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1. Introduction 

During 1988 the Program started 
preparíng for the fortheoming 
strategic planning exerc1se in 1989. 
Several members of the Program 
participated in different task force s 
and in "think tanks" that sought to 
define the general CIAT position. 
Coneurrently w1th these preparations, 
the achíevements of the Program were 
analysed, and strategies were 
formuIated to meet the changing needs 
of the 1990's. 

Several questions 
future strategies of 
discussed: 

regarding the 
the Program were 

Basic (upstream) researeh 

l. The Program has acqu1red more 
thao twenty thousand entries of 
germplasm, concentrat1ng on grasses 
and legumes to improve pastures for 
ruminant production in the marginal 
and fron t ier lands of the humid and 
sub-humid lowlands of the tropies 
with acid soils. This majar e01-
lectien effort has already yielded 
several improved cultivars, and it 
also provides the base for future 
breeding work. 

The question nOW i9, what should be 
the direction of germplasm develop­
ment from now on? 

It 15 visualized that future 
collection and acquisitions of 
germplasm should be more 
strategically focussed to 
broaden the genetic variability 
oí key species, or to obtain new 

eollections of particular types forage 
plants deemed ímportant (grasses, 
shrubs, tree legumes, etc.). 

2. During the 1980's, a priority 
area of work has be en the development 
of majar screening sites in coopera­
tíon with national pasture programs. 
Several key species have been 
identified and prom~slng materíals 
have been selected tor further evalua­
tíon throughout the Red Internacional 
de Evaluación of Pastos Tropicales 
(RIEPT). This major continental 
screening effort has yielded several 
new cultivars of grasses and legumes 
whích use more efficiently the limited 
natural resources available in the 
infertile aeid soils of the target 
areas in which there are only límited 
opportunities to use purchased inputs. 

The RIEPT has become a decentralized 
massive screening project, and has 
successfully established a quick flow 
of germplasm from evaluation in 
agronomic trials, to trials where 
germplasm is evaluated under grazing. 
In this manner, it has been particu­
larly successful in catalyzing and 
facilitating the pasture research work 
throughout target area. However, 
there is an important question for the 
futnre: 

How specific shonld the screening 
evaluation be during the next 
decade? Should the Program con­
tinue to USé the hroad approach 
of a wide range of germplasm as 
in the past, or should a more 
specialized and focussed approach 



be adopted? The latter would 
require a cIear definition of the 
objectives needed to solve farmere' 
problems, wbich could then be applied 
to segregating materiaIs from 
breeding work; or used to evaluate 
new specias that might be regarded as 
promising in the futura. 

3. During the 1980's the major 
plant breeding effort of the Program 
has been the improvement of 
StyIosanthes guianensis, a legume 
tbat is regarded as very valuable for 
the infertile acid Boil regions oí 
the lowland parts of the continent. 
This project has been directed 
towards increasing both anthracnose 
resistance and seed productlon 
potential. 

Important pre-breeding projects have 
also been conducted. Among these were 
the investigation of crosa compati­
biIity among Centrosema epecies; the 
estimation of heritability of several 
traits in Andropogon gayanus; and 
studies of reproductiva behavior in 
Brachiaria. These aetivities provide 
a base for future expansion of the 
program in forage plant improvement. 

Important questions for the future 
are: 

How should plant 
resourees be allotted 
numerous 
species? 

potential 

h~at are relevant and 
breeding objectives 
species chosen? 

breeding 
among the 
candidate 

achievable 
for those 

What will be the role of the 
newer biotechnologies in 
facilitating the achievement of 
the objectives of pastura plant 
improvement? 

4. Du ring the 1980 I s, striking 
changes in the produetivity of the 
savauna lands have been obtained with 
pastures based on plants that are 
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adapted to low fertility, acid soils 
and high leve la of alumiuum and using 
minimum inputs. Similar adaptatíon 
ls regarded as cr1 tical for the 
survival and efficient production of 
the new generation of pasture plants 
currently undergoing evaluatíon. 
Efficíent fixation of nitrogen by the 
legumes in the association is also a 
key factor hoth for improving the 
quality of the feed for grazing 
animal s and for stable pasture 
production. 

It is recognized, however, that 
improved plants, well adapted to the 
environment, are not the only 
criteria. Other faetors, such as 
their interaetion with the environ­
ment (effeet of soíl texture, the 
availabílity of water, and hietie 
pressures) , and the influence ef 
pasture managament (grazing system and 
maintenanee fertilizer) wil1 also 
determine the performance of the new 
technology on a broader scale. The 
nature of these interactions are not 
understood well enough to allow 
pastura managers (researchers. 
farmera) to seIeet the combination of 
grasses and legumes for a particular 
env1ronment and/or to apply manage­
ment appropriate to optimize the 
productivity and sustainability of the 
new pastures. 

The major questions are: 
how much resourees and research 
effort should the Program allo­
cate to the study of these 
interactions in the pasture 
complex? 
how should the research be 
organizad best to develop the 
techniques and methodologies? 
how will be the resulting 
knowledge best transferred to the 
RIEPT? 

5. On-farm researeh has been 
successfully init1ated during the 
second part of this decade. In 
cooperatíon wi ththe respective 
national programs, the Tropical 



Pastures Program 
the following 
activities: 

has collaborated in 
on-farm research 

in the extensive systems of the 
Colombian Llanos (Altíllanura) in 
cooperatían with ICA; 
in Sil vanía (near Bras ília) in 
Brazil, a dual purpose crap 
pasture systems in cooperatíon 
with CPAC/EMBRAPA; 
in the mixed dual-purpose 
farming systems of the Pucallpa 
area 1n the Peruv1an jungle in 
cooperation with INlAA and 
IVITA; 
with small farmers on steep 
farms at elevatlons of 1000 to 
1500 meters in the northern 
Cauea area of Colombia in 
multi-institutlonal projects in 
cooperation with lCA, CVC and 
Fondo Ganadero del Valle; 
in the predominantly cattle 
production systems of the 
Caquetá area of the Colombían 
Amazon in cooperation wi th lCA 
and Fondo Ganadero del Valle. 

The direct involvement of the Program 
in on-farm research has been parti­
cularly important in developing a 
better understanding of the problems 
of conducting pastura research in 
farmers fields and of linking re­
search and development in contrasting 
socio-economic, ecological and instl­
tutional situations. 

The questions for the 1990's are: 
how far downstream should the 
Program go in the area of 
on-farro research? 
how much effort and .resources 
should the program allocate to 
the important activity of 
developing on-farro 
methodologies? 
How to catalize the orientation 
of pasture research throughout 
the RIEPT into on-farro research 
and more towards problem­
solving? 
will the participation of 
farmers serve to estab11sh bet-
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ter links between research and the 
development process? 

6. It 18 clear that without paral­
lel development of appropriate sup­
plies of seed to feed the research 
and development process, the eff1-
ciency and effectiveness of the 
effort i8 badly diminished. When the 
new technology is based on plants of 
which the seed eannot be imported 
from elsewhere, the problem i8 
compounded. Seed multiplication 
should be an integral part of any 
pasture research program that deale 
with new gerroplasm. 

Important questions for the program 
and the RIEPT are: 

how can the research process ba 
organized better so that the 
parallel activities of research 
on seed technology and rbe 
multiplication of experimental 
and baslc seed are incorporated? 
how can the commercial production 
of seed be catalyzed when the 
plants are often unknown and thus 
there is limitad initial demand? 

7. The 
improving 
enhancing 
infertile 

role of legumes both in 
animal production and in 

pastura stability on 
ae id soils has been demons-

trated by the Programo In addition, 
there i8 evidence from research in the 
RIEPT, and elsewhere in tbe tropics, 
that documents the important contri­
butlon oi legumes in pastures. 
However there has been only limited 
adoption oi the concept of a mixed 
legume/grass association, in the 
tropics. 

The Program believes that the poor 
adoption of legume/grass pastures ls 
due to a number of factors, which led 
to diffículties in managing legumel 
grass associations and lack of per­
sistence of the legume component. 
These are: 

the legumes used in the past, 
principally commercial cultivan, 
from Australia, were poorly 



adapted to infertile acid soils. 
the legumes did not compete with 
the aggressive root systems and 
stolonlferous habit of the 
grasses, 
the legumes have the C3 pathway 
of photosynthesis, whieh leads to 
lower growth rates compared with 
the C4 gas ses • 

In contrast, on-farm research on the 
Colombian Llanos has shown the per­
sistenee of at least 9 years of the 
new generation of adapted 1egumes 
under farmers' conditions. The 
Program believes that env!ronmental 
adaptation is a key factor In the 
maintenance of 1egumes in pasture 
associations. 

Tha main questions confronting the 
Prograrn are: 

how can the credibility of 
legume-basad pastures in the 
target araa be developed and 
established? 
how can the economic and ecolog­
ieal soundness of legume/grass 
pastures be demonstrated? 

8. Well-managed pastures of adapted 
legume/grass species contribute to 
soil improvement through nutrient 
reeyeling, nitrogen fixation, higher 
amounts of organic matter, and better 
soi1 structure. The Program believes 
the basie components are available 
for the development of legume/grass 
associations, which could greatly 
contribute to soíl improvement in the 
marginal and frontier are as of the 
tropical lowlands with acid soils. 
Many of these areas are now used pre­
dominant1y for grazing by rurninants. 
However, farming systems in these 
areas are expected to intensify the 
use of land, capital and labor during 
the 1990' s, whlch wl11 1ead to the 
integration of pastures with crops in 
ley farming systems and/or with trees 
in silvo-pastoral systems. 

The question for the Prograrn is: 
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what research ia needed to study 
the options and management 
alternatives? 
how can the 80il improvement 
capacity of the new pasture 
technology be maximlzed? 
how can this contribute to the 
sustainability of integrated 
production sy8tems in the 
savannas and humid forest of the 
Program's mandate area? 

9. Within the decentral1zed sub­
networks of the RIEPT, 1988 was 
partieular1y important. TOe first 
meeting of the Central American and 
Caribbean sub-network was he Id at 
Veracruz, Mexico, in November, 1988, 
during which more than 200 papers were 
presented. Central American pasture 
research ls very active, both in small 
plots evaluation of germ- p1asm and in 
an increasing number of grazing 
trials, and in seed production 
projects. The fulI advisory comrnittee 
of RIEPT (inc1uding a representative. 
from each sub-network) also met in 
Veraeruz to discuss the topie of 
research approaches and techniques for 
pasture establishment and rec1amatíon. 

A1so, during 1988, the first steps 
were taken towards the development a 
multi-institutional network, modelled 
on the RIEPT, to catalyze pasture and 
forage research snd the deve10pment of 
the sub-Sahie1 region of western 
Afriea. Formal contacts were estab-
11shed with CIAT's sister Center, the 
International Livestock Center for 
Afríea (ILCA) and with the Freneh 
Institut d 'Elevage et de Medecine 
Veterinaire des Pays Tropieaux 
(IEMVT), as we11 as visits to national 
pasture research programs in western 
Africa. The TPP has a demonstrated a 
comparative advantage in germplasm 
deve10pment for pasture and forage 
improvement in acíd soils. This 
comparative advantage wil1 contribute 
to improved produetivity and 
diminished ecological damage of the 
over-grazed savannas of lowland west 
Afriea. 



Important questions for RIEPT are: 
how can the dynamic activity, 

complementarity and relevance 
be malntained between the 
Tropical Pastures Program and 
the evolving national research 
programs? 
How can development lnstltutions 
be incorporated with the re­
search institutions oi national 
programs 
maximize 
them? 

in such a way as to 
the linkage between 

how can the comparative advan­
tages of the RIEPT be used more 
efficiently to capture economies 
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oi scale in the process of pas­
ture research and development? 
How can the latter be applied to 
a micro region, a country, and a 
sub-network? 
w'hat will be the balance of the 
Program contribution in the 
WAFNET development? 

These questions will be further 
clarified during the iol1owing year in 
which the Program and CIAT will 
consolidate the strategic pIanning for 
the decade of the 90·s. 
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I 2. Germplasm 

During 1988 the activities of the 
Germplasm section comprised the 
following: (1) collection of legume 
germplasm in Southeast As ia; (2) 
multiplication and maintenance of 
germplasm of particular interest to 
the Tropical Pastures Program; and 
(3) characterization and preliminary 
evaluation of germplasm. 

COLLECTION OF LEGUME GERMPLASM IN 
SOUTHEAST ASIA 

Southeast Asia is, in comparison with 
tropical America, a minor yet very 
important center of diversity of 
tropical legumes. Collection 
activities of the CIAT Tropical 
Pastures Program in the region, in 
cooperation with national 
institutions, began in 1979. In 1988 
two collection trips were carried 
out, both with financial support from 
the International Board for Plant 
Genetic Resources (IBPGR). One trip 
was conducted in China, in 
collaboration with the South China 
Academy of Tropical Crops (SCATC), 
Hainan, and another in Thailand in 
cooperation with the Thailand 
Institute of Scientific and 
Technological Research (TISTR). 

China 

The collection trip was done along a 
northeast-to-southwest transect in 
the southern part of the Guangdong 
province, and on Hainan island (since 
April 1988 not anyrnore part of 
Guangdong but a separate province) 
(Figure 1). A total of 213 samples 

were collected (Table 1). It is 
noteworthy that of these only 28 
samples (= 13%) originate from 
continental China (Guangdong). This 
reflects definitely a considerable 
genetic erosion on the mainland, where 
intensive land use has progressively 
destroyed the native habitats of the 
legume species of interest. Land use 
in Hainan is considerably less 
intensive, and the somewhat protected 
niches where the legumes of interest 
can be found (forest edges, scrub 
vegetation in borders of crop fields, 
fallow and wasteland vegetation, 
etc.), are still abundant. Although 
the magnitude of the variation in the 
collected material can only be 
assessed in comparative plant 
introduction trials, the diversity of 
collection sites and, frequently, 
plant morphology suggests that the 
collected Chinese germplasm 
contributes significantly to a wide 
genetic diversity now available to 
scientists. 

Thailand 

The collection trip in Thailand 
covered a major portion of the 
central-west and northern provinces 
(Figure 2). The principal target 
germplasm were also in this trip 
species of Desmodium and allied 
genera, and Pueraria spp. A total of 
369 samples were collected (Table 1). 
Highlights are: the large proportion 
of Desmodium spp. (almost one-third of 
the collected samples); the finding of 
D. ovalifolium at unexpectedly high 
latitudes (beyond 200 N) and altitudes 
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Figure l. Routes of systematic collection of tropical forage legume germplasm in 
China, February 1988 (SCATC-CIAT-IBPGR). 
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TabIe l. Summary of tropical forage legume germplasm collected in tropical 
China and Thailand, February-March 1988 (SCATC-CrAT-lBPGR and TISTR­
CIAT-IBPGR, respectively). 

Species China Thailand Total 

--------- No. of samples ---------

Desmodium gangeticum 
Desmodium heterocarpon 
Desmodium heterophyllum 
Desmodium ovalifolium 
Desmodium renifolium 
Desmodium strigillosum 
Desmodium styracifolium 
Desmodium triflorum 
Desmodium velutlnum 
Desmodium spp. (unidentified) 

Codariocalyx gyroides 
Codariocalyx motorius 

Dendrolobium spp. 

Phyllodium spp. 

Tadehagi spp. 

Pueraria montana 
Pueraria phaseoloides 
Pueraria spp. (unidentlfied) 

Flemlngia macrophylla 
Flemingia aff. macrophylla 
Flemingia lineata, F. strobilifera 

9 
30 

4 

12 
1 

6 

15 

21 

13 
20 

4 

11 

Urada lagopodoldes 4 

Other genera (with lower forage potentíal) 63 

Total 213 
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38 
23 

5 
2 
1 
3 
3 

24 
20 

3 
8 

9 

23 

4 

1 
26 
12 

20 
5 

19 

14 

106 

369 

47 
53 

4 
5 
2 
1 
3 
3 

36 
21 

3 
8 

15 

38 

25 

14 
46 
16 

31 
5 

19 

18 

169 

582 
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Figure 2. Routes of systematic collection of tropical forage legume germplasm 
in Thailand, February/March 1988 (TISTR-CIAT-IBPGR). 
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(as high as 900 m.a.s.l.); the 
finding of Codariocalyx gyroides and 
C. motorius not previously collected 
In Thalland¡ and the finding of 
several unidentified Pueraria species 
which were not yet presented in the 
CIAT collection. 

In the process of seed increase for 
subsequent evaluation of germplasm 
collected during these two trips, 
Destnodium velutinum and Flemingia 
macrophylla are receiving special 
attention. Both species ha ve been 
identified as particularly promising 
in association with native savanna in 
the Llanos ecosystem (see Agronomy 
Llanos report). 

MULTIPLICATION AND MAINTENANCE 

As in previoua yeara, the multi­
plication of legume and grass 
germplasm of particular interest to 
the Tropical Pastures Program was 
also in 1988 an important service 
function of the Germplasm section. 
The seed multiplication activities 
consisted essentially of: 

Germp1asm multiplication from 
potted plants in the Palmira 
greenhouse and/or from single 
plants of small, space-planted 
plots in specific germplasm 
multiplication areas at 
CIAT-Palm!ra and CIAT-Quilichao: 
approximately 1350 accessions. 

Initial seed increase of all 
gerroplasm under prellminary 
evaluation at CIAT-Quilichao: 
approximately 2050 accessions 
including the grass collections 
of Brachiarla spp. and Panicum 
maximum .. 

Multiplied seed is handed over to the 
CIAT Genetic Resources Unit which ls 
responsible of maintaining germplasm 
stocks under appropriate cold-storage 
conditions, and of germplasm 
distributlon. 
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CHARACTERIZATION AND PRELIMINARY 
EVALUATION 

Germp1asm of priority or "key" species 
and of new, agronomically unknown or 
little-known genera and species is 
established in CIAT-Quilichao for seed 
lncrease and for observations on the 
most important plant descriptors 
(plant form, growth hablt, flowering 
time, perenniality, etc.). On the 
basls of monthly ratings durlng a 
total of 12-24 months, germplasm 
adaptation to the Quilichao 
environment is assessed in terms of: 
yield potential on a very acid, 
infertile Ultisol, including regrowth 
after cutting and performance during 
the two rather short but severe dry 
seasons that prevail in Quilichao¡ 
disease and pest resistance¡ and seed 
production potential. Establishment 
and evaluation methodology 1s 
essential1y that of Category 1 used 
also at other TPP germplasm evaluation 
sites ~ 

This initial evaluation assists in 
defining wh1ch materlals should be 
g1ven priority in the flow of 
germplasm to the Program' s principal 
screening si tes in the savanna 
ecosystems (Carimagua and Brasília), 
the humid tropics (Pucallpa), and 
Central Amerlea (Costa Rica). 

In some cases this characterizatlon 
phase ls combined with agronomic 
evaluatlon at the Category II level 
lncluding determination of dry-matter 
yield under cutting. 

In TabIe 2 the species and number of 
legume accessions which during the 
period November 1987-1988 were under 
prelimlnary evaluation in 
CIAT-Quilichao, are presented. 
Whereas some of the highlights of the 
oIder trials were already presented in 
a preIiminary forro in the 1987 Annual 
Report (e.g., f. tetragonoIobum and f. 
macrocarpum), the following are 1988 
highlights for the more recent triaIs: 



Table 2. Preliminary evaluatlon oi legume germplasm in CIAT-Quilichao 
during 1988. 

Species No. of 
accessions 

Centrosema tetragonolobum 

Centrosema pubescens 

Centrosema grazielae and 
C. schiedeanum 

Centrosema macrocarpum 

Centrosema pubescens 

Centrosema brasl1ianum 

Stylosanthes capitata 

Stylosanthes guianensis 

var. pauciflora 

Stylosanthes macrocephala 

a. Trial established in 1986. 

b. Trial established in 1987. 

c. Trial established in 1988. 

12a 

57Sa 

72a 

72b 

66b 

109c 

45c 

Species 

Flemin¡¡ia spp. 

Flemin¡¡ia macrophylla 

Desmodium velutinum 

Desmodium strillillosum 

Desmodium velutinum 

Codariocal¡::x ¡¡¡::roides 

Cratylia floribunda 

Dioclea guianensis and 

D. vir¡¡ata 
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accessions 
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Centrosema pubescens 

The preliminary evaluation of a 
575-accession collection of C. 
pubescens aimed at the identification 
oi productive, disease-tolerant 
accessions wlth a high seed-production 
potential. Not all collected 
information has, as yet, been 
analyzed. However, the frequency 
distribution graphs for dry-matter 
and seed yields presented in Figures 
3 and 4, respectively, show 
considerable variation for either 
attributes. lt ls noteworthy that a 
large proportion of the collection 
proved in both respects superior to 
the control accessions CIAT 413 
(Australian commercial centro) and 
CIAT 438 (Centrosema hybrid). 

A preliminary selection of 66 
outstanding accessions was made in 
this C. pubescens collection. 
Plants were established in a 
space-planted accession-compar1son 
trial, with 4 replica tes for DM 
yleld and 2 replica tes tor seed 
production. In Figure 5 the 
classification of these selected 66 
accessions into nine DM yield groups 
is presented. lt shows a w1de 
variation and suggests that a very 
large proportion of these selections 
significantly outyields the two 
control acce8sions CIAT 413 and 438. 
The same i8 true for the seed yields 
(Figure 6). 

Al though the latter trial has not 
yet concluded, it appears that the 
CIAT collection of C. pubeseens 
provides valuable germplasm wlth good 
adaptatíon to acid, low-fertility 
soils. 

Centrosema brasilianum 

A large proportion of the CIAT 
Centrosema brasilianum co11ect10n 
(109 aeces was estahl1shed 
in the first semester 1988. Although 
any definite conclusíons would be 
premature, the susceptíbility of most 
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accesslons to Rhizoctonia Foliar 
Blight (RFB) 18 already evident. 
Accesslons whlch presently stand out 
because of apparent RFB-tolerance, are 
CIAT 5657 and 5671 from Anzoátegui and 
Sucre, Venezuela, respectively; ClAT 
15527 (BRA-OI0855) from Marajó island, 
Pará, Brazi1; and CIAT 15387, 15391, 
15819, 15820, 15821, 15823, 15891, and 
15902 from Bolívar, Venezuela. 

Stylosanthes spp. 

The maín purpose of establishing 
germplasm of Sty10santhes capitata, S. 
guianensis var. pauciflora, and S. 
macrocephala in CIAT-Quilichao 18 
initial seed increase. All three 
species show considerable variation in 
growth habit, plant vigor, flowering 
and seed-setting. A particularly 
vigorous, prostrate S. capitata line 
ls CIAT 11628. 

Flemingia macrophy11a 

A co11ect10n 
macrophy 11a, 
llneata and 
strobilifera 

of 
7 
3 

was 

22 accessions of F. 
accessions of F. 
accessions of F. 

evaluated first fer 
seed production (during approximate1y 
one year including the periad of 
vegetat1ve growth before flowering), 
and subsequently during 6 months, 
after an equalizing cut, for DM 
production. The cluster analysis 
performed produced four significantly 
different groups (Table 3). Of these, 
group 2 comprises 5 vigorous and, in 
terms of DM as well as seed yields, 
productive accessfons. It 1s 
noteworthy that all F. lineata and F. 
strobilifera access10ns are in the 
nonproductive group 3. In contrast 
with these two species, !. macrophylla 
appears to be particularly well 
adapted to acid soi1s. 

Desmodium velutinum and Dioclea 
spp. 

The trials wi th these species will be 
concluded soon. Germplasm in bat!! 
experiments are show1ng very wide 
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Figure 3. Classification of a Centrosema pubescens collection (575 accessions) 
into nine groups of dry-matter yields. (Sum of two non-consecutive 
cuts of 3-month oId regrowth; QuiIichao 1987/88.) 

* Control accessions: Australian commercial centro (CIAT 413) and Centrosema 
hybrid CIAT 438. 
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Figure 4. Classificat10n of a Centrosema pubescens collect1on (575 accessions) 
into 12 seed-yield groups. (Cumulative y1elds of 8 plants during 
a 6-month period with 2 passes/week; Quilichao 1987/88.) 

* Control accessíons: Australían commercial centro (CIAT 413) and Centrosema 
hybrid CIAT 438. 
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Figure 5. Classification of 66 selected Centroseroa pubescens accessions into nine 
groups of dry-matter yields. (Sum of three consecutíve cuts of 3-rnonth 
old regrowth; Qu1I1chao 1987/88.) 

* Control accessions! Australian commerc1al centro (CIAT 413) and Centrosema 
hybrid elA! 438. 
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Figure 6. Classification of 66 selected Centros8ma pubescens aceessions ioto 11 
seed-yield groups. (Cumulative yields oi 8 plants duriog a 6-month 
period with 2 passes/week; Quilichao 1987/88.) 

* Control accessions: Australían commercial centro (CIAl 413) and Centrosema 
hybrid CIAl 438. 
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Table 3. Classiflcation of a Flemingia spp. {principal1y f. macrophylla) col1ection of 32 accessions 
!nto four cluster groups, based on DM production and seed yiela (Quilichao 1987-88). 

Dendrogram Cluster Accessl00 s 
group No. % 

1 8 25 

2 5 16 

3 12 38 

4 7 22 

1. DM accumulated during 6 months 

DM produetiyn 
(g/plant) . 

Mean Range 

198 179-219 

265 240-279 

5 0-20 

81 5S-111 

growth~ 

2. Cumulative yield of 2 ~ekly passes during 6 months. 

2-12 

Seed Yiel~ 
(g!plot) 

Mean Range 

9.4 0.0-30.6 

18.9 4.2-67.1 

1.0 0.0-12.1 

l2.9 0.1-79.4 

(t,servations 

CIAr 7184, 17404, 17405, 
17411, 17412 

f· (7 aec.) 

f· st ",hiliter. (3 acc.) 
macrophyl1a (2 acc.) 



variation. In the D. velutinum trial 
accessions CIAT 13218, 23134, and 
23275 outperform the remaining 69 
lines in terms of soil adaptation, 
disease resistance. DM and seed yield. 
A provisional list of outstanding 
Dioelea guianensis and ~. virgata 
germplasm comprises. on a preliminary 
basis, almost ona-third of the total 
of 143 accessions under evaluation. 

Grasses 

As in the 2-3 previous years, both 
the Panicum maximum and the 
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Brachiaria spp. collections 
(approximately 440 snd 500 aecessions, 
respectively) which are in the field 
in CIAT-Quilichao. are still primarily 
usad for initial seed ineTease and as 
a souree of vegetative materiaL It 
i8 intended to initiate charaeter­
ization and preliminary evaluatlon in 
1989. In addition to these 
large-sized collections, a Hyparrhenia 
spp. gene-pool ls be1ng built up and 
maintained in Quilichao. Presently it 
comprises approximately 50 aceessions. 



3. Plant Breeding 

INTRODUCTION AND HIGHLIGHTS 
OF TllE YEAR 

The basie objective of the Section 
remains that of producing genetically 
improved lines in a limited number of 
key species while generatíng 
information on the genetics aud 
breeding of largely unknown tropical 
foralle species. The principal 
breeding project remains that which 
seeks to enhance dísease and insect 
resistance in Stylosanthes 
gutanensis. A more modest breeding 
project aims to alter the plant 
architecture of Andropogon gayanus to 
improve compatibility with legumes. 
A number of complementary studies in 
these and other species seek to 
provide informatíon of use to eurrent 
and future breeding activities. 

The S. guianensis breedíng projee t 
has produced lines with disease and 
inseet resistance as high as the best 
germplasm accession and with greater 
forage yield and two to three times 
higher seed yield. 

A non-nitrogen-fixing seedling mutant 
induced by gamma radiatían has been 
shown to be inherited monogenically. 
1 t 101111 thus be useful as a genetic 
marker and will permit a substantíal 
ímprovement in the efficiency of the 
recurrent selection scheme practiced 
in ~. guianensis. 

Additional e.vidence for a large 
genetic component in A. gayanus seed 
yield and quality and-seedl1ng vigor 
has been accumulated. 

Exploratory ~~rk in interspecific 
hybridízation in Brachiaria is 
yielding positive results, including 
the first putativé interspecifie 
hybrid seedlings. 

BREEDING PROJECTS 

Stylosanthes guianensis Diallel 
e ros ses 

The diallel series of crasses, whieh 
was initiated in 1981, has been 
advanced by pedigree, by bulk 
advanee, and by natural selection 
under grazing. 

Pedigree. Critieal seed yield data 
for five selected ~. guianensis varo 
pauciflora F4-derived lines were 
obtained from two separa te 
experiments duríng 1988. The first 
experirnent compared single-plant seed 
yield of Uve hybrid-derived lines 
with the standard ~. guianensis varo 
pauciflora accessions CIAT 10136 and 
CIAT 2031. Yields were approximately 
twice as high for the best pedigree 
selected lines as for CIAT 10136 
(Table 1). This result was confirmed 
in a trial conducted at Carimagua 
where fi ve pedigree-derived lines 
were compared with the same two 
standard check accessions. In order 
to asseSA the degree of reduction in 
seed yield owing to Stegasta bud worm 
damage, a plus or minus insecticide 
treatment (Azodrin. applied every two 
weeks from initiatían of flowering to 
seed harvest) was imposed on main 
pIote in a split-plot designo 
Several of the selected lines again 



Table l. Seed yield (in Quilichao) of natural selection progenies, 
pedigree selected lines, or check accessions. 

Population 

Natural selection 

Low stocking rate 
Medium stocking rate 
High stocking rate 

Pedigree-selected lines 

FM-01-86/41 
FM-01-86/44 

Check accessions 

CIAT 2031 
CIAT 10136 

Seed y1eld 
Mean Maximum 

A 
---------- g/plant ----------

5.8(+0.6) 
6.1(+0.6) 
6. 9(±0. 7) 

11.2(2:2 • 3) 
13.2 (2: 3.5) 

10.3{+2.5) 
5.6(~).2) 

31.5(+5.8) 
27 • 9 (+5 • 7) 
28.6 (±6. 2) 

~71 g/plant equivalent to 2.5 kg/ha (2,500 plants/ha). 

Table 2. Mean seed yield oi five pedigree-selected Stylnsanthes 
guianensis varo pauciflora lines and two check accessions 
with, or without insecticide at Carimagua. 

Insecticide (Azodrin) protection 
Entry With Without 

Pedigree-selected lines 

FM-O 1-86/41 
FM-Ol-86/09 
FM-Ol-86/44 
FM-01-86/29 
FM-Ol-86/2B 

Check accessions 

CIAT 2031 
CIAT 10136 

3-2 

159.6 b 
e 

89.0 cd 
82.2 d 
62.1 e 
44.9 e 

244.4
a 

48.2 e 



yie1ded two to three times as mueh as 
CIAT 10136 when protected witn 
inseeticlde (TabIe 2). However, 
where Stegasta attack was not 
controlled, seed yields were low for 
al1 lines and differences among lines 
were not deteeted (TabIe 2). This 
result suggests that while relatively 
h1gh seed yield potential has be .. n 
combíned with high anthracnose and 
stemborer resistance, no progress in 
improving Stegasta resistance has 
apparently been achieved. We 
attribute this lack of progress in 
improving Stegasta resistance to 
deficfencíes in the current 
methodology of assessing Stegasta 
damage whereln no control over 
natural populations of the insect is 
attempted. It seems that eíther 
f1uctuatíons in the natural insect 
populations are masking genetic 
differenees in Stegasta resIstance or 
the present S. guianensis breeding 
populations do not contain use fuI 
genetic variability for Stegasta 
resistance. 

A trial is planned for next year to 
evaluate several ~. guianensis var. 
pauciflora lines under grazing. 

Seed of s ix pedigree-derived S. 
guianensis var. vulgaris lines ~1as 

multiplied in Quilíchao duríng the 
year (Table 3) so that these 
materials can be distributed for 
wider testing in regional trials. 

NATURAL SELECTION UNDER GRAZING 

Qne hundred seedlings obtained from 
seed harvested from surviving plants 
in ea eh of the three stocking ra te 
paddocks established at Carimagua in 
1984 were grown during 1987 to 
produce progenies for comparison with 
standard germplasm accessions and 
pedigree-derived lines. Single-plant 
seed yields ranged wldely, SOrne 
plants producing approx. three times 
as much seed as tbe best pedigree­
derived 11nes or the better of the 
anthracnose resistant germplasm 
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accessions (Table 1). One hundred 
fifty of the three hundred progeníes 
were plan ted a t Carimagua during 1988 
where anthracnose/stemborer resis­
tance ",ill be compared ",ith the best 
pedigree-derived lines and standard 
check germplasm accessions. A bulk of 
these progenies will be included in 
the small-plot grazing trial planned 
for next year to compare the results 
of natural selection ",lth the best 
pedigree- derived lines. 

BULK ADVANCF. 

Six bulk populations were advanced 
another generation. Seed yields 
(Table 3) sho", no evidenee of 
lncreasíng over cyc1es beyond the 
fírst cycle of bulk selection. 

Recurrent selection. Improvement of 
varo vulgaris and varo pauciflora 
populations continues. Approximately 
25 varo pauciflora selections will be 
tested for seed yleld next year and 
recornbined for a further eycle oí 
selection. 

Table 3. Seed yield of sÍX 
Stylosanthes guianensis var. 
vulgaris selections, CIAT 
Qullichao 

Accession Seed yield 

11369 
11364 
11368 
11376 
11370 
11373 

A 
Conw;rted from 
242m' plot. 
Accessions do 
(P:O.05). 

88.84 
86.57 
77 .48 
74.38 
62.60 
44.01 

yield of 

not differ 



Andropogon gayanus 

Short stature population. Two hundred 
clones selected as single plants from 
polycross progenies in 1987 were pro­
pagated vegetatively for further 
evaluatíon at both Quilichao and 
Carimagua and for recombination 
during 1988. 

Late flowering populatíon. Open­
poll1nated (polycross) progenies were 
obtained tram 22 late flowering 
clones selected by the Agronomy 
Section from CIAT 621 at Carimagua. 
These progenies are under evaluation 
at Quilichao and Carimagua to compare 
their agronomic attributes with the 
original source population, CIAT 621. 

OTHER STUDIES 

S. guianensis 

Results of deta11ed characterlzation 
of twa non-nitro gen-fixing induced 
mutant lines (172 and 173) indicates 
that the lines are not distinguish­
able phenotypically and that they may 
contain the sarne mutant. rhe rnutant 
non-nitrogen-fixing phenotype i8 
observed regardless of the Rhizobium 
strain used (data nat shown) , 
indicating that the mutant(s) is nat 
Rhizobium strain specific. The 
mutant lines differ little if at all 
in dry matter yield nor in nitrogen 
content from the original source 
accession where nitrogen i8 not 
limiting in the growing medium 
(rabIes 5 and 6). The mutant (s) is 
qualitatlve and, in crosses with the 
original source accession, segregates 
as a single, partially lethal 
recessive (rabIe 7). It i5 not yet 
clear at whlch stage (palIen or ovule 
abortion on the F 1 pIant, abortion 
during development of the homozygous 
recessive F ernbryo, or germination 
f allure of \he homozygous recessi ve 
F'} seed) the lethality 15 occurr1ng 
wfiich gives rise to the slight 
deficiency in homozygous mutant 
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genotype5 in the F2• In any case, 
the mutant will be extremely useful as 
a seedling marker, greatly improving 
the efficiency of the recurrent 
selection projects in ~. guianensls. 
The rnutant i8 now being incorporated 
into the breeding populations. 

!!:.. gayanus 

Seed quality and seedling vigor. Data 
are now available on caryopsis 
content, caryopsis weight, germi­
nation, and seedling vigor of seed 
from three harvests of five random 
clones in each of three A. gayanus 
accessions (Table 8). 

These data clearly show a season 
effect on al1 important variables, 
with generally poorer qua lit y seed 
produced at mid year (August) than in 
January. This effect is likely due 
to the greater synchronization of 
flowering with the shortening 
daylength st year's ando Howevar, 
genetic variatíon for seed quality 
attributes and seed1ing vigor 
predominate. At a11 harvests the 
range among genotypes is greater than 
the difference between seasons. No 
effect of ni trogen fertilization was 
detected for any attribute while 
genetic effects (among and within 
accessions) are generally significant 
(rabIe 9). 

Centrosema spp. 

A project was initiated during 1988 
to assess the potential tor improving 
Rhizoctonia resistance in Centrosema 
brasilianum through interspecifíc 
hybridization wi th E. tetragonologum. 
Several F2 populations were estab­
lished as spacad plants at Qullichao 
(TabIe 10) to produce seed of F 
progenies which will be evaluated wit~ 
artificial inoculatian in the field at 
Carimagua during 1989. We hope to 
assess resistance of these progenies 
also under controlled conditions in 
the glasshouse. 



Table 4. Seed yield. by cycle, of Stllosanthes liIuianensis bulk advance 
populations. 

Population Approx. Clcle 
harvest First Second Thlrd Fourth Fifth 
date 

-------------------- kg/ha ------------------

1 01 Oct. 0.43 9.07 2.11 
A 2.10 

2 15 Oct. 4.38 19.ó9 6.43 4.02 
3 29 Oct. 3.48 8.28 9.07 10.98 
4 12 Nov. 0.08 0.60 
5 26 Nov~ O. I 3 0.06 
6 10 Dec. 0.12 0.04 

1.05 0.49 
7 24 Dec. 0.1 S 0.09 
8 07 Jan. 0.12 1. 27 
9 21 Jan. 0.36 0.19 
10 04 Feb. 0.36 6.02 4.04 0.37 7.47 
11 18 Feb. 0.26 10.11 5.42 2.43 8.22 
12 04 Mar. 1.33 5.38 11.13 7.24 13.78 

A Establishment faflure. No seed harvested 

Table 5. Mean dry matter yield of non­
nitrogen-fixing mutant or normal 
Stylosanthes guianensis lines grown in 
six-inch pots in unsterilized, nitrogen­
deficient soil with, or without added 
fertilizer nitrogen, second harvest. 

Line 

CIAT 0015 

172-02 
172-03 
172-09 
172-14 

173-02 
173-04 
173-06 

Nitrogen fertilizer 
With Without 

--- ---- g/plant -------

5.53a 5.28a 

4.80 b b 
1.33 b 

5.47a 
1.22 b a 

5.41 b 1.34 b 
5.21 a 1.17 

b b 
4.79 b 1.28 b 
5.08a 

1.32 b 
5.SZa 1.25 

* Means within columns followed by the 
same letter do not differ by t-test 
(P<O.05). 
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Table 6. Mean nitrogen content of 
non-nitrogen-fixing mutant or normal 
Stylosanthes guianensis lines grown in 
six-inch pots ir. unsterilized, nitrogen­
deficient 5011 with, or without added 
fertilizer nitrogen, second harvest. 

Nitrogen fertilizer 
Line With Without 

% N 

CIAT 0015 4.02a 2.51 a 

172-02 3.99ab b 
1.30 b 

172-03 3.86abc 
1.34 b 

172-09 e 
3.77 b 1.28 b 

172-14 3.80 e 1.33 

173-02 4.03
a b 

1.30 b 
173-04 3.87abc 

1.32 b 
173-06 3.81 bc 1.26 

* Means within columns followed by the 
same letter do not differ by t-test 
(P<0.05). 



Table 7. Observad ratios of normal: 
mutant (chlorotic) saedlings in the 
F2 populations of fiva mutant x 
normal Stylosanthas guianensis 

hybrids. 

Chi-square 
Cross F2 ratio (1 d.f.) 

1 4.88:1 OOO)A 3.41 

2 3.60: 1 ( 92) 0.52 

3 4.88: 1 (lOO) 3.41 

4 4.56: 1 (100) 2.61 

5 6.14:1 (100) * 6.45 

** Pooled 4.72:1 (492) 14.84 

A Number of F2 individual s in 
paTentheses. 

*, ** Observed F2 ratio deviates from 
hypothesized (3:1) ratio at P<O.OS 
or P<O.OI, raspectively. 

Table 8. Crude seed yield, caryopsis content, and 100-caryopsis weight 
of Andropogon gayanus seed on three harvest dates. 

Harvest date Crude seed Caryopsis 10O-caryopsis 
yield content weight 
(ranlle, clones) (ranlle, clones) (ra':1;8e, clones) 

(g/plant) (%) (mg) 
JanuarYt 1981 31.6 24.0 107.9 

( 7.1 - 55.3) ( 0.7 - 40.9) (60.0 - 161.3) 
August, 1987 14.8 13.7 78.2 

( 5.6 - 35.0) ( 4.2 - 37.6) (46.4 - 112.3) 
January, 1988 27.1 21.0 102.4 

(14.0 - 39.9) (13.2 - 30.5) (72.5 - 140.0) 
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Table 9. F-values for the effeet of nitrogen fertilizer, accession, or 
genotype within accession from the analysis of variance of crude seed 
uield, caryopsls content, percent germination, or seedling weight of 
Andropogon gayanus on three harvest dates. 

Harvest date Source of 
variatíon January, 1987 August, 1987 January, 1988 

N fertilizer 
Accesslon 
Genot. (Acc.) 

N fertilizer 
Aecession 
GenoL (Ace.) 

N fertilizer 
Accession 
Genot. (Ace.) 

N fertilizer 
Accession 
Genot. (Ace.) 

Crude seed yield 
0.70 

(g/plant) 
1.16 
1.20 

10.18*** 
3.71* 
9.82*** 

Caryopsis 
0.41 

eontent 
1.81 
9.23*** 
4.76*** 

2.07 
9.09*** 

Pereent 
7.58* 

35.93*** 
11.84*** 

germinatíon 
1.83 

16.81*** 
6.83*** 

Seedling weight (g/plant) 
0.14 2.54 

29.94*** 
10.00*** 

5.56** 
7.09*** 

*, **, *** Effect significant at P<O.05, P 0.01, or P<O.OOl, 
respectively. 

Table 10. Number of F2 and parental 
índividuals of five C. brasílíanum x 
Centrosema tetragonolobum hybrids trans­
planted to the field (Quilichao) on 
09 Sep. 1988. 

Number 
Entry (cross or check) plants 

5234 x 15444 240 
5234 x 15444 443 
5234 x 15444 135 
5234 x 15444 69 
5234 x 15443 3 

Total F2 890 

Parental accessions: 
CIAT 5234 CC. brasilianum) 37 
CIAT 15443 ce. tetragonolobum) 37 
CIAT 15444 ce. tetragonolobum) 36 
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of 

4.28 
1.46* 

14.99*** 

0.02 
3.64* 
1.83 

0.56 
50.06*** 

9.19*** 

0.18 
3.57* 
3.40*** 



Brachiaria spp. 

Mode oí reproduction of a major 
portion oí the collection of 
Brachiaria spp. germplasm accessions 
was assessed for mode oí reproduction 
by embryo sac analysis by Dr. C. do 
Valle (EMBRAPA/CNPGC, Campo Grande, 
MS, Brazil) during her appointment as 
CIAT Visiting Fellow ear ly in 1988. 
Dr. do Valle also reintroduced to 
CIAT several lines of tetraploid 
Brachiarla ruziziensis which will 
serve as a souree of sexuality in any 
future breeding work lnvolving the 
tetraploid apomlctic species B. 
brizantha and B. decumbens. Experi­
mental crosses~re already being made 
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and a number of putative hybrld seeds 
and seedlings have been produced in 
the growth chamber, glasshouse. and 
field (Tables 11 and 12). The B. 
ruzlziensis material appears highly 
self-incompatible as salfed seed set 
i9 only approx. one-tenth that of 
(interspecific) hybrid seed set 
(Table 11). Thus, production of 
hybrid seed on unemasculated 
inflorescences in the field ought to 
be the most efficlent means of 
obtaining large numbers of hybrids 
(Tables 11 and 12). Confi.rmation of 
the hybrid nature of the seedlings 
obtatned to date must await 
electrophoretic isozyme analysis. 



rabIe 11. Summary ofBinterspecific hybridizations
A 

in the genus 
Brachiaria . 

% set 
Crosses Selfs Number of hybrid 

Venue seeds obtained 

High humidity growth chamber 4.9 1./ 228 

Glasshouse 25.6, 0.4 318 

Field (Quilichao) 21.7 899 

Pooled 14.7 1.5 1445 

A 
Crosses using tetraploid, sexual Brachiaria ruzlz1ensis as female 
and Brachiaria decumbens or Brachiaria brizantha as maleo 

B Information to 25 October 19~8~8~.~~~~ ~~~~~ 

rabIe 12. Number of putative interspecific Brachiaria hybrid seedlings 
obtained to date (25 Oct. 1988). 

Female x Male Source Number 

4x B. ruziziensis x B. brizantha (6387) O.P., field 45 

4x B. ruziziensis x B. brizantha (6384) Glasshouse 5 

4x B. ruziziensis x B. decumbens (0606) Glasshouse 3 
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4. Plant Pathology 

INTRODUCTION 

The seetion continued this year with 
the following aims: 

l. Detection and identificatíon of 
diseases of tropical pasture 
germplasm at majar screening 
sítes (Carimagua Llanos, 
Brasili a - Cerrados, Pueallpa -
Humid Trop.ics and Costa Rica 
Moderately aeíd so11s). 

2. Assessment of the potential 
ímportanee of detected diseases 
ínvolving development and 
implementatíon of appropriate 
screening methodologies in the 
glasshouse and methodologies for 
assessment of the impartanee of 
diseases under grazing. 

3. Development of control strategies 
for the most promising tropical 
pasture germplasm relevant to the 
perennial pasture ecosystem. 

Research was concentrated on diseases 
oi Centrosema due to current program 

vaS also continued on 
anthracnose of Stylosanthes, 
Synchytrium vart disease and stem 
ga!! nematode oí De smodium 
ovalifolium, diseases of Arachis 
pintoi, and seed pathology.· Rust 
(Uromyces setariae-italicae) vas 
recognized as a potentially damaging 
disease oí species. 

DISEASES OF STYLOSANTHES 

a) Anthracnose of Stylosanthes 

The effect of association with 
Andropogon gayanus on reaetion to 
anthracnose and productivity of 
Stylosanthes guianensis WaS evaluated 
in a third experiment in Carimagua. 
Previous experiments had shown that 
association of A. gayanus with 
moderately anthracnose susceptible 
accessions of -,,-. guianensis resulted 
in increased anthracnose development 
in comparison to -,,-. gulanensis in pure 
stand (CIAT 1983 and 1984). 

During the second yeal" of the current 
experiment investigating the effect of 
~. gayanus barriers and mulch and pIot 
size on severity of anthracnose in -,,-. 
guianensis CIAT 136 and 1283, 
anthracnose developed more rapidly and 
severely vithout ~. gayanus barriera 
and mulch than with them in both CIAT 
136 and 1283 as in previous experi­
ments. The overall productivity of 
both accessions was greater with P.. 
gayanus mulch and barriers irrespec­
tive of vhether pIots vere large (10 k 

10 m) or small (5 x 5 m) (TabIe 1). 
In addition, in association with A. 
gayanus barriers yields vere signif!­
cantly lover at the edges of both 
small and large plots than in the 
center coniirming the negative effect 
of close association of ~. gayanus on 
growth and productivity of S. 
guianensis observed in previous 
experiments. 



Table 1. Effect of aerial barriers and mulch of 
Stylosanthes gulanensis in Carimagua 

1 A. gayanus on yield of 

8.a~anus ga~anus 

Treatment 

136 + Mulch 
136 - Mulch 

1283 + Mulch 
1283 - Mulch 

2 Sma112 (gro/m) 

218.5 4/ 170 •8 :, 
216.0/110.2 

193.0/159.9 
195.2/128.8 

3 Large? 
(gro/m~) 

287.8/268.7 
215.2/113.8 

216.7/142.7 
114.3/116.7 

Smal~ 
(gro/m· ) 

Largi 
(gro/m) 

189.9/169.5 171.1/164.7 
68.6/ 59.3 88.8/ 74.5 

103.4/93.1 113.9/105.9 
77.1170.0 97.6/ 90.9 

1/ Mean oI three harvests: Aug and Dec, 1987, and Aug 1988. 
2/ Plots 5 x 5 ID 

3/ Plots 10 x 10 m 
4/ Samples from center of plot. 
5/ Samples from edge oI plot. 

An AlDAS Iunded special project was 
begun this year in col1aboration with 
CSIRO, DPI and the University oi 
Queensland, Australia and Queens 
Universíty, Belfast on "Characteriza­
t ion and comparison oi isolates of 
Colletotrichum gloeosporioides 
causíng anthracnose of Sty10santhes 
from Australia, South east Asían/­
Pacifíc regíon and tropical America". 
The ohjectíves of this project are! 
(a) to develop standardízed interna­
tional inoculation and evaluaríon 
me thodologie s ; (b) to develop 
international differential seta to 
facilitate ínter-regional compari­
sons; and (e) to characterize and 
compare iso1ates fram the aboye 
regíons using traditiona1 methodolo­
gíes, starch gel electrophoresis of 
isozymes and reduced fragrnent length 
po1ymorphisms (rflp's). This project 
represents the first formal ínterna­
tiona1 collahoratioIl between ínstitu­
tíons working on anthracnose of 
Stylosanthes, the most widespread and 
important disease of tropical pasture 
legumes. 

The present status of anthracnose of 
Stylosanthes species throughout majar 
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ecosystern of tropical American can he 
summarized as follaws: 

i) Llanos ecosystern: ~. eapitata ls 
an exotíc species resistant to a11 
known races of -º.. gloeosporioides 
in this ecosystem (11 years oI 
evaluation). ~. guianensis 
advanced breeding línes continue 
to show high resistance. 

i1) Cerrados ecosystem: a recent 
anthracnose epidemíc in known 
susceptible but otherwise promis": 
ing ~. capitata CIAT 1097 has lead 
to reappraísal of germplasrn and 
hybrids and the possibility of an 
S. capitata mixture is being 
consídered. Selected S. guianensis 
accessions show field res1stance 
to local races of C. 
gloeosporioídes however the rnajor 
problern continues to be seed 
production. Extensive eITaluation 
oi pathagenic variation in C. 
gloeosporioides in regions where 
Stylosanthes has potential 18 
urgently needed. 

iií)Humid tropics ecosystem: prevail­
ing enITironmenta1 condítions and 



natural biocontrols confer 
reduced anthracnose cycling and 
build-up however it ls not known 
whether this 18 a permanent or 
temporary phenomenon. Continued 
monitoring of pathogenic 
variatíon in f. gloeosporioides 
throughout the humid tropics and 
further studies on the natural 
biocontrol system are strongly 
reconnnended. 

Iv) Moderately acid soils ecosystem: 
present levels oí anthracnose at 
the three screening si tes are low 
and S. guianensis appears very 
promising. Attempts are being 
made to buiId up anthracl)ose 
inoculum for more reliable 
screening. 

DISEASES OF CENTROSEMA 

Investigations continued on Rhizocto­
nla foliar blight, Cylindrocladium 
leaf spot, Bacteriosis and Centrosema 
Mosaic Virus, and assessments 
continued oí their importance multi­
locationa11y and under grazing. 

a) Rhizoctonia foliar blight (RFB) 

i) Characterization of the collec­
tion oí Rhizoctonla spp isolates. 
RFB caused by Rhizoctonia solanl 
and other related fungi ls the 
mos t ser 10us d isease o f 
Centrosema species, especíally f. 
brasilíanum. The major task of 
characterizing the variation 
among Rhizoctonia iso lates from 
the humid tropics and Llanos 
ecosystems was completad. Two 
hundred and eighty-eight iso la tes 
were classified into a four 
species complex including R. 
solan1 (42.4%), binucleate 
Rhizoctonia sp. (BNR) (42.0%), 
multinucleate Rh1zoctonia sp. 
(MNR) (2.5%) and R. zeae (l.0%) 
(Table 2). R. solani -;;as divlded 
into AG-1 and AG-4 with the 
former highly pathogenic group 
predominating. Within AG-l, 
Peruvian iso lates were readily 
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distinguished from Colomblan 
isolates (Table 2). R.so1ani AG-4 
and BNR were moderately pathogenic 
to Centrosema species while MNR 
and R. zeae were of 10w 
pathogenici¿y:--

The group MNR ls the common 
indigenous species of Rhizoctonia 
in the Colombian Llanos or savanna 
ecosystem. The group of h1ghly 
pathogenic !. solan1 AC-1 ls rare. 
It appears that C. brasilianum 
selects out and ;ultiplies the 
highly pathogenic types at the 
expense of the indigenous 
isolates. 

ii) Glasshouse screenlng. The 
essential task of characterizing 
variation within the Rhizoctonia 
complex causing RFB in the humid 
tropics snd Llanos ecosystems is 
now "ell advanced snd screening 
can be done with more confidence. 
Using the previous1y developed 
glasshouse screenlng methodology 
(elA! 1987), the germp1asm co1-
1ection of .Q.brasilianum is being 
eva1uated for reaction to six 
se1ected iso1ates of Rhizoctonia 
species. To date, no germplasm 
with high resistance to RFB has 
been identi fied. Reac tion of ten 
promising accesslons of C. 
brasillanum and control CIAT Si34 
to four isolates ls given in Tab1e 
3. CIAT 5234 and 15521 were the 
most resistant accessions 
were severe1y damaged 
isolates of R. solani. 

however 
by two 

Centrosema tetragonolobum has been 
described as a more resistant 
species to RFB than C.brasilianum. 
Using the same and-""additional 
isolates, nine accessions of C. 
tetragonolobum were high1y suscep­
tible to R. solanl and moderately 
to highiy susceptible to BNR 
isolates (Tab1e 4). CIAT 15443, 
15444 and 15840 were least 
affected by BNR iaolates. 



