establishment (kg/ha) Maintenance (kgiha/xear) 
P K Mg S Ca P K Mg S Ca 

Andropogon gaxanus 22 33.20 20 15 100 6.60 33.20 5 7.5 50 
Stxlosanthes capitata 22 33.20 20 20 100 6.60 33.20 5 10 50 
Pueraria phaseoloides 22 33.20 20 20 100 8.80 33.20 10 10 50 

Sources: Spain, J. "Actualización de Recomendaciones Generales, 
Establecimiento y Mantenimiento de Pastos", internal document, 
CIAT, August 1980. 
Salinas, J.G. Personal communication, July 27, 1981. 
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TabIe 3. Optimal fertilization strategy for pasture establishment in 
Carimagua (base solution). 

Nutrient 

Phosphorus 
Potassium 
Calc1um 
Magnesium 
Sulfur 

Fertilizers 

Basic slag 
Simple superphosphate 
Triple superphosphate 
Magnesium carbonate 
Potassium chloride 
Potassium sulphate 
Magnesium sulphate 
Sulfur flower 
Gypsum 
Calcitic lime 
Dolomitic lime 
Huila rock phosphate 
Pesca rock phosphate 
Magnesium oxide 70 
Magnesium oxide 60 
Magnesium subcarbonate 
Sulpomag 

Cost (Col$/ha) 
Total weight (kg/ha) 

$4.259 
507.1 

Required 
level 

(kg/ha) 

50 
40 

100 
20 
20 

Required 
level 

223.5 
O 
O 
O 

66.7 
O 
O 

23.5 
O 
O 
O 
O 

82.4 
O 
O 

111.0 
O 

1 Shadow príce of 
the restriction 

(Col$/kg) 

26.3 
31.8 

1.1 
53.8 
24.1 

Marginal cost of 
introducíng 

fertilizera not 
included in the 
optimal strategy 

16.10 
13.70 
1.20 

4.20 
22.80 

0.95 
4.66 
1.39 
0.59 

1.90 
2.00 

0.28 

1 Amount by which total cost per hectare would decrease if 1 kg less of 
the nutrient were required per hectare. 

4. Given the acidity of the soils in the area, the use of more 
expensive soluble phosphorus sources such as triple 
superphosphate i8 not economic. If short-term 801ubility of 
rock phosphates were considered too low tor a given crop or 
pasture, the use of basic slag would be expanded. 
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5. Basic slag i8 expeeted to be scarce in Colombia in eoming 
years. Rock phosphatcs will then substitute for basie slag 
causing only a minor cost inercase. Rock phosphates wi11 
substitute basie slag completely if its priee rises by 31% or 
more. 

6. Partial acidulatlon increases the water and cltrate solubility 
vf rock phosphates. On very acid 80ils partial rock 
acidulation is not economically worthwhile for the 
establishment of pastures. If certain levels of ahort-terro 
phosphate solubility are required, they could be achieved more 
economically by increasing the use of basie slag. The 
attractiveness of partial rock acidulation ls probably hlgher 
for crops requiring higher levels of solubility, particJlarly 
on less acid 80ils and if the price of basie slag inereases 
substantially. 

7. The potential value of cement dust (a presently unused 
by-product of the cement industry) as a source of potas<üum 
and calcium was evaluated. Available data suggested a 20ntent 
of 6.4% potassium oxide and 31% of calcium. Under thes" 
conditions cemeut dust would only be competitive if bastc slag 
is unavailable aud if supplied CIF Bogotá at a price be10w 
Col$O.90 per kg. Cement dust supplying calc1um and potassium 
displaces potassium chloride and basic slag in the fOnIDlla due 
to the calcium content of the latter. The required pho3phorus 
is in this case supplied by rock phosphates. Due to the low 
potassium concentratíon of cement dust, its competitiveness is 
very sensítive to transport cost changes. Avallability of 
cement dust with a higher potassium oxide concentration (24%) 
ls reported in the literature. Thís cement dust would be 
competitive at prlces up to Col$5.32 per kg. If basic "lag 
were unavailable, this type Di cement dust would be included 
in optimal fertilizer mixtures up to a pr1ce of Col$5.84 per 
kg CIF Bogotá. 

8. The high shadow price of the magnes1um aud potassium 
restrictions (Table 3) indica tes that the fertilizer cost per 
hectare is very sensitive to the required level of thes" 
nutrients. Therefore, better knowledge of the response 
surface to magnesium and potassium ,",ould be very valuable to 
assess profitable usage levels. 