Table 2. Characteristics of 288 isolates of Rhizoctonia species causing foliar 
blight of Centrosema species in tropical America 

Species 
Isolates 

(%) Cultural characteristics 
Pathogenicity 
to Centrosema 

R. solaní 
AG-l 

42.4 Colombia: whíte/yellowish cottony 
mycelium, sclerotia > 1.0 mm diam. 
Peru: medium to dark brown irregular 
mycelium; sclerotia < 1.0 mm diam. 

High 

High 

R. solan! 
AG-4 

14.1 Light brown felty mycelium: 
sclerotia < 1.0 mm diam. 

Moderate 

Rhizoctonia sp. 
(binucleate) 

42.0 Light brown felty/cottony mycelium; 
sclerotía < 1.0 mm díam. 

Moderate 

Rhizoctonia sp. 
(mul tinucleate) 

2.5 Light orange/pink cottony mycelium; 
no sclerotia 

Low 

R. zeae 1.0 Orange/pink felty myce11um; 
sclerotia < 1.0 mm diam. 

Low 

Field trials with representative 
collections of both species are 
in progre ss in Quil1ehao and will 
be planted in Carimagua next year 
to confirm glasshouse results. 

A eomparative evaluatíon of the 
mean reaction of several species 
and accessions of Centrosema to 
more than 200 isolates of 
Rhizoetonia species confirmed the 
higher susceptibility of C. 
brasilianum CIAT 5178 (x 
RFB=2.51) to RFB than CIAT 5671 
(x RFB=2.32) and CIAT 5234 (x 
RFB=l. 97) • 

iii)Inter- and intra-specific compar­
isons w1th isozymes in starch gel 
eIectrophoresis. One of the 
majar problems in working with 
the Rhlzoctonia species complex 
eausing RFB of Centrosema species 
ls the diffieulty of classify1ng 
variatian withín and between 
spec1es. In an attempt to obtain 
more useful parameters to distin­
guish isolates, starch gel 
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electrophores1s was evaluated as a 
potential tool. 

Nine ísozymes distributed in three 
systems were used to distinguish 
speeies and isolates of the 
Rhizoetonia eOlllplex (TabIe 5). 
Figure 1 presents a global view of 
the numbers and dístributlons of 
bands obtained for each ísozyme. 
Several loei were obtaíned for 
most isozymes. 

Interspec1fic variatian among 
Rhizocton1a speeies for the 
1so zymes I sys tems alka line phospha­
tase (AP)/Histidine, ac1d phospha­
tase ACP/Citrate and Glutamate­
oxaloacetate transaminase (GOT) /­
Lithium are shown in Figures 2 to 
4. ~. solan1, BNR and indigenous 
mult1nucleate Rhizoctonia sp (MNR) 
were readily distinguished with 
AP, ACP and GOT, the most common 
banding pattern being speeific to 
each species for each isozyme. The 
close relationship between R. 
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Diagramatic representation of the combined major isozyme bands of six 
different Rhizoctonía species. 
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TabIe 3. Reaction of promising 
accessíons of Centrosema 
brasiIianum to four isolates 
of Rhizoctonia species from 
Carimagua, Colombia 

Isolates of 

Binucleate 
Rhizoctonia 

R. solani species 
Acces-
sion 139 199 -x 162 191 x 

5234 1 3.7 4.4 4.1 1.6 ~.5 2.1 
5178 3.9 5.0 4.5 2.8 4.6 3.7 
5486 4.3 5.0 4.7 3.0 3.5 3.3 
5657 4.0 4.9 4.5 3.4 3.8 3.6 
5671 3.9 4.9 4.4 2.6 3.6 3.1 
5725 4.3 5.0 4.7 4.2 4.6 4.4 
5810 4.7 5.0 4.9 3.2 3.8 3.5 
5828 4.5 5.0 4.8 3.1 4.6 3.9 
15387 4.4 4.8 4.6 2.3 3.1 2.7 
15521 3.9 4.7 4.3 2.3 3.5 2.9 
15526 3.9 4.8 4.4 3.6 4.0 3.8 

Rating scale: O - no disease; 
5 = leaf death 

JJ Control 

oryzae and Waitea circinata was 
confirmed by banding patterns 
obtained with these three isozymes 
(Figures 2 to 4). The existence of 
intra-specific variatíon was also 
obvious. 

Intra-specific variation within 
several Rhizoctonia species for 
bandíng patterns of nine isozymes 
in three systems i8 presented in 
Figures 5 to 7. With few excep­
t ions , intra-specif ic variation 
within Rhizoctonia species was 
found for all isozymes, however 
one or two predominant banding 
patterns were always distinguished 
(Figures 5 to 7). Intraspecific 
variatlon in R. solaní was consid­
erable for GOT and PEP (Figure 5); 
in BNR for ME, COT, HK and PEP 
(Figure 6); while less intra­
specific variation was encountered 
for MNR (Figure 7). 

These findings suggest the 
occurrence of subspeciflc groups 
within the presently broadly 
defined species concept of 
Rhizoctonia. Whether correlations 

Table 4. Reaction of nine accesslons of Centrosema tetragonolobum to eight 
isolates of Rhizoctonia species from Carimagua, Colombia 

Isolates of 
Isolates of R solani Binucleate Rhizoctonia species 

Accesslon 
No. 043 139 199 x 162 178 191 19~ 198 x 

1587 5.0 3.9 4.9 4.6 3.2 1.5 3.9 3.7 4.0 3.3 
15089 4.1 4.5 4.8 4.5 2.3 3.4 4.2 2.5 4.7 3.4 
15440 4.6 3.2 5.0 4.3 2.3 3.5 3.9 2.6 5.0 3.5 
15441 4.8 3.7 4.9 4.5 2.3 4.3 4.2 2.7 4.3 3.6 
15443 4.9 - (4.9) 1.7 2.5 3.3 2.5 
15444 5.0 - (5.0) 3.0 2.0 3.2 2.7 
15836 4.9 - (4.9) 3.7 4.0 3.8 3.8 
15839 5.0 - (5.0) 4.2 4.S 4.1 4.3 
15840 5.0 - (S.O) 1.9 2.7 3.3 2.6 

Ratíng scale: O = no disease; 5 = leaf death 
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Figure 2. 
Interspecific variation among Rhizoctonia species for isozyme/sys­
tem Alkaline Phosphatase (AP)/Histidine 
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Interspecific variation among Rhizoctonia species for isozyme/sys­
tem Acid Phosphatase (ACP)/Citrate 
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4. 

Interespecific variation among Rhizoctonía species for isozyme/ sys­
tem Glutamate-oxaloacetate transaminase (GOT)/Lithium 
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Figure 5. Intraspecific variation in Rhizoctonia sotani for banding patterns of nine isozymes in three systems. 
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Figure 6. 
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Intraspecific variation in binucleate Rhizoctonia (BNR) for banding patterns of nine 
isozymes in three systems. 
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Figure 7. 
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TabIe 5. Isozymes from Rhizoctonia analyzed in three different buffer systems 

System Isozyme Abbreviation E.C. number 

Histidine Malate dehydrogenase MDH 1.1.1.37 
Alkaline phosphatase AP 3.1.3.1. 
Phosphog1ucomutase PGM 2.7.5.l. 

Citrate Glucose-6-phosphate dehydrogenase G6PDH 1.1.1.49. 
Acid phosphatase 
Malic enzyme 

L1thium Glutumate-oxaloacetate 
Hexoklnase 
Peptidase 

exist between subspecific groups 
defined by banding patterns and 
other characteristics such as 
host and geographical origin and 
pathogenicity ls presently being 
determined. 

iv) Evaluatíon of f1eld methodologies 
for improving screening for re­
sistance to RFB among Centrosema 
species under fieId conditions. 

Confident evaluation of resis­
tanee to RFB under field condí­
tions ls limited by Iack of 
uniformity in disease incídence 
and development. 

In close col1aboration with the 
Plant Breeding section, several 
methodological experiments were 
initiated in Carimagua in 1987 
and continued during 1988 with 
the aim of developing a reliable 
field screening methodology. 
Comparison of various inoculation 
and planting methods on RFB 
deve10pment in C.brasilianum CIAT 
5234 faiIed to create an epidemic 
and to find any significant 
differences between treatments in 
1987. Weekly inoculations were 
begun in June, 1988 to increase 

ACP 3.1.3.2. 
EM 1.1.1.40. 

transaminase GOT 2.6.1.1. 
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HK 2.7.1.1. 
PEP 3.4.11. 

RFB. Due to application of more 
inoculum on the wídely spaced rows 
than on the closely spaced rows, 
RFB levels were significantly 
higher in the former untíl August, 
1988 (TabIe 6). In September. 
however, the inoculum methodology 
was modified to a more uniform 
appllcation and significantly 
greater levels of RFB developed in 
the closely spaced treatment 
(Table 6). 

The effect of inoculatíon time and 
frequency and defoliation frequen­
cy on incidence and severity of 
RFB in C. brasllianum CIAT 5234 
and 5178 was also evaluated during 
1987 and 1988. Although only low 
levels of RFB developed during 
1987, significantly higher Ievels 
developed in the no defoliation 
and eight-week defoliatíon fre­
quency treatments in comparison to 
two- and four-week frequency 
treatments (Table 7). As has been 
previously observed, CIAT 5178 
was more susceptible than CIAT 
5234 (Table 7). 

RFB 1evels were increased during 
1988 with weekly inoculations 
however, defoliatíon treatments 



Table 6. Comparison of various plant­
ing methods for Rhizoctonia 
foliar blight of Centrosema 
brasilianum CIAT 5234 in 1988 

Mean RFB 
Treat-
ment Jun Jul Aug Sep 

Ro",s 1.11 b 3.94 a 3.79 a 2.49 b 
2.5 III 

spacing 

Ro",s 1.56 
1 3.40 b a 2 3.07 b 2.74 a 

0.625 m 
spacing 

Rating scale: O e no disease; 
5 = plant death 

1/ Artificial inoculation each 2 ",eeks 
~I Artificial inoculatíon modified 

continued. Higher levels of RFB 
developed in the no defoliation 
treatment in comparison to other 
treatment8 and CIAT 5178 ",as again 
8ignificantly more susceptible 
than CIAT 5234 (Table 7). 

The fol10"'1ng methodology 18 
recommended for evaluatíon of 
reaction to RFB under field 
conditions: planting in closely 
spaced rows, no defoliatíon and 
frequent inoculatian with 
pathogenic inoculum. This method­
ology will be used in future 
screening for resistance to RFB in 
the field. 

v) Evaluation oi Rhizoctonia foliar 
blight and other diseases of nine 
promising accessions of C. 
brasilianum under grazing. 

In clase collaboration ~ith the 
Llanos Agronomy section, reaction 
to RFB and various other diseases 
of promising of C. brasilianum 
under grazing was -;;arried out in 
Carimagua during 1988. RFB was 
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the most serious disease with CIAT 
5671 being the most susceptible 
accession (Table 8). The vigour of 
all accesslons ~as generally poor 
",ith CIAT 5828 and 5486 being the 
most vigorous. Low levels of RFB 
in CIAT 5178 were confounded with 
its extremely low vigour (Table 
8). Other minor diseases detected 
were Cylindrocladium leaf spot and 
Asteridella sooty moldo None of 
the accesslons ",ere considered 
promising under gra'ling. AH 
accessions were significantly more 
vigorous in association with 
Brachiaria dictyoneura than with 
Andropogon gayanus and higher 
levels of RFB were generally en­
counterecl in c. brasillanum in the 
~. gayanus assoeiation (Table 8). 

Table 7. Etfect oi deioliatlon fre­
queney on severity of RFB in 
Centrosema brasilianum CIAT 
5234 and 5178 during 1987 
and 1988. 

Acce-
s ion 1977 1978 
CIAT 
No. (1) (2) (l) 

5178 O 1.12 a O 
5234 O 0.78 b O 
5178 8 0.55 c 8 
5234 8 0.55 c 8 
5234 4 0.46 d 2 
5234 2 0.46 d 4 
5178 4 0.39 d 4 
5178 2 0.38 d 2 

5178 0.61 a 
5234 0.56 b 

O 0.95 a 
8 0.55 be 
4 0.42 e 
2 0.42 c 

Rating scale: O = no diseases; 
5 ~ plant death. 

(1) Defoliation frequency ",eeks 
(2) Mean RFB severity 

(2) 

3.17 a 
2.40 be 
3.12 a 
2.24 cd 
2.18 cd 
2.11 d 
3.05 a 
2.59 b 

2.98 a 
2.23 b 

2.78 a 
2.68 ab 
2.58 b 
2.39 e 



TabIe 8. Evaluation of reaction to Rhizoctonia foliar blight (RFB), 
Cylindrocladium leaf spot (CYL), Asteridella sooty mold (AST) and 
vigour of nine accessions of Centrosema brasilianum in association with 
Andropogon gayanus and Brachiaria dictyoneura (DT-04-87) 

to 

Accession RFB CYL AS! Vigour 

5671 2.3 a 1.1 a 0.1 d 3.1 b 
5828 2.0 ah 0.5 cd 1.2 a 2.1 e 
5486 2.0 ab 0.3 d 0.7 be 2.4 e 
5234 1.9 ab 1.1 ab 0.2 d 3.0 b 
5667 1.S ab 1.2 a O d 3.8 a 
5657 1.3 ab 0.6 bcd 0.1 d 3.4 ab 
5725 1.2 ab 0.7 abcd 1.1 ab 3.0 b 
5178 1. 1 b 1.0 abe O d 3.8 a 
5810 1.2 b 0.7 abed 0.3 cd 3.4 ab 

Associat ion: 
A. gayanus 1. 75 a 0.73 a 0.28 b 3.32 a 
B. dictyoneura 1.46 a 0.82 a 0.53 a 2.87 b 

Rating scale diseases: 
Rating scale vigour: 

o ~ no disease; 5 ~ plant death. 
1 ~ excellent: 4 ~ poor. 

b) Cylindrocladium leaf spot (CYL) 

Centrosema species including 29 
accessions of C. acutifolium were 
evaluated for reaction to 
Cylindrocladium colhounii the causal 
agent of CYL (TabIe 9) . Three 
accessions of C. acutifolium and C. 
pubescens CIAT 438 were most suscep­
tible. The modera te to high suscep­
tibility of accessions of C. 
acutifolium, C. pubescens and C. 
macrocarpum is confirmed by field 
evaluations in the Llanos and moder­
ately acid s011 ecosystems. In 
general, the most susceptible 
accessions of C. acutifolium 
originated from Mato Grosso, Brazil 
and Vlchada, Colombia (CIAT. 15291, 
15281 and 5277) while the most 
resistant were from Goias and Minas 
Gerais, Brazil (CIAT 5597, 15353) 
(Table 10). Potential fer breeding 
fer resistance ta CYL exists in the 
C. acutifol1um col1ection. 
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Table 9. Preliminary evaluation of 
Centrosema species for 
reaction to Cylindrocladium 
leaf spot. 

Spedes 

Acces­
sion 

No. 

C. tetralilonolobum 10 
C. brasilianum 1 
C. macroca!l'um 1 
C. acutifolium 26 
C. acut1folium 3* 
C. Eubescens 1 

Reaction 
to CYL 

Mean Range 

0.1 (0-0.8) 
0.3 
2.1 
3.2 (2.6-3.8) 
4.0 (3.9-4.1) 
4.1 

O = no disease; 5 ~ leaf death 

* CIAT 15291, 15281 and 5277 



Table 10. Reaction of accessions of 
Centrosema acutifolium to 
Cylindrocladium leaf spot 

Origin 

Mato Grosso, B 
Vichada, C 
Amazonas, V 
Caías, B 
Minas Gerais, B 

Acces- Reaction to CYL 
sion 

No. Mean Range 

13 3.58 4.17-3.00 
5 3.47 3.94-2.89 
3 3.19 3.39-3.06 
6 3.12 3.39-2.72 
1 2.70 

O = no disease, 5 = leaf death. 
B = Brazil, C = Colombia, V = Venezuela. 

c) Dieback syndrome of C.acutifolium 
cv. Vichada 

An unusual dieback syndrome of C. 
acutifolium cv. Vichada was first 
detected in seed production plots in 
1986. It has since be en detected in 
the Llanos including Carimagua, 
Tolima, Valledupar, Pance and 
Quilichao, Colombia but as yet not in 
other countries. Various fungi, 
including species of Fusarium, 
Curvularia and Phoma, and bacteria 
were isolated from affected plants 
however were non-pathogenic in 
inoculation tests. Two plants affect­
ed by root-knot nematode Meloidogyne 
arenaría were found. 

The frequent occurrence of dieback in 
cv. Vichada in seed production plots 
with support and its absence in 
pastures prompted a survey in 
Quilichao and Carimagua. Of 86 and 
173 affected plants in Quilichao and 
Carimagua, respectively, 96.5% in 
Quilichao and 99.4% in Carimagua were 
on supports in seed production plots 
(Table 11). A sample of affected 
plants from Quilichao, Carimagua and 
Pance were further evaluated. More 
than 50% showed evidence of insect 
damage and/or mechanical damage at 
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the collar or upper roots (Table 12). 
Fusarium species were cornmonly 
isolated from damaged plants. 

Table 11. Effect of support on 
occurrence of dieback 
syndrome in ~. acutifolium 
cv. Vichada in Quilichao 
and Carimagua 

Quilichao Carimagua 

No. of 
affected plants 

Percentage plants: 

- with support 
- without support 

86 

96.5 
3.5 

173 

99.4 
0.6 

Table 12. Evaluation of sampled 
plants of C. acutifolium 
cv. Vichada with dieback 
syndrome 

Quilichao Carimagua Pance 

No. of 
affected 
plants sampled 

Percentage 1 
insect damage 

Percentage 
mechani~al 
Hamage 

29 

38 

17 

1/ Stemborer damage 

36 

33 

19 

I/ Damage from machete and/or hoe 

20 

40 

20 



The effect of various Fusarium 
species isolated from damaged or 
wounded plants on cv. Vichada with 
and without wounding at the collar or 
roots was evaluated in the glass­
house. Fusarium species from 
Valledupar, Pance and Carimagua were 
used. Fusa rium sp Carimagua 2 and 
Carimagua 3 were more pathogenic to 
cv Vichada with wounding than without 
wounding, however no relationship was 
found with other Fusarium species 
(Table 13). 

Table 13. Effect of Fusarium species 
and wounding on development 
of dieback syndrome in C. 
acutifolium cv. Vichada 

Mean 
severity 
dieback 

Origen of +Wound-
Fusarium -Wound- ing 
species ing collar 

Valledupar 0.3 0.5 
Pance 1.8 0.3 
Carimagua 1* 1.0 0.3 
Carimagua 2* 2.5 1.3 
Carimagua 3* 0.8 1.7 

Control O O 

Rating scale: O = no disease, 
5 = plant death. 

+Wound-
ing 

roots 

O 
O 

1.0 
5.0 
0.5 

O 

* Different unidentified Fusarium 
species fram Carimagua. 

It is probable that C. acutifolium 
cv. Vichada is more susceptible to 
biotic and abiotic factors and their 
interactions which affect its crown 
and roots when it is supported during 
seed production than when it is 
growing in apasture. The dieback 
syndrome which results may therefore 
be caused by different fuctors and or 
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different interactions of factors 
which are site-specific. Further work 
is recornmended on this problem. 

d) Relative adaptation of Centrosema 
species across seven sites in 
Carimagua from 1985 to 1988 

Although the Llanos is classified as a 
single ecosystem, considerable varia­
tion OCCUJ;S with respect to soil and 
climatic characteristics. In order to 
evaluate the relative adaptation of 
eight accessions of four Centrosema 
species across the micro-ecosystems of 
Carimagua, seven different sites were 
chosen: Alegria, Yopare, Torre, Pista 
1, Pista 2, Agronomia and Acuario, 
with a range of soíl types, particu­
larly. Alegria soil has 60% sand while 
Agronomia has 5% sand (CIAT 1987). 
Reaction to RFB, CYL, Cercospora leaf 
spot (CER) , Bacteriosis (B) and 
sucking insects as wel1 as vigour were 
evaluated. Dry matter production was 
measured in 1987 and 1988. 

C. acutifolium CIAT 5568 and four 
accessions of C. brasilianum CIAT 
5234, 5178, 5184 and 5514 were more 
affected by RFB than other species 
(Table 14). However, RFB of CIAT 5568 
is al so complexed with Phoma/Phomopsis 
leaf spot. RFB was more severe at 
Pista 2, Yopare, Torre and Acuario 
than at Agronomia (Table 14). C. 
pubescens CIAT 438, ~.macrocarpum CIAT 
5062 and C. acutifolium CIAT 5278 were 
significantly more affected by CYL and 
CER than other species (Table 15). 
Less leaf spotting was encountered at 
Agronomia (as for RFB) than at other 
sites. Bacteriosis was low at a11 
sites; none was detected at Alegria. 
CIAT 5278 was most affected. AIl four 
~. brasilianum accessions were more 
severely affected by sucking insects 
than other species (Table 16). The 
Acuario site supported significantly 
higher sucking insec t damage than 
other sites possibly due to the 
concentratían of Centrosema seed 
production at this site while Alegria, 
the most isolated site, showed least 



TabIe 14. Mean severity of 
Rhizoctonia foliar bligot 
on Centrosema species 
across seven 5,1 tes in 
Carimagua from 1985 to 1988 

Site Mean RFB 

Pista 2 1.04 a 
Yopare 0.97 a 
Torre 0.98 a 
Acuario 0.89 a 
Pista 1 0.70 b 
Alegria 0.58 b 
Agronomia 0.37 c 

Accesion 
Species No. Mean RFB 

C. acutifolfum 5568* 1.29 a 
C. brasilianum 5234 1.16 b 
C. brasilianum 5178 1.04 b 
C. brasiIianum 5178 1.07 b 
C. brasilianum 5514 0.91 e 
C. ¡>ubescens 438 0.38 d 
C. acutifolium 5278 0.33 d 
C. mac roca r¡>um 5062 0.12 e 

Rating seaIe: O = no disease, 
5 = plant death 

* Associated with Phoma/Phomopsis 
complel< 

suck1ng insect damage. C. acutifolium 
CIAT 5278 was toe most- vígorous and 
produetive aecession over a11 aites 
(Tables 17 and 18). E. macrocarpum 
CIAT 5062 and f.acutifolium CIAT 5568 
were the nel<t productive while C. 
¡>ubescens CIAT 438 was the lea;t 
productive. Dry matter produet1vity 
on a site basis was variable although 
Pista 1 was always one of the most 
productive sites (Tahle 19). The 
Agronomía site was among the most 
productivity at the first harvest 
however was affected by herbicides 
and deer for subsequent harvests. 

Results from this multilocational 
tríal across micro-ecosystems in 
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Carimagua have shown clearly that c. 
acutifolium CIAT 5278 (conaidered-a 
genetic dup1.icate of cv. Vichada) ls 
the most widely adapted, vigorous and 
productive aecession within the e1ght 
accessions evaluated. This trial also 
confirmed the susceptibility of C. 
brasiIianum to RFB and sucking insects 
and the more common associatíon of CER 
and CYL wi th c. pubescens, f. 
macrocarpum and sorne E. acutifollurn 
germplasm. Results suggest that infor­
mation obtained from screening in one 
well-selected site in Carimagua can be 
readily extrapolated to a range of 
Llanos micro-ecosystems w1th respect 
to the relative adaptatían af 
Centrosema species. 

TabIe 15. Mean severity of Cercospora 
and Cylindrocladium leaf 
spots on Centrosema species 
acres s seven aites ín 
Carimagua frem 1985 to 1988 

Site 

Pista 1 
Acuario 
Pista 2 
Yopare 
Torre 
Alegria 
Agronomia 

Species 

C. l'ubescens 
c. macrocareum 
C. aeutifolium 
C. brasilianum 
C. brasilianum 
C. acutifolium 
C. brasilianum 
C. brasilianum 

Mean leaf spot 

0.85 a 
0.81 a 
0.77 ab 
0.77 ab 
0.70 be 
0.66 e 
0.56 d 

Accessíon Mean 
leaf spot No. 

438 
5062 
5278 
5184 
5234 
5568 
5178 
5514 

1.65 a 
1.40 b 
1.07 e 
0.46 d 
0.39 de 
0.37 def 
0.27 ef 
0.26 f 

Ratlng seale: O = no disease 
5 = plant death 
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Figure B. 

Effect of stocking rate and grazing system on severity and incidence of 
bacteriosis in Centrosema acutífolium CIAT 5277. 
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Effect of stocking rate and grazing system on severity and incidence of 
Cylindrocladium leaf spot in Centrosema acutifolíum CIAT 5277. 
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Table 16. Mean sucking insect damage 
on Centrosema species 
across seven sites in 
Carimagua fram 1985 to 1988 

Mean sucking 
Site insect damage 

Acuario 
Agronomia 
Pista 1 
Pista 2 
Torre 
Yopare 
Alegria 

1.36 a 
1.14 b 
1.03 be 
1.03 e 
0.90 d 
0.75 e 
0.63 f 

Species 

Acces­
sion 

No. 
Mean sucking 
lnsect damage 

C. brasilianum 5514 1.66 a 
C. brasilianum 5234 1.53 a 
C. brasilianum 5184 1.38 b 
C. brasl1ianum 5178 1.31 b 
C. acutifolium 5278 0.64 e 
C. pubescens 438 0.56 cd 
C. macrocar2um 5062 0.44 de 
C. acutifolium 5568 O .31 e 

Rating scale: O ~ no disease 
5 severe damage 

TabIe 17. Mean vigour of eight 
accessions of four 
Centrosema species across 
seven sites in Carimagua 
froID 1985 to 1988 

Species Accession Mean vigour 
No. 

C. acutifollum 5278 1. 75 a 
C. macrocarE,um 5062 2.23 b 
C. brasilianum 5184 2.33 be 
C. brasilianum 5178 2.43 cd 
C. acutifolium 5568 2.54 d 
C. brasilianum 5514 2.92 e 
C. brasilianum 5234 3.06 f 
C. Eubeseens 438 3.11 f 

Rating scale: 1 ~ exeellent, 4 = poor 
* Affected by herbicide and deer. 
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e) Evaluation of diseases of C. 
acutifolium under grazing 

Emphasis continued this year on eval­
uation of the incidence and severity 
of diseases of C. acutifolium under 
grazing in two separate grazing trials 
in eollaboration with the Animal 
Management and Productivity Section. 
Spot evaluations of disease incidence 
and sever1ty were made aIong transect 
lines. 

1) Evaluat ion of diseases in ev. 
V1chada and CIAT 5568 in aseocia­
tion with A. bicornis under 
rotational grazing at hlgh stock­
ing rate and under continuous 
grazing at low, medium and high 
stocking ratas. 

CYL and B were the moet frequently 
detected diseases in cv. Vichada. 
With the exception of the evalua­
tions of October, 1987, the 
incidence and severity of B were 
lower under the continuous grazing 
high stocking rate treatment than 
under other treatments (Figure 8). 
Similarly, the incidence of CYL 
was lower under continuous 
grazing high and medium stocking 
rates than other treatments with 
the exception of the May 1988 
evaluation (Figure 9). Tbe 
severity of CYL in cv. Vichada was 
variable: during early to mid wet 
season in 1987 and 1988 continuous 
grazing high stocking rate showed 
lowest CYL however during the late 
wet sea son in 1987, lower CYL was 
recorded in rotational grazing 
high stoeking rate (Figure 9). 
Although a less serious disease in 
CIAT 5568 than cv. Vichada lower 
incidence and severity of CYL were 
a180 favoured by continuOU8 
grazing high stocking rate 
(Figure 11). 

Tbe effect of stocking rate and 
grazing system on the RFB Phoma/ 
Phomopsis complex in C.aeutifolium 
CIAT 5568 was particularly obvious 



TabIe 18. Dry matter production of Centrosema species across seven sites in 
Carimagua during 1987 and 1988 

Sita 

Pista 1 
Torre 
Agronomia 
Alegria 
Acuario 
Pista 2 
Yopare 

Accession 
Species: No. 
C. acutifolium 5278 
C. mácrocarpum 5062 
C. acutifolium 5568 
C. brasilianum 5184 
C. brasilianum 5178 
C. brasilianum 5514 
C. brasilianum 5234 
C. ¡:ubeseens 438 

2 Dry mattar production (gro/m ) 

September December August 
1987 1987 19118 

1080.1 a 256.8 b 635.9 ab 
1069.2 a 18.1 e 703.0 a 
1026.6 a 31.5 e* NH * 884.6 a 187.9 e 335.7 e 

521. O b 64.7 d 278.6 e 
448.0 b 320.4 a 527.6 b 
375.1 b 357.0 a 531.4 b 

1673.5 a 473.6 a 1261.0 a 
951.1 b 350.8 b 589.0 b 
919.2 b 171.1 e 612.5 b 
748.1 be 106.1 d 432.4 bc 
573.7 e 122.0 cd 315.4 e 
549.9 e 88.3 e 398.3 e 
516.3 ce 76.1 e 295.0 e 
246.9 d 3.8 f 112.8 d 

* Atfected by herbicide and deer (NE = no harvest) 

Table 19. Effeet of Rhizoetonia foliar blight-Phoma/Phomopsis complex and 
Cylindrocladium leaf spot on Centrosema acutifolium CIAT 5568 from 
May 87 to August 88. 

Mean dísease ratíng 
L06S 

Treatment RFB/P!P cn (%) 

- Fungicide 2.54 a 0.71 a 12.8 

- Fungicide 1.43 b 0.38 b 

-~----------~--- -----------------
Effect of Bacteriosis and Cylindrocladium leaf apot on Centrosema acutifolíum 
CIAT 5277 from May 87 to August 88 

Mean dísease rating 

Treatment RFB7p7p CYL 

+ Fungicíde 2.0~ a 2.83 a 
- Fungicide 1.24 b 2.32 b 
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L08S 

(%) 

29.8 



11) 

(Figure 10). tloth ineidenee and 
severity of the complex was 
always lower under continuous 
grazing than under rotational 
grazing and gene rally the Iowest 
levels were recorded under 
continuous grazing high stocking 
rate (Figure la). 

As was observed in 1987, higher 
stocking rate under continuous 
grazing favors Iower levels of 
diseases in both C. acutifolium 
access1ons. 

Losses due to the combinatlon of 
disease8 on ev. Vichada and CIAT 
5568 are also being monitored. 
Using a sequenee of fungieides 
to control CYL, S, and RFS 
Phoma/Phomopsls, dry matter 
production and disease severi ty 
were recorded from May 1987 to 
August 1988 (Table 19). Although 
fungicides significantly redueed 
the severity of di8eases affect­
ing CIAr 5568, dry mattar losses 
were low (Table 19). Apparently, 
these diseases are not greatly 
affecting production of this 
accession. Fungieides signifi­
cantly redueed B and to a lesser 
extent CYL with re8ulting dry 
matter 1088 values of 29.8% in 
cv. Viehada (rabIe 19). As the 
combinatíon of fungicides does 
not appear to be contrall lng 
CYL, most of this 10s6 ls 
attributable to B which at 
moderate leve1s i8 capab1e of 
causing 30% dry matter 10ss. 
Further long-term assessment is 
needed to determine whether such 
dry matter losses will affeet 
pasture persistence. 

Evaluation of diseases of C. 
acutifolium ev. Vichada in 
association with B. decumbens 
under two rotational grazing 
treatments. 

In May 1987, rotational grazing 
treatments 7/7 and 21/21 were 
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imposed on this experimento In 
June 1988, they were changed to 
14/14 and 28/28, respectively. B, 
CYL, RFB, sucking insect damage 
and Asteridel1a sooty mold were 
evaluated. A1though no signiU­
cant differences were encountered 
between treatments, for every 
biotic paramater, high mean 
severity was encountered in the 
longer rotation in comparison ta 
the shorter rotatlon (Table 20). 
In addition, mean íncidence and 
severity oi bacterlosis (Figure 
12) and Cylindrocladium leaf spot 
(Figure 13) were lower at almost 
a11 evaluations in the shorter 
than the longer rotation. 

TabIe 20. Effect oi rotation on 
levels of bacteriosis, 
Cylindrocladium leaf spot, 
Rhizoctonia foliar blight 
and sucking insect damage 
in Gentrosema acutifollum 
CIAr 5277 in Carimagua from 
May 1987 to September 1988 

Mean severity 

Rotation Rotation 
21/21, 717. 

Parameter 28/28 14/14 

-Bacteriosis 1 .2:, a 0.82 a 

-Cylindrodadium 
leaf spot 1.27 a 0.88 a 

-Rhízoctonia 
foliar bl1ght 1.01 a 0.84 a 

-Sucking insect 
damage 1. 38 a 1.14 a 

-Asteríella sooty 
mold 0.05 a O a 
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Figure 10 

Effect of stocking rate and grazing system on severiy and incidence of 
Rhizoctonia foliar blight in Centrosema acutífolíum CIAT 5568. 
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Figure 11. 

Effect 01 stocking rate and grazing system on severity and incidence 01 
Cylindrocladium lea1 spot in Centrosema acutifolium CIAT 55680 
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Figure 12. Effect of grazing rotation on incidente and severity of baeteriosis in Centrosema 
acutifo/ium ev. Viehada. 
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Figure 13. 

Effeet af grazing rotatian on ineidenee and severity of Cylindroeladium leaf 
spaot in Centrosema acutifolium ev. Vichada. 
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f) Present status of diseases of 
Centrosema species throughout 
major ecosystems of tropical 
Amerlca can be surnmarized as 
follows: 

i) Rhizoctonia foliar blight: RFB 18 
widely distributed throughout 
maj or ecosystems of tropical 
America however it is most 
s~rfous in more humid areas 
(above 2000 mm annual precipita­
tíon) • It affects at leas t ten 
Centrosema species however c. 
brasl1ianum 18 most susceptlble~ 

RFB causes losses of up to 5u% 
dry matter and reduced seedling 
survival in the Llanos. A complex 
of at least tour Rhizoctonia 
species causes RFB witn R. solani 
AG-1 being most pathogenlc (42.4% 
of 1s01ates). 

Electrophoretic studies have 
provided valuable additional 
information on inter- and intra­
specific relationships suggesting 
sub-groups wíthin R. solani and 
BNR. 

Reliable glasshouse screening 
methodologies did not ident1fy 
resistance to RFB in C. 
brasilianum or f. tetragonolobum. 
It is recornmended that C. 
brasillanum should be restricted 
to dryer regions (less than 1500 
mm) • High levels of resistance 
encountered in C. rnacrocarpum and 
C. acutifolium could be usad in a 
wíde crossing programo 

li) Cylindrocladium leaf spot: CYL 
1s distributed throughout the 
Llanos and moderately acid soils 
ecosystems principally affeeting 
f. acutifolium, f. pubescens and 
C. macrocarpum. CYL causes 
chlorosís and defoliation of 
mainly mature leaves. Germplasm 
from Vichada, Colombia and Mato 
Grosso~ Brazil ís most suscepti­
ble while that from Amazonas, 
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iii) 

Venezuela. Goias and Minas 
Gerais, Brazíl ls most resistant. 

Bacterlosis: Bacteriosis 19 
dístributed through the Llanos 
and moderately acid 80ils eCO-

systems principally affecting ~. 

aeutifolium. It i8 the most 
damaging d isease of cv. Vichada 
in the Llanos wet season particu­
larly affeeting young gro\<th. 
Germplasm from Mato Grosso, 
Braz1l, Vichada, Colombia and 
Amazonas, Venezuela ls highly 
susceptible whi1e that from Gofas 
and Minas Gerais, Brazil ís 
highly resistant. 

The cross of C. acutifolium CV. 

Vichada wah CIAT 5568 is recom­
mended as a potential souree of 
resistance to RFB-Phoma/Phomopsis 
complex, B and CYL. 

iv) Centrosema Mosaie Virus: (CenMV) 
CenMV is a problem to initial 
germplasm evaluation and seed 
multiplication in Quilichao 
however it has not been detected 
in Centrosema pastures in 
Carimagua or in maj or germplasm 
screening sites in Pucallpa. 
Peru, Brasilia or Guapíles, 
Atenas or San Isidro in Costa 
Rica. A strong recommendat10n to 
move out of Quilichao continues. 
As the transmi8sfon rate of CenMV 
i8 low (0.5 - 2.0% Niessen, pers. 
comm.), seed eouId be readily 
cleaned-up without sacrificing 
intra-accession varíability. 

DISEASES OF DESMODIUM 

a) Synchytrlum wart or false rust 
disease 

Evaluatíon oi the effect of 
Synehytrium desmodU on adult plant 
yield and performance was continued 
duríng 1988 with a comparíson of the 
most stem ga11 resistant accessions of 
Desmodium ovalifolium CIAT 13089, 
13092, 13129, 3776, 3794 and control 



350. Under both flooded and 
non-flooded conditions, CIAr 13089 
produced the greatest cover percent­
age, was the most vigorous and had 
less Synchytrium. CIAr 13089 signif­
icantly out-performed a11 other 
accessions under f looded conditions 
and was significantly better than 
CIAr 3776 and 3794 under non-flooded 
conditions (Table 21). CIAr 13089 
also out-yielded all other accessions 
with and without flooding at two 
sites in Carimagua and significantly 
so at site 2 (Table 22). The poor 
dry matter yields of CIAT 350 under 
flooding at both sites suggests that 
this aeeession 18 less tolerant of 
flooding than the others. 

One of the major problems to date 
with Synchytrium wart disease has 
been the inability to obtain stan­
dardized inoculum for seedling 
sereening. Field derlved-inoculum i5 
not uniform enough. This year we 
found that Synehytrium desmodii wil1 
grow on Desmodium tissue culture 
medium. To date, sporangia and 
zoospores have been obtained from the 
cultures however infection of 
seedlings has not yet been achieved. 
Further work should concentrate on 
conditions neeessary for production 
of infective zoospores. 

Table 21. 

Accessíon 

Effeet of Synchytrium 
desmodii on various 
accessions of Desmodium 
ovalifolium in Carimagua 
from May 1987 to September 
1988 

Cover 
(%) 

Reaction 
to 

Vigour Synchytrium 

+ Flooding: 
13089 72.3 a 2.9 a 0.8 e 
13092 58.7 b 2.4 b 1.5 be 
3776 52.8 be 2.0 e 1.8 ab 
350 50.9 be 1.9 c 2.1 ab 
13129 49.0 bc 2.1 bc 2.5 a 
3794 38.8 c L/ c 2.1 ab 

- Flooding: 
13089 82.6 a 3.2 a 0.3 e 
13092 71.3 ab 2.7 ab 1.2 ab 
350 70.5 ab 2.8 ab 0.7 be 
13129 70.0 ab 2.8 ab 1.3 ab 
3776 67.1 b 2.4 b 1.8 a 
3794 61.0 b 2.5 b 1.3 ab 

r Syn/cover - 0.17 
r Syn/vig - 0.41 
Vigour: poor, 4 = excellent 
Reaction to Synchytrittm: 
O = no diseases; 5 - plant death 

rabIe 22. Effect of Synehytrium desmodií on yield of Desmodium ovalifolium in 
Carimagua. Harvest August 1988 

Site 1 2 (gm/m ) Site 2 2 (gm/m J 

Accession + Flooding - Flooding + Flooding - Flooding 

13O¡;9 335.1 a 421. 3 a 435.0 a 531.2 a 
13129 149.a b 332.0 a 200.5 be 407.3 b 
13092 102.4 b 380.6 a 278.9 b 408.2 b 
3776 85.8 e 254.2 a 131.0 cd 351.4 be 
3794 81.7 e 239.4 a 80.3 d 290.4 e 
350 78.2 e 316.6 a 135.6 cd 374.0 be 
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b) Stem gall oematode 

Work continuad on the evaluation of 
resistanca to stem gal1 nematode 
(Pterotylenchus cecidogenusl of 
unscraened Q. ovalifolium germplasm. 
Twenty accessions were evaluated with 
CIAT 350 and selected resistant CIAT 
13089 as controls. Several accessions 
were as resistant as CIAT 13089: CIAT 
13131, 13370, 13649, 13651, 13652 aod 
13655 (Table 23). These are worth 
evaluating further for agronomic 
characteristics (Table 23). 

Table 23. Reaction of accessions of 
Q. ovalifolium to stem gall 
nematode Pterotylenchus 
cecídogenus 

Accession 
No. 

13090 
13657 
13134 
350* 
13656 
3674 
13647 
13654 
13646 
13653 
13648 
13099 
13096 
13098 
13650 
13089** 
13131 
13370 
13649 
13651 
13652 
13655 

* Control 

Presence 
of galls 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

x of 
nematodes 

180.8 
172.5 
139.5 
138.6 
125.4 
121. 9 
119.1 
llO.9 
104.6 
100.1 
99.9 
97.6 
88.6 
83.4 
51.6 

O 
O 
O 
O 
O 
O 
O 

** Host resistant accession of 
previoua screeníngs 
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Stem gall nematode was detected for 
tlle first time 00 accessions of 
Desmodium strigillosum CIA! 13155, 

D. velutinum CIAT 13204, 
13213 and 13215 in a grazing trial 
associated with savanna in Carimagua. 
As both legumes have promise for the 
Llaoos ecosystem, screeníng of 
germplasm collections to identify 
resistant accessions i8 in progress. 

In an attempt at localizing future 
col1ecting areas for D. ovalifolium, 
dlsease evaluation info-rmation for its 
three key disease problems: 
Synchytrium wart or false rust, stem 
gal1 nematode and oíne species and 
races of Meloidogyne was superimposed 
on co1lection locations. For stem 
gall nematode, native to the Co1ombian 
Llanos aod not recorded in South-east 
Asia, random location of resistant and 
susceptible accessions was found 
(Figure 14). For Synchytrium wart 
disease, native to parts of South-east 
Asia but not recorded in the litera­
ture 00 D. ova1ifolium in ThaiIand, 
cIusters of resistant aod susceptible 
accessions were fouod particularly in 
southero Thailand (Figure 15). This 
may indícate some host-pathogen 
co-evolutioo. And, for root knot 
nematode, a world-wide pathogen of 
tropical legumes and reported widely 
in South-east Asia, clearly defined 
cIusters of resistant germplasm ",ere 
identified in Malaysia, Southern 
Thailand and near the Thailand - Laos 
border (Figure 16). Future oeeds for 
germpIasm resistaot to Synchytrium and 
root knot nematode should be concen­
trated in areas defined by these 
clusters of resistaot germplasm. 

el Present status of diseases of 
Desmodium epecíes throughout major 
ecosystems of tropical Ameriea can 
be surnrnarized as follows: 

D. ovalifolíum CIAT 13089 has contin­
üed to show high resistance to stem 
gall oematode snd high "tolerance" to 
Synchytrium wart disease in various 
trials in Carimagua. Several new 
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Figure 14. Location of collection si tes and rrost resistant and susceptible 
accessions of Desmodium ovalifolium to stem gall nematcde. 
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Figure 15. Location of collection sites and most resistant and susceptible 
accessions of Desmodium ovalifolium to Synchytrium wart disease. 
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accessions of Desrnodium ovalifolium to nine species and races of 
Meloidogyne. 
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aecesslons show high 
the former pathogen 
evaluated for reaction 
wart disease. 

resistance to 
and will be 
to Synchytrium 

DISEASES OF Arachis pintol 

a) Sphaceloma scab 

Scab caused by Sphaceloma araehidis 
was detected on !.pintoi in ehe Cauea 
Valley in 1987. Field evaluations to 
date suggest that it does not greatly 
affect dry matter production of CIAT 
17434, the most prornising accessíon. 
CIAT 18752 and 18746 were resistant 
in a field screening. All attempts 
to culture S. arachidís have not been 
successful to date. This must be 
accomplished before detailed evalua­
tíon of the germplasm collection can 
be achieved. 

Other potentially important diseases 
of A. pintoi include Pepper spot 
caused by Leptosphaerulina 
arachidicola and a potyvirus causing 
mattle/mosaic. 

DISEASES OY BRACHIARIA SPECIES 

The rust Uromyces setariae-italicae 
Yosh, first reported in Latin America 
in 1981 (on B. humidicola and P. 
maximum in Bra;il), caused consider­
able damage ta ~. humidicola in Napo 
and Puyo, Ecuador; Quilichao, 
Colombia and to a les ser extent in 
Carimagua, Colombia. The ruat 
produces pustules on both sides of 
the upper leaf blades of B.humidicola 
resulting in leaf death.- This ruse 
has been reported on 22 different 
Brachiaria species including ~. 

brizantha, ~. dictyoneura, ~. eminii, 
B. humidicola and B. mutlca and from 
Brazil, Colombia, -Cuba and Peru as 
well as being wíde-spread in Africa. 
This rust is the tirst potentíaHy 
important disease encountered in 
tropical pasture grass germplasm in 
Latín America. Several trials will 
be carried out in Carimagua next year 
to evaluate promising spíttlebug 
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resistant lines and other Brachiaria 
species. It is strongly reconnnended 
that Brachiaria germplasm be evaluated 
in situ as well as in tropical America 
in order to collect basle informatíon 
on its reactlon to che large range of 
pathogenic fungí encouncered in East 
Africa. 

SEED PATHOLOGY RESEARCH 

a) Effect of methods of seed 
production and application of 
fungicide treatments on 
Pseudomonas fluorescens Biotype 11 
associated with seed of Centrosema 
acutifolium cv. Vichada. 

Pseudomonas fluorescens Biatype 11, 
the causal agent of bacteriosis is 
seed-horne in C. acutifolium cv. 
Vichada. All llarvested seed ls 
screened tor the presence of this 
bacterial pathogen and treated 
accordingly. An investigatíon was 
therefore made of the effect of field 
chemical treatments applied during the 
seed production periad on leveIs of 
bacteriosis in plants and seed. 

All chemical treatments significantly 
reduced bacteriosis in plants (Table 
24). Most bacteriosis was recorded in 
both Klng grasa support systems 
prabably because the sprouting grass 
provided a more conducive microclimate 
for disease development. AII chemical 
treatments increased pod, seed and dry 
matter production (Table 25). Bravo 
plus Orthocide was the best treatment. 

All chemica! treatrnents reduced 
percentage seed infection with fluo­
rescent Pseudomonas species including 
P. fluorescens Biotype 11 however the 
reduction was significant only for the 
Bravo + Kocide treatment (Table 26). 
No P. fluorescens Biotype 11 was 
isolated from seeds harvested froID 
plants treated with Bravo + Orthacide 
and Kocide + Orthocide (TabIe 26). 
Strategic application of chemicals to 
control bacteriosis during the seed 
production period increased seed yield 



and decreased seed infeetion by P. 
fluorescens Biotype 11. 

TabIe 24. Effeet of six fungieide 
treatments and five produc­
tion methods on bacteriosis 
of Centrosema aeutifolium 
ev. Viehada. 

Treatments 
Mean 

bacteriosis 

Fungicides: 
Control 
Bravo 500+Koeide 101 
Kocide 101 
Kocide 101+Orthocide 50% 
Bravo 500 
Bravo 500+0rthoeide 50% 
Orthocide 50% 

Production methods: 
B-King grass inverted 1.8m 
A-King grass 1.8m 
D-Conventional support 2.5m 
E-No support 
C-Conventional support 1.8m 

Rating seale: O = no disease 
5 = plant death 

2.0 a* 
1.4b 
1.4b 
1.4 b 
1.4 b 
1.4 b 
1.3b 

1.6 a 
1.5 b 
1.5 be 
1.4 e 
1.4 e 

Table 25. Effect of six fungicide 
treatments on baeteriosis 
of C. acutifolium ev. 
Viehada with respeet to 
seed and forage yield 

Produetion variables 

Dry 
Podds matter 

Treat- (N~. x Seed produe 
ments 10 Iha) (kg/ha) (t/ha) 

Bravo+ 
Orthocide 162.6a 29.4a 2. la 

Bravo+Kocide 136.0ab 23.7ab 1.8ab 
Kocide+Orthoc. 99.7abc 18.6abc 1.6ab 
Orthoeide 93.7be 17.8bc 1.8ab 
Kocide 93.5hc 16. 1 be 2.0a 
Bravo 97.2abc 15.2bc 1.9ab 
Control 58.0e 1O.4e 1.3b 
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Table 26. Effect of six fungieide 
treatments on the level of 
seed-borne infection of 
fluorescent Pseudomonas spp 
in Centrosema acutifolium 
ev. Vichada. 

Treatment 

Bravo+Koeide 
Koeide 

Pereentage Seed infection 

Fluoreseent Pseudomonas 
Pseudomonas fluoreseens 

spp. Biotype Ir 

1.7b 0.5 a 
2.3 ab 0.1 a 

Bravo+Orthoeide 2.6 ab O a 
Bravo 2.8 ab 1.1 a 
Orthoeide 3.9 ab 1.2 a 
Kocide+Orthocide 5.1 ab O a 
Control 8.3 a 2.6 a 

b) Effeet of various seed treatments 
on the presence of smuts Tilletia 
ayersii and Ustilago sp. in seed 
of Panieum maximum harvested from 
plants derived from treated seed. 

P. maximum smuts (partieularly T. 
ayersii) are widespread throughout the 
tropis greatly reducing seed produc­
tion. Of 64 aeeessions of P. maximum 
surveyed for smuts !. ayersl1 and 
Ustilago sp, mOre than half were 
affeeted by at least one smut at 
levels ranglng from 1 to 44% seed 
tnfeetion (mean 18 to 23%) (Table 27). 
Seed treatments with Carboxln and 
Benomyl were successful in eliminating 
smut from seed harvested from plants 
derived from treated seed (Table 28). 
Hot water ",as effective for Ustilago 
sp. but less so for l. ayersii. 

e) Survival of Bradyrhizobium in 
eontact with chemical proteetants 
on seed of Centrosema 
acutifolium. 

Centrosema aeutifolium ev. Vichada ls 
affected by various seed-borne 



TabIe 27. 

No. of 
accessions 

Mean % 
ínfection 

Range 

Infection of seed of 64 
accessions of Panicum 
maximum w1th smuts -
Tilletia ayersl1 and 

sp 

Percentage Seed infected by 

T. Ustilago 
ayersii sp. 

34 15 

18.5 18.8 

1-44 3-36 

..!. 
ayer5ii+ 
UstlIago 

sp. 

3 

23.2 
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pa thogens eg. P. fluorescens Biotype 
II which are managed by chemical 
protectants. In collaboratíon with the 
soíl Microbiology Section, we deter­
mlned whether these protectants affect 
survival of Bradyrhizobium; Recom­
mended rates of benomyI, carboxin, 
captafoI, copper oxide and carbofuran 
were applied to seed of cv. Vichada 
for one week. The seed was then washed 
or not washed prior to pelleting with 
Bradyrhizobium. After 3 days. high 
leveIs of Bradyrhizobium were measured 
on treated seed washed before 
pelleting but not on unwashed seed 
(Figure 17). Chemical treatments may 
therefore be used successfully on 
pelleted seed provided residual 
chemica 1 is washed off and seed is 
sown within a few days of pel1eting. 

Table 28. Etfect of varlous treatments on seed infection of 6 Panicum maximum 
accessions with smuts. 

Accession Smut 

6500 Ustilago 
6790 Ustilago 
6829 Ustilago 
6971 Tilletía 
6972 Tílletia 
16021 TilJetia 

+ Ustilago 

Seed 
infection 

(%) 

23.J 
2f¡.3 
18.5 
17.3 
11.8 
21.8 

Se ed infee t ion 
after treatment with 

Carhoxin Benornyl 

Application rates: Carbcxin 0.2 gr La./IOO gr seed. 
Benomyl 0.5 gr La./100 gr seed. 
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Hot 
water 
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5. Entomology 

INTRODUCTION 

During 1988, the Entomology section 
concentrated its efforts on the 
screening of the Brachlaria and 
Panicum germplasm collections for 
host plant resistance to spittlebug 
(Aenealamia reducta and Zulia 
colombiana). The development of an 
effieient, standardized glasshouse 
sereening technique has resul ted in 
the sereening of appraximately 400 
accessions durlng 1988. The entire 
Brachiaria and Panicum collections 
will be screeened by the end of 1989. 
Potential1y valuable Baurees of 
an tibios is in accessions of 
Brachiaria have been identified. 
These aeeessions will be further 
evaluated to determine mechanisms of 
resistance. In eonjunction with thE' 
Plant Breeding secUon, sexual 
parental material consistíng of 
induced tetraploids of Brachiarla 
rllzjziensis will be eharacterized for 
resistanee to spittlebug prior to 
initiation of breeding for resistanee 
and other traita (see Plant Breeding 
section). 