These conclusions suggest the need to evaluate fertilizer response 
functlons. Classícal response surface studles for perennlal pastures 
are very expenslve and difficult to undertake. Nevertheless, some more 
points of the surface, selected as "best bets", particularly with lower 
levels of these expensive nutrlents should be evaluated in the near 
future. 

Fertilizers beíng such a crucial element of the technological 
package involving 1mproved pastures, further Fesearch ls needed oa the 
supply-demand situation on Latín American markets. FAO data (Table 4) 
show a substantial regional deficit, particularly for potash 
fertilizers. 
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rabIe 4. Fertilifer production and consumption, Brazil, Colombia and Mexico 
1919/80 • (Thousand metric tons: N-P-K.) 

Country ¡; P K 
Prcduclivu ConsuID:e:tion Productioo ConsumEtion Froduction Consumption 

Braz!l 288 783 574.66 737.44 o 900.55 
Colombia 57 151 20.24 32.12 O 58.10 
Mexico 642 826 99.88 112.20 O 50.63 

Preliminary data. fertilizer year July l-June 30. 

Source: FAO: Current Fertilizer Situation and Outlook, Rome. Jurre 1981. 

The limited number of domestic fertilizer suppliers in most Latin 
American countr1es suggests that researeh on market strueture and 
prieing policy may be rewarding as market prices probably differ from 
those maximizíng national welfare. Researeh in this area is being 
planned in collaborat10n with the lnternational Fertilizer Development 
Center (IFDC). 

Comparat1ve Advantages of Alternative Forma and Uses oí Improved 
Pastures in the Llanos Orientales 

As the program is promotlng meteríaIs to Categor1es IV and V of the 
germplasm selection strategy. a number of these beeome candidates for 
eventual release by the national institutions (ICA in Colombia). This 
release has to be accompanied by information to potential adopters of 
the merits and drawbacks of ea eh material. Among other information. the 
appropriate use of specific material in production systems must be 
asseseed. Economics playa major role in this contexto 

Using the linear programming technique, a first attempt was made at 
comparing broad groups of improved pasture alternatives of varying 
degrees of intensity, as well as alternative uses of forage under the 
conditions of the Llanos Orientales of Colombia. 

Table 5 presenta the pasture establishment coste and TabIe 6 gives 
the technical parameters assumed to be achieved. Data are based on CIAT 
experimental results, information obtained through the ETES Project and 
educated guesses. Results therefore have to be considered preliminary 
and subject to substantial changes as additional information i8 
generated by the program and the model 1s further disaggregated. 
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Table 5. Pasture establishment costs 1 (one heetare). 
• 

TYl!e of iml!roved I!asture 
Legulll<:/ grass 

Cost item Grass Legume assoetation 
Units Col$ Uuits Col$ Unlts Col$ 

Seed: (kg) 
Brachiaria decumbens 1.2 1560 
Andropogon gayanus 2.5 1000 
Stylosanthes capitata 5 3250 2.5 1625 

Fertilizer: (kg) 
Basie slag 300 1080 330 1188 330 1188 
Sulpomag 100 1500 100 1500 100 1500 

Land preparation: 
(frequency) 

Harrowing 2 1700 2 1700 2 1700 
Seeding 1 300 1 300 1 300 

Total cost (Col$) 6140 7938 7313 

1 Maintenance costs: for all types of improved pastures an annu,;'! 
fertilization with 100 kg of Basic slag and 60 kg of Sulpomag c.t a 
cost of Col$1600 per hectare per year (including application ce.st) ls 
assumed. 

Table 7a presents the beef production levels achieved, 7b the gross 
margins per heetare, animal un1t, and kg of beef produced for th,: 
cow-calf + fattening alternative. Table 8 shows the investment and 
profitability of alternative systems. The most outstanding features of 
this comparison are: 

the differences in ranking of forage alternatives when 
compared on the basis of hectares or animal units indi:ate 
that optimal strategies will depend on the relative scarcity 
of these factors; 

the similarity of per-animal unit investment of all 
alternatives; 

the rather 10'101 profitability oi production alternatives based 
on the exclusive use of improved paftures under the conditions 
prevailing in the Llanos Orientales ; 

1 Specialized fattening oeprations were not included as the modeL was 
expected to reflect the potential of the region. which cannot ·,e 
thought of as net importer of feeders, due to the higher fatte~ing 
potential of the other regions. 
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Table 6. Technical coefficients assumed for each production system. 