Field sereening of Brachiaria far 
resistance to spittlebug was 
particularly rigorous this year due 
to high spittlebug pressure at the 
Carimagua station. Promising 
accesslons have been identified and 
are being propagated for evaluation 
under grazing (see Agronorny section). 

Surveys of leaf-cutter ants (Atta 
laevigata snd Acromyrmex landoIti) 
have shown a high degree o f 
variability of nest density in native 

savanna and in impraved pastures at 
Carimaglla. Part of this variability 
is explaned by soíl moisture. 
Additional chemieal factors in the 
soil may also determine ant nest 
distribution. The survey also 
indicated a possibl~ repressive 
effect of Brachiaria grasses, 
particularly Brachiaria humidicola, 
on populations of A. landolti. 

SPITTLEBUG 
The systematic screening of the 
Brachiaria colJection for resistance 
to spittlebug has proceeded in the 
field and in the glasshouse. In 
eollaboration with the Agronorny 
section, promising accessions have 
been identified from the field screen 
at Carimagua tllat are wel1 ndapted to 
edaphi e conditions and are resistant 
to spittlebug. In the glasshouse, 
accessions have be en selected based 
on theír antibiotic effect on 
spittlebug nymphs. These aeeessions 
will be further studied to elucidate 
mechanisms of resist.3J',,¡ce in order to 
facilitate gene transfer. 

Fielo evaluatían of Brachiaria 

Natural spittlebug populatü'ns were 
high in the Colombian llanos during 
1988 and this resuted in an unusually 
vigorous screen fpr resistance tú A. 
reducta in the 265 accessjons of 
Brachiaria spp. plantee! in Carim2gua 
in June, 1987. The technique of 
planting within an oId field of B. 
decumbens was particularly successfül 
in establishing a ver.;: hígh spittle­
hug population in the eollecrion 



early In the rainy season of 1988. 
Proliferation of superficial roots 
under litter ",as increased and 
conditions of relative humidity and 
shade that favor spittlebug survival 
",ere created by maintaining ~. 

decumbens at a height of 15 cm or 
more and by allo",ing accumu1ation of 
1itter at the soll surface. The 
first peak of adult spittlebugs was 
observed in early May (Figure 1). A 
second large peak occurred in late 
June and early July. During June, 
populatlons of nymphs in the co1-
leetion ",ere high. In sorne suscep­
tible accessions of B. ruziziensis 
nymph 2densíties exceeded 200 
nymphs/m. A third peak of adults 
expected to occur in mid to late 
August failed to appear. This may 
have been a result of a relatively 
dry period during June that reduced 
nymph populations. 

Spitt1ebug populations in the field 
trial greatly exceeded those in 
adjacent fields of B. decumbens unde2 grazing (200 and nymphs/m 
respectively in June, 1988). The high 
populations resulted in severe damage 
early in the sea son to a majority of 
accessions. The susceptible control, 
B. decumbens CIAT 606, WáS completely 
blighted and judged to be dead by 
June, 1988. Selection of promising 
accessions was made in July, 1988, 
over one year hefore the anticipated 
termination oí the trial. One of the 
most promísing accessions, B. 
brizantha CIAT 16338, has shoWn 
excellent edaphic adaptatíon, field 
resistance to spittlehug, as ",ell as 
an antíbiotic response to spit tlebug 
in the glasshouse. 

Field triaIs for spittlebug resis­
tance are more rapid and more reliable 
if established in oId fields of a 
spittlebug susceptible grass such as 
B. decumbens and managed to maintain 
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conditions that favor spittlebug. Six 
outstanding accesslons from the field 
trial have been identlfied and will be 
evaluated for performance under 
grazing (see Agronomy section for list 
of accessions). 

Glasshouse evaluarian of host plant 
resistance in Brachiarla and Panicum 

l. Screening methodology 
Glasshouse evaluatlon of host plant 
resistance to spittlebug has continued 
(CIAT 1987 Annual Report). In the 
glasshouse, damage at 30 days aafter 
infestation with nymphs ranged from 
slight (O to 20% foliar area blighted) 
to severe (60 to 80%) and in sorne 
cases plant death. Emergence of 
adults (survival) ranged from lO to 
90%. Accessions wiCh hlgh spitt lebug 
survival and a low damage rating were 
considered tolerant, thOSé with low 
nymphal survival or prolonged nymphal 
development time were considered 
antibiotic, and those with a high 
damage rating, regard1ess of spittle­
bug survival were considered suscep­
tibIe. 

Due to the large number of accessions 
of Brachiaria to be evaluated, groups 
of 50 accessions, each with a set of 
controls, were screened sequentially. 
To control for variability between 
groups due to variation in plant age 
and environmental conditions, a 
standardized index for each evalua­
tion parameter was developed to aUow 
for comparisons between groups. 
Figure 2 shows the lndex for nymphal 
survival for one group of accessions. 
The index ls calculated as fo110w8: 

(X - X ) - (X - X.) s r s 1 

(Xs - Xr) 

where X i5 nymphal survival on the 
susceptible control B. decumbens ev. 
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Easilisk, X ls nymphal survival on 
the resistaht control E. br1zantha 
cv. Marandu, and Xi - 18 nymphal 
surv1val on the test accesslon. 
Similar índices are calculated for 
nymphal development time and damage 
at 30 days after infestatíon. A data 
base ls being prepared for aU 
Erachiaria accessions includlng these 
data as well as data from the field 
screenw 

Glasshouse evaluation can identify 
potentially useful levels of resis­
tance for breeding in otherwlse un­
suitable accessions. In contrast to 
field trials, glasshouse screenlng 
can differentiate between tolerance 
and antibiosis. In the past, acces­
sions ha ve been selected on the 
abasis of tolerance. The glasshouse 
techníque described here a110ws 
selection of accessions that pos ses s 
antibiosis, a potentially more useful 
type oí resistance. 

Figure 2 presents survivorship scores 
for nymphs reared on one cohort of 
Brachiaria accessions. The resistant 
control i8 B. brizantha cv. Marandu 
(CIAT 6294)-; and the susceptible 
control is B. decumbens cv. Basi1isk 
(CIAT 606)~ Note a1so the high 
surv1val of nymphs reared on B. 
dictyoneura ev. Llanero (CIAT 6133), 
the tolerant control. E. brizantha 
accessions CIAT 16767, 16777, and 
26156 have be en selected for further 
study based on their antibiotic 
effect on spittlebug nymphs. Fewer 
nymphs survived to adult on ~. jubata 
CIAT 16531 compared with the 
resistant control. 

Figure 3 shows scores for duratíon oi 
nymphal stadia reared on the same 
cohort of Brachiaria. Six aecessions 
are ident1f1ed as prolonging develop­
ment (B. brlzantha CIAT 16123, 16849, 
16960.-16962, 16964, and 26124). 

To date, over 350 accessions of 
Brachiaria ha ve be en evaluated in the 
glasshouse for resistance to A. 
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redueta and/or ~. colombiana. In the 
glasshouse, responses of the two 
spittlebug species to control s were 
comparable. Nymphs reared on 
antibiotic aceessions (E. brizantha 
cv. Marandó., ~. jubata - CIAT 16531. 
and E. brizantha CIAT 16338) 
experiéñced higher mortality than 
nymphs reared on the susceptible B. 
decumbens ev. Basilisk and the 
tolerant ~. dictyoneura ev. Llanero. 
Similar results have also been 
ohtained with Zulia entrerlana in 
Campo Grande, Erazil (J. R. Valerio, 
pers. cornm.) . Screening of 
Brachiaria is now done with A. 
redueta sinee it 1s the predominañt 
speeies in major cattle-producing 
areas of Colombia and it has a 
ahorter life cycle than Z. colombiana, 
thereby speeding up- glasshouse 
evaluation. 

During August, 1988, two Brazilian 
entomologists, José Raul Valério 
(CNPGC, Campo Grande), and Antonio 
Brito de Silva (CPATU, Eelém) parti­
cipated in a month long intensive 
training program at CIAT Palmira and 
Carimagua in spittlebug rearing and 
resistance evaluation techniques. As 
a result, they are initiating 
Brachiaria screening at their respec­
tive institutions. TIlis wi11 provide 
abasia of comparison of results 
between contrasting sites and with 
different species of spittlebug. 
Preliminary results at Campo Grande 
indicate that response of Zulia 
entreriana to a range of Brachiaria 
accessions is similar to that of Z. 
colombiana and A. reducta. 

Panicum maximum 

Sixty accessions of Panicum maximum 
have been evaluated in the glasshouse 
for resistanee to A. reducta using 
the methodology developed tor 
Brachiaria. Nymphal survival was low 
on two accessions, CIAT 6177 and CIAT 
6172. Development time of those 
nymphs surviving to adult was similar 
to that of nymphs reared on the 
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susceptible control B. deeumbens ev. 
Basilisk (CIAT 606). Development 
time of nymphs reared on these anti­
biotle accessions was not delayed as 
we ha ve consistently found with 
nymphs reared on the resistant 
control B. brizantha ev. Marand~ 
(Figure 4). This finding sugge8ts 
that the meehanism of antibiatle 
resistanee in P. maximum CIAT 6177 
and 6172 18 distinet from the 
mechanism operating in cv. Marandú. 
One of these, CIAT 6177, has also 
be en selected from field trials in 
Carimagua for edaphic adaptatíon and 
productívity (see Agronomy section). 

Mechanism of resistance to spittlebug 
in B. jubata 

Further investigatíon into the high 
level of resistance to spittlebug 
nymphs observed in B. jubata CIAT 
16531 indicates that this aecession 
may possess factors that interfere 
with emergence of adul ts from fifth 
instar nymphs. The hormone respon­
sible for maulting in insects, 
ecdysone, was isolated in 1954. The 
chemical strueture was Iater deter­
mined, after large seaIe extraetíon 
and isaIation from silkworm pupae. 
SubsequentIy, 20-hydroxyecdysone 
(identical to the insect hormane) and 
many biologically active ecdysone 
analoglles have been identified from 
many plants in much higher concen­
tr.tians than found in inseets. 

The symptams tbat have been observed 
in Z. colombiana and A. redueta 
reared on .Jl.. jubata CIAT 16531 agree 
with reports of symptoms of other 
insects fed on diets containing 
phytoecdysteroids (ecdysone or a 
steroidal ecdysone analogue of plant 
origin). Spittlebugs reared on B. 
jubata CIAT 16531 appear to develop 
normally until the last (fifth) 
instar. The majority of insects die 
during moult to the adult stage. 
Specifieally, death occurs after 
initiation of apolysis (separatíon oi 
the pharate adult from the nymphal 
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eutiele) and before completion of 
ecdysis (emergence of the adult). 
Attempts to identify and extraet the 
active component are planned. 

Nymphs of ~. reducta initially reared 
on B. dictyoneura cv. Llanero and 
then- transferred to B. jubata CIAT 
16531 after 21 days suffered mor­
tality equivalent to that of nymphs 
reared on !l:. jubata CIAT 16531 alone 
(Figure 5). Nymphs transferred at 21 
days from !l:. jubata CIAT 16531 to B. 
jubata CIAT 16531 survived at a lower 
although not significantly different 
rate than nymphs reared w1thout mani­
pulation on !l:. jubata CIAT 16531. 
Nymphs transferred from~. jubata CIAT 
16531 to cv. Llanero emerged as adult 
as frequently as nymphs reared on 
Llanero. These data suggest that it 
is not necessary for nymphs to feed 
on !l:. jubata CIAT 16531 throughout 
the nymphal stadia in order for rhe 
entibiotic effeet to be expressed, 
and that there is a speeific develop­
mental event (final moult) that ls 
beíng disrupted by factors present in 
.Jl.. jubata CIAT 16531 that are not 
present in CV~ Llanero. 

Developmental threshold for eggs of Z. 
colombiana 

Eggs of Z. colombiana were incuba ted 
at 10, 15, 20, 25, 30 and 35°C to 
determine the effeet of temperature 
on rate of development and to deter­
mine the developmental t:hreshold. No 
eclosion oceurred at lOor 3SoC. 
Maximum rate of development occurred 
al: 2SoC (labIe 1). By extrapolation, 
developmental threshold was determined 
to be 10-16°C (Figure 6). 

LEAF-CUTTER ANTS 

Counts of nests of the leaf-cutter 
Acromyrmex landolti and termite mounds 
(tentatively identified as 
H€'terotermes tenuí) were made a t 
Carimagua during the dry season of 
1988 (Jan - April). Nest densities 
varied w1dely in areas of native 
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Table l. Rate of development and 
percent eclosion of eggs oí 
Z. colombiana incubated at 
various temperatures. 

T Oc D ays to 
ecloslon 

10 
1~ 46.4 
20 22.2 
25 15.0 
30 15.6 
35 

Rate of 
development 

O 
2.16 
4.50 
6.67 
6.41 

O 

Ecloslon 
(%) 

O 
90 
93 
99 
97 

O 

savanna not previously planted to 
improved forages (Figure 7). In 
general, Acromyrmex nest density was 
low in poorly drained areas where 
mound building by termites was 
evident. Similarly, variation was 
observed in nest density in 
Andropogon gayanus pastures (Figure 
8) . Prel1minary analysis of survey 
data from Carimagua indica tes that 
ant nest distribution 18 most highly 
correlated with superficial water 
availability. Results of the survey 
are eurrently being analyzed to 
further identify so11 physieal and 
chemieal properties that influenee 
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snt pest di8tribution. 

Survey results show that B. 
humidicola may ha ve a repressive 
effect on ant populations. At one 
site, Altagracia, nest denslty oí A. 
landolti was slightly leSB than 5,000 
nests per hectare in January, 1988 
(Figure 9). An adjacent field of !l.. 
humidicola planted at spproximately 
the sam~ time, however, had no active 
A. landolti nests. Surround1ng areas 
'Of native savanna had nest densities 
of approximately 750 nests/ha. 
Another site, El Tomo, showed a 
similar pattern with low denslt1es in 
B. humidicola and higher densit1es in 
- savanna and ~. gayanus (Figure 
10). These data indicate that ant 
populations are redueed in pastures 
of B. humidicola compared with a 
relatively natural savanna habitat, 
while pastures of A. gayanus can 
experience a large increase in 
leaf-cutter populations. 

Possible strategies for ant control 
include strateglc deployrnent of grass 
germplasm options based on an assess­
ment oí the area to be planted in 
terms oí actual ant populatíon and 
condltions known to iníluence ants 
(soll moisture), and a knowledge of 
the susceptibility to ant predation 
of the available germplasm. 
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5-15 



6. Agronorny Llanos 

The agronomy studies conducted at the 
Carimagua Researeh Station continued 
to foeus on the selection of legumes 
and grasses tor the "Llanos" 
ecosystem5 

PRELIMINARY EVALUATION OF GERMPLASM 
(CATEGORY II) 

The airn of this stage of evaluation 
is to select accessions adapted to 
the clirnatic, edaphic and hiotic 
factors in the environrnent. 
Accesslons are grown in small plots 
in pure stands and suhjected to 
periodic defoliatíon. Observations 
are made on vigour, flowering time, 
seed production potentíal, drought 
resistance, pest and disease 
incidence. Where possible, evaluatíon 
18 being conducted at tWQ sites, 
"Yopare" and "La Alcancía't, with 
different soíl textures and organic 
m8 tter contents.. Legume accessions 
and those of Panicum rnaxímum were 
established ín savanna, without 
rernoval of vegetation frcm ínter-plot 
areas. Accessions of Brachiaria were 
established in an oId paddcck of B. 
decumbens. 

Stylosanthes seabra 

In May 1986, 93 potentially promising 
lines selectad fram a larger 
collection of ayer 500 accessions at 
Quílichao were sown at the two sites. 
The Australian eornmerelal cultivars 
Seca and Fitzroy were lncluded a. 

control.. Nínety per cent of the 
accessions were collected in Brazil, 
seven per cent in Venezuela and three 
per cent in Colombia. 

The main limitatíons are the fungal 
disease anthracnose and an insect pest 
stemborer. Most of the eollecticn, 
includíng the commercial cultivars, 
has now died from the effects of 
stem-borer; the cnly types surviving 
are low-grcwing bush types rnainly of 
Venezuelan origino The produetivity 
aud charoleal composítion of these 
types are shown in Table l. Thera 
were no differences in perform?nce of 
accessions between site s. The 
outstanding accession, in terms of 
vigour Bnd pest/disease resistance, 
continuas to be CIAT 2808. Seed of 
these low-growing types 18 being 
multiplied fer distributíon to other 
loeaticns particular ly in the 
Venezuelan "Llanos". Accession CIAT 
2808 Is ro be further tested under 
grazing in Category 111. 

Centrosema brasilianum 

In June 1986, 18 accessions from 
Brazil and Venezuela were sOwn at the 
HLa Alcancía" si te . The maín 
limitatian to the specíes is the 
fungal disaase Rhizoctonia Foliar 
Blight. Nine of the accessíens (those 
with 4-digit numbers) were selected 
previously at Carimagua and are 
already under evaluatían in Category 
III. The other nine accessions (those 
with 5-digit numbers) are new and were 
seleeted at Quiliehao. 



Table 1. Productivity and chemical analysis of selected accessions of 
Stylosanthes scabra at Carimagua. 

CIAT No. DM YIELD1,2 DM YIELD 1,3 IVDMD
2 

N
2 

Ca
2 p 2 

(Wet) 
g/plant 

2808 225a 
1926 188ab 
1526 166bc 
1522 154bc 
2818 134cd 
2015 96d 
1917 96d 
1009 (cv. Fitzroy) 13e 

1/ Means with the same letter are 
2/ Sampled twice in wet season. 
3/ Sampled end of dry season. 

Dry-matter yields and pest/disease 
scores are presented in Table 2. 
Only accessfon CIAT 15521 produced 
significantly more dry matter than 
che control CIAT 5234. All of the 
accessio"ns were moderately to highly 
susceptible to Rhizoctonia Foliar 
Blight, confirming previous 
greenhouse observations by the PIant 
Pathology Section. In addition, al1 
accessions were severely attacked by 
leaf-sucking insects in the wet 
season, causing chlorosis over much 
of the leaf surface. These pest and 
disease problems seriously question 
the future of this species as a 
pastura plant in the Colombian 
tlLlanos tf " 

Pueraria phaseoloides 

In June 1987 a coIlection of 99 
accessions was established at the two 
sites. The accessions represented the 
three main botanical types varo 
javanica, varo phaseoloides and varo 
subspicata from dry areas in northern 
Thailand. The commercial cultivar 
CIAT 9900, included as a control, 
shows poor adaptation to low 5011 

(Dry) 
g/plant % % % % 

not 

lOa 49.51 2.10 0.33 0.12 
6abc 51.88 2.32 0.37 0.16 
9ab 52.78 1.90 0.43 0.13 
3bc 50.17 2.06 0.39 0.14 
2bc 47.65 1.93 0.36 0.13 
8ab 47.98 2.44 0.47 0.16 
Oc 45.02 2.03 0.33 0.13 
Oc 

significantly different. 

fertility, a low tolerance of the dry 
season and seed production ls 
variable. The collection was 
evaluated previously at another site 
at Carimagua of relatively high 
fertility and six accessions selected 
on the basls of yield, dlsease 
resistance and seed production. The 
present evaluatlon sites at "Yopare" 
and "La Alcancía" are, in terms of 
input s of fertilizer and fertllity, 
more typical of the situation likely 
to exist in productlon systems 1n the 
"Llanos". For contlnuity, the 
performance of the slx selected 
accesslons at the new sites are 
described (Table 3). 

At "La Alcancía", accessions CIAr 
9279, 17290 and 18031 produced 
signlficantly more dry-matter than· 
the commerclal control, and were the 
highest yielding accessions in the 
collection. At "Yopare", accesslons 
CIAT 17281, 17290. and 18031 per­
formed significant ly better than the 
control and were amongst the highest 
yieldlng of the 99 accessions at this 
site. There were significant 
differences bet~en locations in the 

6-2 



Table 2. Performance of access10ns of C. brasilianum under cutting in 
Carimagua. 

CIAT No. Total DM DM Yield in Maximum values* 
Yield Dry Season RFB CLS LST 

(kg/ha) (% of Total) 

15521 3725a 9 4.0 1.0 4.0 
5725 3181ab 18 3.0 2.0 4.0 
5486 3070abc 9 4.0 1.0 5.0 
5234 (Control) 2933bcd 14 4.0 3.0 5.0 

15387 2882bcd 8 4.0 3.0 4.0 
15522 2773bcd 6 3.0 0.0 4.0 
15527 2753bcd 5 4.0 2.0 5.0 
15525 2718bcd 7 3.0 4.0 5.0 
5828 2672bcde 5 4.0 3.0 5.0 
5810 2530bcdef 8 4.0 3.0 5.0 

15526 2455bcdef 4 3.0 3.0 5.0 
15520 2300cdefg 2 4.0 0.0 5.0 
15523 2228cdefg 9 4.0 0.0 5.0 
5657 189gefgh 3 3.0 4.0 5.0 
5667 1868fgh 6 4.0 4.0 5.0 

15524 1811fgh 3 3.0 4.0 5.0 
5178 1527gh 7 4.0 3.0 5.0 
5671 1465h 1 5.0 2.0 5.0 

* RFB e Rhizoctonia Foliar Blight; CLS - Pseudocercos~ora·Leaf Spot; 
LS1 = Leaf-Sucking Insects 
Pest and disease scores; O = no symptoms and 5.0 e highIy suceptible. 
/oI.eans with the same letter are not significantly different. 

TabIe 3. Performance of seIected accessions of P. phaseoloides in second 
year at Carimagua (first cut). 

CIAT No. DM Yield (kg/ha) No. Rooted Nodes (m
2) 

ITAlcancía tf ·'Yopare" "Alcancía" "Yopare H 

18031 1888a 789a 19a 25a 
9279 1343a 157b 16a 9b 

17290 1144a 513a 28a 3b 
17281 725b 705a 24a 44a 
8352 711b 107b ISa 4b 

17325 436c 177b 12a 13b 

9900 (control) 678b 142b 13a 8b 

Means followed by the same letter at each site are not statistical1y 
significant. 
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product1on of dry-matter, w1th 
access10ns tending to yield more 
dry-rnatter at "La Alcancía"w However, 
none of the selected access10ns 
showed a high density of rooted 
nades, an important morphological 
characteristic associated with 
persistence in grazed pastures. At 
11La AlcancíaH, there were no 
differences between selected 
accessions and the control. At this 
site the accession that produced the 
highesz number of rooted nades (93 
per m) was CIAT 18032. Although 
two accessions at HYopare l1 were 
superior to the control in numbers of 
rooted nodes, a11 accessions produced 
significantly less than ~ccession 

CIAT 18377 (87 per m). The 
incidence of diseases sueh as 
anthracnose and Pseudocercospora Leaf 
Spot was low to moderate. 

Panicum maximum 

The original collection numbered 436 
accessions at the two sites and was 
subsequently reduead to 30 accessions 
(morphologically similar to the 
Austalian cu)tivars cornmon and Petrie 
green panic) on the basis of yield of 
digestible dry-matter in green leaf. 
The ratiooale for using this se lec­
tíon crÍterion was described in the 
Anoual Report for 1987. Tbe final 
selection of five promising acces­
,t:;ions with some variation ir: mor­
phology has now been made (Table 4). 

All selected accessions were signifi­
cantil' more productive than tlle com­
mercial controls. There were signifi­
cnnt differences between sites in 
performance, with accessions yielding 
more at HYopare" than at liLa 
Alcancíatl~ Hm.¡ever, tIte fívc se lec­
ted accession~ s110wed the same 
ranking arder at both HYopare H and 
"La Alcancía" ~ and were the most 
productive accessions at both 
locations. With the exception of 
CIAr 16042, a fine-leaved 
introduction, dífferences in 
digestibility between se1ected 
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accessions and the controls were 
small. Thus, the major improvement as 
a consequence of selection has be en an 
Incrase in the production of green 
leaf rather than digestibílity per ~. 

The major limitatIon for grasses in 
the savannas is the incidenee of 
spittlebugs. At Carimagua the main 
problem species is Aenolamia redueta. 
Although spittlebugs were not a 
problem at' the experimental sites due 
to low populations in the surrounding 
savanna, the original 30 selectlons 
werE' screened in tlle glasshouse by the 
Entomology Section. Darnage ratings 
for the selected accesslons were low 
to moderate (TabIe 4), whilst survival 
of nymphs to the adult stage was 
severely eurtailed in aeeess10ns CIAT 
6799 and 6177, indicating strong 
antibiotie effects. No disease 
prohlems were noted in the selected 
lines. These accessíons are now under 
Reed multiplication for evaluation in 
Category III. 

Brachiaria brízantha 

In .lune J 987, 265 aecessions of 
specíes of Brachiaria were planted 
vegetatively within an existing 
pasture of Brachiaria deeumbens. Most 
of the úccessions in the col1ection 
(53 per cent) "ere B. brizantha, 

Th is we t sea son 
of spHtlebu~s 
pasture and 

the natural incidence 
in tite surrúunding 
the plato was 

exceptíonally 
unnecessary 
artifldAlly. 

high, and it was 
to Infest the plots 

Most of the accessions 
and plants of B. decumbens around the 
plots were destroyed, 80 i t was nflt 
difficult to Identlfy resistant 
accessions. On the basls uf 
spittlehug resístance and adaptation 
to edaphic conditi0TIS, six accessíons 
including the control cultivar MarandG 
\VeTe selected fer seed multip"ícati o n 
and evaluation in Category 111 (Table 
5). There were no signiflcant 
difference. in yleld berw"en these 
selected accessions, and the 
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Table 4. Performance of selected accessions of Panicum maximum in the wet season at two sites in 
Carimagua. 

CIAT No. 

6799 
16042 
6944 
6177 
6973 

661 
cv. Common 

685 
cv. Petrie 

Yield of 
"Yapare" 

1I2a 
82bc 
67cd 
35ef 
51de 

28f 

25f 

digestible DM in 
"Alcancía" 

(g/plant) 

69a 
57ab 
62ab 
50b 
26c 

lid 

14d 

1 green leaf 
Mean 

91a 
70b 
65b 
43c 
39c 

19d 

19d 

Mean 2 IVDMD 
(%) 

43.37 
40.50 
"4.82 
44.07 
45.88 

45.85 

45.41 

1/ Means with the same letter within sites are not significantly different. 
2/ Range for 90 accessions 36.95-53.03. 
3/ Results from glasshouse trial of Dr. S. Lapointe. 

3 Spittlebug 
Damage Survival 

(1-5) (%) 

2.5 
3.0 
3.5 
2.0 
3.5 

2.5 

4.0 

19 
71 
73 
10 
94 

77 

86 

Damage 1.0 = no symptoms and 5.0 = highly susceptible. Survival is % surviving to adult stage. 



Table 5. Productivity of selected accessions of Brachiaria brizantha cut 
in the mid-wet season at Carimagua. 

CIAT No. Green Senescent Leaf e o ID m e n t s 
DM yield* Tissue Content 

(kg/ha) (%) (%) 

6297 
(cv. Marandú) 2589 13 64 Broad-leaved/Semi-

erect 
6690 3767 8 62 Broad-leaved/Erect 

16126 5128 10 58 Fine-leaved/Erect 

16338 3360 II 66 Fine-leaved/Erect 

16827 3651 10 62 Marandú 

16829 3270 14 57 = Marandú 

* Differences not statistically significant. 

proportion of leaf 
50 per cent. 
represented three 
morphological types 
total B. brizantha 

was in excess of 
The accessions 

of the five 
present in the 
collection. No 

diseases were recorded. 

GRAZING EVALUATION OF GERMPLASM 
(CATEGORY III) 

The main purpose of this stage of 
evaluatían is to record the 
performance of prornlslng legumes 
under grazing in small plots when 
associated with a companion grass. 
Of particular interest is legume 
persistence and grass-legume 
compatibility. At this level of 
screening there is good ca-operatían 
with the Ecophysiology Section and 
relevant data fram agronorny trials 
will also be found in that part of 
the reporto 
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Centro serna brasilianum 

In June 1987 a new trial was 
established at "La Alcancía" with nine 
accessions of C. brasilianum 
associated with Andropogon gayanus cv. 
Carimagua 1 and Brachiaria dictyoneura 
cv. Llanero. The accessions were CIAT 
5234 (control), CIAT 5486, 5725, 5810, 
5828 (all from Brazil); CIAT 5178, 
5657, 5667 and 5671 (all 2from 
Venezuela). Plot size was 500 ID and 
establishment in the 1987 wet season 
of al1 species and accessions was 
excellent. Grazing cornmenced this 
year at a forage allowance of 3 kg 
green dry-matter per 100 kg 
liveweight. Paddocks were grazed 
rotationally for 7 days in a 35 day 
cycle. 

Since none of the legumes has 



performed wel! under grazing results 
are presented across legume acces­
sions (Figure 1). Initially, the 
yields of B. dictyoneura in the 
legume plots were significantly 
higher than those of !. gayanua. 
However, at the 1ast sampling ylelds 
were similar. Legume yields were low 
and declined a1most linearly with 
time. At the start of grazing the 
highest 1egume contents were 22 per 
cent, whilst presentIy the proportion 
of legume ranges from zero to 4 per 
cent depending on the accession. 
Counts of seedling recruHment were 
made in the early part of the wet 
seasou J and values recorded were 12w 
ranging from O to 8 plants per m • 
The low seedling recrultment together 
with a moderate incidence of 
Rhizoctonia Foliar Blight and the 
presence of leaf-sucking insects 
could account for the decline in 
legume contents in a11 treatments. 

LEGUMES IN SAVANNA 

In June 1986 a trial was established 
in ssvanna with ten legumes. Eight of 
thes€! legumes (Table 6) , the 
exceptions being the controls 
Centrosema acutlfolium and C. 
brssl1ianum, are known to be ra ther 
poorly consumed when grown with 

improved grasses of high accept­
ability. The purpose of the trial ls 
to determine whether these species 
are better consumed when associated 
with poor quality native grasses. 
Establishment was excellent snd the 
plots were grazed individually by 
oesophageal-fistulated steers at the 
begtnning, middle and end of the dry 
season and in the middle of the wet 
season. 

Data for the dry season aerass the 
three grazing cycles are shown in 
Table 7. Of particular interest was 
the consumpti.on of Desmodlum 
ve1utinum, Flemingia macrophyl1a, 
Desmodium strigil10sum and Tadehagi 
triquetrum. In a11 cases, these shrub 
legumes were selected in markedly 
higher proportions than they appeared 
in the pasture. Crude protein and 
digestibi1ity contents recorded in 
the mid-dry season are presented in 
Table 8. The highest values were 
observed in Desmodium velutinum and 
Centrosema arenarium, whilst the 
digestibility of Flemingia macrophy11a 
was lower than that of native pasture. 
Although studies elsewhere have shown 
that digestibility i8 low due to the 
presence of liguins in this species, 
it is possible that limitation. in Che 
in vitro technique result in an 

Table 6. Evaluarion of eight legumes nf relatively 10w acceptability in 
association with savanna in Carimagua. 

Centrosema arenarium 
Desmodium incanum 
Desmodium strígUlosum 
Desrnodium velutinum 
Flemingia macrophylla 
Stylosanthes ianensis 
Tadehagi triquetrum 
~ornia glabra 

Centrosema acutifolium 
Centrosema brasilianum 
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CIAT 5236 
CIAr 13032 
CIAT I3l55/13158 
CIAT 13204/13213/l3215 
CIAT 17403 
CIAT 2031 
CIAT 13276 
CIAT 8279 

ev. Vichada (Control) 
CIAT 5234 (Control) 
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Table 7. Produetivity and consumption during the dry season of legumes sown in savanna in Carimagua 
(mean of three grazing eycles). 

Legume Native pastura Legume LegumE' in Legume in Ratio 
in assoeiation DM yield DM yield Pasture Extrusa Consumption/ 

(kg/ha) (kg/ha) (%) (%) Availability 

Desmodium velutinum 129lbe 334*ab l8be 49 2.72 
Plemingia macrophylla 1304be 780*ab 24abe 55 2.29 
Desmod1um strig1110sum 1446abe 426*ab 20be 38 1.90 
Tadehagi triquetrum 1679ab 284*ab 14be 22 1.57 
Centrosema arenarium 2223a 304*ab 13bc 14 1.08 
Desmodium incanum 1992ab 155b 8e 4 0.50 
Stylosanthes guianensis 1636ab 933ab 37abc 9 0.24 
Zornia ~labra 1918ab 1231a 41ab 8 0.20 

Centrosema brasillanum 1406abe 346abc 22bc 25 1.14 
(Control)" 

Centrosema acutifollum 651c 826ab 55a 54 0.98 
(Control) 

* Yields of leaf and stem tips only. 
Means with the same letter are not significantJy different. 



TabIe 8. Crude protein content (CP) and dry-matter digestibility in-vitro 
(IVD~ID) in the middle of the dry season of ten legumes so-wn 
savanna in Carimagua. 

Legume 

Desmodium velutinum 

Centrosema arenarium 

Tadehagi triquetrum 

Stylosanthes guianensis 

Centrosema acutifolium 
(Control) 

Desmodium strigillosum 

Desmodium incanum 

Flemingia macrophylla 

Centrosema brasilianum 
(Control) 

Zornia glabra 

Native pasture 

underestimate of the true in vivo 
value. 

In the wet season (Table 9) consump­
tion of all legumes was less than 10 
per cent except for the control 
Centrosema acutifolium. In every 
case the percentage legume consumed 
was less than the percentage legume 
available in the pasture. The most 
important pests and diseases observed 
in the trial in the wet season are 
documented in TabIe 10. For the 
first time, stem-gall nematode was 
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CP Content IVD~ 

(%) (%) 

16.8 50.31 

16.8 47.01 

13.1 29.90 

12.3 40.89 

11.9 41.34 

11.6 39.83 

11.6 31.47 

11.0 21.18 

9.8 37.55 

5.4 29.35 

3.5 27 .12 

observed in Desmodium strigillosum and 
D. velutinum. New accessions of thase 
resumes be screened next season 
at Carimagua for resistance to this 
pesto 

Arachis pintoi 

!!. pinto! CIAT 17434 has shown 
considerable promise as a companion 
legume in associations containing 
vigorous species of Brachiaria. In 
October 1984, a trial was established 



rabIe 9. Produetivity and eonsumption during the wet season of legumes sown in savanna in Carimagua. 

Legume Native pastura Legume Legume in Legume in Ratio 
rlM Yield DM Yield Pasture Extrusa Consumption 

(kg/ha) (kg/ha) (%) (%) Avaílability 

Desmodium velutinum 6.766a 545*b 8e 7a 0.88 
Flemingia macrophylla 9.244a 754*b 8e 6a 0.75 
Desmodium strig:Ulosum 8,804a 8,261a 49a 8a 0.16 
Tadehagi triquetrum 7,401a 388*b 5e 4a 0.80 
Centrosema arenarium 8,457a 222*b 3e 2a 0.67 
Desmodium incanum 12,414a 430b 4e la 0.25 
Stylosanthes guianensis 13,864a 6, 197ab 30b 9a 0.30 
Zornia glabra 11,958a 6,546ab 36ab 8a 0.22 

"" I 
Centrosema brasilianum -- ( Control) 11,536a 960b 7 5a 0.7l 

Centrosema acutifolium 
(Control) 8,963a 6,01lab 42ab 21a 0.50 

* Yields of leaf and stem tips only. 
Means with the same letter are not significantly different. 



Table 10. Main diseases and pests observed in legumes sown in savanna in 
Carimagua (September 1988). 

Diseases!pests Species Comments!Score* 

Stem-Gall Nematode Desmodium strigillosum 
Desmodium velutinum 

AH 
All 

replicares (1.5-4.0) 
replicates (0.5-3.0) 

Anthracnose Zornia glabra 
Stylosanthes guianensis 

AH 
All 

replicates (1.0-2.0) 
replica tes (1.0-3.0) 

Rhizoctonia Foliar Centrosema brasilianum 
Blíght 

All replica tes (2.0-3.0) 

Cylindrocladium Centrosema brasílíanum 
Centrosema acuti.folium 

One 
AH 

replicate only (1.5) 
replica tes (2.0) 

* 1.0-2.0 = light infestation; 3.0 - moderate infestation; 4.0-5.0 
= heavy infestatíon. 

in which the legume was associated 
with five accessions of Brachiaría 
namely B. humidicola CIAT 679 
(control)~ CIAT 6705, 6709, 6369 and 
B. brizantha CIAT 6294. Two 
treatments of different forage 
allowances are beíng ímposed on the 
associations. 

Changes in the proportion of legume 
in the four B. humidieola assoeia­
tions (acros-s forage allowance 
treatments) sinee grazing began in 
1986 are presented in Figure 2. rhe 
contents oí ~. pintoí in the pastures 
containing B. humidicola CIAT 679 and 
CIAT 6705- declined appreciably 
between August 1987 and July 1988 
reaching a level of less than 20 per 
cent legume. Over the same perlod a 
1ess marked and short-term decline 
occurred in the associatlou with B. 
humidicola CIAT 6369. In each of 
these treatments a subsequent 
increase in legume proportion was 
noted, with contents at the final 
sampling ranging from over 40 to 80 
per cent. On the other hand, the 
proportion oí A. pint02: in the 
associat ion with B. humidieola CIAT 
6709 remained virtually constant at 
100 per cent legume. No pests or 
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d íseases were recorded in the 
pastures. 

A good grass-legume balance at the 
final sampling has been aehieved in 
the associations eontaining B. 
humidicola CIAT 679 (commereiál 
cultivar) and CIAT 6705. In contrast, 
A. pintoi dominated the other two 
associations with B. humidieola 
accession CIAT 6709 eompletely 
disappearing from the pastura. ~. 

pintoí CIAT 17434 ls now under 
evaluation in Category IV when animal 
performance data will be obtained. 

Desmodium ovalifolium 

Aecession CIAr 350 has long shown 
promise for "Llanos If condit ions as a 
companion legume for vigorous species 
of Rraehiaria. However, there have 
been problems with a stem-nematode 
(Ptero.~ylenchus cecidogenus) and the 
fungal disease False Rust (Synchytrium 
desmodíi). A number of new aceessions 
"ere selected for better tolerance to 
these pests and diseases. Five 
accession3 together with a control 
CIAT 350 were 3mm in July 1985 in 
assoclation with Brachiaria 
dictyoneura eV. Llanero. Two forage 
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Figure 2. Changes in the proportlon of Arachls plntol CIAT 17434 in assoclation 
with four accesslons of Brachiaria humidicola in Carlmagua Uf 
indlcates suspension of grazing in dry season). 

6-13 



allowance treatments were Ílr.posed by 
variat i0n in tbe numher of days the 
pIots are grazed by animala. 

The data for sil< D. ovalífolium 
accessÍons across forage allowance 
treatments for the three yenrs sinee 
grazing began are shown in Figure 3. 
The pattern of changas in legume 
content over this periad are similar 
for all accessions. Following an 
inítial increase there has been an 
almost continuou.s decline in the 
proportion of legume. Four of the 
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aecessions (CIAT 350, 3776, 3794 and 
13092) have disappeared, whilst the 
other two accessions persist at a low 
level Le. 12 por cent for CIAT 13089 
Rod 8 par cent for CIAT 13129. 
Despite artificial inoculatían, 
nematods problems were again absent 
even in the control CIAT 350. This 
year, due to the low 1egume eontents, 
Falsa Rust was nat a problem. 
Accession CIAT 13089 has be en selected 
for further evaluatían due to 
susceptibility to False Hust 
the period of this trial. 

its low 
during 
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7. Agronomy Cerrados 

Evaluatíon oí 
CIAT/EMBRAPA!IICA 

forage species--a 
Collaborative 

Project--with the primary objective 
of identifying grasses and legumas 
adapted to Cerrados conditions and 
grazing util izatíon has been in 
progress at the Cerrados Agricultural 
Research Canter (CPAC), Planaltina 
sinee 1978. During the past deeade 
signl.ficant progress has be en made in 
tropical pasture development by 
exploíting the naturall)' occurring 
species of legumes and exotic grasses 
through introduction and screening 
for deslrable forage characteristics. 
CPAC staff presently involved in 
forall" germplasm evaluation are: R.P. 
de Andrade and M.S. Franca-Dantas. 

Sinee the 
Collaborative 
Program at CPAC 
grasses ane 
evaluated. 

inception 
Pastures 

sorne 2786 
legumes 

of the 
Agronoroy 

accessíonB.J 
have heen 

Edaphically and environmentillly 
adapted leguroes and grasses than can 
grow at low leveIs of P and at high 
Al-saturatian have already been 
identified for the Cerrados 
E'cosystem. 

During the initial phase of pasture 
species evaluation the emphnsi s was 
on the genus Sixty 
percent uf the egumes eva at 
CPAe prior to 1985, IVere accesslons 
of Stylosanthes. 

An achievement was the identífícation 
of anthr2.cnose res] stant genotypes of 
s. guianensis var~ iflora and S. 

macrocephala. In addition to these 
species, two accessions of ~. capltata 
were selected as "key" species and 
included in a grazing produetivity 
experimento 

Results of this and other grazing 
experiments eonducted at CPAC indieate 
the need for a wider range of legumes 
with better stress and grazing 
toleranee. In case of Stylosanthes 
capitata, better anthraenose 
resistance is needed. 

Low seed yields, lack of persistence 
in grazed grass-legume associations 
handicap S. guianensis varo 
panetflora, .. hile ~. macrocephala has 
a short season of growth and it ls not 
adapted to the higber rainfall regions 
of the norrhern Cerrados. 

A broader range of genetic material of 
"ke;,1I species and new introductions of 
legumes and grasses have been 
pvaluated during the past three year •. 
P. colleet.ing miss ion of CIAT to East 
snd Central Afries lesd hy Dr. Gerhard 
Keller-Crein real ízed net./ ac(:€ssions 
of 8raehiaria. Accessions of Iegumes 
ar'!c grasses evaluated durjng the 
pericd llnder review are listed in 
TableE 1 and 2. 

1\H::nty-one acccssions of forage 
species, 7 grasses nnd 14 legu~es were 
selec ted for advanced tes tíng. 

Selections 
Cerrados: 

lar the wel]-crained 

Centrosema Rcutifoli~rr (1 acces~iGn) 

C. brach)'poChl.~ (1) 



TabIe l. Legume germplasm under pre­
liminary evaluation (Cats. 
r, n, III) 1985/88. at 
CPAC, Braz i1. 

Species 

Arachis pintoi 

No.of 
acces­

sions 

6 

Centrosema acutifolium 51 
C. arenarlum 
C. bifidum 
C. brasilianum 
C. brachypodum 
C. capitatum 
C. macrocarpum 
C. pascuorum 
C. pubescens 
C. pubescens x 

~. macrocarpum 
C. rotundifolium 
c. sp. 
C. tetragonolobum 
C. vexiIlatum 

5 
1 

88 
1 
1 

130 
17 

9 

5 
2 
3 

!l 
1 

Desmodium canum 1 ---
D. heterocarpum 3 
D. he terophyllum 20 
D. ovalifolium 70 
D. strigillosum 6 
D. velutlnum 1 

Periandra coccinea 1 

Pueraria lobata 3 
P. phaseoloides 36 
P. sp. 8 

Stylosanthes eapitata 76 
S. guianensis varo 

pauciflora 64 
S. guianensis varo 

vulgaris 2 
S. guianensis híbrido 50 
S. macrocephala 33 

Tadshagi sp. 

Total 

Total 

6 

325 

101 

1 

47 

225 

1 

706 
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TabIe 2. Grass germpIasm evaIuated 
at CPAC from 1985 to 1988. 

Species No.of 
acces­

afona 

Brachlaria brizantha 169 
B. decumbens 40 
B. ruziziensis 14 
B. humidicola 48 
B. 35 
B. serrata 3 
B. dictyoneura 13 
B. Ieucocrantha 2 
B. bovonei 6 
B. subulifolia 4 
B. platynota 3 
B. nigropedata 1 
B. sp. 5 

Paspalum sp. aff. 
~. plieatulum 19 

P. plicatulum 1 
P. urvillei 2 
P. paucl.cillatum 1 
P. modestum 2 
P. oterol 1 
P. indacorum 1 
P. pumilum 1 
P. l1vidum 2 
P. proliferum 1 
P. notatum 2 
P. conspersum 1 
P. sp. aff. P. virgatum 1 
P. sp. 2 

Penisetum sp. 

Panicum maximum 

Andropogon gayanus 

Hemarthria altisslma 

Axonopus complanatus 
A. repens 
A .. araujoi 

Total 

1 

5 

2 

2 

1 
1 
1 

Total 

343 

37 

1 

5 

2 

2 

3 

393 



C. brasilianurn hybrid (1) 
Brachiaria brizantha (3) 
B. decumbens (1) 
I. maxirnum (1) 
For varzeas: 
Arachis pintoi (2) 
Desmodium ovalifolium (5) 
Pueraria phaseoloides (4) 
Paspalum conspersum (1) 
Paspalum sp. afio ~. plicatulum (l) 

Recently, pasture species evaluatíon 
was expanded in the varzea where 
accessions of Paspalum, Hemarthria 
and Axonopus nave be en tested, in the 
first instance, in a small-plot 
clipping experiment. Legume acces­
sions selected from the collection of 
Arachis pintoí, Desmodium ovalifolium 
and Pueraria phaseoloides were 
included in a Category III type of 
experimento These legumes were 
combined in association with Paspalum 
sp. aff. ~. plicatulum, ~. conspersum 
(syn. ~. regnellií) and Brachiaria 
dictyoneura. 

Two other Category Irr grazíng 
experiments were initiated; one 
conslsts of 5 Brachiaria spp. each 
wi th Centrosema brasilianum, S. 
guianensis hybrids, S. guianensis 
varo vulgaris, an ecotype, locally 
referred to as "Mineirao lt and S. 
capitata hybríd No. 56. Another 
experíment of this type contains, 
HM1neirao" and four accessions of c. 
puhescens x C. macrocarpum. 

Prelimínary evaluatíon of grasses 

Sinee 1978 priority has been given to 
the evaluatíon of legurnes at CPAC due 
t0 tlle major role adapted legumes can 
play in pasture ímprovement. In 
recent years emphasís has heen given 
to the evaluatían of species and 
accessions of Paspalum and 
Brachiaria. Species of Paspalum are 
particularly \Vell-adapted to paorly 
draíned conditions and Brachiaria 
spp. have great economic significance 
in the acíd so11 regions of Cerrados 
and cleared forest areas of Brazil. 
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The susceptibilíty of the widely growh 
B. decumbens, B. humidicola and B. 
ruziziensis to spittlebug make it 
necessary to concentrate on the 
search of resistant aceesslons 
adapted to a wide range of ecological 
situations. 

Brachiaria spp. 

Some 343 accesslons representing 12 
specles of Braehiaria ha ve been 
evaluated in a small plot experiment 
at CPAC. Fifty-two percent of the 
eollectíon established as spaced 
plants were ecotypes of B. brizantha, 
by far, the most varíable and 
promisíng species in the collection. 

The collection was evaluated over two 
season, for dry-matter yield, and its 
seasonal distribution, growth habit, 
number of days to seed maturity, seed 
yield, regrowth following defoliatíon, 
and damage by spittlebug (Deoís 
flavopicta). Cluster analysis was 
appli.ed to the data matrix. The data 
matrix of these agronomic attríbutes 
',as truncated a t the seven-group 
level. 

Dry-matter yíelds - overall 

Annual dry matter yields for the seven 
cluster8 ranged from 10.2 to 22.4 
t/ha/year and \Vere the highest for 
clusters 2, 4 and 1, that is, 22.4, 
22.2 and 17.1 t/he per year, 
respectively (Table 3). 

TIl"se 3 clusters contain 123 
accesslons, of which 105 (85.4%) are 
ecotypes of ~. brízantha and they are 
all erect or semlerect plants. In the 
"second best tr cluster 4, 89i' ()f .'1:11 
accessions displsyed erect!samierect 
growth habito Eleven per cent and 5% 
i.n cluster 4 and 1 are stoloniferous, 
respectively. 

In cluster (3) containíng only B. 
brizantha, 60% of the accesslons are 
late flowering, that is, floweríng 
began at the end of March or later. 
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Table 3. Classification of 238 accessions from 13 species of Brachiaria on the basis of five 
paremeters. 

Herd No. of DM 

2 

3 

4 

5 

6 

7 

accessions Yield 
(1 total) Ct/ha/ 

57 
(23.951) 

14 
(5.88%) 

30 
(12.61%) 

36 
(15.13%) 

25 
(10.50%) 

60 
(25.21%) 

16 
(6.72%) 

year) 

17 .12 

12.67 

22.40 

n.22 

10.80 

14.01 

10.20 

Total 238 X:15.63 

Growth 
Habit * 

3(50.9%)-2(43. 

2(85.8%) 

2(50%)-3(50%) 

3(52.8%)-2(36.1%) 

2(68%)-3(24%) 

5(100%) 

5(87.5%) 

Flowering** 

2(94.7%) 

2{8S.8::::) 

3(60%)-2(40%) 

3(88.9%) 

3(92%) 

3(98.3%) 

3(87.6%) 

* Growth habit : 2 ~ erect, 3 ~ semierect, 4 ~ stoloniferous. 
** Flowering time: 1 = early, 2 = mid-season~ 3 z late. 
*** Regrowth: 1-5 ~ mínimum - maximum 
**** Damage score: 0-5 = no spittlebug - major damage (dead plant) 

Regrowth*** 

3(73.8%) 

Spittlebug 
darnage score**** 

0(86%) 

4(49.8%)-3(42.7%) 0(71.4%)-1(25.5%) 

3(73.3%)-4(20%) 0(100%) 

4(69.6%)-3(19.5%) 0{97. 
5(11.2%) 

3(60%)-2(32%) 0(80%)-1(20%) 

3(73.8%)-4(18.4%) 0(91.6%) 

3(56%)-2(44%) 1(83.7%) 



Total dry-matter yields sorted into 
the remaining tour clusters in 
declining order: 6 > 2 > 5 > 7, that 
is, 14.0, 12.7, 10.8 and 10.2 DM t/ha 
per year, respectively. These 
clusters contain the majority of 
accessions of B. decumbens, B. 
humidicola, and B. ruzlzlensis 
including the commerc1al cultivars of 
B. deeumbens and B. humld te ola • In 
addltion to lower DM yields, 
accessions of these tour clusters 
showed poor adaptive characteristics. 
Cluster 7 (the lowest yielding group) 
showed the highest incidence (94%) of 
spittlebug damage. Note, that only 
one accession of B. brizantha 18 
located in cluster 7. 

Dry-matter yields - wet season 

The bulk of the dry matter yield was 
produced during the wet season. 
Highest DM yields in two wet seasons 
were reeorded for clusters 2, 3 and 
1, which produced 21, 18, and 16 
t/ha, respective1y. Up to 95% of the 
accessions were B. brizantha in the 
three clusters "11th the highest DM 
yie1ds (TabIe 4). Furthermore, 87%, 
95% and 89% of the accessions in 
these three clustera were unaffected 
by spittlebug. 

Dry-matter yields - dry season 

Seventy-eight 
brlzantha or 

accesslons of 
61% of the 

B. 
127 

accessions of this species included 
in the experiment were sorted into 
clusters (3, 1, and 4) with DM yields 
of 5.3, 3.7, and 2.9 t/ha. Cluster 3 
with the hlghest (5.3 t/ha) yield 
contains 24 acceasions. Of these, 18 
or 75% are B. brizantha and the 
remainlng five- are the best-yielding 
access10ns of B. decumbens, lncluding 
CIAT 16488. 

In the cluster (6) "11th the lowest dry 
mat ter yieId, 50% of the accessions 
are B. humidicola and the rest of the 
accessions are B. ruziziensis and B. 
decumbens. These were hadly hit by 
spittlebug in the wet season and 
recovery was slow or ni1 during the 
dry season. The poor performance of 
B. humidlcola during the dry sea son 
has already been recorded at CPAC 
(Tables 5 and 6). 

Seed yield 

Days to seed maturity (counted from 
January 1) ranged from 75 to 185 days 
(Table 7) • Some of the la test 
flowering accessions faiIed to produce 

Table 4. Dry-matter yield of 244 accessions of Brachiaria spp. in the we t sea son 
(4 harvests). CPAC, Planaltina. 

Cluster No.of DM yie1d B. brizantha 
accessions t/ha No. and % 

(% of total) per cluster 

1 70(29.41%) 16.43 64 (91.4%) 
2 42 (17 65%) 21.24 29(69.0%) 
3 20( 8.40%) 18.11 19(95.0%) 
4 14( 5.88%) 11.80 7(50.0%) 
5 1S( 6.30%) 6.49 5(33.0%) 
6 63(26.47%) 13.25 2(3.17%) 
7 14( 5.88%) 9.22 1 (7.14%) 
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Table 5. Dry-matter yield of 244 accessions of Brachiaria spp. in the dry 
season. CPAC, Planaltina, Brasil. 

Cluster 

1 
2 
3 
4 
5 
6 
7 

No.of accessions 
(% of total) 

44 (18%) 
38 (16%) 
24 (10%) 
28 (11 %) 
34 (14%) 
56 (23%) 
20 ( 8%) 

DM yield 
(t/ha) 

3.69 
1.96 
5.34 
2.86 
2.74 
1.58 
2.26 

B. brizantha 
No. and % 

per cluster 

40 (90.9%) 
28 (73.7%) 
18 (75.0%) 
20 (71.4%) 
19 (55.9%) 

1 (1. 79%) 
O 

Table 6. A cluster of accessions of Brachiaria brizantha and B. decumbens with 
the highest DM yield in two dry seasons. CPAC, Planaltina, Brasil. 

Accesión CIAT No. 

B. brizantha 

16113 
16288 
16458 
16487 
16830 

B. deeumbens 

16488 
26181 

16119 
16307 
16467 
16459 
26110 

16498 
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16121 
16308 
16473 
16827 
ev. Marandú 

16499 

16168 
16457 
16483 
16829 

16500 



TabIe 7. Seed yieId (g/plant) of accessions from 11 species of Braehiaria. 
Cerrados Agricultural Research Center, Planaltina, D.F., Brazil. 

Speeies Seed yield 
Range or Mean 

g!plant 

Number of days to 
maturity 

Range or Mean 

B. brizantha 
B. decumbens 
B. humidicola 

(145)* 
( 40) 
( 34) 

0.45 - 55.87 
0.13 - 18.65 
0.39 - 26.00 

75 185 
77 - 127 
77 - 130 
87 - 133 
83 - 174 

B. ruziziensis 
B. jubata 
B. serrata 
B. bovonei 
R. dict~oneura 

B. subulifol1a 
B. 121atynota 
!l.. ni!Iro¡:edata 

( 15) 
( 27) 
( 1) 
( 3) 
( 1 ) 
( 2) 
( 1 ) 
( 1) 

11.30 - 36.19 
0.60 - 36.42 

38.80 
0.81 - 392 

2.43 
0.30 - l. 65 

1.00 
0.81 

139.7 
76 - 98.3 

89.5 
81 - 89 

123 
82 

Control B. brizantha 
ev. Marandu 

* Number of accessions per species. 

seed. Seed yields also showed a wide 
range of variability among accessions, 
and ranged from 4 to 155 kg/ha. 

Frequency of cutting trial 

In the follow-up small p10t 
experiment, 24 accessions of 
Brachiaria were compared using cv. 
Marandu as the controJ. Several 
accessions of Brachiaria brizantha and 
1 accession of B. decumbens (CIAT 
16488) produced high yieldR of dry 
matter when cut at 3, 6, 9 and 12 
weeks intervals and outyíelded ev. 
Marandu. The relative growth rate and 
recovery after defoliation of several 
vf these accessions were superior to 
that of Marandu. 

Preliminary agronomic evaluatíon of 
the Brachiaria spp. collection has 
now been completed and three 
access10ns of B. brizantha and one 
accesslon of B -: decumbens have been 
selected for Cat. III type of 
evaluat1on, that ls, under graz1ng 
and in association with legumes. 

25.3 121 

These selected accessions represent 
dist1nct growth forms with specif1c 
agronom1c characterlstics. For 
example, CIAT accesslons 26110 is a 
"Marandu-type" but i t has 
significantly better recovery during 
the dry season and a higher relatlve 
growth rateo It appears, that it 
requíres better 5011 fertility or 
higher rate of fertilizer 
applicatíon. CIAT 16315 a less 
productive type of !. brizantha wíth 
exeellent performance duríng the dry 
season. It 15 a short growth form, 
tolerant of drought and it ís a good 
seed producer. CIAT 16306 1s one of 
the tall, erect types, this accession 
a1so showed good recovery followíng 
defoliation duríng the dry season. 
The ability of these different growtb 
forms to ccmbine in assoclatlon wl th 
legumes e.g. S. capitata and f. 
brasl1ianum i8 of particular 
lnterest. Ihis aspeet ls being 
investígated in a smal1-scale grazing 
experiment on the Chapadao. 

Cluster analysis of numerical data of 
relatively few, well-chosen, agronomíc 



attributes sorted the Brachiaría 
collection into a similar agro­
morphological groups of accessions 
with well defined characteristics. 
The superior adaptive characteristics 
of sorne of the accessions of B. 
brizantha became quite obvious. 

Paspalum spp. 
Paspalum ls a predominantly American 
genus. It contains approximately 250 
species most of which are good grazing 
grasses and several of them are 
adapted to wet situations. It ls 
estimated that there are 30 million ha 
of hydromorphic soils in Brazil and 12 
million ha of these varzea lands are 
situated in the Cerrados. Most of the 
c. 160 species of this genus occurring 
in Brazil are well-accepted by 
cattle. Several species such as .!:. 
guenoarum and P. plicatulum possess 
antibiosis that effectively reduced 
survival and fecundity of adult 
spittlebugs and killed numphs of the 
insect feeding on these species. 

In a small plot, cutting experiment 
established in a lo", humid gley soH 
at CPAC, 8 accessions of Paspalum sp. 
aft . .!:. plicatulum were compared with 
seven other grasses. These 
accessions were selected from 43 
",et-land grass species collected by 
nr. J. F .M. Valls, curator of 
Gramineae, CENARGEN. 

Two agromorphological groups of this 
species form were distlnguished: late 
flowering, broad-Ieafed. genotypes 
with high yield capacity. IVDMD and 
nutrient values; early fIowering, 
narrow Jeafed types with low yield 
capacity and generally low nutritive 
values. 

The highest total annua1 and dry 
seaSon herbage yíelds ",ere produced 
by aff. P. plicatulum 
BRA 009661, 003913 and 
009610. These accessions produced 
dry matter yields ranging from 25.7 
to 28.6 t/ha (Table 8). The same 
accessíons ~ere most productive in 
the dry season (TabIe 9). 
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Sign iUcant intraspecies variability 
was recorded in IVDMD among 
accessions of .!:. sp. aft. plicatulum. 
In the wet season. IVDMD values for 
this species ranged from 33.4% to 
57.3%. BRA accessions 003913, 
009661, and 009610 selected on the 
basia of several desirable agronomic 
characteristics were in the top range 
of IVDMD values: 55.5%, 54.91%, and 
54.83%. In the dry seaaon, IVDMD 
vaIues were the highest, 51.9% and 
51.7%, for two of the selected ERA 
accessions. 009610 and 003913, 
respectively (Table 10). Crude 
protein contenta of the selections 
were aboye maintenance level in the 
wet season. while P content of the 
forage was marginal. Both valuas were 
below or a t maintenance level at the 
end of the dry season (Table 11). 

Mean yields of 
accessions of 
plicatulum ranged 
kg/ha. 

cleaned seed 
P. sp. aff. 

from 214 to 

for 
P. 

91S 

The species and ecotypes of Paspalum 
included in this experiment were free 
of foliar diseases and insect pests, 
including spittlebug. The long growth 
seasen, high DM yields, and nutríent 
contents of selected accessions of P. 
sp. aff. ~. plicatulum in a seasonally 
fleoded situation are of considerable 
econornic significance. These acces­
sions can provide an adequate diet for 
the rnaintenance of adult cattIe by 
fHling the "nutritional gap" regular-
11' occurring in the well-drained 
savannas during the dry season. 

Panicum maximum 
Dr. E.M. Hutton selected three lines 
from hybrid progenies of sexual P. 
maximum for evaluation. One of these 
accessions, a drought tolerant type oi 
intermediate growth habit, CPAC 3148 
i8 showing good promise in small plot 
experiments and in regional trials "B" 
established at Lucas de Río Verde, 
Canarana and Rondonopolis, MI in the 
1500 to 2000 mm rainfall region. 



Tab1e 8. Dry matter yields (t/ha/year) of 15 grass aecessions in a várzea at the 
Cerrados Agricultural Researeh Center, near Brasilia. 

Species 

Paspalum sp. aff. !. p11catulum 
f. sp. aff. plicatulum 
f. sp. aff. plieatulum 
P. sp. afL plicatulum 
P. sp. aff. plicatulum 
!. sp. aff. plicatulum 
Paspalum urvillel 
P. urvillei 
f. sp. aff. plicatulum 
!. sp. aff. pllcatulum 
Hemarthria altissima 
Paspalum oteroi 
!. pauciciliatum 
P. modestum 
Axonopus complanatus 

BRA No. + 

003913 
009661 
009610 
009628 
009431 
003638 
010685 
007323 
008486 
008486 

003905 
003891 
006203 

Dry matter 
yields t/ha/year 

28.6 a* 
25.9 ab 
25.7 ab 
24.2 abe 
19.8 bed 
19.2 bed 
18.4 cd 
18.3 cd 
17.7 ed 
16.9 d 
16.1 d 
6.9 e 
3.5 e 
2.0 e 
1.8 e 

* Mean values followed by a different letter are signifieantly (P<0.05) different 
(Duncan's multiple range test). 

+ Accession number of Centro Nacional de Recursos Genéticos, Brasilia. 

'rabie 9. Dry-matter yield produced by 15 wet-land grasses during the dry sea son 
(May-June), Várzea, CPAC, Planaltina. 

llRA s p e e i e s 

Paspalum sp. aff. P. plicatulum 
P. sp. aff. P. plicatulum 
P. sp. aff. P. plicatulum 
P. urville j 
P. urvíllei 
Paspalum sp. atf. P. pI icatulum 
!. sp. aff. !. plicatulum 
f. sp. afL P. plícatulum 
P. modestum 

DM yield 
kg/ha 

2301.1 a* 
2259.0 a* 
2034.7 a 
1950.4 a 
1388.6 b 
1220.2 
1024.2 

be 
be 

bcd 
bcd 

009661 
003913 
009610 
010685 
007323 
009407 
003638 
008486 
006203 
009431 

009628 
003905 
003891 

Paspalum sp. aff. f. plicatuJum 
Hemarthria altissima 
Paspalum SP9 aft:. P. Í-catu]um 

963.2 
959.3 
889.2 
786.0 
762.4 
755.6 
507.8 
381.9 

cd 
cde 
ede 

P. oteroi 
P. pauciciliatum 
Axonopus complanatus 

* Means followed by a different letter are significantly different (P<0.05) 
according to Duncan' s Multiple Range Test. 
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Table 10. Seasonal changes in rVD~ID values of 15 wet-land grasses. Várzea, CPAC, 
Planaltina. 

Species and BRA 
accessions No. 

P. sr. aff. 
P. pHcatulum 

008486 
003913 
009661 
009610 
009431 
003638 
009407 
009628 

P. urvillei 
007323 
010685 

Hemarthria altissima 
P. modestum 

006203 

P. otero1 
003905 

Axonopus complanatus 
f. pauciHatum 

Wet 

57.25 
55.56 
54.91 
54.83 
54.41 
52.51 
46.27 
33.43 

48.26 
42.79 

47.42 

48.87 

47.29 

35.51 
42.83 

a* 
ab 
ab 
ab 
ab 
abe 

cd 
e 

bcd 
d 

cd 

bed 

cd 

e 
d 

S e a s o n s 
End of Wet End of dry 
(IVDMD ro) 

49.11 abcde 43.85 bcd 
59.98 a SI. 69 a 
55.87 ab 44.43 abcd 
51. 77 abe 51.88 a 
50.51 abcd 46.61 abe 
45.16 def 46.66 abe 
41.10 ab 36.80 de 
40.12 32.23 e 

46.72 cde 49.02 abe 
50.61 abcd 45.73 abe 

53.10 ab 51.49 ab 

48.89 bede 41.86 cd 

44.14 ef 43.45 cd 

44.33 ef 42.16 cd 
44.65 ef 42.10 cd 

" Mean values follo",ed by " differ<,ot letter are si.gnificantly (P<0.05) accordin¡: 
to Duncan's Multiple Range Test. 

Table 11. Chemical compositJon of s~lected accesslons of P. sp .aff. P. plicatu1um 
V"rzea. CPAC. 

P. sp. aff. 
pJic:atulum PC P K Ca Hg 
(SRA !in.) 
t-,Tet seilsor: 
009610 7.5 C.15 1. 51 0.63 0.55 
009661 7.4 0.13 0.85 0.58 0.66 
003913 7.5 0.14 1.03 0.63 0.65 

Final uf the v,"'et season 
009610 6.5 0.19 1. 21 1. 14 1.04 
009661 8.6 0.17 0.93 1.16 0.98 
003913 7.4 0.16 0.90 1.01 1.06 

Fin~l of the dry season 
009610 6-:1 0.12 0.87 1.23 0.55 
009661 5.2 0.11 1.00 1.10 0.44 
003913 5. 1 0.09 0.54 1.09 0.62 
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Prelirninary evaluation of legumes 

CPAC has assembled and studied a wide 
range of accessions of Stylosanthes 
species with emphasis on ~. guianensis 
varo pauciflora, ~. capitata, S. 
guianensis var. vulgaris and S. 
macrocephala. 

One-humdred and seventy-three acces­
sions of Stylosanthes have been 
evaluated during the period 1985-88. 
Anthracnose continued to be a problem 
in Stylosanthes accessions. Infesta­
tion was relatively low in the year of 
establishment. Twenty-seven percent 
of the accessions under observations 
were free of the disease, less than 
one percent of the accessions were 
killed and the rest was slightly or 
moderately affected. 

Anthracnose damage was severe in the 
1987/88 season, the pathogen 
destroyed a stand of 1.2 ha of S. 
capitata CIAT 1097. This accession 
showed field resistance to 
anthracnose in the grazing trial 
established in 1983. 

~. guianensis varo pauciflora 
One-hundred and twenty-seven acces­
sions of the "tardio" group ha ve been 
evaluated prior to 1985 and an 
additional 64 accessions were tested 
since, totalling 191 accessions of 
this species formo Selection of 
accessions with an early flowering 
habit and improved seed production 
continued. 

Main attributes of the "tardio" group 
Most accessions are very well 
adapted to the soils and climate 
of the regian; 
excellent tolerance to drought 
and are not defoliated in the 
dry season; 
high degree of resistance to 
anthracnose. 

Deficiencies 
Low inherent capacity to produce 
seed; 
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lack of persistence in grass­
legume associations; 
poor regeneration from self­
sown seed; 
unstable resistance to 
anthracnose and stemborer in the 
northern Cerrados. 

Past experience with CIAT 2243 (cv. 
Bandeirante) indicated that the low 
inherent capacity of this species 
form to produce commercially 
acceptable seed yields cannot be 
improved upon by agronomic 
manipulation, including irrigation 
and high rate of fertilizer 
application. Seed yield of this 
accession with irrigation until peak 
flowering produced 34 kg of pure seed 
per ha as against 24 kg/ha without 
irrigatían. 

Although seed production of six acce­
sions of "tardíos" varied considerably 
in 1988, only one accession (CIAT 
2542) produced good seed yields. 
These accessions were hand harvested 
during the second week of September 
and fallen seed was collected on a 
plastic sheet placed under the plants. 
Pure seed yields were as follows: 

CIAT Pure seed yield 
acces- kg/ha 
sion from fallen total 

plant seed 
2542 127 .0 48.8 ---u5:"8 

10417 68.3 10.4 78.7 
10484 68.1 9.9 78.0 

2017 33.8 9.9 43.7 
2974 23.2 13 .2 36.4 
2983 5.6 8.6 14.2 

The aim of a recently developed 
project is to select superior 
genotypes from hybrid derivatives of a 
series of crosses of ~. guianensis 
varo pauciflora x ~. guianensis varo 
vulgaris and vulgaris x vulgaris. 
Fifty hybrid lines, products of the 
breeding program conducted by Dr. J.W. 
Miles in Colombia, were established 
for evaluation in a space-planted 



nursery in four randomized blocks in 
1986/87. The hybrids were classified 
on the basis of flowering date, vigor, 
anthracnose reslstance and seed yield. 
Early- and mtd- season lines were 
considered those which were in the 
"full seedhead stage" or at least 
began flowering at the end of March. 
Seeds of these lines reached maturity 
in June/July (TabIe 12). 

There i5 an inverse relationship 
between early maturation of seeds and 
retention of leaves during the dry 
season. Several of the mld-season and 
late flowering (April-May) hybrids 
possess the desirable characteristic 
of retaining green leaves throughout 
the dry season. The agronomic value 
of these genotypes largely depends on 
their capacity to produce seed yields 
better than those of cv. Bandeirante, 
at the same time, they must have a 
high degree of resistance to 
anthracnose. Apparently, there ls a 
certain 108S of disease resistance in 
the hybrids. The following lines 
combined these desirab le character­
istics: 

16 - 8 (CIAr 15 z 1539) 
24 - 23 (CIAT 1639 x 1633) 
24 - 22 (CIAT 1122 x 1539) 

A late flowering F hybrid, 16-l 
(CIAr 1808 x 1062)5 has excellent 
forage characteristics and it lE 
somewhat earlier flowering than cv. 
Bandeirante (Table 13). 

Anthracnose caused only minor damage 
in these selected materials while one 
of the control s S. guianensis CIAT 
136 was moderately affected by 
anthracnose. 

Styolosanthes capitata 
Unquestionably, this species has the 
best adaptatíon to the poor fertility 
acid-soil Cerrados. 

Two-hundred ninety-six have been 
evaluated at CPAC, and all showed good 
adaptation to climate and soH. In 
the preliminary evaluation trials 
Brazilian accessions CIAT 1019 and 
CIAT 1097 were selected on overall 
performance for advanced testing. 
Initial1.y, these accessions have shown 
resistance to anthracnose and were 
included in the first grazing 
productivity (Category 4) experiment 
conducted from Hay, 1983 to 1987. A 
relatively high population of these 
two S. capitata accessions was 
maintaIned in association with A. 
gavanus for the duration of the 
experiment. A slight advantage in 

Table 12. Early and mid-season floweríng S. guianensis hybríds selected from the 
F4 generatíoÍl. 

Parental Unes Breeder I s Type of cross Origin 
(CIAT No.) No .. 

15 x 1539 6-2 vulgaris x vulgaris Bolivia, Venezuela 
15 x 1539 6-4 vulgaris x vulgaris Bolivia, Venezuela 
15 x 1539 6-6 vulgaris x vulgaris Bolivia, Venezuela 
15 x 1539 7-2 vulgaris x vulgarls Bolivia, Venezuela 
15 x 1539 7-7 vulgaris x vulgaris Bolivia, Venezuela 
15 x 1539 16-8 vulgaris x vulgaris Bolivia, Venezuela 
15 x 1539 28-23 vulgaris x vulgaris Bolivia, Venezuela 

1122 x 1539 24-22 vulgaris x vulgaris Colombia, Venezuela 
1639 x 1633 24-23 vulgaris x pauciflora Brazil 
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Table 13. F3' F and F5 progenies of ~. guianensis hybrids selected for 
drougrtt tolerance and retention of leaves in the dry season. 

Breeder' s 
No. 

Parental accessions 
(CIAT No.) 

Type of cross 

45- 4 F3 
44- 3 F3 

1- 8 F3 
5- 7 F3 

16- 4 F5 
47- 3 F3 
2- 4 F3 

46- 2 F3 
17-10 F4 

1808 x 10136 
unknown 

10136 x 2031 
10136 x 2031 

1808 x 1062 
10136 x 1062 

unkhown 
unknown 

15 x 1539 

terms of animal liveweight gain was 
recorded for CIAT accession 1097. 

A major limitation to ~. capitata is 
anthracnose. However, substantial 
intraspecific variatían and resistance 
occurs in this character. 

CIAT 1097 (BRA 005886) included in 
advanced testing was severely infected 
by anthracnose in a 1.2 hectare seed 
multiplication plot in 1987/88. 
Because of the cyclic incidence of 
severe attacks of anthracnose it is 
imperative to carry out anthracnose 
screening Qver several seasons and 
inoculation with a broad spectrum of 
races of the pathogen. A collabor­
ative project with Plant Pathology, 
CPAC was initiated in the second 
semester in 1988. 

In a glass-house experiment 27 acces­
sions, including susceptible controls 
are being tested using artificial 
inoculation. Resistant material will 
be further tested in the field (Table 
14) • 

In addition to ~. capitata CIAT 1097 
which i5 an early flowering accession 
hybrid lines were selected from the 
plant breeding project of Dr. E.M. 
Hutton for evaluation. The hybrids, 
Nos. 56 and 111, are early and late 
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pauciflora x pauciflora 

pauciflora x pauciflora 
pauciflora x pauciflora 
pauciflora x pauciflora 
pauciflora x pauciflora 

vulgaris x vulgaris 

flowering types, respectively, the 
difference in seed maturation is up 
to 8 weeks. They were found to be 
superior types with respect to vigor 
and anthracnose resistance. Both 
hybrids are currently under seed 
multiplication. Most early flowering 
accessions of S. capitata are 
defoliated when their seeds mature. 
Consequently, late flowering habit 
with retention of leaves long into 
the dry season is an important 
criterion in the selection of 
suitable ecotypes of this species. 
The following accessions were 
selected for late flowering and 
retention of leaves: CIAT 2320, CIAT 
2353, and CIAT 2546. 

~. guianensis varo vulgaris CIAT 2950 

Attributes of Stylosanthes guianensis 
varo vulgaris - "Mineirao", CIAT 2950: 

Well adapted to soils and climate 
of the cerrados; 
resistant to anthracnose in the 
Central Plateau region and in 
Mato Grosso. However, it is 
susceptible to anthracnose in the 
northern Cerrados, in the Boa 
Vista, Macapa and Amapa savannas; 
excellent establishment vigor; 
compatible with Andropogon 
gayanus and Panicum maximum 
(hybrid No. CPAC 2148); 



Table 14. Accessions of Stylosanthes capitata resistant to anthracnose. 
Selected at CPAC 1978-88. 

No. CPAC BRA CIAT 
----------------------- Accession Nos. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

* 

706 
704 

2826 
2829 
2700 
2831 
2836 
2821 
2837 
2841 
2839 
2683 
2699 
1925 

1594 
1608 
1597 
2825 
2844 
2823 

650 
662 

Lago Norte 
Barra do Ga rca -MT 

Control. 

superior drought tolerance; 
first to recover after the 
opening rains; 
a maj or de ficiency of this 
ecotype is poor seed production. 

This accession has been included in 
two small-scale grazing trials. In 
one experiment, it is being eva1uated 
in association with five Brachiaria 
spp. representing distinct growth 
forms. Mineirao significant1y (P < 
0.01) outyielded ~. capitata No.56, ~. 
brasi1ianum CIAT 5234 and S. 
guianensis hybrids during the dry 

005886 
007251 
014401 
014532 
035220 
014281 
015113 
035173 
014362 
014397 
014443 
029050 
035211 

013935 

014117 
035548 
031160 
001881 

1097* 
1019* 
2546 
2553 

16 
2536 
2320 
2353 
2543 
2545 
2548 

10398 
12 

Hybrid 56 
Hybrid 111 L 
Hybrid 111 G 

9 G 
2502 
2829 
2521 

15 
1682 
1328 

1405* 
136* 

season following heavy grazing. 
"Mineirao" a180 performed well in 
association with Andropogon gayanus 
and Panicum maximum. It has 
persisted we11 in a protein bank and 
there was no 10s8 of stand under this 
type of intermittent grazing. 

Sty10santhes macrocepha1a 

Promising accessions in the CIAT 
germplasm collection show resistance 
to anthracnose and stemborer at least 
in the Central P1ateau region and in 
Mato Grosso. In the northern 
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Cerrados, stand losses-up to 75% 
occurred due to these problems. One­
hundred and fifty accessions have been 
evaluated at CPAC; the promising 
accessions selected 'earl1er are CIAT 
2133 (BRA 008419), CIAT 10007 (BRA 
0022781) and CIAT 10009 (BRA 
0022837) . These have be en inc1uded 
in regional trials conducted in Mato 
Crosso and, CIAT 10007 has shown the 
best vigor also a tendency to make 
new growth after seed maturation. 

There are distinct growth forms among 
the thirty-three new accessions of S. 
macrocephala introduced in 1985/86. 
For example, accession CrAT 10010 (BRA 
022965) 18 a very prostrate type. 
All accessions are prolific seed 
producers and the major1ty of 
accessions flower in February or 
early March and these are completely 
defol1ated by the on-set of the dry 
season. This ls a majar disadvantage 
of the species and in this respect 
there 18 no eeotypical var1ab1lity 
among the accessions evaluated. CIAT 
1430 (BRA 0028967) has shown better 
vigor than the control cv. Pioneiro 
CIAT 1281 (BRA 003697). 

Centrosema app. 

C. brasilianum 
At present, this 15 the most 
promising species for Cerrados condi­
tlons. CIAT 5234 (BRA 012297) 
persisted in association with 
Andropogon gayanus for three years 
under a heavy lntermittent system of 
grazing. lt was somewhat less 
suceessful in assoeiation with B. 
brizantha cv. Marandu. It has 
excellent drought tolerance and lt 18 
a prolific seed producer. Hand 
harvested small plots yielded the 
equivalent of 850 kg/ha cleaned seed. 

A major eonstralnt for the species On 
the dark-red latosol site is little 
leaf myeoplasma (LLM). Practically 
all acce8sions of C. brasilianum were 
affected to sorne exte-ñi by LLM. The 
disease has severely redueed dry 
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matter production and in most cases 
prevents seecl setting. This problem 
ls affecting only a small number of 
plants in the new experiments 
established on the Chapadao. 
Rhizoctonla attacks the plant during 
the wet season but it ls not a 
serious problem under regular 
grazing. 

Q. macrocarpum 
In addit10n to the 58 accessions 
tested earlier 130 aceessions were 
included in the recent testing 
programo C. macroearpum aceessions 
were noted- for good resistance to 
foliar d1seases. All shawed exeel­
lent adaptation ta climate and soí1 
conditions. Vegetative v1gor and 
tolerance to drought were also good. 
A major problem with this legume ls 
lack of flowering and seed set at 
CPAC snd this applies to al1 188 
accessions evalusted. The presence 
of Cercospora, anthraenose, 
Rhizoctonia and the Phoma/Phomopsis 
complex were recorded, but the 
incidence of diseases was low. A 
virus condUion also affects moat 
accessions* 

Selections from a breeding program 
initiated by Dr. E.M. Hutton produced 
hybrids of f. pubescens X C. 
macrocarpum which show better 
resistance to Phoma/Phomopsis and 
produce high seed yields as well. 
Four F8 lines have been included in 
a Category III type grazing evaluation 
trial, eacn nybrid was estab11shed in 
associatlon with A. gayanus and 
Panicum maxlmum. 

Evaluation of 188 aecessions of C. 
macrocarpum has now been concluded. 
The findings indicate that, in the 
collect10n evaluated to date, no 
suitable ecotype exists for the 
Planalto region of Central Brazil. 

C. acutifo1ium 
Fifty-one accessions of this species, 
lntroduced from Colombia, Venezuela 
and Central Brazil have been 



evaluated. In general, the species is 
well adapted to soi1 and environmental 
condi tions. Exce1lent disease 
resistance but late flowering and poor 
seed production was recorded in 
accessions such as CIAT 5277, 
introduced from the Colombian Llanos. 
Several accessions of this species are 
highly susceptible to Phoma/Phomopsis. 

One accession of C. acutifolium, 
originally selected at CNPGC, Campo 
Grande, showed good performance, that 
is, resistance to foliar disease and 
remained green throughout the dry 
season. 

Flowering of this accession (CIAT 
15531) and seed production occurred 
late in the season and it was 
moderate. 

~. tetragonolobum and C. brasilianum 
hybrids 
In view of the good forage potential 
of C. brasilianum and the related C. 
tetragonolobum, 88 and 11 new acces­
sions have been evaluated, 
respectively in 1987/88. 

Establishment yield and early vigor 
of 6 accesslons of ~. tetragonolobum, 
were particularly good. DM yield for 
these accessions ranged from 2381 to 
2437 kg/ha slx months after 
establishment. All accessions of C. 
tetragonolobum exhibited resistance 
to pests and diseases. Only one 
accession (CIAT 15838) of this 
promising species 1s carIy flowering 
st CPAC. However, few of the flowers 
produced pods and mast of them were 
distorted snd empty. 

A bulked-up populatíon of the hybrid 
C. brasilianum (5234 x 5224, BRA 
(12297) and selectiona from the FZ 
population were planted on the 
Chapadao in December 1987. Selection 
108 ou tyielded all o ther accesslons 
including the control CIAT 5234, the 
bulk population of the hybrid, ~. 
acutifolium CIAT 15531 and C. 
b;achypodum CIAT 5850 (Table 15). 
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Desmodium ovalifolium 

This vigarous, stoloniferous peren­
níal is best adapted to regions with 
2000 mm or more rainfall and with a 
shart dry seaeon. It lacks vigor in 
dry land areas of the Brazilian 
Cerrados where the length of dry 
season i8 more than two months. 
Hawever, the species 1s promising in 
the Cerrados in low-lying areas 
subject to pedoda of flooding. At 
CPAC it waa found to be susceptible 
to root-knot nematodes. Consider­
able variatian was observed among 
accessions in this respect. The 
number of root-knot nematodes 
(Meloidogyne) ranged froID nil to 
13,725 par 5 g of roots. On the basis 
of tolerance to root-knot nematodes 
and vegetative vigor 9 accessions were 
selected for seed multiplication and 
continuing evaluation (Table 16). 
Four accessions are under grazing in 
the Category 111 experiment in the 
varzea at CPAC. 

Significant ecotypical variability was 
observed in seed production among 
accessions tested in the varzea. The 
range was from 0,6 to 440 kg/ha. 
Higher seed ylelds were obtained from 
access10ns in which peak flowering 
occurred before June (Table 17). 

Currently, selected accessions are 
evaluated under grazing in association 
with B. dictyoneura and two accessions 
af Paspalum sp. afio P. plicatulum. 

Pueraria spp. 

Sorne 47 accessions from 3 species have 
be en evaluated under varzea conditions 
at PCAC. Four accessions have been 
selected and included in a grazing 
evaluation trial in the varzea. These 
selections have grown vigorously 
during the six montha of wet season 
but appear to be intolerant of low 
temperatures « 15°C) and made no 
regrowth during the cool-dry sea son 
eventhough maisture in the varzea WaS 
non-limiting. Apparently, the species 



Table 15. Dry matter yields (kg!ha) of 18 accessions of Centrosema spp. produced 
during the wet season. Chapadao, CPAC, Plana1tina, 

Brasil. 

No. 

108 

5234 

2013 

206 

203 

106 

309 

104 

1015 

15531 

15899 

15398 

15533 

5850 

15387 

15530 

15525 

* 

Accession 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum F} (5234 x 5224) 

c. brasilianum F3 (5234 x 5224) 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum F3 (5234 x 5224) 

C. brasilianum F3 (5234 x 5224) 

C. acutifolium 

C. acutifolium 

C. brasilianum 

C. acutifolium 

C. braehZEodum 

C. brasilianum 

C. acutifolium 

C. brasilianum 

se1ection 

bulk 

se1ection 

selectlon 

seleetion 

seleetion 

selection 

selectlon 

selection 

Yield* 
(kg!ha) 

5225.1 a 

3758.4 b 

3594.7 b 

3183.1 be 

3142.8 bcd 

2870.8 bcde 

2847.5 bede 

2505.5 bedef 

2222.4 bcdefg 

2157.1 cdefg 

1843.5 defgh 

1695.5 efgh 

1657.1 efgh 

1489.7 fgh 

1401. 2 fgh 

1089.8 gh 

1045.1 gh 

653.8 h 

Mean values followec by a dífferent letter are significantly (P < 0.05) 
different (Duncan's multiple range test). 
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Cuadro 16. Número de nematodos en las raíces de accesiones de Desmodium 
ovallfollum, área de varzeas, CPAC, Brasil. 

Desmodium ovalifolium Nematodes 
Me lo ido!!¡rne Prat;¡:lenchus 

No. per 5 !! of roota 

3652 O 57 

3663* 7 223 

3666* 3 319 

3673 O 200 

3776 O 243 

13081* 10 1053 

13987* 128 103 

13089* 25 192 

13103* 3 120 

13104* 7 846 

13114 25 638 

13117 O 228 

13120 O 125 

13125 O 404 

13129 O 419 

13131 O 374 

13132* 6 256 

13136 O 57 

* Accessions selected for general vigor. 
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TabIe 17. Seed yieId of Desmod1um ovalifo11um accessions Várzea. CPAC. Brasil. 

CIA! 
Accession 

13130 

13129 

13081 

13082 

13131 

13103 

13137 

13098 

13083 

13099 

13124 

13088 

13117 

13120 

13132 

13122 

3781 

13139 

13110 

3666 

13087 

13111 

13128 

13104 

13126 

13166 

3673 

13086 

Cleaned seed yield 
(kg/ha) 

440.00 

252.14 

198.14 

144.76 

129.71 

119.43 

115.81 

109.57 

108.14 

98.57 

82.86 

69.71 

66.67 

64.38 

63.00 

61.14 

55.62 

55.43 

53.43 

49.91 

40.57 

37.52 

35.00 

33.71 

31.05 

29.05 

28.19 

25.71 
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CIAT 
accession 

13101 

13097 

13085 

13092 

3788 

13302 

3780 

3784 

13114 

13105 

13089 

13113 

13115 

3668 

13133 

3776 

13289 

13136 

13091 

13125 

13119 

13095 

13109 

3663 

13135 

3674 

3778 

Cleaned seed yield 
(kg/ha) 

24.57 

24.14 

21.14 

20.38 

20.24 

17.33 

16.76 

16.19 

15.86 

15.57 

10.29 

10.29 

10.29 

9.91 

9.29 

7.05 

6.86 

3.81 

3.43 

3.43 

3.14 

2.48 

2.29 

0.76 

0.57 

0.19 

0.19 



i5 out of its normal tropical environ­
ment on the Planalto. 

The accesslons currently under seed 
multiplicatíon are: CIAT 17283, 17300, 
7182 and 17320. These are early 
flowering, heavy aeedera. 

Arachis pinto! 

Forage species evaluatían actívlties 
were expanded in the varzea in 1987. 
Accessions of ~. pintoi ahowed good 
adaptatíon to seasonally water-logged 
situations. Initially. 9 accessions 
and the control (CIAT 17434) had been 
evaluated. Four accessions, 
representing local selections and the 
control were established in 
association with !. dictyoneura and 
Paspalum sp. aff. f. plicatulum under 
two stocking rate treatment. Two 
accessions of this legume CIAT 18748 
and CIAT 18750, showed superior 
establishment vigor and nodulation in 
the year of establishment. An 
important fsature of this legume 18 
high aeed production. Seed yields in 
excess of 1 t/ha have been obtained in 
two consecutive seasons from these 
accesslons under supplementary 
irrigation. 

Evaluation of grass-legume as socia­
tions under grazing Varzea 

A small-scale grazing experiment was 
established in the varzea in May, 
1987. This trial comprises four 
selected accessions of each of the 
following legumes A. pinto (CIAT 
18748, 18749, 18750,- and 17434), D. 
ovalifolium (CIA! 13085, 13110, 13137 
and 13289), and Pueraria phaseoloides 
(CIA! 7182, 8042, 17300, and 17320). 
These legumes were planted in 
association with the following 
grasses: !. pintoi - !. dictyoneura 
CIAT 6133, !. pintoi, Paspalum sp. 
aff. ~. picatulum BRA 008486; Q. 
ovalifolium P. sp. aff. P. 
plicatulum liRA 008486, D. 
ovalifolium B. dictynoeura CIAT 
6133, P. phaeolofdes - Paspalum 

conspersum (syn. P. regnellii) BRA 
000159, K. phaseoloides - P. sp. aff. 
P. plicatulum BRA 001449. 

In this situation, accessions of A. 
pinto! and D. oval!folium performed 
best. These legumes fo~ed 
productive associations with B. 
dictyoneura and P. sp. aft. !:. 
plicatulum. Dry matter yield 
accumulated at the end of the wet 
season was significantly (P < 0.05) 
higher for ~. sp. aff. ~. plicatulum 
than that of !. dictyoneura. Yield 
difference between P. sp. aff. P. 
plicatulum and P. conspersum at the 
end of wet season was not significant 
but regrowth produced by ~. conspersum 
during the rainless period off 
July-August was higher. Apparently, 
this grass has better tolerance to low 
night temperature (l0-5S·e) than the 
other grasses in the experimento 

Accumulated DM yield and regrowth 
during the rainless periad was 
significantly higher (P < 0.01) for 
~. pinto! CIAT 18750 than for three 
other accessions of this species in 
the experimento !. pintoi proved to 
be the most palatable snd D. 
ovalifolium the least palatable 
species. Two accessions of A. 
pintoi, CIA! 18750 and 18748 which 
originated from the Central Plateau, 
were found to be more resistant to 
fungal diseases (Cercospora, 
Colletotrichum and Synchytrium) and 
spider mite, also they nodulated 
better than the control accession 
(CIAT 17434) introduced from the 
Brazillan Atlantic coast. 
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Legume compatibility with 
Brachiaria spp. 

This small-scale grazing trial was 
established on red-yellow latosol snd 
consista of 5 Brachiaria spp. acces­
sions of distinct growth habito 
ranging from a prostrate, decumbent 
type to erect snd semierect growth 
forma, with cV. Marandu as control. 
A stocking rate of 1.7 an/ha was 



superimposed on these pastures. 
Grazing starter at the end of the wet 
season and grazing intervals of síx 
weeks to be employed during the 
coming wet season. Presentatíon dry­
mattar yields were slgnificantly (P < 
0.01) higher for ~. guianensls 
''Mineirao'' than those of ~. capitata, 
f. brasilianum and S. guianensis 
hybrids. On the basis of total 
(grass + legume) dry-matter yleld, 
associations contalning "Mineirao" 
and S. capitata were better than 
those of C. brasilianum and S. 
guianensis hybrlds. As regard to 
compatibilíty of pasture components 
it ls too early to draw concluslons. 

Centrosema!Stylosanthes with A. 
gayanus and P. maklmum 

Four Centrosema hybrids and S. 
gulanensis ''Mlnelrao'' were combined 
in association with Andropogon 
gayanus or Panicum maximum (CPAC 
3148). These plots are grazed at 
6-weeks lntervals and high and low 
stocking rates are superimposed on 
these associations. Grazing of the 
experiment started in 1987/88 and 
legume populatíon ls satisfactory in 
a11 treatments. 

Regional Trials 

Seven regional trials type B have 
been established in the Cerrados 
during the 1987/88 geason. These 
regional trials include a new set of 
selected species such as S. capitata 
hybrid, C. brasi1ianum CIAT 5234, 
accessions of C. acutifolium, Panicum 
maximum hybrids, Paspalum conspersum, 
and E. sp. aff. E. plicatulum. Qne 
regional trial was established on 
varzea land in Mato Crosso. Ihe two 
species of Paspalum, Desmodlum 
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heterocarpon are the out standing 
species for this situation. !hree 
hybrid lines of ~. guianensis were 
lncluded at one site in Mato Grosso. 
C. brasl1lanum ls one of the most 
promlslng species for the we1l­
dralned Cerrados. Another promlsing 
accession 18 C. acutifolium CIAI 
15331. 

!he "Southern Cone" - Paraguay 

The summer growing legumes such as 
Leucaena, C. acutifolium, C. 
pubescens k f. acutifolium hybrids 
are promising for the better soils. 
The Centrosema accessions were 
practlcally free of foliar diseases 
in this situation. C. macrocarpum, ~. 

ovalifolium, and S. ca~itata were 
killed by frost- (-3 C). Ihis 
ecosystem is not well catered for by 
our ekisting germplasm collectlon and 
new introductions of subtropical 
species are needed for evaluation. 
!he winter growing species Lotononis 
and Lespedeza are promising. 

Bolivia 

!he CIAT germplasm ls more applicable 
to the Santa Cruz area and a regional 
trial B was established at the 
Saavedra Experimental Station. 
Another collaborating institutlon in 
Bolivia, the Universidad Técnica de 
Beni was supp1ied with planting 
material from CPAC stock. Specles 
adapted to IVater-logged situations 
such as Desmodium heterophyllum, ~. 

ovalifolium, and Paspalum spp. wil1 
be tested at UTB. Fifteen hybrid 
lines of S. guianensis and selected 
accessions of Brachiaria spp. were 
also added to the list of neIV 
accessions. 



8. Agronomy Humid Tropic 

l'he Agronomy section the INIlA-IVIl'A­
CIAl' collaborative project continued 
during 1988 with its principal 
objective of seleeting legume and 
grass germplasm adaptad to the 
conditions of the humid tropícs, to 
obtain highly productive and stable 
pastures. The studies are being 
carried out ar IVITA's Experiment 
Station in Pucallpa, Peru, whích 
corresponds to a tropical semí­
evergreen seasonal forest ecosystem; 
its edaphic and climatic eharacter­
istics were reportad in the 1987 
Annua! Rapot. The ma terials 
identifíed as promising are reported 
to other natíonal researeh instItu­
tions, within the Internatíonal 
Tropícal Pastures Evaluatían Xetwork 
(RIEPl') for theír fínal seJection 
under dlfferent envíronmental ccndi­
ticns wíthín the humid tropícal 
ecosystem. 

Evaluatlons thís year íncluded 432 
legume accessions of the followl.ng 
species: Arachis pintoi) Centrose~a 

~cutifolium, ~. brasilianuffi, Q. 
ma¡:rocarpum, Desmodium heterophyllum, 
D/ ovalifoliurn, Pueraria 
phaseoloides, an"dZornia s¡>p ~""" Among 
the grasses~ 245 accessions of 
!?rachiaria spp. and Panicum maximum 
were studied. Germp1asm evaluations 
are carried out mainly in si tes of 
degraded pastures havíng Beid and 
poor Ultí~ols, and on one occasion in 
an African palm tree plantation to 
select materials adaptad to shadow 
conditions. 

Agronomic evaluatíon oi legume and 
grass germplasm (Category 11) 
Durlng this phase of evaluation, 
experiments were carried out in small 
plots to select legumes and grasses 
for their adaptatíon to prevalent 
environmental conditions (climate, 
soil, bíotic factors). Studies 
included plant vigor 
establishment, reslstance to 
diseases, dry matter yield, 
period, and seed production. 

Centrosema macrocarpum 

during 
pests and 
flowering 

Duríng the third ye1lr of evaluatíon, 
most of the 132 accessions al thís 
specles continued showing excellent 
adaptation to the climatic and edaphic 
factors in this regíon. Dry matter 
yields over 4 harvests showed 
important variation among accessions, 
but were good for mast of the 
materials, as shown in rabIe l. In 
gli'neral, damage caused by leaf cutters 
was sllght to moderate in sorne 
accessíons, especially during the 
perlad af lower precipitatlon; to a 
lesFPr degree, symptoms of Jenf 
dise8se~ caused by Rhizoctonia or 
Cercospora were observed. 

Rooting in nodes Di trailing steres 
showed large variation among 
accessions* Large differences were 
also observed in seed production among 
accessions, recording yields that 
ranged fram O to 670.2 g/pIat of 100 
plants, harvested during b months 
(l'abIe 2). Ten accessions díd not 
produce seed and 58 accessíons had 



Table l. Characterlzation of a Centrosema macrocarpum coIlection (128 accessions) 
based on dry matter yield. at Pueallpa, Peru. 

Group No. of DM 2 
(¡¡/m ) * 

accessions Media Range 

1** 10 230 (220 - 249) 
2 51 197 (184 - 216) 
3 41 166 (151 - 182) 
4 16 138 (124 - 149) 
5 6 108 ( 90 - 121) 
6 2 45 ( 28 - 61) 
7 2 10 ( 4 - 17) 

* Average of 4 harvests, ",ith 3 months of regrowth eaeh. 
** CIAT No. 15098, 5952, 5635, 5460, 5901, 5739, 15057, 5955, 5959, 5940. 

relatively 10'" yields. Among the 
most productive accessions, CIAT 
15014 ",as the mast outstanding. The 
accessions 15047-15115-5452-5447-5432 
showed the most rapid establishment 
(rooting nades) as ",ell as good seed 
production and seasonal dry matter 
yleld. 

Centrosema acutlfolium 
A collection of 19 accessions was 
evaluated; their performance ls 
shown in Table 3. Overall dry matter 
yields were good, ",ith slight 
variation among aceessions. However, 
CIAT 52178 yielded more than the 
control, CIAT 5277, which was 
affected by a moderate attack of 
Rhizoetonia during the period Di 
maximum precipitation. Most 
accessions did not vary 
signiiicatively in terms of rooting 
of stoloniferous nades. Al1 
aceessions f10wered and produced 
seeds; the latter characteristie 
varied considerably among aceassions. 
The highest seed produetion level was 
obtained by the control, followed by 
accessions CIAT 5564, 15084, and 
5112. Performance of aceessions CIAT 
15532 and 15248 was slightly inferior 
due to a high ineidenee of 
Rhizoctonia foliar blight. Slight 
symptoms of bacteriosis as well as 
attack of leaf cutten; ",ere detected 
affecting most of the eol1ection. 
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Table 2. Characterization of a C. 
macrocarpum collection-(132 
accessions) basad on seed 
production, at Pucallpa, 
Perú. 

Group 

1** 
2*** 
3**** 
4***** 
5 
6 
7 
8 

* 
** 
*lO* 
**** 

***** 

No. oi 
accessions 

1 
3 
7 

12 
11 
30 
58 
10 

Seed production 
(Range) 

(g/plotlO) 
670.2 

381. 2 - 515.3 
229.0 - 282.9 
103.6 - 184.4 
63.3 - 93.8 
31.9 - 62.6 
0.9 - 30.9 

O 

10-plant plot, harvest during 
4 months. 
CIAT 15014. 
CIAT 5274, 5943, 5887. 
CIAT 15102, 5948, 15074, 
15097, 5959, 15073, 15094. 
Outstanding accessions in 
this group: CIAT 5936, 5460, 
15063, 15115. 

Centrosema brasilianum 
Dry matter and seed yields of the 22 
accessions evaluated are shown in 
Table 4. Mean dry matter production 
over three harv~ts ranged between 71 
and 163 g/m /3 months, being 
accessions CIAT 5657, 15387, and 



Table 3. Performance of 19 Centrosema aeutifolíum accessions in PueaIlpa, Perú. 

CIAT 
No. 

DM2 
(g/m ) * 

Rootíng of 
stoloniferous nodes 

2 (No./m )** 

Seed 
production 

(g/plct)*** 

5278 
5610 

15086 
5112 
5277 

15291 
15292 
15353 

5897 
15084 
15281 
5597 
5611 

15088 
5568 
5118 

15534 
15248 

187 a**** 
159 ab 
159 ah 
152 abe 
142 bed 
141 hed 
139 bed 
138 hed 
133 bed 
130 bed 
127 hed 
126 hed 
123 bede 
115 cde 
107 de 

99 de 
80 ef 
44 f 

41 abed 
48 abed 
42 abed 
60 a 
38 bed 
57 ab 
52 abe 
62 a 
58 ab 
34 ed 
45 abed 
59 ab 
SO abe 
53 abe 
44 abed 
44 abed 
27 d 
28 d 

234.6 
257.5 
365.3 
538.5 
654.9 
253.6 
180.8 
95.2 

150.6 
555.4 
453.8 
195.3 
395.2 
379.4 
114.6 
231. 3 
40.5 
12.5 

* Average of 5 harvests, with 3 months regrowth each. 
** Average of 3 evaluations. 
*** 12-plant plots; harvest every 2 months. 
**** Values followed by the same letter in eaeh column are Dot statistically 

different (P 1e88 than 0.05). 

15524 the most productive. Seed 
production varied considerably, 
ranging from 8.1 to 1102.1 g/pIot for 
aeeessions CIAT ~490 and 5825, 
respectlvely~ The control, CIAT 
5234, presented intermediate values 
for both eharacteristies. Ooe of the 
most susceptible accessions to 
Rhizoetonia foliar blight--the most 
limiting factor for this speeies--was 
CIAT 4234. Althaugh all aecessiODS 
were susceptible to the pathogen, 
CIAT 5657, 14387, 5729. 15524, 5696, 
and 5671 showed relatively low 
incidence of the dísease and recovered 
well after the attack. 

Arachis pintol 
CIAT 18752 was the most outstanding 
among the 8 accessions evaluated, for 
its vj~or and overall adaptatíon. 
This accession tends to retain more 
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leaves during the periad of ml!llmum 
precipitation than the control, CIAT 
17434, and is less susceptible to 
Rhizoctonia foliar blight. However, 
CIAT 18752 flowers poorly jn 
comparison te the other accessions. 

Desmodium ovalifolium 
During 1988, the collection of 82 
accessions showed considerable 
differenees in dry matter pr0duction. 
whIch was nonetheless h1gh in general 
terms. Several accessions had poor 
vigor and presented cblorosis; this 
symptom was related to the presence 
of root knot nematodes. At the end 
of the period of maximum 
prccipi tat ion, nematode galls were 
detected in a11 accessions, except 
CIAT 13125. Degree of presence, 
however, varied among accesslons)­
registering a slight infestatían in 



TabIe 4. Dry matter yield and seed production of 22 accessions of Centrosema 
brasilianum. 

CIAT DM
2 

Seed CIAT DM
2 Seed 

No. (g/m) * production No. (g/m )* production 
(g/plot)** (g/plot)** 

5657 163*** 79.5 5729 101 597.1 
15387 144 43.3 5525 100 1063.6 
15524 133 498.6 5827 99 520.1 

5588 125 121.5 5476 97 33.8 
5656 124 155.1 5705 91 59.4 
5696 115 84.4 5824 88 745.7 
5698 115 318.6 5490 83 8.1 
5810 115 878.4 5825 81 1102.1 
5234 110 420.6 5712 80 166.4 
5671 106 93.4 5514 79 93.4 
5509 105 27.4 5487 71 27.4 

Mean 106 324.5 

* Average of 3 harvests, with 3 months of regrowth each. 
** 12-plant plots, harvest during 4 months. 

*** Averages of 2 replications. 

most of the collection and a moderate 
to severe infestatíon in 24% of the 
accessions. No 
between degree 
damage caused to 

relation was found 
of infestation and 
the plants. 

Tnis year, tne entire collection 
flowered, with great variation in 
flowering dates, which differed in as 
rnuch as 111 days be tween the earlíes t 
and la test accessíons. Accessions 
showed marked differences in seed 
production (Figure 1): 23% of the 
accessions did not produce seed due 
to flower abortions and 49% showed 
very low yields. The control, CIAT 
350, yielded 47.7 g, while the 
highest yields (117.6 to 195.5 g/pIot 
of 5 pLants) were obtained by 
accessions CIAT 13107, 13302, and 
13647. 

D. ovalifollum ls consldered to be a 
poor quaIity legume, having low 
acceptability hy cattle. Figure 2 
shows the frequency distribution of 
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sorne quality attributes of young 
leaves and the palatability index of 
the collection. Crude proteín 
contents ranged from 14.8 to 19.1% 
and are, in general, rather high for 
the specias. With valuas between 18 
and 19%, 14 accessions were 
outstanding. The percentage of 
pepsin-soluble N indicated the 
proportion Di N available for the 
animal; this parameter varied 
considerably among accessions 
(38.7-70.6%). The highest vaIues 
,,,,,re registered by three accessions 
with poor vigor, CIAT 3793, 3794, and 
3780; while the most productive 
acc"ssions, e.g., CIAT 13651, 13118, 
and 350, fell in the follQwing group. 
In vitro digestibility ranged froID 
27.7 to 50.6% and was low for most oi 
the collection. CIAT 13030 and 13651 
had the highest vaIues. 

Great variation in animal preference 
was found in 11 study of 
acceptability. Palatability indexes 
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Figure l. Distribution frequency of seeds of 82 accessions of Desmodium 
ovalifolium harvested during 4 months in PucaIIpa, Peru. 

ranged from 0.16 to 2.59 (index 1 -
no preference); the best preferred 
accessions were CIAT 13108, 13030, 
13095, and the control, CIAT 350. 
Accession CIAT 13030 was outstanding 
for its vaIues of crude protein, 
IVDMD, and palatability indexo 
Accessions CIAT 13647 and 13651 were 
also outstanding in at least two of 
the quality attributes, in addition 
to having high dry matter and seed 
yields. 

Desmodium heterophyllum 
Performance of this species continued 
being extremely poor, showing low 
vigor and death of some plants in 
several plots, primarily related to 
its high susceptibility to the root 
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knot nematode. Toward the end of the 
perlod of maximum precipitation, all 
20 accessions showed infestatíon, 15 
being severely attacked. The 
control, CIAT 349 cv. Johnstone, 
showed only slight infestatíon. 

Pueraria phaseoloides 
Among the 75 accessions under 
evaluatíon. considerable variatíon 
was observed in relation to dry 
matter yield. this being generally 
lower among accessions from the 
Hainan island. Seed production, as 
was the case las t year, was poor in 
general, in spite of the fact that 
flowering was satisfactory. This 
phenomenon is in part due to damage 
caused by insects to flower buds, to 
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the attack by Rhizoctonia to the 
legume, and, probably, to climatlc 
factors which caused the leaves to 
fa11. 