Fodder base 
Coefficient Native Native paature Grass Native Legume/grass 

pasture plus mineral pasture pasture plus association 
supplementation protein bank 

Stocking rate 
(AU/ha) 0.2 0.2 2.0 0.25 1.3 

Adult mortality rate 
(%) 4 4 4 4 4 

Weaning rate (%) 45 55 65 70 75 

Age at first mating 
(%) 
24-35 months 10 72 82 92 
36-48 months 64 54 100 100 100 

>48 months 100 100 

Liveweight (kg) 
At mating 260 270 290 290 290 
At wean1ng 150 160 170 180 190 

Weight gains sreers 
(kg/head per year) 70 80 110 120 200 

Mllk productiyn 
(litres/cowf 
per year) 400 400 400 

1 Lactadng cows only. 
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Table 7a. 
I Beef output by farage product1on system (kg/year) . 

Production per ha 
Cow-calf Fatteniog Cow-calf + Cow-calf 

Forage system operation operation fattening operatlon operatlon 

N.ative pasture 9 14 10 45 
Native pasture + minerals 10 16 12 51 
Improved grass2pasture, 
exclusive use 141 220 164 70 

Grass/legume p~sturet 
109 256 150 85 exclusive use 3 Protein bank, strategic use 18 29 21 77 

Grass/legume pasture. 
stra.tegic use 12 14 60 

Production per AU 
Fattening Cow-calf + 
operation fattening operation 

70 48 
80 57 

110 82 

200 117 
120 89 

68 

Table 7b. Gross margin by forage production system (cow-calf + fattening operation) (Col$) 

Forage system h. AU 

Natlve pasture 236 1178 
Native pasture + minerals 2 

243 1215 
Improved gras$ pasture, exclusive u~e 1494 747 
Grass/legume pasturc! exclu~ive use 937 732 
Protein bank. strategic use: 366 1522 
Grass/legume pasture. strategic use 293 1467 

Fatténing refers only to the 
? the alternatives with native 
3 PrOüUCtlVe lite uf paoLUL~¡ 

Productive life of pásture: 

productiofi of 3-ycar-old steers, presently fattened ot,ltside the 
pastures only and tar the úption with mineral supplementatíon. 
,'" • ., ......, " ••• #1.._ 
IV )'t'hlb, ::.L. ..... L ... ~h~ 1.:1-,.,,,,,". ./...v .... UjUL>. 

6 years; stocking rate: 1.28 AV/ha. 

kg 

25.54 
21.31 

9.10 
6.25 

17.10 
21.57 

impact regian, far 



Table 8a. Marginal investment per hectare, ani~l unit and kg of beef per 
annum produced by production systems (Col$). 

System ha AU kg Land 2 
lnvestment 

Native pasture 2,754 13,770 286 
Native pasture + mineral s 3 

3,034 15,170 266 
Improved grass pastura, exclusive u~e 27,000 13.500 164 
Grass/legume pasture, exclulive use 21,284 16.846 140 
Protein bank. strategic use 5 4.001 16.644 187 
Grass/legume pasture. stratagíe use 2.S37 14.1S5 208 

Table Sb. 1 Marginal profitability of alternative production systems 
(% return). 

Improved Cow-calf Cow-calf + 

(%) 

36 
33 
4 
.5 

25 
35 

Cow--calf 
System pastures operation fatteníng + milking 

~% total area) 0;E:eration 

Native pasture O 8.4 8.6 
Native pasture + minerals O 6.4 8.0 
Impr~ved grass

3
pasture, 

exclusive use 100.0 3.6 5.5 13.3 
Grass/legume p~sture. 

100.0 exclusive use 
4 -O.S 4.5 8.5 

Protein bank, strategic use 5.0 7.4 9.1 15.8 
Grass/legume p~sture. 
strategic use 1.S 9.5 10.4 

In this context marginal refers to the investment and profitability of 
buying an additional hectare snd uBing it in one of the systems described. 
given an already existing farm with its fixed costs. A land price of 

2 Col$lOOO/ha 18 assumed. 
3 As share of total ínvestment. 
4 Productive life of pasture: 10 years; Stocking rate: 2.0 AU/ha. 
5 Productive life of pasture: 6 years; Stocking rate: 1.28 AU/ha. 