Overgrazing of accessions oi the 
collection varied considerably. 
Likewise, marked differences were 
fouud among accessions in terms oí 
relative acceptability by cattle. In 
a study carried out wi th 3 crossed 
animals, high preference was recorded 
for accessions CIAT 17286, [7303 
(var. aud the local 
control. 

Rhizoctonia foliar blight was 
detected affecting most of the 
collection, but the level of attack 
was only slight; only accessions of 
varo supspicata showed symptoms of 
belng mOre susceptible. 

Brachiaria species 
By April 1988, 221 accessions of 10 
Brachiaria species had been 
established (Table 5). rhese had 
been introduced from CIAT-Palmira in 
the form of meristem tissue culture 
and were vegetat ively propagated. 
Most of the accessions are B. 
brizantha, followed by B. decumbens, 
~. humidícola, and ~. jubata. 

rabIe 5. Collectlon of Brachiaría 
spp. established in PucaIlpa 
Peru, during 1988. 

Species No. of 
accessjons 

B. arrecta 5 
B. bovonei 2 
B. brizantha 95 
B. decumbens 43 
B. dict¡:oneura 2 
B. humidieola 28 
B. jubata 24 
B. platynota 1 
8. ruziziensis 17 
B. subulifolia 4 

Total 221 
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Greater variability in morphologie 
eharacterist íes wa s observed among !!. 
brizantha accessions that among 
materials of the other species. In 
this species, variability ls 
expressed in growth habit (postrated, 
semi-erect, or ereer) and i8 related 
to plant height (less than 50 cm to 
over 180 cm), as well as to the 8ize 
and pubescence o f Ieaves and 8 tems. 
Rooting of trailing stem nodes is 
aImost nuIl, except for a few 
accessions which have a slight 
rooting capacity; this i8 an 
important limiting factor for this 
species. Some morphologic 
variability was found in B. decumbens 
in terms of growth habit, being 
several accessions extremely 
postrated, while most have a 
semi-erect growth habito Among the 
B. humidicola accessions, certain 
morphologic differences were observed 
in rE'lation to tbei.r stoloniferous 
capacity and abundance and size of 
leaves. Accessions of B. ruziziensis 
were morphologically very similar; 
8light differences in size and 
pubescen ce of leaves were found among 
the collection of B. jubata. 
Overall, accessions of this species 
initiated flowering earlier and 
flowered more ahundantly than the 
materials of the other species. 

Plant vigor during establishment 
showed marked differences among the 
collection. Ground coverage. 2 
months after transplanting, varied 
considerably, both among the species 
and among accessions within a 
specíes. Values fluctuated as much 
as 5 ana 65% (Table 6). 

A very desirable characterístic for 
the humid tropics wouId be the 
species' capacity to compete with 
weeds, especially during 
establishment. Weed incidence was 
measured during the first weeding, 
perforrned 2 months after 
transplanting. Table 7 shows the 
considerable differences found among 
tbe collection. This experiment wlll 



TabIe 6. CIassification of a collection of Brachiaria spp. (221 accessions) 
based on the speed of establishment expressed as ground coverage at 2 
months after transplanting, in Pucallpa, Peru. 

--"" Group % Coverage % of the Species* snd No. of accessions 
(Range) collection 

1 56 - 65 3.17 B.d. (3) , B.h. (3) , B.r. (1) 

2 46 - 55 13 .12 B.a. (3) , B. b. (2) , B~d. (17) , 
B.h. (2), B.r. (5) 

3 36 - 45 19.46 B.a. (2) , B.b. (9), B.d. (14) , 
B.h. (8), B.j. (2) , B.p. O) , 
B.r. (7) 

4 26 - 35 29.41 B.b. (38) , B.d. (7) , B.di. (1) , 
B"h. (lO) , B.j. (5) , B.r. (4) 

5 16 - 25 23.53 B.b. (34), B.bo. (1) , B.d. (2) , 
B.h. (S) , B. j. (9) , B.s~ (1) 

6 5 - 15 11 .31 B. b. (12) , B.bo. (1) , B.di. (1), 
B.j. (8) , B.s. (3) 

* B.A. = Braehiaria arrecta¡ B.b. = B. brizantha; B.bo. = B. bovoneí; B.d. = • 
B. decumbens; B.di. = B. dictyoneura¡ B.h. - B. humidicola B.j. = B. jubata; 
B.r. - ~. ruziziensis;-B.s. = B. subulifolia.-

Performance of the controls CIAT Nos. B.b. 6780: 24; B.d. 606: 45; B.di. 6133: 33 
B.h. 6369: 57. 

continue for 1 1/2 years more, under 
a cutting regime of 9-week íntervals. 

Panicum maximum 
The 24 accessions showed considerable 
morphologíc dífferences. Performance 
was good during establishment and in 
the first harvest. However, dry 
matter ylelds decreased drastically in 
the following harvests, with mast of 
the accessions presenting chlorosis 
and drying of leaf tips. 

Germplasm evaluatíon in an Afríea 
paIm tree plantatíon 
With the object of selecting 
germp]asm for silvípastoral systems 
or for use as cover crop in 
plantations, 24 legume and 9 grass 
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accessions 
conditions 
plantation. 

were evaluated 
of an African 

under the 
palm tree 

In general, dry matter yields have 
decreased considerably during 
1988--the second year oi 
evaluation--, in comparison with 
yields obtaíned during the first 
year, as reported in the 1987 Annual 
Report. However, the range of the 
species was sim1 lar. Desmodium 
ovalifolium CIAT 350, which has an 
excellent adaptation, continued to be 
outstanding among the legumes. Other 
accesslons having good adaptation and 
dry matter production included 
Centrosema macrocarpum CIAT 5735, 
5713, and 5452, and ~. acutifolil~ 



Table 7. Classification of a collection of Brachiarla spp. (221 accessions) 
based on the incidence of weeds 2 months after transplanting, in 
Pucallpa, Peru. 

Group 

1 

2 

3 

4 

5 

6 

2 
Weed (g/m ) 

(Range) 

1 - 25 

26 - 50 

51 - 75 

76 - 100 

102 - 144 

174 - 201 

% of the 
eollection 

19.91 

35.74 

21. 72 

11. 77 

9.05 

1.81 

Species* and No. of accessions 

B.a. (4), B.b. (11), B.d. (15), 
B.h. (8), B.j. (5), B.r. (1) 

B.a. (1), B.b. (22), B.d. (24), 
B.di. (2), B.h. (13), B.j. (ll), 
B.p. (1), B.r. (2), B.s. (3) 

B.b. (31), B.bo. (2), B.d. (3), 
B.h. (4), B.j. (5), B.r. (2), 
B.s. (1) 

B.b. (17), B.d. (1), B.h. (2), 
B.j. (3)., B.r. (3) 

B.b. (14), B.h. (1), B.r. (5) 

B.r. (4) 

* B.a. = Brachiarla arrecta; B.b. = ~. brizantha; B.bo~ = B. bovonei; B.d. = 

~. decumbens¡ B.di. = ~. dictyoneura; B.h. = ~. humidicola; B.j. = ~. jubats; 
B.r. =~. ruzlziensis; B.s. =~. subulifolia. 

Performance of the controls CIAT Nos. B.b. 6780: 71; B.d. 606: 37; B.dí. 6133: 26 
B.h. 6369: 44. 

CIAT 5112. Among the grasses, 
Andropogon gayanus CIAT 621 was 
outstandingly superior in adaptation 
and produetivity, followed by 
Brachiaria brizantha CIAT 6780 and 
Panicum maximum CIAT 6299. 

Evaluatíon of grass and legume 
associations under grazing (Category 
III) 
Evaluatíon in this phase includes the 
influence of grazing on the 
persistence and compatibility of 
promising grass/legume associations. 

An experiment was 
March 1987 with 
associations: 1) 

es tablished on 
the following 

Brachiaria 
dictyoneura ev. tlanero + Centrosema 
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macrocarpum CIAT 5674-5735, 2) B. 
dictyoneura ev. Llanero + Desmodiüm 
ovalifolium CIAT 350, and 3) B. 
brizantha ev. Marandú + C. 
macrocarpum CIAT 5674-5735. 
Rotational grazing (6:30 occupation: 
rest days) was initiated on February 
23, 1988. Two animals grazed ea eh 
association under three stocking 
rates (2.0, 2.7 and 3.4 AU/ha) with 2 
replications. In addition, two 
fistulated animals were usad to 
measure the botanic composition of 
th. diet selected on the first, 
third, and sixth day of grazing. 
Forage cavarage, botanieal composi­
tían, dry matter availability an 
offer, and residual dry matter 
avaílability after grazing were 



measured. Analyses of ni trogen 
content and in vitro dry matter 
digestibility were conducted for both 
forage on offer and selected forage. 
This report presents very preliminary 
results obtained during the first 
five grazing cycles, from February 
23, 1988 to August 20, 1988. 

Assodations of !. dictyoneura with 
C. macrocarpum or D. ovalifolium 
-;:-esulted in very e lose mixtures and 
in all treatments showed greater 
ground coverage than the associatíon 
of B. brizantha wirh C. macrocarpum. 
Amoñg the mixtures, lower dry matter 
avallahil1ty --showing a marked 
reductian ayer time, especially at 
high and medium stocking rates--was 
abserved in the B. brízantha + c. 
macrocarpum associatian (Table 8). 
Forage on affer in the B. dictyoneura 
+ C. macrocarpum association 
decreased significatively at the high 
stocking rate and slightly at the 
other rates. Forage decreased at the 
high stocking rate in the B. 
dictyoneura + D. ovalifoliüm 
association, while an inerease was 
observed over the 6 months of grazing 
at the other two rates. 

Table 9 presents informar ion on 
botanic composition of the 
associations during the three grazing 
cycles. Percentage of the legume 
showed a marked increase in the B. 
dictyoneura associations with C. 
macrocarpum and D. ovalifolium at the 
2.7 and 3.4 AU/ha stocking rates. 
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Legume proportion in the !. brizantha 
+ f. macrocarpum association was lower 
at the three stocking rates than ln 
the other associations and showed a 
sllght decrease at the low rate and a 
marked decrease at the high rate. 
Weed invasion of the last association 
was the most severe, especially at the 
2.0 and 3.4 stocking rates. 

Overall, selectivity of the legume 
(Table 10)' was greater in the B. 
dlctyoneura + C. macrocarpum 
association than in the association 
with Q. ovalifol1um, which ls a 
species known for ita relatively low 
acceptability. The low legume 
selectivity in the B. brizantha + C. 
macrocarpum aasociatíon ls related to 
the low content of the legume in the 
forage on offer. No clear tendency 
was observed in legume seleetion in 
relation to stocking rate. 

During the rainy season, C. 
macrocarpum presented slight symptoms 
of Rhizoctonia foliar hlight when 
grown in assodation with B. 
dictyoneura, but not in association 
with B. brizantha, where the legume 
had tile tendency to grow more crect 
and have less contact with the soíl. 
D. ovalifolium flowered at the end of 
the rainy sea son 
ahundant seed. C. 
not produce seed. 

and produced 
macrocarpum did 

This trial .... i11 be evaluated during 2 
1/2 years more, adjusting stocking 
Tates depending on the aval1abílity 
of forage. 
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Table 8. Green dry matter yield (kg/ha) in the associations of Brachiaria dictyoneura + 
Centrosema macrocarpum, ~. dictyoneura + Desmodium ovalifolium, and !. brizantha 
+ f. macroearpum during five consecutive rotational grazing eyeles (6 daya 
grazing/30 days rest) under three stocking rates, in Pucallpa, Peru. 

Assoeiatlon 

~. dictyoneura ev. Llanero 
+ f. maerocarpum CIAT 5674/5735 

~. dict;¡:oneura ev. Llanero 
+ D. ovallfollum crAT 350 

B. brizantha cV. Marandú 
+ C. macrocarpum CIAT 5674/5735 

Stocking 
rate 

(AU!ha) 

2.0 
2.7 
3.4 

2.0 
2.7 
3.4 

2.0 
2.7 
3.4 

* Beginning of eycle 1, 23 February 1988. 

1 

2779 
2610 
2368 

2550 
2111 
2297 

2328 
3283 
1737 

GDM (kg/ha) 
Graz inS c;¡:cle* 

2 3 4 5 

4410 3415 2461 2586 
3354 4061 3020 2348 
2865 2544 1866 1387 

4102 5169 3170 3335 
3209 3895 2622 2593 
3130 3186 3091 1737 

3063 1099 2123 1949 
3174 3202 2893 1860 
2535 2574 1593 735 
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Table 9. Botanical composition (%) in the assoeiations of Braehiaria dietyoneura + Centrosema 
macroearpum, ~. dietyoneura + Desmodium ovalifolium, snd ~. brizsntha + E. macrocarpum during 
three eonsecutive rotational grazing cycles (6 days grazing/30 days rest) under three stoeking 
rates, in Puca.11pa, Peru. 

Assoeiation 

B. dictyoneura ev. Llanero 
+ C. maerocarpum CIAT 5674/5735 

B. dietyoneura ev. Llanero 
+ D. ovalifolium CIAT 350 

B. brizantha ev. Marandú 
+ C. maerocarpum CIAT 5674/5735 

Compo­
nent* 

G 
L 
W 

G 

L 
W 

G 
L 
101 

G = grass; L = legume; W - weeds. 

2.0 

58.3 
37.3 
4.4 

66.3 
24.9 
8.8 

64.7 
15.4 
19.9 

1 

2.7 

58.9 
35.6 
5.5 

66.2 
26.8 
7.0 

73.8 
21.0 
5.2 

Grazing cycle** 
2 

Stocking (AU/ha) 
3.4 2.0 2.7 3.4 

62.2 
29.7 
8.2 

67.4 
29.8 
2.8 

71.9 
20.4 
7.7 

67.1 
29.1 
3.8 

78.5 
18.3 
3.2 

81.4 
15.6 
3.0 

54.9 
41.2 

3.4 

74.0 
22.1 
3.9 

80.3 
18.1 
1.6 

73.5 
21.4 
5.1 

64.1 
32.4 
3.5 

81.1 
17.3 
1.6 

* 
** Beginning of cycles: 1, 23 February 1988; 3, 5 May 1988; and S, 16 July 1988. 

2.0 

60.6 
31. 6 
7.8 

60.6 
31.6 
7.8 

57.1 
11 .5 
31.4 

2.7 

46.1 
45.5 
8.4 

46.1 
45.5 
8.4 

70.4 
20.1 
9.5 

3 

3.4 

37.1 
49.9 
13 .0 

37.1 
49.9 
l3.1 

65.5 
10.9 
23.6 



rabIe 10. Proportion of legurne in forage on offer and selected forage in the associations of Brachiaria 
dietyoneura + Centroserna macrocarpum, ~. dictyoneura + Desmodium ovalifolium, and ~. brizantha 
+ ~ macrocarpum during five consecutive rotational grazing eycles (6 days grazing/30 days rest) 
under three stocking rates, in Pucallpa, Peru. 

Stocking Letume (%)* 
Assoclation rate Grazin¡¡ c;rcle** 

(AV/ha) 1 2 3 5 

~. dictyoneura ev. Llanero 2.0 37 (30) 41 (37) 29 (46) 21 (23) 32 (l8) 
+ C. macroearpum CIAT 5674/5735 2.7 36 (32) 38 (49) 41 (46) 42 (35) 46 ( 

3.4 30 (37) 33 (33) 21 (23) 27 (14) 50 (21) 
00 
I .... B. dictyoneura ev. Llanero 2.0 25 ( 9) 29 (17) 18 (21) 23 ( 8) 27 (12) lA 

-+ D. ovalifolium CIAT 350 2.7 27 ( 3) 32 ( 9) 22 (l6) 25 (41) 37 ( 9) 
3.4 30 ( 6) 34 ( 9) 32 (41) 33 (20) 43 (20) 

B. brizantha ev. Marandú 2.0 15 ( 5) 14 (17) 16 (13) 12 (12) 12 ( 5) 
+ C. macrocarpum CIAr 5674/5735 2.7 21 (14) 18 ( 4) 18 ( 5) 17 ( 8) 20 ( 8) 

3.4 20 (11) 16 (14) 17 ( 2) 14 ( 5) 11 ( 8) 

* Values In parenthesis eorrespond to % legume in extrusa. 

** Beginning of eyele 1, 23 February 1988. 



9. Agronorny Central Ameríca and 
The Caribbean 

Tbe procedures followed and the 
technlcal team that participated in 
the selectlon of the tbree locallties 
in Costa Rica representative of tbe 
agroecologic conditions in wbich 
cattle is bred in the subhumid, 
seasonal, and humid tropics of the 
regíon were described in tbe 1987 
Annual Report. This same report, 
lnclude ample informat10n on tbe 
climatic and edaphic character­
istícs, and a llst of the forage 
germplasm under evaluatíon. The 
current document reports the 
principal research results during the 
year 1988. 

HUMID TROPICS - TRF: Atlantíc Zone 

Headquarters are located in tbe 
Province of Limón at the Centro de 
Cría e Investigación "Los Diamantes" 
whicb belongs to the Ministerio de 
Agricultura y Ganadería (MAG). It is 
lacated at 10·13' latitude N and 
83°47' longitude W at 250 maslo 
Average annual precipitation ls 4260 
mm and average annual temperature ls 
24.6"C. 

Ibe soll is classifled as Iyplc 
Dystropets (Inceptlso1) having a 
sandy loam texture and good trainage. 
(For details on climate and soll see 
the 1987 Annual Report). 

GERMPLASM EVALUAIION 

Grasses 

Panicum maxímum 
Part of the Panicum spp. collection 

was establlshed in October 1987 using 
vegetative material at a planting 
distance of 1 m between plants and 2 m 
between rows. Iha size of tbe 
experimental unit was 1 x 7 m with 6 
p~ants each with a sampling area of 4 
m. Ihe trial was done in a 
complete randomized block design with 
two replications. During the 
establishment phase, 50 kg N, 10 kg P, 
20 kg K, 10 kg S, and 2 kg S/ha were 
applied in the form of urea, triple 
superphosphate, potassium chloride, 
flower of sulpbur, and copper 
sulphate, respectively. Eight weeks 
after planting a uniform cutting was 
performed, followed by evaluations 
with at sampling intervals of 4 weeks. 

A total of 52 accesslons of the 
following species were evaluated: P. 
maximum (49), P. coloratum (2), snd-a 
local control of P. maxlmum. 
Variables studied lnc1uded degree of 
adaptatíon, resistance or tolerance to 
pests and diseases, biomass 
productíon, leaf-stem ratio, CP 
content and IVDMD in the leaf and stem 
fractions, height of plant, basal 
diameter, and length and width of 
leaves. In addition, observations 
were mede to determine the presence of 
deficiency or toxicity symptoms. 
Likewise, data on growth habit and 
flowering of the materíals were 
recorded. 

Based on results obtained during the 
first 11 months of evaluat10n and 
after applying the cluster analysls 
technique, the materiaIs were clas­
sified into seven groups (Table 1). 



TabIe 1. Classification of 52 accessions of Panicum spp. based on their agronomíc, 
morphologic, and nutrítive quality characteristics by means of a cluster 
analysis. 

o m pon e n t s 

1 604 - 6000 - 6164 - 6179 - 6181 - 6600 - 6601 - 6798 -
6828 - 6872 - 6971 - 6974 - 6983 - 16067 

2 673 - 6094 - 6095 - 6171 - 6172 - 6175 - 6215 - 6299 -
6461 - 6868 - 6890 - 6898 - 6923 - 6942 - 6945 - 6949 -
16011 - 16017 - 16028 - 16039 - 16051 - 1606J - 16062 

3 6063 - 8108 - 8114 - 6115 - 8180 - 8554 - 8875 

4 8536 - 6907 

5 622 - 6871 

6 6969 - 16020 

7 Local control 

Most of the germplasm under evalua­
tion was outstand:ing for its excel­
lent adaptation to the edaphíc and 
climatie conditions of this 
ecosystern. Great variability be 
ween the introductions waB registered 
in relation to the beginning oi 
flowering; during the period studied, 
nine accessions (CIAT 6094, 6299, 
6871, 16028, 16039, 1605J, 16061, and 
16062) ctid not flower, but most 
flowerd abundnntly. 

Accessíons in cluster 2 (Table 2) 
were the most outstandíng due to 
their high DM yields (3419 + 575 
kg!ha!cutting), hígh CP contents 
(lJ.8 + 1.2% in leaves and 10.2 + 
1.8% iñ stems), and IVDMD (62.6 ::¡: 
1.6% in leaves and 59.8 + 3.8% íñ 
stems). Furthermore, these 
accessions showed relatively hlgh 
value. for leaf:stern ratio and a high 
degree of tolerance to pests and 
diseases. M0St of the accessions in 
this group are similar to cv. Ham!l, 
with larga leaves and relatively 
tbick stems. 
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Cluster 1 groups materíals with 
intermediate DM yields; moderate leaf: 
stem ratios; high CP contents and 
IVDMD, both in leaves and· stema; 
moderate susceptibility to insect 
attack, and abundant flowering. 

AccessÍons belonging to group 4 were 
outstandíng for their good DM yield, 
intermedia te pe content and IVDMD in 
the leaf and stern fraetíans, and poor 
to intermediate flowering (Tabla 2). 

The entries CIAT 6969 and 16020 whích 
are grouped in cluster 6, tver€' 
outstanding mainly far their high 
leaf: stem ratios which varied hetween 
4.25 and 5.5 g!g, these being the 
highest values in the collectían. 
Likewise, they were very tolerant to 
pest and disease attacks. 

Cluster 5 18 charaeterized by fts 
exeellent production of DM, an 
intermediate leaf:stem ratio, inter­
mediate to high PC content and IVDMD, 
and very good toleranoe to pests and 
diseases. Group 7, made up of the 



local control, exhibited character­
istics similar to those of cluster 5, 
except that the local control was 
severely attaeked by 

Accessions in group 3, most of them 
from the Pichilingue Experiment 
Station (Ecuador) and the Empresa de 
Pesquisa Agropecuaria of Gofana 
(Brazil), were the least productive 
and the most attacked by insects, 
although their quality in terms ofCP 

,and IVDMD is relatively high. 

Most of the 52 accessions were 
attacked by chewing, sucking, and 
rasping insects. However, damage 
observed was not important exeept tor 
CIAT accessions 6115 and 6180 which 
presented suffered moderate damage. 
Foliar bligh t produced by Cercospora 
fusimaculans affected 12 entries 
(CIAT 604, 6094, 6109, 6115, 6536, 
6828, 6872, 6875, 6907, 6974) and the 
local control, being the ecotypes 
CIAT 604 and the local control the 
most susceptible. The rest of the 
materiaIs were not affected by thls 
disease. 

Based on agronomic results registered 
during the firat year of evaluation, 
accessions 1isted in Table 3 are rhe 
most outstanding until now. However, 
subsequent evaluations of these 
materials, wil1 include more detaíled 
phenologic studies. 

Brachiaria spp. 
The Brachiaria collection (290 acces­
sions was established in October 
1987 at a planting distance of 1 m 
between plants and 2 m between rows. 
The size oí the experimental unir was 
1 x 7 m with 6 plan.¡:s each with a 
sampling area of 4 m~. The experi­
ment was carried out in complete 
randomized blocks with two replica­
tions. During the establishment 
phase, 50 kg N, 10 kg P, 20 kg K, 10 
kg S, and 2 kg S!ha "'ere applied in 
the foI1'1 oí urea, triple superphos­
phate, potassium chloride, flower of 
sulphur, and copper sulphurate, 
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respectively. Ten weeks after 
planting a uniform cutting was done, 
followed by evaluations at sampling 
intervals of 6 weeks. 

Preliminary results are present for 
136 accessfonR evaluated: B. brizantha 
(52), B. decumbens (26), B-:- humidicola 
(21), 1. jubata (20), ~:- ruziziensis 
(8), .!!. arrecta (3), .!!. dictyoneura 
(2), B. subulifolia (2), .!!. platynota 
(1), and !. serrata (1). Variables 
under study included degree of 
adaptatíon, resistance or tolerance to 
pests and diseases, biomass produc­
tion, leaf:stem ratio, CP content and 
IVDMD in the leaf and stem fractions, 
height of plant, coverege, number of 
stolons produced, and number of rooted 
nodes. Inaddition, observatlons were 
carried out to determine the presence 
of mineral deficiency or toxicity. 
Likewise, data on growth habit and 
flowering of the materials was 
recorded. The experimental periad 
reported herein runs from 7 Oc tober, 
1987 to 2 September, 1988. 

Based on the average of the six 
samplings carried out during the 
experimental period, considerable 
variabili ty was found among ecotypes 
for most of the variables measured, 
except for damage caused by insects. 
By means of a cluster analysis of the 
136 Brachiaria accessions were clas­
sified in 16 groups (TabIe 4). 

The colIectfon was well adapted to the 
'edaphic and climatic conditions snd no 
major damages caused by pests or 
diseases were observed. However the 
spittlebug caused slight damage to 
CIA! entr.ies 16135, 16182, 16300, 
16322, 16475, 16981, and 26127; snd 
symptoms of Cercospora attack were 
observed in CIAT entries 6133, 16175, 
16182, 16496, 16510, 16832, and 16845. 
In two accessions (16110 and 16495), 
Rhizoctonia caused slight damage. 
Variability was high among ecotypes 
with respect to initiation and 
abundance of flowering. 



Table 2. Agronomic, morphologíc, and nutritive quality ch~racteristics of Panicum 
spp. (52 accessions) grouped in seven clusters. 

Variable 1 

DM (kg/ha 

L:S (g/g) 

CP-L (%) 

CP-S (%) 

CP-¡"'P (%) 

IVDMD-L (%) 

IVDMD-S (%) 

IVDMD-W'P (%) 
1 Degree of adapt. 

Pests 2 

2 Diseases 

Flowering3 

Height (cm) 

Basal diameter (cm) 

Leaf length (cm) 

l<idth-L base (cm) 

Width-L íntermed.(cm) 

W'idth-L apex (cm) 

Mean 

2670 

0.9 

17 .8 

9.9 

13.5 

65.4 

61.5 

63.2 

2.6 

1.2 

0.2 

2.0 

78.8 

41.4 

43.9 

1.0 

1.8 

l.0 

(n 15)* 
Range 

1629-3676 

0.4-1.6 

13.1-20.0 

6.4-11.5 

10.4-16.5 

60.1-69.5 

56.5-70.7 

59.3-67.9 

1.2-3.2 

0.9-1. 7 

0.0-1.0 

0.5-3.5 

43.4-101.1 

34.0-48.1 

29.0-64.5 

0.7-1.7 

1.0-3.1 

0.6-1.4 
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Cluster 

C.V.** Mean 

21 

36 

11 

16 

13 

4 

6 

4 

20 

21 

195 

50 

20 

10 

20 

25 

28 

21 

3419 

1.5 

17.8 

10.2 

14.5 

62.6 

59.8 

61.3 

3.4 

0.9 

0.1 

1.0 

97.2 

42.8 

56.1 

1.1 

2.5 

1.2 

2 
(n = 23) 

Ranga c.v. 

2257-4377 16 

0.5-2.6 46 

15.5-20.1 7 

7.2-16.3 17 

12.1-16.4 8 

59.4-64.9 2 

53.2-68.1 6 

56.1-66. O 4 

2.1-4.015 

0.6-J.2 16 

0.0-0.7 280 

0.0-3.0 95 

73 • 0-1 1 3 • 1 10 

36.5-50.9 10 

44.5-74.0 lS 

0.7-1.6 21 

1.3-4.0 24 

0.7-1.5 15 



Table 2. (Continued.) 

Variable 

DM (kg/ha) 

L:S (g/g) 

CP-L (%) 

CP-S (%) 

CP-WP (%) 

IVDMD-L (%) 

IVDMD-S (%) 

IVDMD-WP (%) 
1 Degree of adaptat. 

Pests2 

Diseases2 

Flowering3 

Height (cm) 

Basal diameter (cm) 

Leaf length (cm) 

Width-L base (cm) 

Width-L interm.(cm) 

Width-L apaR (cm) 

C 1 u s ter _ .... _---,-----"-.:::.-;;;'-=-..=....::....:.._--,----
3 4 

Mean 

1668 

0.7 

19.8 

11.4 

14.5 

65.4 

61.8 

63.2 

2.0 

1.9 

0.2 

3.0 

59.0 

43.0 

25.5 

0.6 

1.1 

0.5 

(n - 7) (n = 2) 
Range C.V.** Mean Range C.V. 

659-2460 35 

0.5- 1. 3 47 

18.0-21.2 6 

9.8-13.3 12 

13.2-16.2 8 

62.8-68.8 3 

57.9-65.4 4 

60.1-67.3 

1.0- 2.9 

1. 6- 2.3 

0.1- 0.5 

1.5- 3.5 

47.7-73.5 

31. 6-55. O 

20.0-30.0 

0.4- 0.8 

0.8- 1.3 

0.4- 0.6 
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3 

27 

14 

72 

31 

15 

18 

15 

24 

19 

15 

3072 

0.9 

17.5 

9.1 

12.7 

56.8 

49.2 

52.1 

2.4 

1.2 

0.4 

2.0 

77.4 

40.0 

44.7 

0.8 

1.8 

0.9 

2799-3346 12 

0.5-1. 3 67 

16.7-18.26 

8.2-10.0 13 

11.5-13.8 13 

55.5-58.0 3 

45.8-52.6 10 

49.8-54.3 6 

2.3- 2.4 5 

1.0- 1.4 23 

0.1- 0.7 98 

1.0- 3.0 75 

77.3-77.4 O 

38.0-41.7 6 

41.5-48.0 lO 

0.6- 0.9 26 

1.6- 2.0 16 

0.8- 1.0 19 



Table 2. (Continuad.) 

Cluster 
Variable 

Mean 

DM* (kg/ha) 3795 

L:S (g/g) 1.2 

CP-L (%) 14.2 

CP-S (%) 7.6 

CP-WP (%) 11.2 

IVDMD-L (%) 60.7 

IVDMD-S (%)61.0 

IVDMD-WP (%) 60.8 

Degree adapto 3.5 

Pasts 0.9 

Diseases 0.0 

Flowering 0.5 

Height (cm) 100.3 

Basal diametar 
(cm) 42.6 

Leaf length 
(cm) 60.0 

W1dth-L base 1.2 
(cm) 

Width-L interm. 2.4 
(cm) 

Width-L apex 1.2 
(cm) 

5 
(n = 2)* 
Ranga C.V."'''' 

3492-4098 11 

1.2-1.2 1 

13.3-15.0 8 

6.9-8.2 12 

10.4-11.9 9 

56.9-64.4 9 

59.3-62.6 4 

58.1-63.56 

3.0-4.0 19 

0.8-1.0 13 

0.0-0.0 

0.0-1.0 141 

95.9-104.7 6 

38.9-46.2 12 

55.5-64. S 11 

0.8-1.6 43 

1. 7-3.0 40 

1.0-1.4 26 

Mean 

2635 

4.9 

16.4 

9.7 

15.3 

61. 7 

62.3 

61.7 

2.9 

0.6 

0.1 

0.5 

64.0 

43.4 

44.5 

0.6 

1.2 

0.6 

* Number of accessions in cluster~ 
** Coeffieient Di variation. 

11 1 = poor 
2 = fair 
3 good 
4 - excellent 

II O = unattacked plants 
1 = 1-10% of plants attacked 
2 = 11-25% of plants attacked 
3 = 26-50% of plants attacked 
4 = more than 50% of plants 

attacked 
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6 7 
(n 2) (n = 1) 
Range C.V. Mean 

2517-2752 6 

4.2-5.5 18 

15.9-17.0 5 

8.6-10.7 15 

14.5-16.0 7 

60.7-62.6 2 

61.2-63.4 2 

61.1-62.3 1 

2.7-3.9 11 

0.6-0.7 11 

0.1-0.1 

0.0-1.0 141 

63.1-65.0 2 

42.7-47.5 9 

41.5-47.5 9 

0.6-0.7 11 

1.0-1.3 18 

0.5-0.7 22 

2294 

0.9 

14.8 

11.3 

12.9 

60.9 

53.6 

57.0 

1.7 

1.0 

2.0 

1.0 

94.7 

61.0 

61.0 

1.5 

2.7 

1.3 

3/ O = no flowering 
T = 1-25% flowering 
2 = 25-50% flowering 
3 - 50-75% flowering 
4 = mora than 75% 

flowering 



Table 3. Average for yield and nutritive quality attributes of the most 

outstanding accessions of Panicum maximum 1 . 

DM2 L:S CP (%) 
Cluster Spec ies Accession kg/ha g/g -------------

CIAr No. L 

2 P. rnaximum 6299 3748 1.49 17.5 

P. maximum 6868 3295 2.24 18.4 

P. maximum 6923 3664 2.05 17.4 

P. maximum 16011 4089 1.30 17 .0 

P. 16028 4350 2.10 17.2 

P. 16051 4377 2.58 17.4 

P. maximum 16061 3579 2.53 17 • 1 

P. maximum 16062 3184 2.24 18.4 

6 P. rnaximum 6969 2752 5.53 17. o 
P. maximum 16020 2517 4.25 15.9 

Mean 3555 2.63 17.3 

D.E. 3 630 1.29 0.7 

1/ Accessions with tolerance to pests and free of diseases. 

2/ Average DM productíon/4 weeks in 10 harvests. 

l/ Standard deviation. 

9-7 

S 

10.5 

10.3 

9.3 

7.2 

9.6 

9.3 

9.4 

10.0 

10 .8 

8.7 

9.5 

1.0 

DIVMS (%) 
-------------

L S 

62.3 65.0 

65.0 62.R 

65.0 68.2 

64.6 62.7 

61.6 65.0 

64.0 59.8 

61.4 56.9 

64.1 59.2 

60.7 63.4 

62.7 61.3 

63.1 62.4 

1.6 3.3 



Table 4. Classification of 136 accessions of Brachiaria spp. basad on their 

agronornic, morphologic, am nutritive quality characteristics by treans 

of a cluster analysis. 

Cluster 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Components 

6294- 6387- 6780-16107-16110-16120-16128-16135-16146 
16158-16161-16168-16195-16203-16208-16289-16295-16301 
16303-16306-16324-16358-16359-16438-16443-16447-16449 
16450-16477-16480-16504-16514-16517-16518-16522-16524 
16529-16530-16532-16534-16536-16538-16539-16710-16776 
16797-16823-16827-16830-16840-16894-26167 

606- 664- 667- 679- 6133- 6369- 6705-16178-16218 
16335-16445-16475-16491-16495-16496-16502-16510-16541 
16551-16866-16870-16874-16876-16880-16882-16884-16886 
16891-26149-26163-26181-26182-26200-26292-26303-26304 
26305 

16297-16300-16305-16318-16322-16444-16452 

16182-16493-16494-16844-16845-16846-26141-26185-26186 
26296-26300-26308 

26112-26170-26174-26175-26347 

16175-16507-16962 

16500-16877-26167-26288-26301 

16476-16523-16871 

16126-16156-16312-16482 

16832-16960 

26293-26350 

16497 

26298 

26294 

16767 
-_ ... __ ... _-------------
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Cluster 3 (Table 5) includes 5% of 
the collection; in this group the 
most promising accessions had high DM 
yields, ranging from 4317 to 6372 
kg/ha/cuttíng; also had high CP 
contents and IVDMD; and exhibited low 
susceptibillty to pests and diseases; 
however the leaf:stem ratio, was, not 
high being clase to the average for 
the collection (1.1 g/g). Otherwise, 
the number of rooted nodes from 
lateral stems was high, a character­
istic that ls important for the 
persistence and autopropagation of 
forage species. 

The materials included in clusters 2 
and 5 are also promising, being 
outstanding for their excellent DM 
product ion, high CP content and 
IVDMD, larga number of rooted nades, 
intermediare leaf:stem ratio. Ad­
di! ionally, these ma teril\ls were less 
attacked by pests and diseases (Table 
5). The characteristics of group 1 
are similar to those group 4, except 
that the l.at ter had lower IVDMD and 
D~I production. Group 6 i8 consti­
tuted by the less productiva eutrias 
and the poorest in terms of nutrítive 
qua lit y ; however, they were \Tery 
tolerant to insect and disease 
attacks. 

The characteristics of cluster 7 are 
similar to those of cluster 8, except 
that the latter presents a lower 
IVDMD, a greater leaf:stem 
proportion, and less rooted nodeE. 
Group 9 (CIAT entríes 16126, 16156, 
16312, .and 16482) had on average the 
highest leaf:stem ratio values and 
the lowest number of rooted nodes. 
Group 10. formed by accessions 16832 
and 16960, was characterized by their 
Iow DM yieIds, IOtif to intermediate CP 
conte~ts and IVDMD, abundant 
flowering, and absence oí rooted 
nodes. 

Ecotype~ CIAT 26293 and 26350 
conformlng group 11 are characterized 
mainly by their hlgh CP and IVDMD 
values in leaves anrl in the whole 
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plant; however, rhese materials had 
moderare DM production values and low 
leaf: s tem ralios. Group 12 (CIAT 
accession 16497) is outstanding for 
its high DM yield, 10107 leaf 
proportion in relation ro stems, 
intermediate CP and IVDMD values, and 
abundant flowering. Cluster 14 ls 
characterized mainly for ita very 
high CP content and IVDMD in reaves 
and stems; and cluster 5 for its very 
high leaf:stem ratio, having cluster 
14 and 5 the highest values in the 
collection for this paramete r. Group 
13, which includes ecotype CIAr 
26298. formed the greatest amount of 
stolons (stems) and rooted nodes, had 
intermediate CP contents IVDMD, and a 
leaf: stem proportion superior to the 
overall average (1.1 g/g). 

TabIe 6 presents the means for yieId, 
nutrí tive value. damage by pests and 
diseases. and number of roored nodes 
of the ten Brachiaria evaluated. 

Table 7 shows average s for yield and 
nutririve quality of the most 
outstanding accessions until now among 
the Brachiaria species. Parameters 
defined to date will continue to be 
evaluated during 1989. By the end of 
the secand year of agronomic evalua­
tions, phenologic studies are expected 
to be initiated with the most out­
standing materíaIs. incIuding the 
other representative ecosystems in the 
regian. Specially atrention will be 
given to the performance of the 
material in terms of tolerance or 
resistance to the spittlebug. 

Legumes 

Evaluatíon of the 203 accessions 
planted to herbaceous forage Iegumes 
has been initiated. Cuttings were 
done at 8-weeks intervals having 
performed four cuttings to date. Data 
are presented in Table 8 only for 
those Iegumes with h1gh to good degree 
of adaptatían (only 10% of the 
germplasm planted). 



Table 5. Agronomic. morphologic, and nutritive quality characteristics of Brachlaria spp. (136 accessions) 
grouped in 15 clusters. 

C 1 u s ter 
Variable 1 2 3 

(n = 52)* (n - 37) (n = 7) 
Average Range C.V.** Average Range C.V. Average Range C.V. 

DMMS (kg/ha) 2789 952-4458 34 3186 1515-5044 28 5134 4317-6372 13 

L:SH:T (g/g) 1.0 0.4-2.1 39 1.1 0.6-1.9 32 1.2 0.8-2.2 38 

CP-LPC-H (%) 13.6 11.0-17.3 11 14.2 11.1-16.6 12 13.9 12.9-14.9 6 

CP-SPC-T (%) 7.7 4.8-10.8 18 8.1 5.5-11.8 20 7.0 5.9-8.3 11 

CP-WP (%) 10.6 7.8-13.9 11 11.3 8.6-14.4 13 10.7 9.6-11.3 6 

IVDMD-L (%) 66.6 58.9-75.7 7 70.0 62.2-78.8 5 70.4 64.7-73.2 4 

IVDMD-S (%) 59.8 45.6-73.4 8 61.2 48.0-71.6 9 66.1 60.6-68.1 4 

IVDMD-WP (%) 62.9 53.8-74.6 7 65.7 55.4-73.7 6 68.3 62.7-70.9 4 

Degree of adapt. 1 2.4 1.0-3.8 28 2.7 2.0-3.8 18 3.6 3.3-3.8 4 

Pests2 0.8 0.2-1.8 36 1.0 0.0-2.0 58 0.6 0.0-1.0 48 

Diseases 2 0.0 0.0 0.0 

Flowering3 2.0 0.0-3.3 60 1.0 0.0-3.0 107 1.3 0.0-3.0 5 

Height (cm) 48.7 25.4-79.2 27 40.8 19.2-70.4 25 69.9 53.3-90.4 17 
2 Cover (%/m ) 59.5 34.0-81.2 23 80.4 62.5-97.0 11 80.9 75.8-85.0 5 

Stolons (N° /m2) 20.4 0.0-258.0 254 323.6 20.0-702.8 48 8.4 0.0-30.8 4 

Rooted nades (N°/m2) 5.6 0.0-104.8 300 114.4 0.0-254.0 47 0.0 



rabIe 5. (Continued.) 

Cluster 
Variable 4 5 6 

(n = 12) (n = 5) (n = 3) 
Average Range C. V. Average Range C.V. Average Range C.V. 

DM (kg/ha) 3007 2026-4223 23 4994 4139-5695 12 255 150-310 36 

L:S (g/g) 0.9 0.5-1.7 31 1.4 1.1-2.0 27 1.1 0.5-1.5 49 

CP-L (%) 13.7 11.3-16.0 10 14.0 12.2-14.8 7 13.2 11. 6-14.4 11 

cP-s (%) 6.7 4.4-9.7 24 7.2 5.8-8.4 17 7.9 5.6-9.9 28 

CP-WP (%) 10.0 7.7-12.2 15 11.0 9.1-12.5 12 10.5 7.6-12.6 25 

lVOMD-L (%) 71.1 66.4-79.9 6 70.4 68.3-73.0 2 56.6 43.1-61.1 7 

IVOMD-S (%) 59.8 55.9-66.3 4 68.8 64.9-77.3 7 50.1 47.1-52.7 6 

lVOMD-WP (%) 65.1 60.4-70.5 5 69.9 67.1-74.8 4 52.7 51.8-53.5 2 

Degree of adapto 2.5 1.8-3.0 15 3.6 3.2-4.0 10 1.0 1.0-1.0 

Pests 1.3 0.3-2.0 33 1.2 1.0-1.5 15 0.7 0.0-1.2 90 

Diseases 0.0 0.2 0.1-0.3 39 0.0 

Flowering 1.0 0.0-2.0 161 1.0 0.0-2.0 223 1.5 0.0-3.0 160 

Height (cm) 36.4 22.9-44.2 18 55.7 38.7-81.2 35 J 8.7 17.5-20.0 7 
2 Cover (%1m) 84.5 72.5-92.1 8 95.8 92.9-98.7 2 12.2 7.5-15.0 34 

2 Stolons (N°/m) 595.6 480.0-776. O 15 432.4 346.8-554.0 23 4.4 0.0-12.8 173 

Rooted nodes (N°/m2) 283.2 206.0-404.8 17 128.4 44.0-292.0 75 1.2 0.0-4.0 173 



labIe 5. (Continued.) 

Cluster 
Variable 7 8 9 

(n 5) (n 3) (n 4) 
Av"rage Range C.V. Average Range C. V. Average Range C.V. 

DM (kg/ha) 2905 1315-4486 44 l/l::' 9 14/.9-2482 31 3525 1964-/,645 38 

L:S (g/g) 1.1 0.9-1.5 21 0.8 0.7-0.9 15 1.9 0.7-3.0 49 

CP-L (%) 10.7 9.4-12.2 10 Il .8 9.1-[3.6 20 11. 2 10.3-12.0 6 

CP-S (%) 5.4 3.8-8.1 32 5.0 4.4-5.8 15 6.7 5.6-7.5 12 

CP-WP (%) 8.2 7.3-9.6 J 1 8.0 6.3-9.5 20 9.4 8.3-10.3 9 

IDVMD-L (%) 70.1 62.9-77.6 8 61.3 57.2-64.6 6 58.4 56.1-60.9 4 

IDVMD-S (%) 61.2 53.5-71. 3 12 45.8 45.2-46.7 2 55.9 50.7-')9.9 8 

IDVMD-WP (%) 65.9 59.1-71.5 8 52.6 50.6-53.9 3 57.3 52.9-60.6 8 

Degree of adapto 2.6 1.5-3.5 35 1.7 1.6-2.0 12 3.0 2.4-3.7 18 

Pests 1.1 0.3-1.8 50 0.8 0.4-1.0 43 0.5 0.2-1.0 69 

Diseases 0.0 0.0 0.0 

Flowering 0.5 0.0-1.0 173 0.5 0.0-1.0 173 1.0 0.0-2.0 71 

Height (cm) 41.8 21.7-65.8 46 33.9 23.3-44.2 31 74.6 50.8-94.2 24 
2 Cover (%1m ) 80.3 61.7-90.8 14 72.7 59.2-80.8 16 63.0 48.0-74.2 18 

2 
Stolons (N°/m) 223.2 140.0-284.0 24 460.8 310.0-492 .0 31 0.0 

Rooted nodes (N o /m 2) 67.2 40.9-90.0 29 252.8 108.8-374.8 53 0.0 



Table 5. (Continued.) 

C 1 u s ter 
Variable lO 11 12 

(n = 2) (n = 2) (n = 1) 
Average Range C. V. Average Range C.V. Average 

DM (kg/ha) 930 704-1155 34 3300 3137-3463 7 5514 

L:S (g/g) 0.9 0.5-1.2 57 0.8 0.7-0.9 22 0.7 

CP-L (%) 12.1 10.3-13.9 21 19.2 18.7-19.8 4 16.8 

CP-S (%) 6.8 6.5-7.1 6 8.7 6.4-11. O 37 8.3 

CP-WP (%) 9.1 8.6-9.5 7 13.2 11.3-15.2 21 11.7 

IVDMD-L (%) 63.7 63.6-63.8 O 76.1 73.3-78.9 5 58.9 

IVDMD-S (%) 49.0 47.9-50.2 3 66.6 59.8-73.4 14 50.1 
'f IVDMD-PW (%) 55.5 53.4-57.6 5 70.4 67.5-73.4 6 53.6 .... 
'" Degree of adapto 1.7 1.6-1.8 5 3.2 2.8-3.6 17 4.0 

Pests 0.6 0.2-1.0 10 1.6 1. 5-1.8 12 1.2 

Diseases 0.0 0.0 0.0 

F lowering 3.3 3.5-3.5 0.0 3.0 

Heigth (cm) 43.7 39.2-48.3 15 55.4 48.3-62.5 18 69.5 

Cover (%/m2) 31.5 25.0-38.0 29 87.3 86.7-88.0 90.4 

Stolons (N° 1m2) 0.0 164. O' 130.8-196.8 28 354.0 

Rooted nodes (N°/m2) 0.0 104.0 84.8-122 .8 26 46.8 



Table 5. (Continued.) 

e 1 ti S t 
Variable 13 14 

(n = 1) (n = 1) 
-------- --------
Average Average 

DM (kg/ha) 2326 1300 

L:8 (g/g) 1.5 1.1 

CP-L (%) 10.2 19.5 

cP-s (%) 4.7 11.5 

CP-WP (%) 8.0 15.7 

IVDMD-L (%) 77 .6 80.1 

IVDMD-S (%) 63.4 66.5 

IVDMD-WP (X) 71.8 73.5 

Degree of adapto 1.8 1.7 

Pests 1.2 1.0 

Dlseases 0.0 0.2 

Flowering 0.0 0.0 

Height (cm) 20.4 20.8 

Cover (%/m2 ) 80.8 77.9 

Stolons (N° 1m2) 560.8 474.8 

Rooted nodes (N° 1m2) 398.0 218.8 

* Number of accessions in cluster. 

** Coefflcient of variation. 

y 1 = poor 3/ O unattacked plants '}J O 
2 fair 1 1-10% of plants attacked 1 

3 = gcod 2 = 11-25% of plants attacked 2 
4 = excellent 3 = 26-50% of plants attacked 3 

4 = more than 50% of plants 4 
at.:tackerl 

9-14 

e r 
15 

(n = 1) 
--....... ----
Average 

1864 

5.2 

13.9 

9.1 

13.1 

66.7 

63.2 

66.1 

2.0 

0.8 

0.0 

1.3 

45.0 

55.8 

0.0 

0.0 

= no flowering 
1.25% flowering 

= 26-50% flowering 
; 51-75% flúwering 
= more than 75% 

flowerlng 



Table 6. Averages for yieId, nutritive quality, damage by pests and diseases, and 
rooted nodes of the 10 Brachiaría spp. 

DM** L:S CP IVDMD Damage Damage No.of 
N° leaves leaves pests diseas. rooted 

Species kg/ha g/g (%) (%) nades! 
2 m 

B. brizantha (52) 3487+1102 l. 37+0.75 13.4+1.5 66.1+4.9 1.0 0.0 20+22 

B.decumbens (26) 3249+1100 1.06+0.31 14.4+2.5 70.9+6.2 1.5 0.05 50+23 

B. humidico,la (21 ) 2514+1090 1.08+0.37 13.4+1.7 67.9+5.6 0.5 0.02 45+19 

~.jubata (20) 1990+602 0.79+0.14 14.0+1.4 67.2+4.2 1.0 0.0 62+10 

B.ruziziensis ( 8) 4278+1154 1.16+0.20 14.1+2.9 71.2+1 .8 1.3 0.14 41+18 

B.arrecta ( 3) 2811+611 0.66+0.10 13.0+1. 3 68.9+2.1 1.7 0.05 79+19 

~.dict~oneura ( 2) 3150+477 1.50+0.35 12.8+0.9 65.8+2.7 1.0 0.08 29+6 

B.subulifolia ( 2) 427+392 0.88+0.53 11.0+0.9 62.4+1.8 0.0 0.0 

!l.·Elatynota ( 1) 3483 1 • ll¡ 16.2 78.8 1.0 0.0 48 

B~serrata ( 1 ) 2561 1.57 16.4 72.6 1.2 0.0 31 

* Number of accessíons per species. 

** Average DM production/6 weeks in six harvests. 
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Table 1. Average for yield and nutritive quality attributes oE the most outstanding accessions of 
Brachiaria spp. 1 

Cluster 

1 

2 

3 

4 

5 

7 

Mean 
3 

S.D. 

Species 

!~ brizantha 
B. brizantha 
B. brizantha 
B. brizantha 
B. brizantha 
!. brizantha 
B. brizantha 
.8. brizantha 
!!. brizantba 

!. brizantha 
B. jubata 

B. humidicola 
B. hwnidicola 
B. humid1co1a 

~. platynota 
!* decumbens 

B. brizantha 
B. brizantha 
B. brb;antha 
B. brizantha 
B. brizantha 
B. bri.zantha 
B. brizantha 

~. decumbens 
B. decumbens 

!!. decumbens 

B. brizantha 
B. ruziziensis 
~. ruziziensis 
!. ruziziensis 
!. ruziziensis 

B. decumbe:ns 

Accession 
CIAT No. 

6294 
6780 

16146 
16295 
16301 
16306 

16449 
16480 
16877 

16335 
16551 
16866 
16880 
16884 
26200 
26292 

16297 
16300 
16305 
16318 
16322 
16444 
16452 

16494 
26185 
26308 

26112 

26170 

26174 
26175 
26347 

16500 

DM~ 
kg/ha 

4295 
4315 

3818 
3553 
4314 
4061 

3633 
4018 
3407 

3793 
4273 
3143 

3389 
4564 

3483 
3914 

4563 
6372 
5566 
5075 
4945 

5101 

4317 

3639 

3681 
3405 

4139 
5695 

5799 
5388 

4946 

4486 

4315 
774 

!I Accessions with tolerance to pests and free of diseases 
1/ Average DM production/4 weeks in 10 harvests. 
11 Standard deviation. 
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L:S 
g/S 

1.95 

1.35 

1.67 

1.35 
1.43 
1.41 

1.07 
1.10 
2.14 

1.88 

1.40 

1.06 
1.83 
1.13 

1.14 
1.20 

1.25 

0.19 
1.05 
1.18 
1.00 
2.25 

1.09 

1.01 
1.00 
1.67 

2.00 

1.09 
1.33 
1.07 
1.44 

1.00 

1.35 
0.38 

L 

13.9 
13.0 
11.0 
13.0 
11.5 
12.7 
15.2 
15.4 

13.0 

15.9 
11.5 

14.9 
15.8 
12.7 

16.2 
14.2 

14.3 

14.1 
13.1 
14.7 
14.9 

12.9 
13.3 

16.0 
14.8 
15.2 

14.6 
14.3 
14.9 
12.3 

14.2 

12.2 

13.9 
1.4 

CP (%) 

s 

8.0 
6.9 

7.0 
7.6 
5.3 
5.3 
8.4 
8.1 
5.9 

10.3 
6.0 

11.3 
11.8 
8.0 
7.3 
6.0 

6.5 
6.8 
6.0 
7.2 
6.9 
7.5 
8.3 

7.6 
6.3 
6.1 

8.4 
5.9 
8.0 
5.9 
8.1 

3.8 

7.3 
1.7 

L 

65.4 

59.5 
63.7 

75.5 
69.9 

64.6 
69.8 
60.0 

66.7 

74.4 
69.7 
72.0 
74.8 
69.2 
78.8 
77 .9 

71.5 
11.4 
64.8 
73.2 
71.9 
71.1 
68.8 

66.4 
75.2 
68.6 

69.7 
68.4 
73.0 
70.6 
70.3 

62.9 

69.7 
4.7 

s 

63.1 
57.9 
63.6 
73.4 
60.9 
63.3 
63.8 
53.7 
61.1 

62.7 
68.6 
66.5 
71.6 
59.5 
59.1 
64.6 

68.1 

65 .• 
60.6 
68.1 
68.1 

68.0 
64.6 

56.8 

61.1 
61.3 

64.9 
65.7 
77 .3 
70.2 
66.1 

55.2 

64.2 
5.2 



TabIe a. Evaluation of adaptation and presence of pests and diseases in germplasm planted in Guáplles: 
TRF (November a7 - November 88). 

eIAT Degree of* Leve 1 of damage bl ~sts** Level dam~e dis.** 
LllGUMES No. Adaptation 0.5 1 2 0.5 1 2 

j 

¡ 
1 
1 ~. 18744 E S Le , 
1 18748 GE S Le 
i 
\ 

C. 1 macrOC8!::E,tml 5452 GE S Rh 
í 5733 ¡ 

GE Ch+Ch Rh 

1 Elumier1 5099 E Ch+Ch+Tr 
¡ 

I 
f· ~ubescens 5189 E Ch+Ch Rh 

5878 E CMCh Rh 
5914 E Ch+Ch Rh 
5050 GE S S Rh 

, 
í f· Syro1des 3001 E Rh J 
I 

1 D. viq~atus 474 E S 
¡ 
.1 D. heterophyl1um 349 E 

.1 g. ovalifol1um 13400 E Rh I , 13092 GE Rh 
13129 GE Rh 

F. maéro~b;z:lla 801 E S 
7184 E S 

17400 E S 
17403 E S Rh 
17407 E S Rh 

* (bétter than good); G = good J E ~ excellent. 
** 0.5 = presence; 1.0 = slight damagej 2.0 - Moderage damage; S = Suckersj S = Chewers; Tr ~ Trips; 

Le = Leptosphaerulina; Rh = Rhizoctonia. 
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The collection of Leucaena spp. (90 
accessions, see 1987 Annual Report) 
is well established. It was cut at a 
height of 40 cm from ground level and 
will be evaluated in eight weeks. 

SEASONAL TROPICS - TSSF: South Zone 

The experimental field belongs to the 
agroindustrlal and livestock coopera­
tive of San Isidro "COOPEAGRI" 
located at 9°22' latitude N and 
83°42' longitude W at 700 masl, in 
the Province of San José, 28 km from 
San Isidro de Pérez Zeledón. 

Average annual precipitation ls 22950 
mm and average temperature ls 23°C. 
The soils are classifled as Ustoxic 
Palehumult (Ultisol) of clayey 
texture ln the intermedia te and low 
zones, and sandy loam in the upper 
zone (see 1987 Annual Report for 
details on clímate and soíl). 

GERMPLASM EVALUATION 

A summary of evaluations carried out 
follows: 

Grasses 

Of the 16 grasses planted in April 
1987 only !. gayanus CIAT 621, 6053, 
6766, and B. humidlcola CIAT 6369 
exhibited a degree of agronomic 
adaptation from superior to good; 
these accessions represent only 25% 
of the germplasm planted. As can be 

seen in Table 9 the degree of disease 
incidence is very low. 

Legumes 

Accessions with a high degree of 
adaptatíon superior to good, are shown 
in Table 10. The most outstanding 
were Qa maerocarpum, Q ovalífolium, 
and ~. guianensis for their vigor, low 
incidence of pests/diseases, and good 
recovery after the elght cuttings 
performed to estimate DM production. 

SUBHL~ID TROPICS - SHT: Central Zone 

The experiment fíeld, in the Central 
American School of Livestock (ECAG), 
ls located at 9 Q S8' latitude N and 
84°23' longitude W at 200 masl, in the 
Provine e of Alajuela. 

Annual average precipitatíon is 1600 
mm and average temperature ls 23.7 Q C. 
The soils are classified as 
Inceptisol, with sandy 10am texture 
and good drainage (for details on 
climate and soll see 1987 Annual 
Report). 

GERMPLASM EVALUATION 

This report presenta the results of 
the first year of evaluation for 
accessions of Stylosanthes guianensls, 
Andropogon gayanus, and Brachlaria 
species. 

Table 9. Evaluatíon of adaptatíon and presence of pests and diseases in germplasm 
planted in San Isidro: TSSF (April 87 - November 88). 

CUT Degree of 
No. Adaptation 

A. gayanus 621 E 
6053 E 
6766 E Rh + S 

B. humidicola 6369 E 

* (better than good); E excellent. 
** 1 u Presence; Rh - Rhizoctonia; S - Smut 
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Table 10. Evaluation of adaptat10n and presence of pests and dlseases in germplasm planted in San Isidro; 
TSSF (Apri1 87 • November 8S). 

CIAr Oegree of* Leve! dama¡e bX Eests** Level of dama~e b~ diseases** 
LEGtlMES No. Adaptation 0.5 1.0 2.0 0.5 1.0 1.5 2.0 

!. pinto! 17434 CE Rh 

C. acutlfolium 5277 CE S Rh+Cy C. 

C. brasilianum 5657 GE S Rh 

~. macroca:!::,EUIn 5065 E Cy Rh 
5452 E Rh Cy 
5713 GE G. Cy Rh 
5733 GE Ga+Cy Rh 
5735 GE Ga+Cy Rh 
5740 GE Tr Ga Rh el' 

~. pubescens 5189 E S Rh+Ce 

~. rotundifol:la 8201 E Rh 
8202 E Rh 

D. ovalifolium 350 E 

3781 GE 

!!. guianensis 7351 E 

!. phaseoloides 9900 E Rh 

e.. capitata 2044 GE S 

e.. ¡uianensis 136 E Ce 
184 E Ce 

21 CE Ce 

1280 GE Rh 

e.. macroce~hala 2133 EC S 

1643 GE 
2756 GE 

Z. latifoUa 728 GE S Dr 

* (better than good); G = Good; E = Excellent. 

** 0.5 ~ Presencc; 1.0 = slight damage; 2~O = modera te damage; S = Suckers; Rh = Rhlzoctonia; 
Cy = Cylindrocladlum; Ca = Gacteriosis; Ce = Cercosporaj Dr = Dreschlera; Tr - Trips. 
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Legumes 

~. guianensis 
In June 15, 1987, 23 accessions of S. 
guianensis were established. This 
report presents data on accumulated 
production of 5 cuttings (13-X-87, 
IS-U-88, 9-V-88, 9-VI-B8, and 
4-VIII-88) , and the chemical 
composition of the samples. 

Accumulated production (TabIe 11) 
ranged from 3.4 to 16. O t IDM/ha for 
the aceessions evaluated. 

Table 11. Accumulated production of 
27 ~. guianensis accessions. 

Ecotype Mean 
CIAT No. (kg DM/ha 

1175 16004 a 
184 15514 ab 

11362 15269 ab 
11374 12903 abe 
11372 12242 abcd 

21 11911 abcd 
11375 10207 abcde 

191 10135 abcde 
11366 9795 abcde 

136 9592 abede 
11376 9225 bcde 
11364 8990 bcd e 
11371 8506 cde 
11369 8287 cde 
11367 7829 cde 
2031 7712 ede 

11373 7426 cde 
11363 7067 cde 
11365 6631 cde 

64 6220 cde 
15 5990 de 

1280 5915 de 
11368 5880 de 

1283 4706 e 
11370 4526 e 
11370 4526 e 

64A 4077 e 
10136 3441 e 

Standard deviatl.on: 3465; 
DM Mean = 8741 kg/ha. 
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The most ouststanding group in terms 
of production is composed by 
accessions CIAT 1175, 184, 11362, 
11374, 11372, 21, 11375, 191, 11366, 
and 136, with a mean of 12.357 + 2.495 
kg/DM/ha above the mean of all acces­
sions in aImost 4 t/DM/ha. 

The more adapted accessions also 
occupied the top positions in terms of 
CP content and IVDMD (Tables 12 and 
13). For example, CIAT 184 is the 
ecotype having the best performance 
during the surnmer, greater retention 
of leaves, greater portian of plant 
with green color, low anthraenose 
incidence, and i8 second in DM 
production; yet its IVDMD i9 inferior 
to the mean (Table 13). Ecotype CIAT 
184 also performed ",ell in the 
seasonal tropics; for this reason, 
seed multiplication of this ecotype 
was initiated seed in the low sites 
(0.8 ha total) (see Tables 20 and 22). 

Grasses 

~. gayanus and Brachiaria app. 
The firat evaluatíon of 33 accessions 
of A. gayanus and 11 of Brachiaria 
spp. was performed 108 days after 
planting, during the rainy periodo 
Most of the material was successfully 
established, except for 1 replicatian 
of ~. gayanus 6053 and 16986 and of !. 
decumbens 6012. About 80-90% of the 
A. gayanus and Brachiaria spp. 
ecotypes presented a high to good 
degree of adaptatíon and no problem 
with diseases or pests. 

Among the A. gayanus entries, acces­
sions 6368~ 6216, 16974, and 16984 
yielded more than 6 t/DM/ha and showed 
the fastest rate of establishment. 
Among the Brachiaria spp., B. 
decumbens 606 and B. brizantha 667 and 
6780 yielded more than 5 t/DM/ha. 

The next cutting (February 15) was 
done 120 da)'s later, in the middle of 
the dry period. Among the Brachiaria 
species, all accessions of ~. 
brizantha and B. decumbens 606 yielded 



rabIe 12. Crude pro te in in 27 aceeS-
sions of ~. gulanensis 
during the period of 
maximurn precipitation (56 
days of regrowth). 

Eeotype Mean 
CIAr No. % 

11368 19.8 a 
11370 19.3 a 
11373 18.2 ab 

136 18.1 abe 
11365 17.5 bed 
11363 17.4 hect 
11367 17.3 bede 
11376 17 .2 bcde 

1283 17 .0 bedef 
21 17.0 bedef 

11362 17 .0 bedef 
1280 16.7 bedefg 

11371 16.7 bcdefg 
184 16.6 bedefgh 

2031 16.3 bcdefgh 
11369 16.3 edefgh 
11366 16.2 edefgh 
11372 16.0 defgh 
10136 15.9 defgh 

1175 15.8 defgh 
11375 15.8 defgh 

64 15.4 efgh 
15 15.2 fgh 

191 15.0 gh 
64A 14.7 h 

No. de ohservat1ons: 54; 
Ranga: max. 20.40 - mino 14.60 
Mean: (%) 16.75; 
Standard deviation: 1.33 

over 1 t!DM!ha. Despite the greater 
mean DM production of ~. gayanus 
during this eutting, rabIe 14 shows 
that 80% of rhe DM produeed by B. 
br1zantha i8 green DH (leaves + 
stem8); s1milarly, 85, 76, and 89% of 
rhe DM produced by B. humidicoIa, B. 
decumbens 606, and!!.. die tyoneura 
6133, respectively, 1s also green DH. 
rhis contrast with a value of 100% for 
~. gayanus, wírh a maximum of 30% for 
accession 621. 
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rabIe 13. In vitro dry matter digest-
ibility of the 27 acces-
sions of S. guianensis 
during th~ period oi maxi-
mum precipitatíon (56 days 
of regrowth). 

Eeotype Mean 
CIAr No. % 

11370 66.8 a 
64 65.1 ah 

11367 64.4 abe 
11362 64.0 abed 
1 [368 63.9 abcd 
11371 63.9 abed 
11366 63.8 abcd 
11374 61.9 abede 
11369 61.6 abcde 
11364 61.0 abe de 
11372 60.9 abcde 
1 [365 60.7 abede 
11376 59.9 bcde 

136 59.6 bcde 
191 59.6 bcde 

11375 59.5 bede 
21 59.3 bede 

11373 59.3 bcde 
15 59.2 bede 

1175 59.0 bcde 
64A 58.6 cdef 

10136 57.9 def 
11363 57.8 def 

184 57.7 def 
1280 57.7 def 
1283 56.0 ef 
2031 52.6 f 

No.Observ.: 54; Range: max.67.45-min. 
48.70; Mean.: (%)60.43; S.D. 3.60. 

Average production of total dry matter 
(TDM) during the surnmer period was 
2021 :l: 537 kg!ha for the A. gayanus 
accessions representing 17 -+ 5.6% of 
the annua! total. For the Brachiaria 
species, average production of TDM for 
the SaIDe period was 1074 + 308 kg!ha, 
represent1ng 15 + 6.8% oC rile annual 
total. 

Tables 15 and 16 present data relevant 
to tlle diameter of A. tillers 



Tab1e 14. Percent:age of green leaves and green sterns in the dry matter 
production, and stem:1eaf ration of Brachiaria spp. and Arrlrgpogon 
gayanus in the middle of the dry periro (Atenas, 15 Feb., 1988). 

Accessions 

Brachiaria brizantha 
Brachiaria brizantha 
Brachiaria brizantha 
Brachiaria brizantha 
Brachiaria decumbens 
Brachiaria brizantha 
Brachiaria humidico1a 
Brachiaria dictyoneura 
Brachiaria humidicola 

CIAT No. 

6780 
667 
664 

6387 
606 

6294 
679 

6133 
6705 

% leaf 

67.6 
57.8 
22.4 
31.3 
31.0 
73.7 
64.2 
65.2 
72.8 

%st:em 

19.2 
32.8 
46.2 
30.0 
45.3 
13.8 
19.0 
23.8 
15.6 

l/S 

3.5 
1.8 
0.5 
1.0 
0.7 
5.3 
3.4 
2.7 
4.7 

IM (kgJha) 

2706.3 
1714.8 
1592.9 
1544.2 
1369.3 
1357.2 
706.5 
588.6 
327.2 

--------------------------------------------,----
Brachiaria brizantha 

Brachiaria humídicola 

Accessions 

Andropogon gayanus 

Andropogon gayanus 

Mean 
Mi.n 
Max 
S.D. 

Mean 
Mi.n 
Max 
D.E. 

CIAT No. 

621 
16991 
16978 

6265 
16974 

6201 
6214 

16979 
6221 

Mean 
Mi.n 
Max 
5.0. 

50.56 
22.4 
73.7 
22.6 

68.5 
64.2 
72.8 
6.1 

% leaf 

4.5 
1.4 
1.0 
6.1 
1.3 
0.3 
0.2 
0.4 
0.9 

1. 79 
0.2 
6.1 
2.07 
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28.4 
13.8 
46.2 
12.62 

17.3 
15.6 
19.0 
2.4 

%st:em 

25.2 
0.8 
6.2 
6.2 
1.7 
1.6 
7.7 
4.6 

22.5 

8.5 
0.8 

25.2 
9.04 

l/S 

0.2 
1.8 
0.2 
1.0 
0.8 
0.2 
0.0 
0.1 
0.0 

1783.08 
1357.2 
2706.3 

531.88 

516.9 
327.2 
706.5 
268.2 

IM (kgJha) 

3583.6 
3360.1 
3177.9 
3063.2 
3048.5 
3016.4 
2590.5 
1871.4 
1316.1 

2780.9 
1316.1 
3583.6 
737.7 



Tab1e 15. Tiller diaJreter of Andropogon gayanus nine months after planting", after 
a cutting" on october 1987 and anot:her on February 1988 (Atenas, lde 
llI3.y of 1988). 

Ecotype No. of Mean 8.D.* Min Max CIAT No. Observations (cm) 

6368 6 66.5 a 6.9 61 80 
16991 6 65.0 ah 11.2 49 78 
16978 6 64.2 ah 16.8 46 82 

6695 6 64.2 ab 6.7 51 69 
6219 6 60.5 abe 10.0 50 75 

621 6 59.3 abe 5.4 55 68 
16979 6 59.0 abe 3.8 55 65 

6234 6 58.8 abe 9.2 50 73 
16984 6 58.7 abe 9.6 48 71 

6216 6 58.7 abe 12.4 43 78 
6265 6 57.3 abe 13.0 42 75 

16974 6 56.7 abe 6.3 46 64 
6201 6 56.5 abcd 7.2 50 70 
6207 6 56.2 abcd 3.9 53 62 

16985 6 55.8 abcd 7.5 45 64 
16975 6 54.3 abcd 8.4 45 66 

6224 6 53.0 abcd 5.2 46 58 
6697 6 52.7 abcd 14.4 30 66 
6054 6 51.5 ba:l 15.4 33 68 

16983 6 51.3 ba:l 19.3 14 66 
6694 6 50.5 ba:l 9.6 35 60 
6757 6 49.2 cd 14.1 32 68 
6218 6 48.5 cd 7.5 39 61 
6214 6 46.7 cde 17 .2 26 67 
6202 6 42.5 de 16.0 20 59 
6377 6 35.7 e 17.6 17 61 

rorAr.. 156 55.1 12.6 14 82 

'* S.D = Stamard De\riation. 
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Table 16. stern díameter of lID:lropqgon gayanus nine months after plantin;J, after 
cuttin;J en October 1987 and another on February 1988 (Atenas, 1 May, 
1988) • 

Ecotype No. of Mean 
S.D. Min Max 

CIAT No. Cllservatíons (mm) 

6200 40 4.5 a 2.2 1.2 9.4 
6265 40 3.1 b 1.1 1.0 4.9 
6214 40 3.0 b 1.4 0.6 5.9 
6201 40 2.9 be 1.2 0.8 5.6 
6216 40 2.8 bcd 1.8 0.6 9.1 
6220 40 2.7 bcde 1.2 1.0 5.0 
6202 40 2.5 c:def 0.8 0.8 4.5 
6694 40 2.3 defg 0.7 0.8 3.7 

621 40 2.3 defg 0.9 0.5 3.9 
6757 40 2.3 efgh 1.0 0.5 5.0 
6207 40 2.2 efgh 1.1 0.7 4.5 
6233 40 2.2 efgh 0.8 0.6 4.2 
6377 40 2.2 efgh 0.8 0.6 4.0 
6368 40 2.2 efgh 1.0 0.3 5.0 
6054 40 2.1 fgh 1.0 0.6 4.5 
6221 40 2.0 fgh 0.8 0.9 4.7 
6224 40 2.0 fgh 0.7 0.8 3.2 
6219 40 2.0 fghí 0.7 0.9 3.5 
6759 40 2.0 fghi 1.1 0.5 4.5 
6697 40 2.0 fghi 1.1 0.6 4.5 

16985 40 2.0 ghí 1.0 0.5 3.5 
16979 40 1.9 ghi 0.8 0.6 3.5 

6218 40 1.9 ghí 0.8 0.6 3.9 
6695 40 1.9 ghi 0.8 0.6 3.9 

16991 40 1.8 ghí 0.8 0.5 3.6 
16974 40 1.8 ghí 0.8 0.7 4.3 

6234 40 1.8 ghí 0.9 0.2 4.2 
16978 40 1.7 hí 0.8 0.2 3.6 
16975 40 1.7 hi 0.7 0.7 3.3 
16984 40 1.7 hí 0.8 0.5 3.7 
16983 40 1.5 í 0.6 0.5 2.8 

IDrAL 1280 2.2 1.2 0.2 9.4 
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and stems. The most productive 
accessions (TabIe 17) belong to the 
group having the greatest diameter, 
and sorne of these, such as A. 
gayanus 16984, 16983, and 16974, have 
che lowest the least average stem 
dtarneters. 

The first cut (June 10) after the 
summer period, which was particularly 
dry and long, was performed 30 days 
after initiation of the rainy periodo 
The superior regrowth capacity of B. 
dictyoneura 6133 and B. humidicola 
679 was evident, the first being 
signiflcantively more productive chan 
the mean of the ~. gayanus accessions 
aod the 5 accessions of B. brlzantha 
(Table 17). 

Table 18 surnmarizes the production 
accumulated after 5 euts. Statisti­
cal analysis shows chat B. decumbens 
606 and B. brizantha 667 yield 
similar to those ecotypes of A. 
gayanus hetter adapted to the 
agroecologie conditions and the 
management practícéS of the trial. 

Likewise, the high levels of 
productivity of several of the 
accessions évaluated and the lo", 
incidence oí pests and diseases 
(Table 19), indicates that naw 
germplasm will be available in a near 
future for this important regíon. 

SEED MULTIPLICATION AND PRODUCTION 
ACTIVITIES 

From the beginning of the projec t in 
April 1987, the seed multiplicatton 
and production activities have been 
an important component of the 
project. Tables 20, 21, 22, 23, 24, 
and 25 surnmarize the main results for 
each loca lit y and compares various 
parameters among localitles. 

Table 20 surnmarizes acti.vities in 
Atenas (SHTF). Arnong tbe grasses the 
low yield of 1::.. gayanus 621 stands 
out partícularly. This can be 
explained by the strong and 
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persistent winds prevalents in the 
regien during the entire sununer 
(November-April) which caused big 
seed lOBses. ~. dictyoneura 6133 was 
harvested during the period of 
maximum precipitatian and resulted in 
h1gh pure seed yields (153 kg/ha) of 
good quality. Resul ts for B. 
decumbens 606 are also very 
encouraging. To date, it has been 
harvested three times (16-IX-87, 
21-VII -88, and 20-X -BB) with an 
average production of 70 kg pure 
seed/ha and 7.7 t oi hay during the 
summer período 

Among the legumes, C. acutifolium CIAT 
5277 showed h1gb incidence of 
bacteriosis, which seriously affected 
seed production and finally the erap 
had to be destroyed on July 25, 1988. 
~. pubescens 438 and C. 
brasilianum 5234 showed acceptable 
yields. 

Despite the good and uniform flowering 
of the grasses planted in Guápiles 
(Table 21), seed harvesting possibi­
lities were very low given the 
abundance oí birds. In the case of 
legumes, as a180 observcd in Table 21, 
D. ovalifoliurn had a mean yield of 360 
kg pure seed/ha for the three 
accessions evaluated, with the lowest 
value for CIAT 13089 and the highest 
for CIAT 3788. Results tor ~. pinto! 
17434 were extraordinary, reaching a 
yield of almost 2 t pure seed/ha. 

In tne serni-evergreen seasonal 
tropical forest (Table 22), grass and 
legume yield, with the exception of C. 
acutifolium 5277, were very 
encouraging, both for the locality as 
well as among localities (Table 2.3). 
Tables 24 and 25 summarize the first 
phenologic studies carded out with 
grasses and legumes, respec.tively. 

GERMPLASM PLANTED IN EXPERINENTAL 
FIELDS IN FARMS OF SEED PRODUCERS 

Table 26 shows the number of 
accessíons under evaluatíon and the 



area destined to multiplication, 
which doubled previous years' figures 
(3.6 vs. 8.S ha for 1987 and 1988, 
respectively). 

Table 27 summarizes the new 
activities initiated during 1988 
consisting in establishing evaluation 
fíelds at farm level. Approximately 
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5 ha have already been planted with 
several purposes, from grazing to seed 
multiplicatíon, to the utiliza- tion 
01 legumes as cover crop in various 
types of commercial plantings. This 
practice will undoubtedly be increased 
in future years. 



Table 17. Production anDl'q species 30 days after the rainy period has started 
(Atenas, 10 June, 1988). 

Species Level of Difference Level of 
oonfidence between oonfidence 

eorrparison mínimum means maximum 

.!}. dictvoneura - .!}. humidioola - 535.4 794.6 2124.7 
-ª. dic!;yoneura - -ª. decurnbens - 829.8 856.6 2543.1 
-ª. dictvoneura - b. gavanus 80.4 1077.6 2074.8* 
-ª. dic!;yoneura - .!}. brizantha 71.3 1291. 7 2512.0* 

-ª. hunúdioola - .!}. dictvoneura -2124.7 - 794.6 535.4 
-ª. humidioola - .!}. decurnbens -1268.1 62.0 1392.1 
-ª. humidioola - b· cavanus - 357.8 282.9 923.7 
-ª. hunúdioola - .!}. brizantha - 366.9 497.0 1361.0 

-ª. decurnbens - ,ª. dictvoneura -2543.1 - 856.6 829.8 
,ª. decurnbens - -ª. hunúdioola -1392.1 - 62.0 1268.1 
-ª. decurnbens - b. Q¡!vanus - 776.2 221.0 1218.2 
.fl. decurnbens - -ª. brizantha - 785.3 435.0 1655.4 

b· gayanus - -ª. dictvoneura -2074.8 -1077.6 - 80.4* 
b· gavanus - l}. humidioola - 923.7 - 282.9 357.8 
A· gayanus - l}. decurnbens -1218.2 - 221.0 776.2 
b. Q¡!yanus - l}. brizantha - 317.0 214.1 745.1 

l}. brizantha - l}. dictvoneura -2512.0 -1291. 7 - 71.3* 
I¿. brizantha - I¿. humidioola -1361.0 - 497.0 366.9 
I¿. brizantha - I¿. decurnbens -1655.4 - 435.0 785.3 
B. brizantha - A. gavanus - 745.1 - 214.1 317.0 

* significative oamparisons at the 0.05 level. 
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'rabIe 18. ACcurnulated production of 31 accessions of Andropogon gayanus and 10 of 
Brachiaria spp. (Atenas, 4 August, 1988). 

Accessions CIAT No. Mean 
rM kgjha 

Andropogon gayanus 6368 20561 a 
Andropogon gayanus 16984 19244 ab 
Andropogon qayanus 6216 17495 abe 
Andropogongayanus 6697 17231 abcrl 
Andropogon gayanus 16974 16861 abcrl 
Andropogon gayanus 16983 16676 abcrle 
Andropogon gayanus 6214 16342 abcrlef 
Andropogon gayanus 621 16143 abcdef 
Andropogon gayanus 6207 15422 abcrlefg 
Brachiaria decumbens 606 15151 abcrlefgh 
Andropogon gayanus 6219 14819 abcrlefgh 
Andropogon qayanus 6220 14496 abcrlefhgi 
Andropogon qayanus 16979 14296 abcdefghij 
Andropogon gayanus 6757 14270 abcdefghij 
Andropogon gayanus 6224 13865 abcrlefghijk 
Andropogon qayanus 6265 13743 abcdefghijk 
Andropogon qayanus 16985 13638 abcdefghijk 
Andropogon gayanus 6218 13521 abcdefghijkl 
Andropogon qayanus 6234 13512 abcdefghijkl 
Andropogongayanus 16975 13386 abcrlefghijkl 
l\ndropoqon gayanus 16991 13189 abcdefghijkl 
Brachiaria brizantha 667 12374 abcdefghijkl 
Andropogon gayanus 16978 12295 abcdefghijklm 
Andropogon gayanus 6694 12014 bodefghijklm 
Brachiaria dictyoneura 6133 12011 bodefghijklm 
Brachiaria brizantha 6780 10332 cdefghijklmn 
Brachiaria brizantha 6387 9841 cdefghijklmn 
Andropogongayanus 6202 9204 cdefghijklmn 
Andropogon gavanus 6201 8874 defghujklmn 
Andropogon gayanus 6200 8296 efghujklmmn 
Andropogon gayanus 6054 7959 fghojklmn 
Andropogon gayanus 6377 7547 ghijklmn 
Andropogon gavanus 6233 6858 hijklmn 
Andropogon gayanus 6695 6712 hijklmn 
Brachiaria humidicola 679 6165 ijklmn 
Andropogon gayanus 6759 6005 ijklmn 
Andropogon gayanus 6221 5915 jklmn 
Brachiaria brizantha 6294 5511 klmn 
Brachiaria humidicola 6705 5044 lrnn 
Brachiaria brizantha 664 3912 llll1 

Brachiaria humidicola 6369 3412 n 
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Table 19. Degree of adaptation an:l presence of pests an:l diseases in 33 
accessions of AOOrQpogon gayanus an:l 11 of Brachiaria spp. (Atenas, 4 
August, 1988). 

Jv:cessions 

AOOrQpogon gayanus 

Brachiaria decymbens 
brizantha 
humidicola 
dictyoneura 
brizantha 
humidicola 
brizantha 
humidicola 
brizantha 
brizanti1a 
decurnbens 

CIAT No. 

6201 
6207 
6216 
6265 
6368 

16978 
16984 

6054 
6214 
6218 
6219 
6220 
6224 
6697 
6757 

16974 
16979 
16983 
16985 
16991 

621 
6202 
6221 
6234 
6377 
6694 
6695 

16975 
6200 
6759 
6233 
6053 

16986 
606 
667 
679 

6133 
6294 
6369 
6387 
6705 
6780 

664 
6012 

Degree of 
adaptation* 

E 
E 
E 
E 
E 
E 
E 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 

G 
G 
G 
G 
G 
G 
G 
G 
1 
1 
IP 
P 
P 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 
EX; 

G 
GI 
P 

, ** 
Pests an:l d~seases 

1'lM 2FBi lCH 1CSL 
1'lM 2FBi lCH lCSL 
1'lM 2FBi 1CH 
1'lM 2FBi lCH 
1'lM 2FBi 2CH 
2FBi lCH 1CSL 
2FBi lCH 
1'lM 2FBi lCH 1CSL 
1'lM 2FBi 1CH 
1'lM 2FBi 1CH 1CSL 
2FBi lCH 
2FBi lCH 
1'lM 2FBi lCH 
1'lM 2FBi lCH 
1'lM 2mI lCH 
2mI lCH 
1'lM 2mI 1CH 
2FBi lCH 
1'lM 2FBi 1CH 
1'lM 2FBi lCH 
1'lM 2mI lCH 
2mI lCH 
1'lM 2FBi lCH 
1'lM 2FBi lCH lCSL 
2FBi lCH 
1'lM 2FBi lCH lCSL 
1'lM 2FBi lCH 
2FBi lCH 
2FBi 1CH 
1'lM 2FBi lCH 
2FBi lCH 
1FBi 
1'lM 1FBi lCH 
lCH lSP 
lFBi lCH lSP 2CSL 
lCH 2SP 
lCH 2SP 
1FBi 1CH lSP lCSL 
1CH 2SP 
1FBi lCH 2SP lCSL 
lCH 2SP 
1FBi lCH lCSL 
1FBi lCH 2SP 2CSL 
lCH 1HE lSP 

* E = excellent; G good; I = intennediate; P = poor; D = dissappeared 
** 'lM = thrips-mites; FBi = flea bettle-hamoptera; CH = chewers; HE = 

hemiptera; SP = spittlebug; CSL = crearny spot in leaf; 1 = presenoe; 
2 = slight damage. 9-29 



roble 20. Germplasm. area pl anted, aoo seed produ<.:tion í n Atenas*. 

GCl"11'P lasm 
CIAr Ar~. Oensity Planting 
No. m <g/ha date 

GRASSES 

A. g8var.JS 6.2:1 2600 11 29'V'87 

l· brizantha 6780 7450 3 6-VIr -86 

l· decl.lJbens*** 606 2500 4 28-V-S7 

!l- dictyoneura 6133 2600 4 29-V-S7 

LEGUHES 

l<. acutífol ¡un 5277 2500 6 1-VI-S7 

¡;. brasil ianun 5234 2500 Ó 1-VI -S7 

l<- mcrocary 5713 2500 6 l-VI-67 

l<. !!!bescens 438 2500 6 1-V-87 

§.. 9yjaoensis 184 3500 4 14-VIl 1-86 

TOTAL AREA 28650 

• Semi-humid tropical tarest .. First and second year 
••• • 7750 kg hay . 

Teble 21. Gel1J1.'lasm, area pt anted l an::! seed producti on in Guápi les·. 

Gert'l'plasm 
CIAT 

No. 

GRASSES 

ª~ brilantha W. 
i. brizantha 6780 

§. djet~neura 6133 

I!. htmidicola 679 

~. hWlidicola 6705 

ª"_ hunidieola 6369 

LEGUMES 

A. pintoi 17434 

A. pintoi 17434 

Arachis sp. 2273*· 
!!. heterocjr~llLl1l 349 

!1.. oval ifol il..m 350 

!1.. Sltatifot ÜIR 3788 

Q- oval ifol il.JlJ 13089 

TOTAL AREA 

* tropical rain forest 
** University of Florida. 

Ar~a Density Plant tng 
m <g/na date 

2040 3 19-YI -87 

2500 3 IS-VI-S7 

2500 3 19-VI -87 

340 3 l1-VI-S7 

300 3 n-VI-S7 

80 MV 30-YI-86 

1000 8 9-YI-87 

2000 MV lS-IV-86 

150 13 15-llJ-86 

500 3 11-YI -87 

2000 3 l1-VI-87 

610 3 9-VI-87 

510 3 9-VI-87 

14530 
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Floral s~""" Purity Pure seed 
NO./m % kg/n. 

30 7 

286 40-97'" 70 

76.2: 91 153 

O 
90 201 

90 18 

90 154 

Vegetatlve material Pure seed 
tIna <g/ha 

O 
O 
O 

O 
145 O 

53 1965 

40 

50 382 
44Q 
256 



Tabte 22. Germplasm, area planted. and seed production in San Is;dro*~ 

CIAT Ac2" Oensi ty Planting Floral s~ems purity Pure seed 
GerRlllasm 

No_ m kg/ha date No./m j¡ kg/ha 

GRASSES 

A. 9ayaf'1JS 621 1100 10 22-V-87 152 40 84 
!l. brizantha 6780 5000 3_5 20-VI-88 
!l. declJ\bens 606 950 4 2O-Y-87 206 67 99 

ª. dictyoneura 6133 950 4 21-V-87 206 ó3 115 
6133 600 4 lS-VI-87 435 25 71 

!l. 'u.midicola 679 108 \lM ll-Y-88 
6369 881 \lM 27-YII-88 
6705 3000 \lM 3-YIII-88 

LEGJMES 

A. pintoi 17434 400 8 21-YIII-S7 
17434 5000 \lM V-88 

~. acutlfol itJ'l1 5277 970 5 21-Y-87 90 41 
&.. macrocar2:!!! 5452 5457 6 25-VI-88 

5620 1215 6 25-VI-88 
5713 3960 6 2S-VI-88 
5957 1125 6 2S-VI-88 

Q. oval ifoliLm 350 950 4 21-V-S? 90 284 
.§. guianensis 184 4500 3 23-VI-88 
f. maseololdes 9900 3000 3 30-VI-88 

TOTAL AREA 39166 

• Tropical semí·evergreen seasonal foresto 

Table 23. seed productiOl1 among locations ín Costa Rica*: 1987-1988. 

CIAT Atenas Guápiles san Isidro 
Gennplasm 

No. ------pure seed yield (kgjha}----------

A· qavanus 621 7 84 

l}. decumbens 606 70 O 99 

]? dictvoneura 6133 153 O 93 

S:;. acutifoliurn 5277 O 41 

Q. ovalifoliurn 350 382 284 

* .I\grorla11y-ce.ntral America aro the Caribbean (latín speaker). 
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TabLe 24_ Phenologic summary of grasses planted in Costa Rica for seed multiplication: 1987-1988_ 
.. _-----~----

CIAr Plantlng MaxillUJl Inflorescenc:e Pure seed 
Grasses Locatlon* flowering 

2 
Harvest 

No_ date date NO./m k9/ha 
-----... -... _---- -..... _--

~. sayanos 621 A 29+87 15-1 -88 7 
621 SI 22-Y-S7 8-X¡¡-S7 152 13-1-88 84 

ª- brizantha 664 G 19-YI-S7 O 
664 G 19-YI-S7 YI-88 83 O 

6780 G lS-YI-S7 31-X-S7 O 
6780 G 18-VI -87 S-YI 1!-88 189 O 

ª_ de<:UTbens 606 A 28-Y-87 16- IX-87 66 

606 A 2B-Y-a7 29-VI-88 288 21-YII -88 72 

606 SI 21-V-a7 13-YI-88 206 14-VII -88 99 

ª- dictyoneura 6133 A 29-V-87 26-YI -88 762 18-YII -88 153 

6133 A 29-Y-87 S-YI 1!-88 

6133 G 19-YI-87 28-IX-S7 O 

6133 G 19-VI -87 7-VI-88 300 O 
6133 SI 21-Y-87 29-YI-88 206 11-YII -88 115 

6133 SI 15-VI-87 29-YI-88 435 12-VIl-88 71 

ª- tnsnidicola 679 G l1-VI-87 19-IX-87 O 
679 G l1-YI-S7 YI-88 556 O 

6705 G ll-YI-87 l1-XI-87 O 
6705 G l1-VI-87 VI-88 728 O 

* A ;:; Atenas (TShf); G = GuápiLes (TRF); SI = San Isidro (TSESf)_ 

TabLe 25_ Phenologic surnmary of tegumes ptanted in Costa Rlca for seed multiplication: 1987-1988_ 

CIAT Planting HaxilJ'l,lD tnftorescence Pure seed 
lCgUffiCs Location* flower1n9 

2 
Harvest 

No_ date date No,lm 

~- plntoi 17434 G 9-YI-87 29-VIII-S7** 17-Y-88 1965 

f- acuti fol h.m 5277 SI 21-Y-87 30-XI-87 15-1-88 41 

1;. bras i l í larun 5234 A , -VI -a7 4-XI-8? 11-1-88 201 

&. macrocarQY!! 5713 A l-VI -87 '4-XIl-S7 16-1-88 18 

~- OI.bescens 438 A l-VI-87 '4-X-87 31-XII-88 '54 

il- heteroohz::llun 349 G "-VI-87 Il/lIl-88 40 

Q- Qvalifoliun 350 G " -YI-S7 26-XI-87 11-1-88 382 

350 SI 21-Y-87 17-XI-87 8-XII-88 284 

3788 G 9-VI-87 2-XII-S7 21-1-88 440 
13089 _ G 9-Y¡-S7 20-XIl-S7 12-11-88 256 

-----~-~~-. 

• A:: Atenas (TShF); G = Guáp'les (TRf); SI :: San Isidro (TSESF) 

•• Permanent fto;.¡eríng . 
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Tabla 26. Nl:JInber of acaessions ard area fer seed m1l.tiplication' planteé! in Costa 
Rica: 1987-1988. 

Nl:JInber of acaessions Area 
lDcation 

Grasses Legumes ha 

Atenas 55 230 3 
Guápiles 370 293 1.5 
San Isidro 16 177 4 

'IDI'AL 441 700 8.5 

Table 27. Plantings carried oot at the farm lavel: Tropical Pastures Progra:m/ 

Central America ard the cariJ:t>ean, 1988. 

Gel:nplasm 

B.d. 606 + e.m. 5452 + 
C.p. 438 + e.b. 5234 TShF 

B.d. 606 + e.m. 5713 + 
C.p. 438 + e.b. 5234 TShF 

A.g. 621 TShF 

B.h. 6705 TShF 

A.p. 17434 TSESF-COffee 

A.p. 17434 TSESF-oil palm 

A.p. 17434 TRF-Bananas 
A.p. 17434 TRF-coconut 
D.o. 350 TRF-Pejivalle 

B.h. 6705 'lSESF 

a.h. 6705 TSESF 

B.h. 6705 TSESF 

a.d. 6133 TSESF 

B.d. 6133 TSESF 

B.d. 6133 TSESF 

a.d. 6133 TSESF 

B.b. 6780 TRF 
'IDI'AL MEA 

* G = Grazirg; S = Seedbed; e = Cover crop. 
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G 

G 

G/S 

G/S 

e 
e 
e 
e 
e 
s 
S 

S 

S 

S 

S 

S 

G 

11900 

7650 

11000 

2600 

300 

250 

1060 

2300 

1500 

1500 

1800 

800 

1500 

1000 

1800 

1200 

5000 

53160 



10. Soil Microbiology 

The work carried out durlng 1988 in 
the So11 Microbiology Section will be 
discussed under the following 
sub-headings: 

- Rhizobium characterization 
- Evaluation of legume-rhizobium-sol1 

combinations Stylosanthes capitata 
- a special case. 

- Use of traditional lnoculation 
technology. 

- Freeze-dried inoculants 
- Legume-rhizobium evaluation network 
- Non parametric nodulation 

evaluations N uptake and transfer 
- N mlneralization and immobilization 

l. RHIZOBlUM CHARACTERIZATION 

A simple method was developed for 
measuring growth rate of 
Bradyrhizoblum strains by counting 
the cells in young (barely visible) 
7-10 day old well-separated colonles 
oí the strains grown on spread plates 
of YMA at pH 5.5. !he spread plates 
were inoculated from a dilution 
series prepared from colonies of the 
same age. The results have shown a 
range of growth rates (gene rat ion 
time) from 6-7h for the faster 
growing strains, to 10-12h for the 
very slow-growing strains. This 
compares with 2-3h for fast-growing 
rhizobia (Rhizobium spp.). Growth 
rates were not markedly different on 
mediumat initial pH 5.5 than 6.8 
except for the very slow growing 
strains. This implies that the 
observed differences in colony size 
are due to gum production rather than 
faster growth at pH 5.5. 

The very slow-growing atrains 
(generation time 10-12 h) appear to 
be more sensitive to eold storage 
than normal slow-growing rhizobia and 
have shown low viability in 
inoculants sto red under refrigerated 
conditions (e.g. CIAT 4099, 4103, 
3541 and 995). When stored under 
non-refrigerated conditiona, the 
inoculants are more likely to become 
contaminated. !hese strains are 
therefore not very suitable for uSe 
in traditional peat-based inoculants 
which should be stored under 
refrigeration. Table 1 shows the 
currently recomrnended strains which 
include sorne changes on the basis of 
these and other results. 

Another characteristic of these very 
slow-growing rhizobia ls that 
although they nodulate effectively on 
their own host plants, they tend to 
be non-infective or ineffective on 
Macroptilium atropurpureum cv 
Síratro. Siratro i8 a promiscuous 
legume which ls reported to nodulate 
effectively with most tropical forage 
legume rhízobia. 

Serological characterization by 
lmmunodíffusion of the strains in the 
B Collection has shown that the 
antlsera are highly apecific and that 
very little cross reaction occurs 
among strains. This means that it 
will be posaible to use serological 
techníques for evaluatíon of 
inoculants in on-farm trials, since 
little cross-reaction with the native 
strains would be expected. This 18 
in contrast to the position with bean 



TabIe l. Recornmended strains for inoculation of regional trials B, C, D 
and other experiments of the TPP. 

Legume 

Arachis pintoí 
Centrosema acutifolium 
C. brasílianum 
C. macrocarpum 
C. pubeseens 

Cratylia floribtmda 

Clitoria ternatea 

Desmodium heteroearpon 
P.. heterollhyl1um 
D. ovalifolium 
Flemingía macrophylla 

Leucaena leucocephala 

Pueraria phaseoloides 

Stylosanthes capitata 

S. guianensis 136, 184, 1280 

~. guianensís 10136 
Zornia glabra (8279, 7847) 
Z. latifolia 
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CIAT No. 

3101 
3101 
3101 
3101 
3101 

3561 

4908 

4099 
4099 
4099 
4099 

1967 

3918 

995 

4969 

4100 
4100 
4100 

Recornmended straln 

Origin/Synonyrn 

Centrosema plumieri 
Sierra Nevada Santa Marta, 
Colombia. 

Cratylia mollis grown in 
soil farm. Reserva Carlma­
gua, Co 10mb la. 

MAR 1315, CE 929 

CE 2085 

!:. leucocephala 

UMKL 56, TAL 647 

~. eapitata, Paraiguan, 
Venezuela 

BR 446, Semia 6154 

CB 2229 



rhizobla, for which it 18 difficult 
to obtain specific antisera. 

11. EVALUATION OF LEGUME-RHIZOBIUM­
SOIL COMBINATIONS 

Strain screening trlals have been 
carried out with Cratylia floribunda 
and F1emingia macrophylla in 
Carimagua soíl and Clitoría terna tea 
In Palmira 5011. The strains tested 
on Cratylía floribunda a11 originated 
from C. mo11is nodules, except for 
3918 Which ls recornmended straln for 
kudzu, and 4099 (recommended for 
Desmodlum spp.) which killed the 
seedlings. The most effective 
stralns were 3561 and 3564 which 
lncreased N yield 1.8 foId and noduIe 
number 3.9 and 2.6 faId (Table 2). 
To test the effectiveness of native 
and lnoculated strains in different 
soils, three treatments are required 
(uninoculated with low mineral N, 
inoculated with low mineral N, and 
uninoculated with high mineral N). A 
series of experlments of this type 
were set up to evaluate the 
effectiveness' oi strains selected in 
Carimagua soil in soi1s from other 
sites in Colombia using eight legumes 
(Table 3). 

In a11 the soi1s except Vil1avicencio 
responses to inoculation in one or 
various parameters were observed o 
Possibly the responses in this soil 
were lower due to its exceptiona11y 
high P content (approx. 40 ppm) which 
may have stimulated nitrogen fixation 
by native strains. The most marked 
inoculation responses were observed 
in Pto. López and Florencia soil. In 
Mondomo soil the growth of the plants 
was inhibited, sinee although 
inereases in nodulation and % N were 
observed, on1y ín kudzu was this 
expressed as a significant inerease 
in total N. This soil contained high 
Mn eoncentrations. 1!. guianensis 
only showed inoculation responses in 
terms of nodule number, although it 
responded to N fertilization, 
implying that the strain used (CB82) 
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18 not effective in these soils. The 
strain CIAT 3101 only inereased the N 
yie1d oi ~. pinto! in Pto. López 
soil, although nodule number 
increased in most of the 80i1s, 
indicating that a wider range of 
atrains should be tested. The 
results suggest that more triaIs of 
this type should be carried out to 
permit the seIection of strains 
adapted to the different soil types. 

111. Stylosanthes eapitata -
A SPECIAL CASE 

Previous experiments (eog. Cadisch et 
al., 1989) ha ve shown that P limits 
N2 ~ixation by a range of legumes 
grow1ng in Carimagua soil. It is 
also known that higher P 
fertilizatíon rates in a given soíl 
are likely to permit more marked 
rhizobia inoculation responses sínee 
efficient N2 fixation requires 
adequate P nutrition of the planto 

An experiment was carried out in soí1 
cores to evaluate the rhlzobium 
inoculation response of three forage 
legumes at 2 P levels, and the effeet 
of inoculation with a fluorescent 
pseudomonad Pp 18 was also evaluated. 
It was found (Table 4) that 
Centrosema acutifolium 5277 (evo 
Vichada') and Pueraria phaseoloides 
9900 showed greater rhizobium 
inoculation responses at high P 
levels, as would be expeeted. 
However Stylosanches capitata 10280 
(evo Capica') showed a greater 
rhizobium inoculation response at the 
lower P level. At the higher P level 
the effect of rhizobium inoeulation 
was negative, although not 
signifícant1y so. Inoculation with 
the pseudomonad helped to overcome 
this effeet (Table 5). At the lo", P 
level the rhizobium inoculation 
response increased from 18 to 99% in 
the presence of che pseudomona. The 
action of such bacteria ls thought to 
be partially due to the st1mulation 
of root growth through hormone 
productíon and part1y due to P 



Table 2. Strain screening trial in undisturbed 80il eores from 

Carimagua (La Pista) for Cratylia floribunda no. 18516. 

mg N in tops! 

Treatment eore nodules/eore 

+N 117.3 a 2.6 d 

3561 79.6 b 89.2 ab 

3564 77 .8 be 59.6 b 

3569 75.4 bed 28.0 e 

3566 75.0 bed 94.0 a 

3567 67.0 bcde 74.4 ab 

3571 56.9 bede 88.0 ab 

3565 53.7 bcde 68.8 ab 

3918 50.7 cde 31.0 e 

3570 48.9 de 29.6 e 

3562 44.2 e 25.2 e 

uninoculated 43.7 e 22.8 e 

3568 40.7 e 14.2 ed 

3563 39.1 e 13.0 ed 
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Table 3. Significant respons •• to lnoculation ln total N (I), oc. of ocdules (N) and ~ N (P) nf 
forage legumes In corea of dlfferent Colomblan so118. 

5011 

Legume Jamund! ~ll1chao Peleador Han_o Vll1avleenc1o P. l.<!pez Florencia 

De smod lum 
ov.UfoU .... INP P NP lNP 

13089 

Puerarla 
E:h4.eololdes INP IP INP Ir 

9900 

St;llo8anthea 
&!lanensls N N N 

184 

Centro.e .... 
tBácroearemn INP IN NP N lNP 

5452 

Centrosema 
acutifol1um P N P IP INP 

5277 

CentroSemá 
.cutifol1 .... P NP N INP INP 

5568 

Centrosem4 
Eubescens INP IP INP 

438 

Arachi. 
pinto! N N INP N 

17434 
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Table 4. Effect of P leve1 on rh1zob1um inoculation response of three 
forage legumes in undisturbed 80i1 cores (low and high P = 22 
and 88 mg P/core respectlvely. 

Legume RhÍ20bium low P high P 

.. .. . . .. .. .. .. . .. mg N/core ................ 
C. acutifo1ium 16.0 25.2 

5277 3101 18.3 (+14)* 35.4 (+41) 

P. Ehaseolaides 11.6 27.1 
9900 3918 16.6 (+43) 44.4 (+54) 

s. capitata 20.2 37.9 
10280 995 32.1 (+59) 36.3 (-4) 

* Percent inoculation response .. 
Interactlon P level 1< inac. signif icant for P.p and S.c. 

Table 5. Effect of P level" and lnoculation with a pseudomonad and 
rhizoblum on N yield oi ~. capitata in undisturhed so11 
cares. 

high pI! 

- Pseu. + Pseu. - Pseu • + Pseu. 

• •••••••.••••••••••••• mg N/core 

- Rhiz. 20.9 cd 19.2 d 40.0 a 42.8 a 

+ Rhiz. 24.6 bcd 38.2 a 30.2 abcd 39.2 a 

% res + 17.7 + 98.9 - 24.5 - 8.4 
to rizohio 

!I 22 and 88 mg Plcore respective1y. 
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solubilization. In the presence of 
native rhizobium strains with or 
without the pseudomonas a marked P 
response occurred, whereas in the 
presence of inoculated rhizobía there 
was almost no P response. This may 
be because the plant could not 
utílíze the added P to support the 
additional P demand of the more 
effective rhizobium straíns because 
it ls oblígatorily mycotrophie, and 
mycorrhizal infection 18 inhiblted by 
P fertllization. Thus with rhizobium 
inoculation no additional benefit of 
added P over that whieh can be taken 
up by plants at low P in the presence 
of the pseudomonas ls observed. 
Positive rhizobium inoculation 
response of S. capitata have only 
been observed at low P levels in 
clayey so11s where apparently the 
native rhizobia nodulating this 
legume are less effective than in 
sandy 8011s (see previous annual 
reports). The interaction oí P 
levels, rhizobium effectiveness, 
native mycorrhizal infection, and 
pseudomonad effecta on root growth 
could be manipulated, with possible 
beneficial effects on the vigor of S. 
capitata in clayey so11s, where -a 
lack of vigor has be en observed, 
especially when growing in 
competition with Andropogon gayanus. 
Lack of vigor of ~. capitata has also 
been observed in rainforest 
eCQsystems, which also may be due to 
lack of inoculants. 

IV. USE OF TRADITIONAL INOCULATION 
TECHNOLOGY 

Since inoculatíon responses ha ve been 
observed in many field trials at 
Carimagua, 1t has become relevant to 
ask whether inoculation technology 
can be used successfully by the type 
of farmers who plant improved 
pastures. Four approaches have be en 
taken to this problem: 

1) On-farm trials were set-up on 4 
small farms near Carimagua to compare 
inoculatíon responses observed with 
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two maln treatments: a) under the 
establishment conditions used by the 
farmers, and b) using the recornrnended 
establishment conclítions. The 
recornmended establishment conditions 
included fertilization with P, Ca, S, 
K and Mg, fixed seeding rates and 
spacing, compaction of the seed after 
sowing and hand weeding during 
establishment. The farmers applied 
no or much less fertilizer, used less 
seed, did. not compact the seed, and 
did not weed. Within these two ma in 
treatmeuts, sub treatments wi th and 
without inoculatíon were established 
using recommended inoculation methods 
in both cases. Much better plant 
growth was observed using the 
recommended establishment methods, 
presumably due to fertilization. The 
farmers themselves are being invited 
to observe and discuss the 
experiments, and to suggest ways to 
improve establishment under farm 
conditions. It seems that planting 
pastures after a crop such as sorghum 
could be especially appropriate for 
these farmers wha have very 11mited 
resourees for investing in fertilízer 
for pasture establishment and need 
grain for feeding farm animals. Also 
the availability of fertílizers in 
the regíon should be improved sine e 
the main reason gíven for not using 
them was lack of availability, not 
lack of cash for buying them. 

A range of inocularíon responses were 
observed at each of the sites, but 
these data are 9ti11 being analysed. 
Improvements in the methodology for 
eva1uating inoculation responses on 
farm couId include serological 
determination of the proportion of 
nodules occupied by the inoculated 
s train, and inclusion of sorne larger 
farms in the Puerto López - Puerto 
Gaitan region. Sorne experimental 
station experiments on interactions 
of compaction, weed control, and 
fertilization are needed to 
complement the on-farm trials. 
Different methods of pre-cropping 
also need to be studied. Planting 



method (l.e. broadcast versus 
furrows) was not an lssue on the 
farms studied this year since all the 
farmers planted in furrows using a 
planet junior, or by hand. However 
on larger farms broadcasting ls much 
more cornmon and the effeet of this in 
relation to other components of the 
establishment rechnology used needs 
to be evaluated. 