Used for early weaning of calves and fattening of cull-cows and steers. 
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in spite of the adverse economic frame, the strategic use of 
improved pastures to supplement rather than replace low-cost 
native pastures to solve specific bottlenecka such as weaning 
of calves, fattening of cull-cows or steers ls an economic 
proposltion; 

feeding improved pastures to milking cows of local breE,ds i5 
an attractive option even though very low production l"vels 
are assumed. 

Table 9 presents the linear programming solution for a farm with 
Col$20 million-own capital. Traditionally used native pastures are the 
most efficient way to produce calves. Only as land becomes more scarce 
(more than Col$2000/ha) does fattening of on-farm produced store cattle 
on improved pastures become profitable. This preliminary analys:ls 
neglects the changes in relative prices and technical coefficien~s 
generally concommitant with the rise in land prices, but it does point 
towards the tendency to be expected. 

Pasture persistence has a substantial influence on the 
profitabllity of improved pastures (Figure 1), particularly when 
investment ls higher (legume and grass/legume mixtures). Furthermore, 
Figure 1 depicts the changes in competitiveness of alternative pasture 
improvement techniques due to changing land prices (all other 
coefficients constant). 

A similar analysis was perforIDed to evaluate the potential (lf 
producing milk with cows fed improved pastures within dual-purpose 
systems (Figure 2). Milking leads to a substantial increase in 
profitability of all types of improved pastures. 

lt 18 concluded that: 

Total substitution of native pasture with improved pasture is 
not economic at the present price structure. Strategic use 
of improved pastures to solve specific bottlenecks may be very 
worthwhile, but further reeearch 18 necessary to improve the 
efficiency of its use, if adoptlon in extensive cow-calf 
operation8 of the Llanos Orientales i8 aimed ato 

On the short run the use of larger areas of improved pE.atures 
will mainly occur at locations closer to the market, and this 
forage will in most cases be fed to fattening steers. 

Dual-purpose (beef and milk) systems seem to be another 
promising option, particularly for smaller farms. SimJ"lar 
production syatems operate under commercial conditione at a 
great distance from the market in the Paraguayan and Bolivian 
Chaco. More in-depth research is needed to evaluate their 
potential in the Llanos Orientales of Colombia. 



Tabla 9. Optimal organifation of a beef ranch with a total aquity of 
Col$20 million • 

Land erice (Col$/ha) 
o 1000 

Land use (ha): 
Native pasture 11 ,523 9,831 
Grass/legume pasture 

Stock numbers: 
Cows 1,047 893 
calves 494 421 
Heifers: 1-3 years 460 392 

3-4 years 216 184 
>4 years 78 66 

Steers: 1-2 years2 
235 200 

2-3 years 

Sales (head): 
Cave 178 151 
Heifers 6 5 
Steers 2 y~ars old 226 192 
Fat steers 

Own capital (4% interest 

2000 

4,966 
76 

451 
213 
197 
93 
33 

101 
97 

76 
3 

93 

opportunity cost) 20.000,000 20.000,000 20.000,000 

Borrowed capital (7% interest) 6.888,994 

Total gross margin (Col$) 1.839,861 968,809 443,434 

~ Techn!cal coefficients of Tablas 5 and 6. 
Steers reared on native pastures tíl! the age of 2 years, finished on 
grass/legume pastures. 

Further Activities 

An economic assessment of the marginal profitability of 
feeding mineral supplements in traditional beef production 
systems in the Llanos Orientales region was undertaken. The 
maln results were: 4-8 years of negative marginal cashflow 
and internal rates of return between 8% and 20% p.a. to the 
phosphorus source used. 

The field phase of the monitoring project (ETES) ln Brazl1 has 
been completed. In Venezuela the last surveys are being 
undertaken. The comparative study of all three ETES sites 
(Colombia, Brazil, and Venezuela) is expected to be completed 
ln 1982. 
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[J Values used in Ihe lineor progrommlng modal 

Effect of pasture persistence on the profitability of 
beef production (cow-calf + fattening operation) at two 
land price leveIs. (No mixed strategies, such as running 
a cow-calf operat10n on natural pastures and fatteuing on 
improved pastures are included here for the sake of 
simplic1ty. ) 
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Effect of pastura persistence on profitability of 
dual-purpose systems (cow-calf operation + milking) at 
two land price levels. 
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A similar monitoring project of dual purpose (beef snd milk) 
farms was started in cooperation with the Banco Nacional de 
Psnsma in the Central Provinces of Panama in 1981. This 
special project undertaken in collaboration with the Technical 
University of Berlin and funded by the German gove~nt 
through GTZ. includes the posting of a post-doctoral fellow in 
Pansma. The foreseen one-year continuous recording of 
biotechnical and economic data will be completed in Hay 1982. 
A report is expected to be completed by October 1982. 