On two of the farms zinc deficiency 
was lnduced by fertilizatían (Table 
6). Further studies on this are also 
needed. 

2) To complement the on-farm 
trials, a study of traditional 
inocular ion teehnology was carried 
out with 13 workers at Carimagua. 
The workers were divided into three 
groups depending on previous 
experience, and different levels of 
instruction were given on how to 
inoculare the seeds. Eaeh worker 
inoculated two samples (750g) of 
large and small seeds. Higher 
numbers of rhizobia per seed were 
found on samples from workers whether 
or nor they had inoeulated seeds 
before (Table 7). Tbose who were 
shown how to inoculate by meaos of a 
demonsrration achieved lower numbers 
than those who only received printed 
instruetions. The negative effeet of 
the demonstration may have been that 
these workers took longer to 
inoculate the seeds than those who 
saw no demonstration. The 
recornmended method (add gum arabic to 
the inoculant to form a slurry and 
then add the seeds) was found to have 
certain diffieulties sinee the 
packets of ínoculant varied in 
moisture content (or moisture 
absorbíng capacity) and therefore the 
mixture of a fixed quantity of gum 
arabie with each packet of inoculant 
did not result as a slurry of a given 
consistency. Sometimes it was 
neeessary to add water or more gum to 
obtain a slurry of suitable 
consistency for mixing with the 
seeds. It also took a considerable 
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amount of mlxlng to distribute the 
slurry well over the seed and the 
smaller seeds clumpled together if 
they were nor mixed for long enough. 

A further test was there.fore earried 
out to compare the slurrrmethod with 
a modified method whare rhe gum was 
added directIy to the seeds and mixed 
well, and then the inoculant was 
added to the seeds. With both 
methods a pellet of gypsum (builders 
plaster) was then added. Although 
the workers found the modified method 
much easier to use, and no clumping 
was observed, it gave slightly lower 
numbers per seed. 

Further triaIs of this type are 
needed to define the easiest method, 
which can he learned from printed 
instructions, and which gives the 
highest number of rhizobia per seed. 
It is interesting to note that 
previous trials earried out in the 
laboratory to test the recornmended 
method had shown it to be perfectly 
satisfaetory, but these trials were 
earried out with mueb smaller seed 
samples. Only when using larger seed 
samples and inoculating under farm 
conditions did the problems with 
using this method become evident. 

3) In collaboration with lCA, 
Puerto López and Tibaitatá, a speeial 
project to evaluate qua lit y and 
identify problems in the use of 
eornmercial inoculants produeed at the 
pilot plant at lCA Tibaitatá was 
carried out. A refrigerator also 
used for vacelnes was used for 
storing the inoculants at Puerto 
López. Severa! problems with 
inoculant distribution and quaIity 
were identified: 

a) Neither the cost of 
transport nor that of the gum arabie 
and instructions had be en ineluded in 
the eost of the inoculant, sinee lCA 
normally sells inoculant directly to 
private companies who resell it to 
the farmere. As a eonsequence (to 



Table 6. Zinc deficiency and iron toxicity induced by Calfos + Sulpo­
mag fertilization in a sandy soi1. Finca "R. Janeiro" near 
Carilllagua. 

tissue concentrations 

C. acutifolium 

P. phaseoloides 

critical levels 
normal levele 
( Carimagua) 

Fert. % P 

+ 0.25 
0.12 

+ 0.33 
0.14 

0.1 -
0.2 

ppm 
Fe 

1145 
584 

2631 
1232 

? 
? 

Table 7. Experiment te evaluate inoculation methodo1ogy with 13 
workers at Carimgua. 

Demonstration: no no 
Previeus exper1ence: yes no 

ppm 
Zn 

13.9 
20.9 

16.1 
21.1 

20.0 
25-100 

yes 
no 

.................. lag rhizobia/seed .. ............. 
5.8 a 6.3 a 4.1 b 
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save money) the inoculant was sent by 
public t ran sport to Puerto López, 
which resulted in de lays for several 
days during which the inoculant was 
not kept under good conditions. To 
overcome this, the cost of better 
packing and direct delivery could be 
included in the price oi the 
inoculant, or a private company couId 
be identified for lnoculant 
distribution. The gum arabie was 
sold separately by CIAT, which is 
also obviously not an appropriate 
long-term solution. 

b) 
became 
It 18 

The packets of inoculant 
compacted during transporto 

not c1ear whether this 
compaction was due to the change in 
a ir pressure irom Bogotá to Puerto 
López, or the weight of other 
materials being stored on top of the 
packets. Also, in CIAT it has been 
observed that the injection hole must 
be opened during the inoculant 
matura tion period (one week 
incubatíon after inoculatíon of the 
peat with the broth) because the gas 
phase within the packet ls absorbed 
during this period, resulting in 
compaction. The effaet of this 
compaction on survival of rhizobia in 
the inoculant is unknown and needs to 
be evaluated. 

e) The paper labels and 
adhesive tape used to mark and seal 
the packets were damaged by contact 
with water which accumulated in the 
refrigeraror. After sale to farmers, 
when inoculants were transported in 
polystyrene boxes with ice and 
sawdust as ls routinely done for 
vaccines, water entered the packets 
through the injection hole and the 
labels were damaged. Several packets 
burat or were imperfectly sealed. 
Clearly plastic labels or another 
more durable packaging material with 
a firmer se al would be preferable. 

d) Several mistakes were made 
by the personnel selling the 
inoculants (e.g. the wrong strain was 
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deIivered), possibly because one 
person had not been given full 
responsibi1ity for this jobo 

e) The quality of the inocu1ant 
strain 3101 (tor Centrosema and 
Arachis pintoi) was good, but straín 
995 for S. capitata did not show good 
quality. This is thought to have 
been due to its 10w tolerance of 
refrigerated conditions (see above). 
Subsequent lots were not refrigerated 
and showed adequate quality (Table 
8). The substitute strain far 995 
(3541) is unfartunate1y a180 
sensitive to refrigeration. A 
solution to this problern is needecl. 
It is important to note that this 
problem had not previously been 
detected because in fieId and 
greenhouse experirnents fresh 
ínoculants are a1ways used. This 
again demonstrates the type of 
feed-back from farmers, extension 
workers and distributors needed to 
design an appropríate technology. 
This \?ork could not have be en done 
without the excellent collaboration 
of ICA. Hopefully once an 
appropriate technology has be en 
designed it wll1 require only minor 
modifications in other eountries. 

4) Adhesives and pelleting 
materíaIs 

Gum arabie i8 imported to Latín 
America from Africa and rock phosphate 
1s often not aval1able. 

Substitute adhesives (or local 
plantations of gum acac.ia trees .. 1) 
and pelleting materíaIs are needed. 
An experiment showed that molasses 
used 8S an adhesiva was toxíc J 

whereas a milk and sugar mixture was 
adequate (TabIe 9). Cassava starch 
showed high initial numbers but 
survival over time was not as good as 
with sorne of the other treatments. 
Adhesion was not measured in this 
experiment, which is obviously an 
important criterion for selectlon of 
adhesives. For this reason water 



Table 8. Qualiey control of inoeulants sold eO farmers and no. of 
rhizobia/seed on the day of planting, on farms in the 
Eastern pIains of Colombia. 

Inoculant Rizobia/ Legume Rhizobia/ 
Lot No. Strain gram seed 

8803 995 cont. 1/ Capiea 1. 7 x 

8802 3101 6. I x 107 Vlchada 7.3 x 

8802 3101 1.3 x 10
8 C. brasilianum 3.5 x 

8802 3101 1. 7 x 108 Vichada 1.5 x 

8801 3918 3.3 x 109 Kudzu 2.1 x 

1/ Contaminated. 

Table 9. Effect of adhesives on survival of rhizobia on stored 
Centrosema acutlfollum seeds. 

Log rhizobia/seed % 
Survival 

Adhesive O days 7 days (0-7 days) 

Water 4.28 b 3.97 c 48 

Molasses 80% 4.36 b < 2.00 - 0.5 

Sugar 25% 4.04 b 3.53 e 31 

Mllk + sugar 4.30 b 4.20 e 80 

Gum arable 1 4.68 b 4.74 b 100 

Gum arable 2 5.54 a 5.14 a 40 

Cassava starch 4.88 b 4.34 be 29 
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gave quite good results, but this 
would not be expected to occur if the 
seeds were handled normally after 
inoculation. 

Slaked builders 
be á suitable 
phosphate as a 
(TabIe 10). 

plaster was 
alternative 

pelleting 

V. FREEZE-DRIED INOCULANTS 

found to 
to rock 
material 

Further studies on freeze-dried 
inoculants have emphasized techniques 
a) for improving survival in the 
vial, and b) for improving survival 
on seeds. 

An experiment showed improved 
survival on storage of vials st 
different temperatures when cells 
were grown on agar rather than in 
broth and suspended in dextran or 
methylcellulose (Table 11). Possibly 
the gum produced by the eells grown 
on agar, and whlch is lost on 
centrlfuging broth-grown cells, 
confers better tolerance to 
freeze-drying and storage. This i8 a 
basie difference between the 
freeze-drying method u8ed for 
eonservation of strain eolleetions 
1<here the strains are grown on agar 
and that used for production of 
vaecines, where the eells are gro'Wl1 
in fermentation tanks. The growth of 
the celIs on agar would have 
implications for the production 
process: on the one hand agar ls more 
eostly than broth, and on the other 
no centrifuge ls needed. Vecol ls 
collaborating by measuring residual 
molsture after freeze-drylng, which 
is an essential cr1terion for 
evaluating the freeze-drying proeess. 

Further experiments have shown 
extremely low survival of 
freeze-dried eells when suspended in 
aqueous solutions and applied to 
Centrosema sceds. It was thought 
that this mlght at least partly be 
due to sensitivity of the unprotacted 
eells to water-soluble seed eoat 
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toxins. However, no inhibition of 
rhizobium growth was caused by seeds 
placed on inoeulated agar plates, 
whieh i8 the most commonly used 
method for demonstrating the presence 
of seed eoat toxins. Further tests 
of the atfeet of materials whieh 
promote rhizobial survival on seeds 
are being earried out. 

VI. LEGUME-RHIZOBIL~ EVALUATION 
NETWORK 

This network for the evaluation of 
the legume-rhizobium symbiosis in 
tropical forage legumes and beans has 
mainly been supported by UNDP funds. 
lt now covers 14 countries and 25 
institutions, 8 and 14 of which are 
working on forage legumes. This year 
experiments have been carried out at 
several of the sites but we have not 
yet received reports on the resulta. 
It is uot ye t possible to reach fim 
conclusions as to whether the same 
strains are effective at sites in 
different eountrles. Some strains 
have varied in their effeetiveness 
between sites, but further 
experiments at the same sites with 
vigorous quallty control of the 
inoculants used are needed if 
eomparisons between sites are to be 
made. Sorne of the participants have 
not earried out qua lit y control due 
to lack of materials, technical 
asslstance etc. From the point of 
view of the partieipants it 18 more 
important to evaluate responses at 
their own sites than to compare their 
results with those of others. Sorne 
of the participants have already 
shown responses to inoculation ar OUe 
or more sites (Panama, Cuba, Brazil, 
Mexico-Chiapas) whereas others have 
sti11 seen no responses (Peru, 
Mexico-Veracruz, Colornbia­
VaIledupar). It i8 important to 
follow through with this work in 
arder to ensure correct 
interpretation of the results. 
Further funding ls being sought. 



Table 10. Effect of pelleting materials on aurvival of rhizobia on 
stored seeda ol Centrosema macrocarpum (adhesive - gum 
arabie) • 

Rhizobia! % 
Pel1eting material seed survlvsl 

(1 day) 0-6 daya} 

Gypsum 2.0 x 107 29 

Slaked gypsum 1.1 x 107 37 

Rock phosphate 7.7 x 106 25 

Lime 3.8 x 106 26 

Table 11. Survlval oE rhizobls (otrain 3101) during freeze-drying aud atorage at three temperature. 
uBlng dlfferent growth and fre ••• -drying media. 

growth
1
! 

medium 

YMB 

YMA 

YMA 

YHA 

fre •• e -drylng 
medlum 

5% dextran 
2/ 

5% dextran 
2/ 

0.43% methyl cellul0.e 

yeast mannltol 

2 

Lol! no. after 
free,. -drylng 

10.7 

9.3 

9.6 

9.6 

l'MA 5% peptone, 10% Bucrose 9.3 

\'HA 13% ml1k, 1% glyelne 9.2 

1/ 
YMB yeast mannitol brotb 
YMA yeast mannttol sgar 

2/ Medlum also !ncludes 1% Na glutamate and 7.5% sucrose. 
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lo •• (1og0) 
during 

freeze -dryln g 

0.1 

0.2 

0.0 

0.2 

0.2 

0.5 

1088 (10g9) after 
freeze-drying during 
storage for 1 month 

4°C 25°C 450C 

0.1 1.8 4.2 

0.0 0.8 2.8 

0.1 0.4 3.4 

0.0 3.2 9.6 

0.1 1.2 9.3 

0.2 2.7 9.2 



VII. NON-PARAMETRIC NODULATION 
EVALUATIONS 

A method for evaluating and analysing 
qualitative nodulation data from 
field experiments has been devised in 
collaboration with the Biometrics 
Section. Previously there was no 
method available for this purpose. 
Although frequently we oberved 
changes in nodule color, size or 
distributlon due to inoculation 
treatments in the fleld, we were 
unable to describe them adequately 
for lack of a suitable method. Here 
an example is given using nodulation 
data from a fleld experiment to 
evaluate inoculation methods for 
vegetative material of Arachis 
pintoi. Yield data from this 
experiment (Annual Report 1987) 
showed a large fnerease due to 
inoculation, espec:!.ally when molasses 
was used as a sticker. Nodule 
numbers per plant were determined 
quantitatively and analysed by 
standard analysis of variance 
methods. Even though there were less 
nodules in the unínoculated 
treatments, this nodulation was sti11 
abundant and gave no statistical 
difference from the inoculated 
treatments (TabIe 12). The 
non-parametric method used for 
qualitative categories (color, síze 
and distribution) is based on a 
modified m1nimum ehi squared 
statistic, and evaluates differences 
in distribution of parameters among 
eategories between treatments by 
comparing them with the distrihution 
among categories over all treatments 
(denominated "intercept"). Pirst the 
overall distributions are analysed to 
determine whether they vary from an 
eVen distributlon (Le. an even 
distribution ls deseribed by the null 
hypothesis which ls that it does not 
vary signiflcantly from 33: 33: 33 if 
there are 3 eategories). The overall 
predominant color of nodules/plant 
eonfirmed the null hypothesis (Le. 
22: 49: 29 does not differ 
signlficantly from 33: 33: 33; 
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Table 12). However, in the two 
uninoculated treatments there were 
significantly less plants with 
predominantly red nodules than in the 
overall distribution, and in both 
treatments using molasses as a 
sticker, there were significantly 
more plants with predominantly red 
nodules. Furthermore, nodule 
distribution over all treatments 
showed significantly more plants with 
a predominance of nodules on the tap 
root, but in both uninoculated 
treatments there were significantly 
less plants with a predominance of 
nodules on the tap root. There were 
no significant differences among 
treatments in nodule size (not 
shown). This example shows that 
qualitative changes in nodulatían 
characteristics relate to the yield 
evaluations, and can be important for 
understanding the mechanism causing 
the inocularíon response. In this 
case, molas ses did not increase 
nodule number significantly, but 
nodule color did change. The results 
suggest that molasses increased the 
competitiveness of the inoculant 
strain used (CIAT 3101) or possibly 
its activity due to increased 
carbohydrate in the root zone. 
However, surprizlngly, when molasses 
was used as a sticker tor seed 
inoculatíon it had a negative effeet 
(Table 9). Possibly, some sources of 
molas ses contain toxic substances,. 
Further experiments are in progress 
to compare molasses with sugar 
solution as an alternative. 

VIII. N UPTAKE AND TRANSFER 

An experiment using 15N labelled NO -
and NH

4
+ was set up in collaborati~n 

with the IAEA-FAO (Vienna) to 
determine whether uptake of these two 
forms of mineral N differed between 
grass species, and wherher it was 
affected by the presence of a legume. 
The experiment was carried out Í~e 
year after establishment. By the N 
dilution method kudzu was shown to 
fix a mean of 3.8 kg N/ha in 4 weeks 



rabIe 12. Quantitative snd qual1tative nodulation characterlstiC8 in ti field trial comparlag 
inaculat!an methods on vegetative material af Arachis pinto!. Qual1tative 
characterlstics ~re analysed u8iog a rnodified mínimum eh! squared 5tat18tlc~ 

Qua I1tative nodulatlon characterlstlcs (frequency ,) 

color 
2/ 

distrlbutlon 
3/ 

no. category catt'gory 

11 nadulesl 
'Ireatmcnt plant 1 2 J l 2 3 

F -
1 l"oc 58.6 49 2** 1.9 18** 59** 23 

F + 
1 

tnoe ~ GA 103.7 23 54 23 3 J3 64 

F
1 

+ 1noe + M 89.9 2 95* 3 8 28 64 
, 

F + 100e 
1 

+ W 98.6 13 64 23 12 18 70 

F
2 

- 1noe 46.8 69 3** 28 18** 59** 23 

F + 100e 
2 

+ GA 53.2 18 59 23 8 23 69 

F
2 

+ 100e +M 71.1 3 90** 7 8 44 48 

F
2 

+ lnoe +W 49.0 13 59 28 2 18 80 

Intercept 22 49 29 9** 35** 56 

* Differo significanUy at P ~ 0.05; ** differs slgnificantly P ~ 0.01 

1/ F F source of material 
2/ 

1 - noóules predominantly 
1 2 

- 1noe uninoculated white or green. 

3/ 
1 ... no nodules on tap 

root. 
GA gum arable 2 ~ nodules predomlnantly 2 = 1-50% nodule. on tap 
M molssses red. rooL 
11 water 3 ~ no predominant color 3 = majority oí nadules on 

tap root. 
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when grown in association with 3 
Brachiaria spp. (Table 13), whereas 
the mean difference between che N 
uptake of the grass-legume mixtures 
and that of the pure grasses was 
considerably greater (5.83 kg N/ha or 
53% more N than that actually fixed 
during this time period) • This 
substantial amount of additional N i;; 
presumably due to N transfer or 
higher rates of mineralization 
occurring in the grass-legume mixture. 

The difference in N uptake of the 
grasses growing alone from that of 
the grasses grown with kudzu was 
smaller and not significant for any 
gíven grass, but .l!.. decumbens grown 
with kudzu took up sígnificantly more 
N than B. humidicola grown alone 
(Table 1 ii) . This confirms previous 
observations that B. humidicola 
becomes N defícíent more rapidly than 
other Brachiaria spp. It was thought 
that the greater N irnmobilization and 
N deficiency observed in B. 
humidicola might be due to a larger 
quantity of N found in the roots. 
However, at least in this experiment, 
there was no significant difference 
between species in the amount of N in 
the roots, whereas there was a large 
difference in the amount in the 
stubble (Tab1e 15). Different 
amounts of N in any of these three 
components could be an important 
source of N for regrowth iSuS causing 
more dilution of added N in sorne 
species thar¡S others. Considerable 
dilution of N in B. humidicola and 
B. decumbens did occur relative to 
that in B. dictyoneura (TabIe 16); in 
B. humidicola this dilution may be 
due part to ~5 from stubble. 
However, the added Ji also appears 
to have been diluted in differing 
proportions under the three grasIss 
due to other causes, because the N 
in B. decumbens was more diluted than 
in B. dictyoneura even though it had 
les; N in the roots, lit ter and 
stubble. The greater uptake of N03-
than NH

4
+ by a11 three grasses, and 

the lo~er dilution effect with N03-
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than NH 4+' show that eVen though ~. 

humídicola was able to take up NH
4
+ 

more effectively than the other 
species in solution culture (Annual 
Report, 1983, pp 188-189), competi- on 
for NH 4+ with microorganisms or clay 
fixation in the soil means that the 
added NH

4
+ was not so avaílable ta 

the grasses as NO -. lt would be 
interesting to study N0

3
- reductase 

activity in these grasses grown alone 
and in association with legumes to 
determine whether they take up legume 
derived N in the forro of N03 - or 
NH4+, sinee very little N0

3
- has 

been detected in soíl under pure grass 
and grass-legume mixtures (see IX). 

From this study it would appear that 
an understanding of the relative 
availabil1ty of N01- and N1I4 + in the 
soll is the key to understanding N 
uptake by grasses and consequently 
their quality and growth rates. The 
immobilízation of NH4+ in the soíl 
under grasses can be exp1ained 
ecologically as a strategy for 
conserving so11 N, but our aim ls to 
make efficient use of thls soil N for 
subsequent crops, by releasing it 
through soil disturbance, or by use 
of 1egumes which apparently change 
the mineralization immobilization 
ratio. 

IX. N MINERALIZATION AND 
IMMOBILIZATION 

It has previously been shown that 
under pure estab1ished grasses very 
11ttle nitrification oceurs in 
Carimagua so11 whereas under bare 
so11 and under legumes h4Sf rates of 
nltrification are observed • 

Al though changes in so11 C:N ratios 
have not be en detectad, this effect 
in an established pasture might be 
due to unmeasureab1e changes in C:N 
ratios caused by recycling of litter 
with differing proportions of 

]/ Sylvester-Brad1ey et al (1988). 
J. S011 Science, 39: 407-416. 



Table 13. NZ fixation of Pueraria phaseoloides during 4 week ~5rlod of 
regrowth in the year after establishmeys using the N dilu­
tion method (mean of N03- and ~~4+ as N sources), and 
difference in N uptake of pure grasses and grass-legume 
mixtures. 

Associated 15 Na fixed Total N uptake 
grasa ( N ilution) difference 

(mixture-pure grass) 

.. • . .. .. .. .. .. .. .. .. .. .. .. . .. .. kg N/ha .................... ~ ........ ~ ..... 

B. dictyoneura 3.47 5.35 

B. decumbens 3.89 6.41 

B. humidicola 4.05 5.72 

mean 3.80 5.83 

Table 14. N yield of 3 Brachiaria spp. with and without R. phaseoloides 
during a 4 week period 1 year after establishment (regrowth 
above 15 cm). 

Grass Grass in 
Species alone mixture 

. . .. .. .. .. .. .. .. .. .. .. . .. .. .. kg N/ha •.••.•••.••••. 

B. dictyoneura 9.24 ab 9.98 ab 

B. decumbens 9.47 ab 10.28 a 

B. humidicola 8.39 b 8.82 ab 
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Table 15. N in roots, litter and stublle in pure grass plots of 3 
Brachiaria spp. 1 year after establishment. 

Specie Roots Litter 
Stubble 

(0-15 cm) Total 

.. * ..................... " ••• kg Nlha ... " .... ~ ......... " ............ 

B. dictyoneura 14.05 a 

B. deeumbens 11.83 a 

B. humidicola 10.07 a 

rabIe 16. 15N atom XS of 3 pure 
and diIution relative 

Specie 

NO -
3 

... ~ .. at .. % 

B. dictyoneura 0.753 

B. decumbens 0.657 

B. bumid ieo1a 0.634 
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3.97 a 13 .64 b 31.66 

3.87 a 4.85 c 20.55 

5.42 a 21. 73 a 37.22 

15 Brachiaria spp. with two N sourees, 
to B. dictyoneura. 

15 
N source 

NH4+ NO -3 NH4+ 

XS •.••• relative dEn . .. 
(%) 

0.546 

0.406 12.8 25.6 

0.369 15.8 32.4 



available N. However, recycling by 
this route is only likely to start 
after lit ter has begun to fall, i.e. 
it i8 unlikely to occur during 
establishment unIese significant 
plant death 18 caused by some factor 
such as spittle bug. Thus if the 
effect is observed during 
establishment ir ls like 1y to be due 
to changes caused by some factor 
other than litter fall, e.g. root 
exudares wirh differing C:N ratios or 
eontaining toxins. Table 17 shows 
that N0

3
- accumu1ation in bare so11, 

under !i.. pintol and in the grass-
1egume mixture was greater than ln 
soil under B. humidicola at 8 weeks 
after plantfug. By 16 and 20 weeks 
after planting the inhibitory effect 
of ~. humidicola on N03- accumula­
tion had become more marked. No 
effects of the treatments on NH + 
levels can be seen. These data impry 
that the inhibitory effects on N0 3-
accumulation observed are a direet 
effect of the grass roots on 
nitriflcation and not an indirect 
effeet of recycling of litter. To 
ldentify the mechanlsm causing this 
it wouId be necessary to determine if 
the microbial biomass under B. 
humldlcola ls greater and/or more 
active than under ~. pintoi. A large 
microbial biomass wauId imply that 
the inhibitory effect 15 due to 
immobilization of NH 4+, whereas a 
smalIer one would imply that the 
effeet is due to toxins or other 
factors inhibiting the activity of 
so11 microorganisms. 

In another experiment, in whieh N 
mineralizatían rates were studled in 
soil fram plots in the secand year 
after establishment, some NO­
aecumulation \olas deteeted in soh 
froID N fertilized B. humidicola 
p10ts. Halo/ever, the rates under N 
fertilized B. humidicola and B. 
dictyoneura were lower than those 
under N fertilized B. decumbens. The 
pH of the soíl did not show any 
eonsistent ehanges related to the 
different speeies. 
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In another experiment a market effect 
of N fertilization of grasses on N 
uptake or los$ from the soll was 
observed. ~~en urea was added to 
soíl in cores taken from plots whích 
had either been fertilizad wirh urea 
or not, a large amount oi NH

4
+ 

disappeared in the soi1 that had been 
N fertilized (Table 18). Whether thís 
"'as due to volatilizatíon or 
irnmobílizatlon by 5011 microorganisms 
i8 unknown. A similar study 
camparíng s01l from undar legumes 
with that from undar grasses might 
throw some light on the explanation 
for this affeet. i.e. is there a 
larger microbial biomass in soll from 
under legumes and/or are the soil 
microorganisms moré active, and do 
these differenees cause greater 
immobllization and release (i.e. 
faster eycling) of NH4+? 

This year some of the Uh~p/BNF 
Speeial Project funds were usad for 
ínvestigating how soíl N 
míneralízation affects the evaluation 
of enhanced nitrogen fixation by 
legumes through improved cultivars 
and/or rhizobium inoculation. 

Since the use of undisturbed 80i1 
eores by the TPP in the routine 
evaluation of legume /rM,zobium 
symbioses effectively el iminates high 
accumulation of mineral-N, much of 
the work was directed tO\olards the 
bean programo It is very difficult 
to colleet undisturbed cores whieh 
are larga enough to adequately 
aecommodate bean plants, and 
alternative soíl collection, drying, 
grinding and rewetting processes al1 
contribute to hígh levels of mineral 
~ found in the test soíl. These high 
levels can be redueed by the addítion 
of mineralizatíon inhibitors, the 
seleetion of whieh was studíed in 
detail. Full results are available 
in a separate report compiled for the 
UNDP and CIAT Director General 's 
Office. 

Work of direct interest to the TPP 15 



'rabIe 17. So11 mineral N levels after incubatíon (4 weeks) in sampIes 
from under grass, legume and a grass/legume mixture during 
establishment, in camparisan with plant-free plots. 

Treatment 

B. humidicola 
+ ~. pintoi 

B. humidicola 

A. Eintoi 

Bare so 11 

1/ Weeks after 

4 8 

NO -
3 

16 20 4 8 16 20 

...•••...•••....••.. ppm N (dry soi1) •...•••.•...•..•••• 

5.35 7.12 3.30 1.26 7.13 8.80 6.24 6.96 

4.23 3.44 1.62 1. 20 7.02 8.52 7.17 7.20 

6.90 9.77 7.32 11.25 8.35 8.82 6.03 4.39 

6.40 10.28 10.09 14.86 9.94 9.73 6.46 5.12 

planting. 

rabIe 18. Change in NH
4
+ level during 4 weeks incubatíon of soil frorn 

grass pIats with and without N fertilizatian. 

N fertiliza tion 

Grass + 

..•.....•• ppm N4-N •..•.••...... 
(change) 

A. gayanus + 5 - 131 

B. decumbens + 3 - 162 

B. humidicola + 2 - 166 

M. minutiflora + 7 - 162 

S avann a + 8 - 117 
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described below under three headlngs 
1. dynamics, 2. inhibitíon and 3. 
mechanlsms oi soll-N mineralization. 

1) Dynamics 
Both the amount of potentially 
minera1izab1e so11-N (No) and rate of 
re1ease are important in de termining 
how much inorganic N ís available for 
crop production, over a given periodo 
Net N mineralizatíon was measured 
during a 4 week greenhouse incubatíon 
in samples of three 8011s each having 
contrasting managements. Amounts of 
No were estimated using a chemica1 
extraction method as described by 
Giane110 and Bremner (1986). 
Applying a first order mineralization 
model (Stanford and Smith, 1972), 
rate constants, half lives and 
proportions of No mineralized in 4 
weeks were calculated and are 
presented in Table 19 along with 
respective No values. 

In some soil samples net N 
mineralizatíon did not occur, i.e. 
final levels oi inorganic N were less 
than initíal. The reason for this 
apparent net immobilization of N is 
not known. 

No values show sorne interesting 
features. First, amounts of No are 
quite considerable in samples from 
Carimagua, being comparable with 
those from Quil iehao, and exceeding 
those from Palmira. Second, there is 
a measurable increase in No in 80ils 
under Centrosema, grass and bare soi1 
ovar that under bean cultivatíon. 
Third, enormous quantities of No have 

Güulello, C. and J.M. Bremner (1986) 
A simple chemieal method of 
assessing potentíally availab1e 
organic nitrogen in soil. 
Commun. in Soíl Sci. Plant Anal., 
17(2), 195-214. 

Stanford G. and Smith S.J. (1972) 
Nitrogen mineralizatíon potential 
of 80ils. Soil Sei. Soco Am. 
Proc., 36;465. 
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aceumulated under permanent grass at 
Qullichao. 

Derived rate constants of 
mineralization in soils under 
Centrosema aud Arachis were higher 
than under grass or bar e soíl 
suggesting that the N accumulated 
under these legumes i8 more readily 
available. This is emphasized by the 
very short hali life of the 
mineralizatíon reaction under 
Centrosema, especially in Palmira 
Le. approxima tely 10 days. The 
longest half life, found in the 
Quilichao soil under grass "'as more 
than 1.5 years. The range of 
proportions of No mineralized in 4 
weeks was from 3 to 81%. 

2) Inhibition of m1neralization 
This aud previous Annual Reports 
(1983, p. 211; 1985, p. 224; 1986, p. 
194) report suspected inhibition of 
nitrification in so11 under 
Brachiaria humidicola. Figures 1 and 
2 shows the effect of addlng dried 
ground ~. humidicola roots to soil on 
the mineralizatian of organic-N 
(values are means of 5 replica tes 
over 4 sampling times). B. 
humidicola appeared to have two 
effects, first, to reduce net total 
mineralization, second, to 
speclfica11y inhibit the conversion 
of NH4-N to N03-N. In a separa te 
experíment B. decumbens ",as shown to 
be less effectlve in inhibitlng N 
mineralization than B. humidico1a. 
Further comparative studies of the 
effect of different plant species on 
inorganic N release are planned. 

3) Mechanisms 
Autotrophic nitrifieation in soll is 
usually thought to be inhibited at pH 

Adams, J.A. (1986) Nitrification and 
ammonifieation in acid forest 
li.t ter and humus as af fected by 
Peptone and Ammonium-N 
amendments. So11 Biol. Biochem., 
18 (1), 45-51. 



rabIe 19. Estimates of amounts of Potentially Mineralizable Nitrogen (No), Rate Constanta, half 
Lifes and Percentages oC No mlnerallzed In 4 weeks in greenhouse lncubat10ns of Palmlra_ 
Quilichso sud Csrtmagun goila •• mpled under different man.gements. 

1 
Rl.lte Con!Iant 

2 1{2 No mlneral1zcd No Ufe , of 
5011 (kg N/ha) (week ) (weekg) in 4 wceke: 

Palmira 

Pe l'1!IlI ne n t gras. 200 0.025 28.3 9.3 
Centro8ema 410 O.4n 1.6 81.0 

Bare SoU 360 -- ... --·--- ... -net tmmobilization---------------
Beans 100 NO NO NO 

QuUichao 

Pe rmanent grasa 2.700 0.008 86.6 3.0 

Centrosema 880 0.027 25.4 9.1 _. .-
Bore ROU 820 0.019 67.3 4.0 

n(!ltU8 160 NO ND ND 

Carlmagu8 

B. humidicol. 720 -- _Oo- ----.... - -he t immobl11zatfon-------~---*-- -._-
Arachis p intoi 580 0.103 11.7 n.o 
Bare soU 900 ----------·--net irnmobilization-------------

3 
Notes: 1. Est1mated in top 25 cm oí 8011 depth assumlng constant bulk denslty oí 1.3 g/cm . 

2. Average of US so11s, 0.054 (Stanford and Smith, 1972). 
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values less toan 5.0 (Adams, 1986). 
However considerable N03-N 
accumulation may be observed in 
strongly acid soíl via heterotrophic 
nitrification. Heterotrophic 
nitrifiers can use peptone as a 
Bouree of reduced N, but they cannot 
use NH4 , which ls used by autotropoic 
nitrif1ers. N mineralization in an 
incubated Carimagua soll (pH 4.8) was 
compared with Palmira 8011 (pH 7.0) 
with the following amendments, 

l. none 
11. 150 ppm N as (NH4)2S04 

111. 150 ppm N as Peptone 

Table 20 shows that (NH ) 25°4 added 
to Palmira s011 was rapil'ly converted 
to the N0

3
-N forrn indicating that no 

inhibition of the autotrophic pathway 
occurred. However in Carimagua soi1 
substantial amounts of NH4+ 

accumulated whílst no additional 
N03- appeared relative to the 
control. Peptone amended Ca rima gua 
soi1 showed significantly les s NH4+ 
but significantly more NO -N 
accumulation than the (NH4)2~04 
treatment. 

This pattern of mineralization 
response indicates that autotropoic 
nltrification is inhibited in the 
Carimagua 8011 with heterotrophic 
nltriflcation belng the major 
pathway. Further verification of 
this ls required on other acid 80i1s 
in the Llanos. 

Further studies of immobilization, 
mineralization and nltriflcation in 
rainforest and savanna 80ils under 
different management regimes would 
perrnlt a better understanding of the 
role of pastures in maintaining so11 
fertility in these two ecosystems. 

Table 20. Effect oI Peptone and Ammonlum-N additions on ~~ and N03 levels over 30 days in Palmira and Carlmagua soás. (~!eans 
of S replicatians aver 3 sampl1ng times). 

Sample 

Palmira 

Carimagua 

Amendment 

Nane 
(NH4)2S04 
Peptone 

Nane 
(NH4)2S04 
Peptone 

NH 4-N 
(ppm) 

8 D 
36 e 
31 C 

UD 
97 A 
72B 

NO -N 
3 

(ppm) 

40 b 
74 a 
41 b 

II e 
12 e 
31 b 

Values followed by the same letter are not signlficantly different 
(P < 0.05) according to DMRT. 
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11. Soils/Plant Nutrition 

During 1988, the Section has focused 
its research work in four main areas: 
1) phosphorus fertilization effi­
ciency in established pastures; 
2) residual effect of phospharus 
fertilizatian and recycling; 3) de­
velopment of methodology to measure 
gains and losses in apasture system, 
and 4) pasture reclamation. 

PHOSPHORUS FERTrLIZATION EFFICIENCY 

Two small plot experiments that were 
established in Carimagua in 1987 
continue for another year to explore 
the effect af rates and placement of 
phospharus fertilization on the pro­
duction phase of Andropogon gayanus 
with Centrosema acutifolium ev. 
Viehada, and Brachiaria dictyoneura 
ev. Llanero with Desmodium 
ovalifolium CIAr 350. In the second 
year, a11 forage from frequent euts 
was returned to the plots to 
stimulate grazing and permit 
long-term monitoring of productivity. 
rhe regrowth during three overlapping 
periods of 42 days .in the middle of 
the wet season were measured to 
represent production phase. New 
trends were more re] ated to speeies 
competition and differenees in 
primary productivity oi the two sites 
(rabIe 1) • Grasses were more 
productive in the clay loam 80íl. 
Broadcast methods gave the highest 
yields for A. gayanus. Although 
responses to P rates were still 
observed, absolute differences 
between rates was srnaller than in the 
first year (rabIe 2). 

Given the fact that pastures are 
grazed ayear after they have been 
planted, it was possible to have 
established them with low P rates. 
Although cstablishing is slower, the 
pastures reached rnaxirnurn productivity 
at the moment ta initiate grazing. 

RESIDUAL EFFECr OF PHOSPHORUS IN 
GRAZED PASTURES 

A series of greenhouse and field 
experiments started last July to 
determine those soil, plant, and 
management faetors that ínfluence 
phosphorus availability in grazed 
pastures. The effect of soil texture 
was evaIuated, using five aeid soi1s 
of similar mineralogy that received O, 
1, 2, 4, 6, B, 10, and 20 kg P Iha in 
an incubation experíment in the green­
hause. rabIe 3 shows sorne of the 
chemical and physical characteristics 
of these sails. Prelirninary re8ults 
have shown that P availability, as 
measured by the Bray Ir extraetían 
method, decreased with time ro reach 
an equi1ibriurn. (Figure 1). The level 
of equilibrium was lower in the more 
clayey 80ils, suggesring that P 
fixation increases with increasing 
clay contenr in these soi18. The 
practical significanee of the 
equilibrium level on growing plants at 
dif ferent ages ín the field will be 
defined next year. rhe effeet of ad­
ditional soil pararneters affecting 
phosphorus residual effects (í.e., 
soíl mineralogy, organic matter, etc.) 
w111 a1so be evaluated next year. 



Table l. Effect of planting method snd placement of fertilizer on the production 
phase of t~o pasture assoeiations grown in an Oxisol, Carimagua, 
Colombia. 

Treatment 

+ 
Broadcas.f. 
Ro~s 50++ 
Ro~s 50+ 
Ro~s 100++ 
Ro~s 100 

Broadeas-\, 
Ro~s 50++ 
Ro~s 50+ 
Ro~s 100++ 
Ro~s 100 

Dry matter (kg/ha) in site l 

---------------A·I~e-g-r~í-a--------------~R~e-s-e-rv--a-------------------­

Grass Legume Weeds Grass Legume Weeds 

------------------ A. gayanus + E. acutifolium 

518 ns 28 b 91 ns 1000 a 23 ns 23 e 
490 69 a 75 1008 a 58 22 e 
497 30 b 64 1059 a 14 41 ab 
464 27 b 72 974 ab 9 27 be 
466 18 b 79 883 b 28 53 a 

------------------ B. dietloneura + D. ovalifolium -----------
414 ab 186 ñs 44 ns 477 e 103 s 120 ns 
521 a 160 43 752 s 30 b 45 
496 ab 154 45 685 ab 30 b 37 
393 b 170 43 691 ab 19 41 
415 ab 142 53 575 be 32 89 

+ Legume and grass mixed; ++ Legume and grass separated in rows. 
11 ns = no statistical difference; means within a single eolumo followed by the 

same letters are not significantly different st the P = .05 level of 
Duncan's Multiple Range Test. 

Table 2. Effect of fertilizer rate on the production phase of two assoeiations 
grown in an Oxisol, Ca rimagua , Colombia. 

P Rates 
(kg/ha) Dry matter (kg/ha) in site l 

5 
10 
20 
40 

5 
10 
20 
40 

1/ ns = 

Alegría 
Grass Legume 

421 b 15 e 
486 a 28 be 
517 a 39 ab 
527 a 57 a 

-----------------------
430 ns 113 b 
448 155 ab 
442 191 a 
471 191 a 

Reserva 
¡'¡eeds Grass Legume 

!:::. galanus + C. acutifolium - --_._--
80 ns 869 e 53 ns 
69 955 b 21 
82 1029 ab 19 
75 1077 a 15 

B. di.ctloneura + D. ovalifolium 
-53 a 645 ns 34 b 

48 ab 590 43 ab 
46 ab 649 53 a 
35 b 660 42 ab 

Weeds 

59 a 
34 b 
23 b 
17 b 

71 ns 
61 
58 
77 

no statistical difference; means ~ithin s single eoIurnn followed by the 
same letters are not significantly different at the P - .05 level of 
Duncan I s Hultiple Range Test. 
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Table 3. Chemical and physical eharacteristics of five acid solls 
used in an ineubatlon study in the greenhause. 

son s i t e 
Properties 

Alegría Quilichao Yopare Florencia Reserva 

pH 4.8 4.5 

P Bray II (ppm) 2.8 2.7 

Al sato (%) 80 65 

Clay (%) 20 53 

Sand (%) 49 28 

The residual effeet of phosphorus 
fertilizarion on the establishment of 
new populations of !. gayanus, B. 
dietyoneura, f. acutifol1um, and S. 
eapitara a180 started this year. 
Field e~periments that have been 
planted in three Oxisols of Carimagua 
in 1985, 1986, and 1987 and included 
phosphorus rates of S, 10, 20, and 40 
kg P/ha were used tor this purpose. 

Standing vegetation was removed trom 
plots and then planted with the 
pasture apecies in rows 50 cm apart. 
There was no further weed control. 
Residual effeet of phosphorus will be 
compared with fresh applications of 5 
and 20 kg P added in rows and 
broadcast, respeetively. Prelimlnary 
observations have shown that A. 
gayanus responds strongly to fresh-P 
additions, particulary in the more 
elayey soils (Reserva and Alcancía). 
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4.5 4.5 4.5 

2.0 4.3 1.6 

83 51 89 

22 64 35 

45 12 17 

Responses of the legumes to the 
treatments are not yet apparent. 
However, ir is interesting to observe 
the positive response of weeds to 
fresh additions of P and the low weed 
population in the residual treatments. 
The experiment will be cut at the 
beginning of the next year's rainy 
season. 

PHOSPHORUS REQUIREMENTS FOR 
MAINTENANCE ANO RECYCLING 

The need for phosphorus fertil1zation 
in the maintenanee of pasture 
productivity was evaluated using amall 
plors planted with pure grasa and 
severa! grass-legume assoeiations 
already under grazing (Table 4). 
Pastures received O, 5. and 10 kg 
P/ha. Results of the first evaluation 
showed no response in terma of dry 
matter to the P treatments in any of 
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Table 4. Pastures selected for study response to phosphorus 
fertilization. 

+ Pasture 

B. dict;¡roneura 
I 

+ B. b' h 2,+ rlzant a 
B. d1ct~onfura + ~~ br1zantha + C. 
A. !la~anus 

A. ¡¡a;¡ranus + f. 'f l' ++ acutl. o l.um 
B. decumbens 606++ 
B. decumbens + P. phaseoloídes 

1/ CV. Llanero. 
2/ ev. Marandú 
"'jj cv. Vichada 
+ Established 
++ Establ1shed 

in 1985. 
in 1978. 

++ 

the pastures studied. However, there 
was a consistent increase of P con­
tent in the tissue of the pasture 
species. This suggests that there may 
be another nutrient limiting the 
growth of pasture species. Work will 
continue next year to test this 
hypothesis. Additional work is also 
p1anned to determine optimal sized 
plot in which to conduet thís type of 
work in pastures under grazing. This 
methodology cou1d be a use fuI as a 
diagnostic tool, together with soil 
and plant ana1yses. 

Research 011 phosphorus cyc li ng w111 
concentrate on the quality of the 
plant litter and anírr.al excreta as a 
means of returning P to the soil. The 
relatíve importance of these two 
organic inputs will be evaluated in 
pure grass and in associations. 
Amounts of P returned and their 
relative availability will be 
determin€'d. Decomposition rates of 
litter and excreta in different 
pastores will be measured. Results 
will be related to changes in the 
tata 1 phosphorus status in soU-plant 
system. 

Stocking rate 
(an./ha) 

2 and 3 
3 + 

acutifollum ' 2 and 3 
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2 and 3 
2 and 3 

2 
2 

Field work i8 in progre ss to deter­
mine the seasonal changes oE organic 
phosphorus in the so11 of several 
pastures. The objective ls to as­
certain the supply of P by the 
mineralization of organic P. Green­
house and laboratory studies will be 
carried out to determi.ne the existence 
of plant mechanisms to decrease P 
fixatían in soí1 and to increase 
organic phosphorus mineralizatían. If 
present, they could be exp10ited to 
minimize externa1 P inputs. 

NUTRIENT GAINS AND LOSSES IN A 
PASTURE SYSTEM 

Work started early this year in three 
pastures under grazíng in an lJltisol 
at Quilichao, Colombia, in arder to 
eV111uate: 1) litter production and 
nutr1ent return vía litter; 2) atmo­
spheríc inputs via rain and dust; and 
3) use of porous cups to measure 
changes in soíl solution. 

Litter productlon was l"1easured hy col­
lecting dead materi"l from fixed sam­
pling poínts in each pasture before 
eaeh grazing cyele. T11e sampling "rea 
tor each oi B. dictyoI?"~ura and native 



pastures was 0.5 x 0.5 m, and for A. 
gayanus + Q. acutifolium pasture it 
was 0.5 x 2.5 m. After nine months of 
evaluation, results showed that 
litter produced in the !l. gayanus + 
C. acutifolium and the native pasture 
;as similar. However, nutrient re­
turns were superior in the associa­
tion, because of the legume (Table 
5). The contribution of the legume's 
litter was even more apparent when 
the N and P returns from the 
association were compared with those 
of ~. dictyoneura litter. 

Nutrlent input s from rain and dust 
were measured by using nine 
collectors dlstributed throughout the 
pasture. After s yesr of evslustion, 
i t was found that there was a large 
input of Ca, Mg, snd K from the 
atmosphere in Quilichao (Table 6). 
This was probably because ash and 
dust contamination produced around 
the station. 

There "ere some limitations in using 
porous cupe to monitor changes in 
nutrient concentration in soll 
solution. Collection of enough 
solution from 0-30 cm was erratic and 
difficult to obtain (Table 7) • 
Furthermore, N and P contente were 
very low and difficult to determine. 
Only a large concentration of Ca and 
Mg was observed in the soi1 solution. 
Results suggest that porous cups 
would be useful for studing Ca and Mg 
movement in the leaching of grazed 
pastures. 

PASTURE RECLAMATION 

Activities were expanded for a fe" 
new areas. Table 8 shows the soil 
chemical and physical properties of 
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the new sites. In one of the pastures 
ln Caqueta, Colombia, the effect of 
frequency. lntensity, and type of 
control of the weed Homolepis 
aturensis on the establishment of B. 
decumbens 606 + A. pintoi, and B. 
dictyoneura 6133 -+ Q. ovalifoliÜm 
3088 pastures was studied. The effect 
of phosphorus on the establishment of 
these pastures was also tested. 
According to prellminary results, the 
frequency of control of weeds was the 
most effective treatment (Figure 2). 
There was no signiflcant effect of 
phosphorus on the esablishment of the 
pasture apecies. 

Merhods of controlling native species 
in order to introduce grasees and 
legumes was studied in another site 
(Jamundí). Results presented in 
Tables 9 and 10 show that the reduced 
tillage treatment (two diskings) was 
adequate for establishing the pasture 
species. In some instances, the 
addition of herbic ide appeared sound. 
A full report of the results wi11 be 
available next year. 

RECLAMATION OF A DEGRADED PASTURE 

A nlne-year-old B. decumbens pasture 
under grazing - on an Dltisol, 
Quilichao, was reclaimed by intro­
ducing a mixture of Q. macrocarpum + 
C. ovalifolium In bands (Figure 3). 
Data for the first year ha ve shown 
positiva results for grass produc­
tivity and N content in grass tissue 
as a result of legume inclusion 
(Figure 4). As a consequence, animal 
performance on mixed pasture was far 
superior to that on pure stand (Table 
11). The experiment will continue for 
several years to test the sustain­
ability of the system. 
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Table 5. 1 Litter production and net nutrient return in three pastures 
under grazing in an Ultisol. Quilichao. Colombia. 

Litter Nutrient (kg/ha) 
Pasture production N P K Ca 

(t/ha) 

!. gayanus 621 + 
f. macrocaEEum 5713 3.7 38 1.7 6.0 24 

.!!. dictyoneura 6133 5.4 26 1.5 3.0 23 

Native Easture 
(PasEalum sp.) 3.8 27 1.7 4.0 10 

Y Evaluated at 266, 272, and 244 days. 

Table 6. Nutrient inputs from rain 
and dust, Quilichao 
Experiment Station, Colombia 

Nutrient 

p 

K 

Ca 

Mg 

s 

11-10 

Amoune 
(kg/ha) 

2.1 

15.0 

51.5 

9.7 

19.9 

Mg 

6.3 

14.2 

6.8 



Table 7. Efficiency of sampling collection of solution from porous cups 
under four vegetation treatments. 

Sampling Efficiencya (Z) according to treatment with: 
depth 
(cm) 

A. íla:ianus 621 B. dict:i0neura Native Bare 
+ 6133 grasses soíl 

C. macrocar¡:um 
5713 

15 10 25 25 75 

30 15 15 25 25 

50 35 20 25 25 

70 70 20 75 75 

90 60 40 75 75 

Number collected a. Efficiency = x 100 Total of samplings 

Table 8. Initial soil chemical and physical characteristics of the so11s 
in the sites used for the reclamation study. 

So11 So11 at site (in brackets) : 
properties (Palehumul t) (Humitropept) (Haplorthox) (Dystropept) 

Quilichao Jamund! Montañitas Belén 

pH 4.1 4.7 4.6 5.1 

Mo (%) 4.1 6.7 4.9 3.2 

P Bray Ir (ppm) 1.8 7.4 2.5 2.3 

Al sato (%) 64 65 77 72 

C1ay (%) 71 37 57 56 

Sand (%) 4 22 24 14 
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Table 9. Effect of intensity of control of native vegetation on the 
establishment of several grasses in Jamundí, Colombia. 

Treatmenta 
Dry matter (kg7ha) 

Braehiaria Braehiaria Braehiaria Androj:!°ion 
decumbens dict:i0neura brizantha ia:ianus 
606 6133 6780 621 

D 1437 e 310 c 493 c 1734 c 

D + Herbicide 5119 e 73e 2841 b 5178 b 

20 3840 d 2l0c 2231 b 2Il8 e 

2D + Herbicide 7060 a 1284 b 3817 b 5542 b 

Plow + 2 6007 b 5368 a 8677 a 6527 b 

D + Plow + 3D 7494 a 4916 a 7961 a 8600 a 

a. D ~ Disking; P = Plowing 
b. Means within a single column followed by the same letters are not 

statistically different at the P = .05 level of Duncan's Multiple 

Braehiaria 
humidicola 
679 

187 d 

1926 e 

2369 e 

1542 e 

4296 b 

5884 a 

Range Test. 

Table 10. Effect of the intensity of control of native vegetation on the 
establishment of several legumes in Jamundí (Valle). 

Treatmenta 
Dry matter (kg/ha) 

Puerarla Desmodium Centrosema Centrosema Centrosema 
ehaseoloides ovalifolium macrocar~um acutifolium acutifolium 
9900 350 5713 5277 5568 

D 601 e 160 e 287 a 695 b 517 e 

DR + Herbicide 993 d 432 b 1535 b 1985 a 579 e 

2D 675 e 153 e 517 e 2279 a 629 be 

2D + Herbicide 1288 a 327 b 1757 ab 2289 a 1387 b 

Plow + 2D 1696 b 884 a 1802 ab 2419 a 2284 a 

D + PIow + 3D 2360 a 888 a 2059 a 2317 a 1363 b 

a. D = Disking; P = Plowing 
b. Means within a single column followed by the same letters are not 

statistieally different at the P = .05 level of Duncan's Multiple Range Test. 
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Table 11. Effect of introducing legume speciesa in a degraded pasture of 
B. decumbens. Results of the first year of grazing, 1987-1988. 

Parameter 

Mean carrying capacity (kg/ha) 

Animal gains (g-day/an) 

Liveweight increase (kg/ha) 

Grass 
+ 

Iegume 

830 

607 

642 

Pasture 

Grass 

550 

451 

342 

Difference 
(% over 
grass) 

51 

35 

88 

a. C. acutifollum and C. macrocarpum mixtures. 

PASTURE ESTABLISHMENT IN THE LLANOS: 
SEED COATED MACRO-PELLETS FOR 

PLANTING 

The main purpose of using macro­
pelleta la to place the fertilizer 
and the aeeds in the same place using 
smalIer amounts of fertilizer and 
aeeds in an are a than with conven­
tional establishment methods. 

Until now, adequate concentrations of 
fertilizer in the pellet and the size 
of pellets have been identified. 