In cooperation with FAO, a study on the potential to increase 
beef production in Latin America and its constraints. with 
particular emphasis on pasture improvement technology for the 
tropical lowlands. is well under way. 

le can be conclúded that, due to the increasing availability of 
detailed biotechnical research and monitoring information, the research 
approach of the Economics Section is gradually shifting from an emphasis 
on ex-ante slmulation of the potential impact of pastures based on 
assumed values for these parameters, to au iucreasingly ex-post analysis 
of actual performance of grasses and legumes aud whole production 
systems. At ehe same time research i8 expanding into production sy8tems 
of different levels of intensity of resource use to help the program 
exploit the whole potential of the germplasm being developed. 
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(as of Dccembcr 31, 1981) 

Científicos principales 
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** John E. Ferguson, Ph.D., Agrónomo, Producción de Semillas 
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Especialistas visitantes 
*Rolf Minhorst, Dr. Agr., Proyecto ETES (con sede en Brasilia, Brasil) 

Cristoph Plessow, Dipl. Agr., Proyecto ETES (con sede en Maturín, Venezuela) 

Científicos posdoctorales 
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Ruprecht Schellenberg, Dr. Agr., Zootecnia/Economía (can sede en Panamá) 
Carlos Seré, Dr. Agr •• Economía/Proyecto ETES 

~ Se retiró durante 1981. 
• En año sabático. 
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Asociados de investigación visitantes 
*Elke Roehnert, M.S., Calidad de Pastos y Nutrición 
Gerhard Keller-Grein, M.S., Germoplasma 
Martin Schneichel, M.S. ,Proyecto ETES (con sede en Puerto Gaitán. Colombia) 
Isabel Valencia, M.S., Desarrollo de Pastos (con sede en Carimagua) 
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Gustavo Benavides, lng. Agr., Germoplasma 
Gerfried Carlos Buch, Ing. Agr., Agronomía (con sede en Carimagua) 
Raúl Botero, D.V.M.Z., Sistemas de Producción de Ganado (con sede en 
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*Rubén Daría Cabrales, Zoot., Sistemas de Producción de Ganado (con sede en 
Carimagua) 

Javier Asdrúbal Cano, Lic. Econ., Asistente Administrativo del Coordinador 
Manuel Co,onado, lng. Agr., Mejoramiento de Leguminosas 
Martha Lucia Escandón, lng. Agr., Mejoramiento de Forrajes/Agronomía 
Carlos Escobar, lng. Agr., Suelos y Nutrición de Plantas 
Luis H. Franco, lng. Agr., Desarrollo de Pastos (con sede en Carlmagua) 
Manuel Arturo Franco, Ing. Mee., Analista de Sistemas, Oficina del 

Coordinador 
Duván Garcia, lng. Agr., Producción de Semillas 
Obsd Garcla, D.V.M., Salud Animal 
Hernán Giraldo, lng. Agr., Agronomla 
Ramón Gualdrón, lng. Agr., Suelos y Nutrición de Plantas 
Francisco J. Henao, n.V.M.Z., Salud Animal (con sede en Carimagua) 
Phanor Hoyos, Zoot., Calidad de Pastos y Nutrición 
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Dazier Mosquera, lug. Agr., Microbiología de Suelos (con sede en Carimagua) 
Gloria Navas, lng. Agr., Desarrollo de Pastos (con sede en Carimagua) 
Edgar Quintero, lng. Agr., Fitopatologia/Entomología (con sede en Carimagua 
Fabiola de Ramírez, Lic. Ract., Microbiología de Suelos 
Raimundo Realpe, lng. Agr., Agronomia (con sede en Carimagua) 
Bernardo Rivera, n.V.M., Salud Animal 
Manuel Sánchez, lng. Agr., Producción de Semillas 

* Se retiró durante 1981. 
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*Jose Ignacio Sanz, Ing. Agr., Suelos y Nutrición de Plantas 
Celina Torres, lng. Agr., Fitopatología 

*Gustavo Urrea, lng. Agr., FitopatologIa 
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