Experimenta of overseeding macro­
pelleted Iegumes into native savanna 
and into an old pasture of Brachiaria 
humidicola are under way. 

Overseeding macro-pelleted legumes 
lnto native savanna 

Macro-pelleted Desmodium ovalifolium 
and Centrosema acutifolium were sown 
into savanna in July 1987. Seed bed 
preparationa of minimum tilIage and 
herbicide appIication were compared. 
Minimum tillage was done with a chis­
sel plow producing bands of 50 cm 
width and 3 m distance. Herbicide 
was band sprayed in 50 cm width and 3 
ID distance. 
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Pelleta were sown on the band oi 
tillage or herbicide appIication in 3 
m interval. Plot size was 1 ha for 
each legume includlng the two treat­
ments oi land preparation. There 
were two replications. Plots were 
rotationally grazed after two months 
from seeding. 

As shown in TabIe 12, coverage oi 
Desmodium ovalifolium was adequate 
after 1 year and 4 months, while 
Centrosema acutifolium disappeared 
because of too much selective 
grazing. Minimum tillage was slight­
ly better than herbicide application. 
Percentage of growing seedlings of 
Desmodium ovalifolium (expressed in % 
of the total number of sowing spots) 
in October 1988 were 84% in minimum 
tillage and 74 % in herbicide appll­
cation. 

Overseeding macro-pelleted legumes 
into an oId pasture of Brachiaria 
humidicola 

Macro-peIleted Desmodium ovalifolium 
was sown in July 1988 into a 
Brachiaria humidicola pasture. Min­
imum tillage of bands of 50 cm width 
and :1 m distance was done. Thereon 
which pel1ets were sown in 2 m inter­
vals. 



Table 12. The effect of mínimum tillage and application of herbicide to 
savanna on the % coverage of legumes planted in the form of 
macro-pellets in a 3 x 3 m grid in July 1987 

Species Land 
preparation 

D. ovalifolium Minimum tillage 

(CIAr 13089) Herbicide 

c. acutifolium Minimum tillage 

(CIAT 5277) Herbicide 

Two types af pellets were used. In 
typa 1, gypsum was used as binding 
material while in type 2, woady peat 
was used. Type 2 had already shawn 
to ralease the fertilizer faster than 
type l. 

Plot size was 0.75 ha for each type 
of pellet wlth two replications. A 
Brachiaria humidicola pasture without 
any legume-overseeding was used as 
control. Plats were rotationally 
grazed slnce just after seeding. As 
shown in Table 13, about half of che 
sown apots had growing legumes after 
three monchs from sowing. It was not 
known whether trampling by cattle 

Coverage % 

1987 -----------1988------------
Nov. Jan .. Hay Ju!. Nov. 

0.17 0.32 0.39 1.02 41.2 

0.06 0.12 0.13 0.29 33.1 

0.22 0.36 0.01 0.01 

0.09 0.12 0.00 0.01 

damaged newly germinated legumes. 
Coverage of legume "as not suf­
ficient in October 1988, but could be 
expected to increase in the next 
rainy season. 

So far, no difference was recognized 
between type 1 and type 2 pelleta. 

Methods of establishing macro­
pelleted seed 

Overseediug with macro-pellets using 
dther minimum tillage or application 
of herbicide has proved to be sucess­
fuI. However, considering the higher 
cost of herbicide, mínimum tillage 

Table 13. Percentage of growing seedlings aud coverage of legumes over­
sown in the form of macro-pellets into Brachiaria humidicola 
in July 1988 

Growing seedl1ngs 
(% of the total number of sowing spots) 
August 1988 October 1988 

Type 1 67 59 

Type 2 67 55 
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Coverage % of 
total area 

October 1988 

2.0 

2.3 



should be recommended. 

The ideal method would be oversowing 
macro-pelleted seed into savanna 
without tillage and without using 
herbicide. In this case, the factor 
limit1ng legume establishment will be 
the suppression oí growth of newly 
elongating legume roots by the roots 
of savanna grasa. Burning, grazing 
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and cutting 
prevent the 
grass roots. 

of savanna 
elongation 

grass might 
oí savanna 

The next step of macro-pellet experi­
mentation \/111 be oversowing legumes 
into savanna in combinatlon with man­
agement of savanna in order to elimi­
nate the root competit1on, \/1thout 
t11lage and without us1ng herb1cide. 



12. Pasture Reclamation Humid Tropic 
Aftar a first year of research 
activities of this new Section of the 
Tropical Pasturas Program, focus 
continues to be on increasing the 
productivity of pasturas invaded by 
weeds and dominated by native grasses 
of poor productivity and low 
nutritive value. The objectives, 
priorities, and research plans were 
presented in the 1987 Annual Report. 
AIl research actlvities were carried 
out through a Cooperative Agreement 
with IVITA and INlAA. 

Headquarters are at IVITA' s Experi­
ment Station, 59 km from the city of 
Pucal1pa, Peru. Located at 8°22' 
1atitude South and 74°34' longitude 
\Vest, at 270 mas1, this station has 
an average annual rainfall of 1770 
mm. Rainfall varies considerably in 
its weekly distrlbution (Figure 1); 
June, July, and August have been 
identified as the dríest months. 
Soils in the regían are acid (pH 
lower than 5.0) and ha ve high leve1s 
of aluminum saturation below 40-cm 
depths. These U1tisols have been 
classlfied into two subgroups: the 
well-drained as Typic paleoudults; 
and the poor1y-draíned as Aquic 
paleoudults. The region falls within 
the tropical semi-evergreen seasonal 
forest ecosystem. 

Various trials were established 
during the first year of activities 
trying to find posslble solutíons to 
the constralnts ldentified in these 
degraded areaa; results follow. 

Relative importanee of fertilization 
and effeet oC tillage on improved and 
native forage speeies 

Under "Torourco" eondítions (predo­
minance of native grasses, 1. e., 
Paspa1um spp. • Axonopus spp. , 
Homolepis aturensis), soíls generally 
present a sllght to severe surface 
compaction and soll fertility 1s lo"" 
primarily scarce of N, P, K, Mg, and 
S. Henee, it ls important to identify 
key nutrients for improved forage 
speeies, In arder to increase their 
aggressi veness and controlling the 
invasion of undesirable species. 
Additlonally, tillage disrupts the 
soil surface, causing greater mineral­
izatíon of organlc soil matter. 

The trial established used a mixed 
factorial design: fertilization x 
tillage x speeies. Fertilizatíon was 
applied using the missing element 
technique under two tillage treatments 
(",ith and without tillage); tillage 
included three off-set diskings; 
species planted were Brachiaria 
dictyoneura 6133 and Desmodium 
ovslifolíum 13089. Measurements taken 
st 3, 6, and 9 months after planting 
included: biomass production of all 
species present, snd invasion snd 
identificatíon of broad-1eaf weeds and 
of natlve grasses. 

Brachiaria 
Results of 
díctyoneura 
showing dry 

dictyoneura CIAT 6133. 
the first tríal with B. 
6133 appear in Table r, 

matter production at 3, 6, 
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Figure l. Average rainfal1 data OYer 10 years (1978-1987) for IVITA's Experiment Station 
at Puca11pa. Peru. 
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TabIe l. Forage production and proportion of Brachiaria dictyoneura 6133 achieved with 
and without tillage and fertilization using the missing-element technique, 
Pucallpa, Perú. 

Without tUlage With tillage 
FERTILJZATION 3 months 6 months 9 months 3 months 6 months 9 months 

----------------------------- DM kg/ha (%1 ------------------------------

COMPLETE 1932(100) 3489(100) 795 (00) 722(100) 3314 (lOO) 653 (lOO) 

- N 1169 (60) 3923(112) 
- p 789(40) 3338 (85 
- K 923 (48) 2262(57) 

- Ca 1400(72) 3099(79) 
- Mg 1015(52) 2513(64) 
- S 554(29) 2326(59) 

CONTROL 559(31) 2027(51) 

TilIage (5 Nov., 1987) - 3 off-set dlskings. 
Herbirjde (10 Nov., 1987) - Round-up (3 l/ha). 

611(77) 643(89) 2053(62) 
676(85 354(49) 2062(62) 
358(45) 309(43) 1782 (54) 

712(77) 567(79) 2440(74) 
457(57) 374(52) 2174(66) 
353(44) 266(37) 2751 (83) 

339( 43) 158{22) 1l52{35) 

Fertilization (Nov. 11. 1987) - Broadcast (kg!ha): 60 N, 50 K, 100 Ca, 20 Mg, 20 S; 
20 P (row). 

P lanting (13 Nov., 1987) - 4 kg seed /ha. 
AverRge 4 replications. 

506(77) 
357 (55) 
318(49) 

641(98) 
526(65) 
454(69) 

429(66) 



and 9 monchs after planting with 
botanical seed, under the different 
fertilization treatments with and 
w1thout tillage. Results, expressed 
in absolute terms (kg/ha) and as a 
relative proportion of complete 
fertilization (100%). indicate that 
without tillage, the absence of any 
of the nutrients studied causes--even 
in a differential way--a reduction in 
grass biomass production. During the 
first 3 months, the missing nutrients 
that caused a greater reduction were 
S and K, followed by Mg, N, and Ca. 
This response of .!!. dictyoneura 
during its first phase of establish­
ment can be related to the low 
mineralization of organie matter due 
to soi1 compaction (Torourco of over 
15 years) and to the low content of 
organic soíl matter (1%). The same 
combined effect was observed for the 
control. Over time, development of 
the grass was superior, increasing 
both its aerial and root 
aggressiveness. Six and 9 months 
after planting, the key elements that 
continued affecting pasture 
productivity were S, K, and Mg, while 
the negative effects of the lack of 
N, P, and Ca had disappeared. This 
18 possibly explained by the species' 
greater surface and deep-rooting 
capacity which allows the plant to 
better utilize the nutrients present 
in the so11 and subsoil. 

Using tillage to disrupt the soil, 
the lack of N and Ca were observed to 
not constitute !I limit ing factor in 
the establishment oi B. dictyoneura 
6133. Nevertheless, - the- limiting 
effect of S, P, and K, followed by 
Mg, during the first 3 months of 
establishment persisted. Over time, 
biomass production improved 
signíficatively and there was no 
longer a need for S. This phenomenon 
could be assoclated with a greater 
mineralization of arganie S due to 
tillage. It can be concluded that 
fertilizatíon tor establishment 
requires P, K, S, and Mg, and that 
tillage did nar contribute to cause 
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signif lea tive 
justify its 
conditions. 

changes tllat would 
use under Torourco 

Table 2 shows weed production and 
proportion. Most weeds were 
broad-leaved, such as Croton 
trinitatis, Sida rombifolia, Mimosa 
pudiea, Cyperusrotundus, and Cassia 
tora. As can be observed in the 
table, unper whatever fertilization 
treatment, with or without tillage, 
weed invadon was favored by 
fertilization in relatíon to the 
control. Reductíon in weed 
population was due to the 
stoloniferous aggressiveness of B. 
dictyoneura which increased over ttiñe 
and eliminated weeds after 6 montha 
of growth. 

Desmodium ovalifolium CIAT 
13089. The second trial consisted in 
establishing the legume D. 
ova lifolium CIAT 13089, using the 
same experimental design of the first 
trial. 

Table 3 shows yield (kg/ha) and 
relative proportion of the forage 
under complete fertilizatían (100%), 
6 and 9 months after planting. 

Production was ni1 3 months after 
planting due to the legumes' slow 
establishment rateo The absence of N 
was not a yield-reducing factor due 
to the positive effect of Rhizoblum 
inoeulation. The lack of K was not 
limiting either, eontrasting with it 
effect on the grass B. dictyoneura 
6133. Key nutrients were identified 
to be P, Ca, Mg, and S without 
tillage; these elements continued to 
be important up to 9 months of 
growth. With tillage, production 
increased and the lack of a specific 
nutrient beeame less limiting; 
nonetheless, P, Ca, and S were 
identified as key elements in D. 
ovalifolium establishment. 

As was the case with B. dictyoneura 
6133, weed incidence in D. 
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Table 2. Weed production and proportion ln the Brachiaria dlctyoneura 6133 plot, with and 
without tillage and fertilizat10n islng the missing-element techn1que, Pucallpa, 
Peru. 

_ ..... _ ...... _ ............ _ .............. _-
Wirhout tillase W1th tilla¡¡e 

FERTILIZATION 3 moni:hs 6 months 9 months 3 months 6 months 9 months 

----------------------------- OH kg!ha (%) ------------------------------

COMPLETE 610(100) 45(100) NW* 655 (100) 45 (lOO) NM* 

- N 838(137) 30(67) NW 653(99) 15(33) NM 
- p 612(100) 45 (100) NW 834(127) 50(1l1) NM 
- K 534 (87) 30(67) NW 587(89) 15(33) NM 

- Ca 767(125) 40(89) NW 688(105) 25(55) NM 
-Mg 643(105) 35(78) NW 769 (117) 45(100) NM 
- S 732(120) 15 (33) NW 611 (93) 30(67) NM 

CONTROL 374(61) 10(22) NW 453(69) 5(11) NM 

* NW= No weeds. 
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TabIe 3. Forage production and proportion of Desmodium ovalifolíum 13089 achíeved with 
and without tílJage and fertilizatíon using the missing-element technique. 
Pucallpa, Peru. 

Without tilla¡¡¡e With tilla¡¡¡e 
FERTILIZATION 3 months 6 months 9 months 3 months 6 months 9 months 

- -- - - -- - -- - - -- - DM kg/ha (%) - -- - -- - - -- - -- - -

COMPLETE 1731(100) 

- N 
(Complete) 1770(102) 

- P 323 (! 9) 
- K 1477(85) 

- Ca 536(31) 
- Mg 612(35) 
- S 593(34) 

CONTROL 267(15) 

Tillage (5 Nov., 1987) - 3 off-set diskings. 
Herbicíde (5 Nov., 1987) - Round-up (3 l/ha). 

271 (lOO) 2513(100) 

249(89) 2816(112) 
82 (30) 1565(62) 
268(98) 2408(96) 

118 (44) 1797(71) 
179 (66) 2036(81) 
113 (42) 1493(63) 

75(31) 1130(45) 

Fertilization (11 Nov., 1987) '- Broadcast (kg/ha): 50 K, 100 Ca, 20 Mg, 20 S; 
20 P (row) 

Planting (13 Nov., 1987) - l. kg seed/hn - Rhizobium inoculation. 
Average 4 repllcations. 

371 (lOO) 

307(83) 
162(44) 
283(76) 

124(33) 
167(45) 
142(38) 

105(28) 



ovalifolium 13089 was similar when 
fertilizer was applied (Table 4), 
showing a tendency to disappear after 
9 months due to the stoloniferous 
aggressiveness of D. ovalifolium. 
W1th tillage, weed production was 
lower than without tillage. This can 
be explained by greater forage 
production by the legume when the 
soil was prepared, indicating a 
greater aggressiveness of ~. 

oval1folium. 

Results of these two trials indicate 
the importance of applying certain 
key elements such as P, K, Ca, and S 
for the sound and rapid establishment 
of improved forage species. Yet, 
fertllization will promote weed 
invasion, indicating the need for 
using aggressive, stoloniferous 
germplasm in order to achleve natural 
control of the weeds. Thus, the 
combination of fertilization with 
certain nutrients and planting of 
aggresslve, stoloniferous germplasm 
\lill enable reclamatlon of 
Torourco-type degraded areas in the 
humid tropics. 

Optimum herbicide doses for control 
of native vegetation 
In the establishment of grass-Iegume 
pasture associations to replaee the 
native vegetation, selective control 
of the invading vegetation 
(broad-Ieaf weeds and native grasses) 
is very complel<. Various 
alternatives have be en ldentified in 
using herbicides: pre-emergent to 
destroy original vegetation and 
post-emergent to provide a margin of 
advantage to the desired species in 
the establishment process. The 
trial' s experimental design included 
aplit plots with four repl1cations, 
in which the main plots were the 
associations Andropogon gayanue 621 + 
~. guianensis cv. Pucallpá and B. 
dictyoneura 6133 + Stylosanthes 
gulanensis cv. Pucallpa. The 
sub-plots were the 6 herbicide 
(Roundup) treatments: hlgh (4 l/ha), 
recommended (3 l/ha), intermediate 
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(2.25 l/ha), lo" (1.5 l/ha) , minimum 
(0.75 l/ha), and \lithout herbicide 
(control). Herbicide treatments wsre 
applied 45 days after burning of the 
native grasses (Torourco). Rice 
(var. Africano unknown \las planted 15 
days after application in rows 50-cm 
apart from each other, without 
tillage. Both associations \/'ere 
planted 60 days after planting the 
rice. Fertilization of the rows "as 
equivalent to 40, 50, and 20 kg P, K, 
and S per hectare, respectively. 

Table 5 sho\ls average rice yielda in 
relation to the herbicide treatment 
at che moment of regrowth of the 
original vegetation. Rice yields 
tended to increase with the 
application of the herbicide; yet, 
the only significative difference was 
fo'und at a low dose, equivalent to 
1.5 litera of herbicide per hectare, 
\lhich is half of the recommended 
dose. Overall, rice yields \lere low; 
this ls associated with the variety 
selected, whlch in spite oi being 
adapted to acid, aluminum-toxic 
soils, has a low productivity. 

The objective oi having rice as the 
precursor crop \las that of partially 
or totally reducing the cost of 
herbicides and fertilizera in 
establ1shing the pasture 
associations. The economic study of 
this trial will be presented in next 
year's annual reporto 

The associations were planted in the 
s ame rOW8, 2 months after rice 
planting, without application of 
fertilizer. Forage production \las 
evaluated 5 months after 
establishment. Table 6 sho"s forage 
production as a function of the 
residual effect of the herbicide dose 
applied. In the case oi !l. gayanus 
621 and ~. guianensis cv. Pucallpa, 
the residual effect of the herbicide 
dose was evident. Biomass production 
of the grasa and the legume \las 
greater as the dose increased. In 



~ 

"" I 
(JO 

Table 4. Weed production and proportion in the Desmodium ovaIifolium 13089 pIot, ~ith and 
~ithout tillage and fertilization using the missing-element technique, Pucallpa, 
Paru. 

Without tillage Wlth tillage 
FERTILIZATION 3 months 6--inonths months 3 months----6 months 9 months 

----------------------------- DM kgrha (%) ------------------------------

COMPLETE 2338 (100) 80 (lOO) 1663(100) 71 (100) 

- N 1864(80) 83(104) 1490(89) 95(134) 
- p 3165(135) 175(219) 1327(80) 169(238) 
- K 1432(61) 92 (115) 1791 (07) 80(113) 

- Ca 1632(70) 139(174) 1709(103) 159(227) 
- Mg 2772(118) 109(136) 1499(90) 139(196) 
- S 2204(94) 201 (251) 1329 (80) 124(175) 

CONTROL 1048(45) 89(111) 870(52) 70(98) 



Table 5. Average rice (var. Africano desconocido) yield as 
related to herbicide (Round-up) dose applied at 
regrowth under Torourco conditions, Pucallpa, 
Peru. 

Herbicide dose Grain Yield 

------- l/ha) ------ (kg/ha) 

O Nul 226 b* 

0.75 Mínimum 362 ab 

1.50 Low 407 a 

2.25 Medium 306 ab 

3.00 Recommended 353 ab 

4.00 High 298 ab 

* Values followed by the same letter are not statistically 
different (5%). 

Burning of Torourco: 
Herbicide 
Planting of rice 
Harvesting of rice 

28 October 1987 
14 December 1987 
29 December 1987 
22 June 1988 
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Table 6. Dry matter production and proportion of Andropogon gayanus 621, Brachiaria dietyoneura 6133, 
Stylosanthes guianensis ev. Pucallpa, and Di weeds, in relation to the residual effect of the 
herbicide dose applied. Pucallpa, Peru. 

HERBICIDE DOSE Dry matter Dry matter 
A. gayanus S. guianensis Weeds B. dictyoneura S. gulanensís Weeds 

tI/ha) ------ --------------------------------------- (kg!ha) ---------------------------------------

O 296(27) 214(20) 581(53) 146 (] 2) 609(52) 416 (36) 
0.75 690(48) 313(22) 443(30) 137(14) 499(51) 342(35) 
1.50 575(45) 363(29) 327 (26) 425(41) 303 (29) 313 (30) 
2.25 402(33) 546(44) 281 (23) 266 (32) 288 (35) 271(33) 
3.00 1446(65) 519(23) 251 (I 1) 284(32) 276 (31) 334(37) 
4.00 1441 (58) 702(28) 344(4) 406(38) 30 l( 28) 352(33) 

Burning Torourco: 28 October/87 Plantíng of rice 29 December 1987 
Herbiclde : 14 December/87 Harvesting of rice: 22 June 1988 
Plantíng of grass: 27 February 1988 
Grass and weed cuttíng: 20 July 1988 



the same manner, percentage weed 
production was observed to reduce. 

In the case of the other association, 
~. dictyoneura 6133 aIso showed the 
same tendency, but not so the legume. 
!bis reduction in legume population 
was possibly associated with the 
growth habit of the grasa which 
increases its competition for space 
and nutrients due to its 
stoloniferous growth, thus affecting 
the legume. !be residual eftect of 
the herbicide was not evident in this 
association in terms of the 
proportion of weeds, which seemed to 
be in equilibrium throughout the 
trial. Weeds may disappear over time 
due to B. dictyoneura's 
aggressiveness, as happened in the 
fertilization and tillage experimento 

Herbicide control was expected to 
partially or total1y eliminate 
undesirable invading plants. 
However, two important situations 
were observed during this trial. In 
the process of controlling the 
Torourco (native grasses, primarlly 
Paspalum spp. and Axonopus spp.), 
these species disappeared and did not 
show up again after application of 
the herbicide Roundup. Second, other 
weeds appeared: Croton trinitatis, 
Sida rombifolia, Cyperus rotundus, 
and Mimosa pudica (Table 7). 

Overall, gradual decrease in weed 
coverage was observed as the 
herbicide dose increased. Analysis 
01 the botanieal composition of the 
weeds, earried out during initial 
evaluation at pasture planting, 
showed the predominan ce of S. 
rombilolia and M. pudica. !bis 
proportion persisted in the A. 
gayanus 621 + ~. guianensis cv. 
Pucallpa association. !bese weeds 
tended to disappear during the second 
evaluation carried out at rice 
harvest. Contrastingly, C. 
trinitatis showed a tendency to 
inerease over time, presenting a 
greater proportion in the ~. 

dietyoneura 
association. 

+ S. guianensis 

!bese observations indieate that, 
independently of the initial and 
residual eHect 01 the herbicide 
applied, regrowth 01 the weeds, in 
terms 01 the type of weed and the 
proportion of the species, will 
depend on the association 
established, particularly on the 
growth habit and the degree 01 
dormancy 01 the seed 01 the undesired 
species. 

Fertilization and physical 
conditioning 01 the so11 lor pioneer 
crops in degraded Torourco are aS 
An important problem in these areas 
is the farmer's lack of access to 
capital resources, partieularly in 
dual production systems (crop and 
pastures) amaller than 100 ha. !bis 
limits their posstbility of applying 
input s such as fertilizers, 
amendments, and herbicides and 
establlshing pastures. Furthermore, 
mechanization opportunities are 
scaree and expensive. Wlth this in 
mind, the integral eost of pasture 
reclamation needs to be reduced to an 
economic and biologically efficient 
level, in order to guarantee the 
adoption of new technologies. Within 
this framework, the use of ploneer or 
"financing" annual eropa has been 
considered. 

!be trial carried out ineluded 
planting rice (var. African unknown), 
maize (var. Yellow Cuban cowpea (var. 
Chiclayo) in an experimental design of 
split with four replications, where 
the main plot was tillage intens1ty 
(zero, minimum, reduced) and the 
sub-plot was fertilization (control 
without fertilizer; and low, 
intermediate, and high fertilization 
rates). Minimum tillage consisted of 
two diskings and planting in rows¡ and 
reduced tillage conststed of four 
diskings and planting in rows. 
Intermediate fertilization included 
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TabIe 7. Effect of herbicide dose on native Torourco vegetation control in establishing rice in 
association with torage grass and legume mixtures, Pucallpa, Peru. 

A. salanus + S. suianensis B. dictloneura + S. suianensis 
HERBICIDE DOSE WEED COVERAGE WEED COVERAGE 

Total 1* 2 3 4 Total 1 2 3 4 

[l/ha) --------------------------------------- (%) -------------------------------

February/88 (pasture planting) 

O 85 13 54 O 17 75 5 34 8 26 
0.75 80 7 54 O 18 70 2 48 7 13 
1.50 60 2 42 O 16 72 6 46 8 12 
2.25 45 3 38 O 4 40 8 22 2 8 
3.00 42 3 24 4 12 42 1 25 8 8 

~ 

4.00 30 4 13 1 11 35 3 19 6 6 N 
I 

N June/88 (rice harvesting) 

O 79 10 31 8 30 64 31 la 15 7 
0.75 82 12 23 20 17 50 25 11 2 12 
1.50 72 4 52 6 la 54 32 14 1 7 
2.25 76 15 47 1 12 48 19 16 5 8 
3.00 74 12 48 1 13 45 22 la o 13 
4.00 66 la 48 1 7 40 22 3 4 11 

* lo Croton trinitatis 3. Ciperus rotundus 
2. Sida rombifolia 4. Mimosa pudica 



application of 40 kg P, 50 kg K, and 
20 kg S per hectare, in addi tian to 
60 kg N/ha gradual1y applied to the 
rice and maíze crops. High and 
minimum fertilizatíon were caleulatad 
as 50% more or less fertilizer, 
respectively, than the intermediate 
level. Pasture associations were 
planted along with the annual crops, 
with the followl.ng distribution: rice 
with ~. dictyoneura 6133 and l!.. 
ovalifolium 13089, maize with R. 
dictyoneura 6133 and S. guÜmensis 
ev. Pueallpa, and cowpea with B. 
dictyoneura 6133 and Centrosema 
macroearpum 5735. 

Table 8 shows rice, maize, and cowpea 
yields in relation to tillage 
intensity and fertilizatíon levels. 
Overall, results índicate that the 
three crops requíre on ly a mínimum 
tilIage of two diskings and planting 
in rows .. i th an in termediate 
fertilizatían level to obtain yíelds 
equivalent to 80% of the maximum 
obtained with each crop. However, 
planting of maíze with "tacarpo" 
(traditional method using a stick to 
dlg the hole where the aeed is to be 
placad) is Dat excluded; under this 
method, fertilizar ls applied at the 
planting site to improve production 
levels. In fact, preparation of the 
soíl by itsel f, without 
fertilizatían, does not contribute to 
improving yields to efficient levels. 
Thus, fertilizatíon ls a more 
important factor in these s011s, 
which are characterized by low 
organic matter content and poor 
fertility. Fertilizatian and the use 
oí more productive varieríes, 
resistant to pests and diaeases, 
would be the recommendation to make. 
This indica tes the need of a variety 
selection process among the mast 
promising crops in the region, su eh 
as rice, maize, and cowpea. 

Forage production of the B. 
dictyoneura 6133 + Q; ovalifolium 
13089 association, established at the 
time rice was planted J is shown in 
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TabIe 9. Results indica te that 
increasing tillage 
grass and legume 
and íncreased 
Fertilization had 

intensity redueed 
forage production 

weed production. 
an effect on hoth 

the association and the weeds up to 
the intermediate level. Weed 
incidence is expected to decrease, 
and even disappear Qver time, due to 
the aggressíveness of the species in 
the mixture. 

These pre1iminary results indicate 
once more that increasing tillage 
intensity results in negative effects 
for these type of dual systems (craps 
and pastures). On the other hand, 
fertilization at an intermediate dose 
aud the use of more productive, 
aggressive, and resistant germplasm 
under the edaphoelimatic conditions 
of the humid tropícs is a more sound 
aption. 

Selection oi rice varieties to1erant 
to soi1 acidity and to pests and 
diseases 
In order to identify rice varieties 
having greater tolerance to soil 
acidity and to pes ts and diseases. a 
trial was planted with 17 rice lines, 
in coJIaboration with CIAT's Rice 
Programo The experimental design, 
fertilizatían, the evaluatíon scheme, 
and seed of the 17 rice lines was 
provided by the Rice Programo 
Results (Table 10) show a wide 
variation among ríce lines and 
varieties, with grain production 
ranging from 639 to 1465 kg/ha. 
Plants of intermediate height seemed 
to be the more productive. 
Additionally, the more productive 
lines showed an intermediate to low 
reaction to leai seaid, a disease of 
mayor incidence observed during the 
triaL Cercospora and ,!Jrricularía 
diseases were also observed, but with 
a low level of incidence. 

Planting of the two best lines 
been programmed for 1988/89, 
association with ~. dictyoneura 
+ Arachis pintoi to observe 

has 
in 

6133 
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Table 8. Average grain production oi rice, maiza, and cowpaa (grown in association with a 
grass/legume mixture), in ralation to the intensity of tillage and fertilizer application. 
Pucallpa, Perú. 

TILLAGE INTENSITY Fertilizatíon Rice 
(var.African 
unknown) 

ZERO Control (without fert.) 46 

(Tacarpo) Low (average - 50%) 147 
Intermediate 331 
High (average + 50%) 506 

MINlMUM Control 58 

(2 diskings and rows) Low 442 
Intermediate 1029 
High 963 

REDUCED Control 77 

(4 diskings and rows) Low 430 
Intermediate 1106 
High 827 

Intermediate fertilizatíon (kg/ha: 60 N (only grasses) 
40 P 
50 K 
20 S 

Average values of 4 replications. 

Rendimiento en grano 
Maize 

(varo Yellow 
Cuban) 

604 

927 
1375 
1710 

372 

463 
569 

1107 

494 

784 
971 

1148 

Cowpea 
(var .Chiclayó) 

201 

425 
390 
384 

325 

354 
518 
692 

290 

443 
662 
750 
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TabIe 9. Biomass production of ~. dlctyoneura 6133, ~. ovalifolium, and weeds, in an association 
with rice, in relation to tillage intensity and ferti1ization. Pucallpa, Peru. 

TILLAGE INTENSITY Fertilization Rice 
(var .African 
unknown) 

ZERO Control (without fert.) 379 
Low (average - 50%) 423 
Intermediate 462 
Hlgh (average + 50%) 655 

MINlMUM Control 151 
(2 diskings and row) Low 152 

Intermediate 195 
High 240 

REDUCED Control 154 
(4 diskings and rows) Low 249 

Intermediate 315 
High 300 

Intermediate fertilization (kg/ha): 60 N, 40 P, 50 K, 20 S. 
Planting of rice and grasses 12 November 1987 
Rice harvesting and evaluation 
of grasses 15 March 1988 

Average values of 4 replications. 

Grain Yield (kg/ha) 
Maize 

(var. Yellow 
Cuban) 

129 
170 
199 
303 

45 
45 

70 

37 
40 
61 
79 

Cowpea 
(var.Chiclayo) 

129 
170 
199 
303 

550 
675 

974 

560 
820 

1051 
1075 
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Table 10. Average grain production and comparison of reactton to leaf scald of 17 rice llnes selected fer their 
tolerance to acid sails. Pucallpa, Peru. 

Height 

Rice LInc Yield (at grain Reaction* Rice Llne Yield 
(kg/ha) mat1,lrity) (kg!ha) 

(cm) 

CI-6777-8-14-Z-1E 1456 76.0 2.5 CT-6194-16-1-2-3 973 

Col.1/M312A (TI) 1379 78.3 1.5 CICA 8 (TE) 928 

CT-6129-17-9-5P-l 1198 75.2 1.5 CT-6196-33-10-2-8 871 

P-S589-1-1-3P-4 1197 71.5 2.5 CI-6516-23-8-1-SR-Z 863 

CI-6777-S-14-Z-1A 1168 72.5 1.5 African unkhown (Le) 806 

CT-6258-52-4-3 1074 79.3 2.5 CT-6515-18-17-1-SR-l 759 

CI-6196-33-4-21-Z 1021 79.1 4.5 CI-6196-33-10-}-Z 639 

P-S589-1-1-3P-2 991 71.4 3.0 

* O = No dtsease 5 High tncidence of leaf scald 

Basie fertilization (kg/a): 250 dolomitie line 
60 N (Urea in 2 applicatlons) 
25 P (TSP) 
50 (KCl in 2 applications) 

Height 
(at grain 

maturity) 
(cm) 

79.8 

72.3 

82.4 

71.6 

96.0 

90.1 

85.2 

TC Tolerant control; SC m Susceptible control; LC Local control. 

Reaction* 

1.0 

1.5 

2.5 

5.0 

1.5 

2.0 

4.5 



performance of rice as a "financing" 
crop. Also, a collection of cowpea 
varieties will be evaluated for their 
potential productivity, as this 
legume ia very promising in the 
region. 

!mproved pasture reclamation with 
weed control and seed harvest to 
reduce costs 
Currently, large areas are found with 
degraded improved pastures, or 
pastures under degradatien, based 
primarily on Brachiaria species. 
lnvasion of broad-leaf weeds (Cassia 
tora, Croton trinitatis, Sida 
rombifolia, etc) due to poor 
management (overgrazing) and to the 
poor vigor of the grasa, due te 
deficiency of N and other nutrients, 
are the main causes for degradation 
of these pastures. One of the 
alternatives studied was that of 
recovering a !. dictyoneura pasture 
established 15 years before, which 
had be en invaded by weeds and 
presented poor vigor, by applying 
herbicides (Edonal, 2-4-D) and 
fertilizera (Factorial S, Mg, and K 
and two levels of N--50 and 100 kg/ha 
in the form of urea). In arder to 
reduce reclamation costs, seed was 
harvested. A comparison of 
productivity among fertilizer 
treatments was al so established. 

Results of chis trial are shown in 
Table 11. Application of nitrogen by 
itself (50 or 100 kg N/ha) did not 
result in forage or seed production 
increase. Ihe interactive effect of 
N and K increased biomass and seed 
production. The most significative 
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effect was the response to S 
application, which doubled the 
biomass and increased seed production 
four-fold, indicating an interactive 
effect of N and S. The mosr 
significative effeet resulted from 
combining 20 kg S and 100 kg N/ha, 
which turned out in a yield of pure 
seed of 83 kg, in relation with the 
control which reeeived only 100 kg 
N/ha and produced 21 kg pure seed. 
Definitively, calculation of the cost 
structure wlll permit recommending 
this strategy for reclamation of 
degraded Brachiaria sp. pastures. 

The second phase of the trial 
consisted in introducing Centroserua 
macrocarpum 5735 in 2-m wide strips, 
alternated with reclaimed B. 
decumbens, for further evaluation of 
persistence, stability of the 
mixture. and animal productivity 
under grazing. This trial ls 
estimated to last 3 years. 

Based on resulta obtained during the 
first year, reclamation trlals in 
farms having pastures based on native 
grasses and B. dictyoneura have been 
planned for 1988189. The idea ia to 
introduce adapted germplasm having 
outstanding characteristics such as 
aggressiveness, vigor, productivity, 
and suatainability. Experiment 
atation triala will continue in order 
to complement initial findings and 
explore additional factors 
intervening in the procesa of 
degradation, as are so11 compaction, 
erosion, recycllng, changes in the 
vegetation, weeds, and germplasm. 
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Table 11. Effect of fertilizatíon on pasture reclamatían and seed praduction oí a Brachiaria 
decumbens pasture established 15 years befare, IVITA, Pucallpa, Peru. 

50 kg N/ha 100 kg N/ha 
s Mg K Treatment Dry Pure Dry Pure 

Matter Seed Matter Seed 

--------------------- (kg!ha) ---------------------

o 
O 
O 
O 

20 
20 
20 
20 

o O 
O 30 

20 O 
20 30 

O 
O 

20 
20 

O 
30 

O 
30 

Control 
K 
Mg 
Mg + K 

s 
S + K 
S + Mg 
S+Mg+K 

Burning of pasture, September 1987. 

2898 
3473 
3070 
3387 

3920 
3597 
3839 
3255 

18 
38 
25 
34 

49 
46 
39 
43 

Weed conral (Casía tora) with Hedonal (3 liters/ha), 23 October 1987. 
Fertilizatian with N: 50% (27 Octaber 1987) and 50% (4 December 1987). 
Dry matter evaluatían: 5-8 January 1988. 
Seed harvest: 19-20 December 1987. 

Average data for 4 replicatíons. 

3303 
3856 
3896 
3593 

4178 
4114 
4659 
4263 

21 
51 
47 
51 

83 
71 
58 
57 



13. Pasture Development Cerrados 
INTRODUCTION 

The Cerrados Pasture Development 
Section initiated four new trials in 
1987/1988. The section was also 
responsible tor the establishment of 
a large grazing management trial, for 
which it has now assumed principIe 
responsfbility after the project 
leader was named Director oí CPAC. 
Other actlvities included in-service 
training oi three young professionals 
and collaboration with the pasture 
validation group working in the 
Silvania (GO) rural development 
project. 

The 1987/1988 ralny seaaon was wetter 
than usual with a total of 1617 mm 
from June 1987 through May 1988. The 
average monthly distribution of 
rafnfa1l at CPAC during 14 years 
along with the manthly distributian 
far 1987/1988 are shawn in Figure 1. 
The seasan started late with much 
lawer precipitation tor October than 
normal (57 mm vs. 162 mm). Most land 
preparation was done after November 1 
and p1anting was done in December and 
ear1y January. Late p1antlng 
contributed ta seriaus problems 
during the establishment phase and 
failure in over 50% of the new 
experiments. 
planted in 
rainfall and 
Runoff and 

Most experiments were 
periods of intense 

poor 1ight eonditions. 
eroslon resulted in 

excesslve covering of seed and even 
seedlings. Rainfall distribution is 

typieally somewhat erratlc in January 
and February, ranging fram extremely 
intense rainy periods to frequent 
draughts of short duration as shawn 
in the weekly distrlhution of 
precipitatian for 1987/1988 in Figure 
2. Elasmo (Elasmopalpus lignosellus) 
i8 often a serious prohlem for young 
grass seedlings during veranieoa, 
(dry periods of 10-20 days), and this 
year caused extensive damage to A. 
gayanus and !:. maximum plants duriñg 
January. The mast serious scourge of 
al1 was seed carrying and 
leaf-cutting ants of several species, 
supposed to he e1ther Atta spp. or 
Acromyrmex spp. Ants were also a 
prohlem in two pasture renovation 
trials, selectively harvesting legume 
seed1ings from seed reServes in the 
so11 and from planted seed. 
Colleagues at CPAC say that the year 
was unusua1 for ant damage. Some 
blame the problem on the lack of 
Aldrin which was recently hanned in 
powder formulatians, a product which 
had been used widely, possibly 
somewhat indiscriminately, to control 
ants in years pasto 

ON COrNC TRIALS 

Pasture renovation. The section ls 
responsible for a pastura renovation 
trial which was established in 1985 
and grazed experimentally beginning 
early 1987. Five treatments in two 
repllcations have resu1ted in rather 
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Figure 1. Monthly distribution of ¡.>reci¡.>itation at CPAC, Planaltina, DF, during 
1987-88 and 14 year averages. Cerrados, 1988. 
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Figure 2. Weekly distribution of ralnfall at CPAC, 1987-88, showing a typical 
"veranico" occurrlng in January. Cerrados, 1988. 



large differences in animal 
performance as shown in Figure 3. A 
separate group of animals grazed each 
treatment, a1ternating between 
replications in a somewhat flexible 
management scheme. The treatment 
consisting of disking the old 
Brachiaria ruziziensis sod and 
introduetion of Ca1opogonium 
mucunoides produeed the highest 
animal galns during the experimental 
periodo The Stylosanthes guianensls 
ev. Bandelrante pastures resu1ted in 
the lowest weight gains, equivalent 
to the control treatment. Animals 
selectively grazed the B. 
ruziziensis, with very little intake 
of ~. guianensis. By the end of the 
grazing period, the pastures were 
strongly legume dominant. 

An accidental burn in September, 1987 
which affected all treatments in at 
least one replication gave some 
unexpected results. In the S. 
guianensis pasture that burned, there 
was no reeovery of adult legume 
plants but a very large store of 
reserve seed in the soi1 gave rise to 
an excessive population of legume 
seedlings and a good stand of grass. 
The legume population waS:! estimated 
at > 1000 plants per m. Within 
about a month of germination. ants 
began to selectively harvest the 
legume and left only a thin. 
irregular stand. In the replication 
that was not burned. the S. 
guianensis suffered asevere añd 
prolonged defoliation by Sphacophylus 
centrus and by the end of the growiog 
season was essential1y destroyed. In 
the absence of fire, no new seedlings 
appeared in this pasture. In the 
paddock of C. mucunoides that was 
burned the legume came to a good 
stand from reserve seed but again. 
within a month after the rainy sea son 
began, ants also selectively 
harvested the 1egume seedlings and 
destroyed the stand. In the unburned 
paddock, f. mucunoides came to a good 
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stand wi th no appreciab le an t damage. 
lt i8 important to note that the 
paddocks with legumes that burned 
were irnmeditely adjacent to a large 
~. gayanus pasture about six years 
old, badly degraded and heavily 
infested with ants. The unburned rep 
of the two legume treatmenta ia 
adjacent to a large block of native 
cerrado and separated from the 
Andropogon pasture by paddocks of 
pure grass which form part of the 
same experiment. 

NEW EXPERIMENTS. 1987/1988 

Lime x P x species. Experimenta were 
planted on c1ay 10am (36% sand, 51% 
clay) and sandy loam (78% sand, 20% 
clay) soils. The trials consist of a 
factorial combination of 3 lime and 3 
P levels as sub-plots and main plots 
are comprised of species planted 
separately and in association; there 
are three legumes: ~. eapitata (CIAT 
1097), ~. guianensis cv. Bandeirante 
and C. brasilianum (CIAT 5234) and A. 
sayanus ev. Planaltina. Both trials 
were planted in December and were 
irnmediately subjected to intense rain 
atorma and then elasmo and heavy ant 
predation during a 20 day "veranieo" 
in January. Stands were entirely 
unsatisfactory and repIanting was 
undertaken of both grass and legumes. 
In the second planting, reasonably 
good stands of legumes were obtained 
but A. gayanus continued to Buffer 
severe ant predation. In a further 
attempt to establish the grasa, 
bare-rooted plants of Andropogon were 
used to repIant the entire area. In 
spi te of the continued use of poison 
bait and other insecticides, the ants 
destroyed a large proportion of the 
transplanted plants. An attempt is 
being made at the beginning of the 
1988-1989 wet season to again 
establlsh the grass in this trial, 
where legume stands are finally 
acceptable. 
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Figure 3. The effects of pasture renovation treatments on animal performance 
of ª. ruziziensls pastures, 1987-88. 
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Figure 4. The effects of lime and P on dry matter produetion of B. brizantha 
ev. Marandú in the establishment year. Cerrados, 1988. 
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In another lime x P trial, three 
grasse8 wcre planted as main plots: 
!. gayanu6, R. maximum snd B. 
brizantha (ev. Marandú), with three 
levels each of lime and P. The trial 
was plantad on tha sandy loam soil, 
adjacent to the legume-grass x lime x 
P trial. Ants destroyed Andropogon 
and Panicum but left the Braehiaria 
almost untouehed. Figure 4 shows the 
response of ~. brizantha to lime and 
P. Ihe strong P response i8 
essentially linear; the mueh smaller 
response to lime was also linear. 
Repeated attempts were made to 
establish A. gayanus and R. maximum, 
similar to those deseribed above, 
with similar results. A new attempt 
is being made to establish these 
grasses at the beginning of the rainy 
season. 

Ihe renovation of A. gayanus -legume 
pastures. Ihese pastures were used 
for five years in an advanced grazing 
trial in which the legume component 
rapidly diminished in the first two 
years and the pastures degraded 
rapidly until the trial was 
terminated in early 1987. The 
paddoeks of §.. capitata (CIAT 1097) 
and ~. maerocephala ev. Pioneiro were 
ehosen for apasture renovatíon trial 
sinee both legumes had demonstrated 
remarkable persistence after five 
years, even though their eontribution 
to the pasture after the first year 
was minimal. The residual population 
produced a reasonable reserve of seed 
and there was an apparent stocklng 
rate effect on seed reserves. Nine 
tillage x fertilizer treatments were 
applled to 5 x 20 m plots within each 
paddock. The balance of the paddoek 
reeeived a uniform treatment with the 
goal of forming new pastures whic:h 
could serve for additional grazing 
experiments and/or demonstratlon 
purposes. 

A chisel pIow was used to break up 
the pasture sod and till the soil to 
a depth of 10-12 cm. The!. gayanus 
was st1mulated by the tillage and 
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fertilizer and was extremely 
competitive with new seedlings from 
reserve aeed and seed drilled into 
the pasture to reinforce the seed 
reserves in the soil. Ants 
selectively harvested the neW legume 
seedlings in the same manner as 
occurred in the old pasture 
renovation trial with C. mueunoides 
and S. guianensis ev. Bandeirante. 
As a result, pasture renovation in 
terms of grasa was excellent, but in 
terms of new popnlations of legomes 
i t was a total failure. Colleagues 
had repeatedly warned that Andropogon 
is extremely sensitive to tillage and 
can easily be destroyed, however, 
after the 1987 experience, a new 
strategy was pursued as a basis for a 
seeond round of renovatíon 
(introduction of legomes) in the sama 
pastures. 

The grass dominant pastures were 
grazed during 1987-1988 but spelled 
late in the rainy seaaon to permit 
flowcring and seed production of both 
grass and legume. In Augost, the 
paddoeks were tilled with a heavy 
off-set disk with the objectlve of 
leaving most of the residue on the 
surface, cu tting the tussoeks of 
Andropogon at a rather shallo'" depth 
and hopefully killlng most of the 
adult plants, leaving a favorable 
surface environment with abundant 
grass seed. Reserve seed of legumes 
was again reinforced with additional 
seed. With the first rains, it would 
appear that control of the original 
grass population was almost total and 
an excellent stand of grass is coming 
from seed. Tbe following treatments 
are betng investigated. In all 
cases, additional legume seed has 
been sown at the beginning of the 
rains. 

1. Off-aet disking in the middIe of 
the dry season. 



2. Off-set disking in the dry 
following a burn of all residue. 

3. Off-set dlsking at the beginning 
of the wet following a burn in 
the dry season. 

4. Off-set disking at the beginning 
of the wet without previous 
burning. 

Grazlng management. An advanced 
grazing trial focusing on management 
strategy was initiated in 1987. It 
consista of ane main trial in which 
Andropogon gayanus ls planted alone 
and in assoe1ation with a mixture of 
three legumes: S. guianensis cv. 
Bandeirante, ~. macroeephala ev. 
Pioneiro, ~. eapitata CIAT 1097. 
Grazing intensity will be controlled 
by residual forage. The treatments 
will be managed as follows: 

1. l' Continuous grazing 
2. Rotational grazing, 7/21 
3. Rotational grazing, 14/42 
4. Flexible management, alternate 

grazing beginning with 21/21 
5. {Contlnuous grazing 
6. Rotat10nal grazing, begin­

ning with 21/21 

The two grass only treatments will be 
managed as in No. 1 and No. 4. 

In addition to the main trial, a 
satellite trial of Andropogon 
associated with c. brasilianum 5234 
was planted in the €lame area. This 
trial will also be managed op the 
basis of residual forage using 
alternate grazing and flexible 
management. 

The two experiments oceupy a total of 
35 ha located in a h1gh, (~1200 m 
elevation, the highest point in CPAC 
and ane of the highest points in the 
Brazilian cerrados), well-drained 
"chapado", ranging from sandy loam, 
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(x 50% sand, 37% cIay), to cIay Ioam, 
(~ 18% sand, 67% clay). The two 
replications were blocked for so11 
texture and acceptable to exeellent 
stands were obtalned on the sandy 
loam replicate in contrast with 
almost total failure in the clay 
loam rep. The C. brasilianum x 
Andropogon experiment located on the 
sandy loam so11 also came to an 
excellent stand. 

Ant damage and eros ion were the most 
serious prob1ems and were far more 
severe on the clay loam than the 
sandy loam. It is postulated that 
the clay loam texture resuIted in 
greater P fixation froro the broadcast 
applied and incorporated phosphorus 
than in the sandy loam. The P 
f1xation probably gave rise to less 
vigorous plant growth and plants were 
more susceptible to ant and elasmo 
damage in the seedling stage than the 
more vigorous plants on the 
sandy-loam site. 

The data shown in Figure 5 were 
obtained by in tense monitoring of 
seedlings resulting from late 
replanting in these experiments. As 
can be seen, 60% of the stand was 
destroyed in the first twenty days 
and none of the plants escaped sorne 
damage. The sandy 10am replicate of 
this experiment is fenced, has water 
points and is ready for initiation of 
experimental graz ing. It was grazed 
lightly during the dry season and 
presently has an abundant population 
of Andropogon and legumes emerging 
from the excellent seed crop that was 
set in the first year. The clay Ioam 
replicate was prepared for replanting 
with stubble-mulch sweeps, the first 
pass being made in May with 
suff1cient moisture for good tillage 
and weed control; and the second pass 
made diagonal to the first pass in 
September, just prior to planting in 



the dry. !he dry season planting is 
favored as a possible means of 
escaping sorne of the ant damage and 
encountering better growing 
conditions and less intense ralns 
than were experienced wlth the late 
plantings of 1987-1988. 

NEW EXPERIMENTS, 1988-1989 

Time of seedbed preparation and 
planting. In light of experience 
gained during the 1987 -1988 5eason, 
two new trials have been initiated 
for 1988-1989. One 15 designed to 
study the effects of time of seedbed 
preparation and time of planting. 
"Early" and "late" seedbed 
preparation correspond to May, at the 
end of the rains, and Oetober, at the 
beginning of the ralns. Plantíng 
dates include September. (in the 
dry), Oetober, after the first 100 mm 
of rainfall, November, whích is the 
traditional recommended plantíng 
date, and January, as representative 
of a late planting date. The last 
two plantíng dates are eoincidental 
tor the two seedbed preparation 
dates. Early results indicate 
excellent stands from dry season 
planting following early seedbed 
preparation. One of the advantages 
of early seedbed preparation is the 
conservation of moisture during the 
dry season as shown in Figure 6. 

Pasture renovatíon vía annual crops. 
One of the main aims of the section 
is to explore strategies for the 
renovatíon of degraded grass pastures 
via a cycle of annual crops • A 
suitable site was selected in an old, 
degraded B. decumbens pasture. !he 
initial tl11age was carried out in 
the dry season with a heavy off-set 
disk in an attempt to control B. 
decumbens and the plowing waS do;e 
after sufficient precipitation in 
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October. Planting of rice. corn and 
sorghum will be done in November, 
eonsidered to be normal for most 
annual crops. A mixture of legumes 
will be planted with the crops and in 
control treatments without crops. 

FUTURE PLAN S 

The experience gained in pasture 
research at CPAC has highlighted a 
number of serious problems in pasture 
establishment and pasture 
maintenance. 

Pasture establishment. Perhaps the 
principal barrier to pasture adoption 
is the high cost of pasture 
establishment and the relatively low 
expected return on investment. This 
is due to the need for clearing (in 
the Cerrados), followed by tillage 
and rather heavy applications of 
fertilizer and lime. For that reason 
most pasture specialists have reached 
the conclusion that the only 
economically viable way to establish 
pastures is to do so following a 
cycle of annual crops to off-set the 
high cost oi clearing and the initial 
fertilizer and lime application and 
provide residual benefits to the 
subsequent pasture. 

One of the main components of the 
cost oí pasture establishment is the 
high risk factor. This i8 primarlly 
due to: a) inseets, b) erosion during 
the establishment pha8e, e) problems 
of weeds, especially following a 
eycle oi annual erops which results 
in higher fertility than in native 
Cerrados soil. 

Even well established pastures in the 
Cerrados oi the Planalto Central have 
rather low carrying capacity and 
production potential. This appears 
to be related to both germplasm and 
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management as well as harsh clima tic 
and edaphic conditions. The long dry 
seasan impases a severe stress on a1l 
germplasm and the 10w avai1abi1ity of 
acceptable forage during the dry 
sea son results in very poor animal 
performance. 

Malntenance. The problema 
encauntered are largely related to: 
a) the rapid degradation of straight 
grass pastures, primarily due to 
declining N fert1lity and P 
def1ciency on s01ls that have not 
received appreciable P fertilizar for 
annual crops. b) the lack of 
stability of legume-based pastures. 
This appears to be related to both 
germplasm deficiencies and 
management. It may be that a grass 
like !!. gayanus la simply too 
competitive for most of the legumes 
present1y available for the regíon; 
C. brasilianum appears to be an 
exception. There ís no recorded 
experience of !!. gayanus x 
Calopogonium at CPAC but reports froID 
a few farmers indicate this to be a 
workable sud productive combination. 
B. decumbens and B. ruziz1ensis have 
been successfully -assoc1ated with C. 
calopogonium and S. guianensis b~t 
both grasses are very susceptible to 
spittlebug damage. B. brizantha cv. 
Marandu is doing wellon better sol1s 
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Marandu is doing wel! on better soi1s 
and has also been successfully 
associated with Calopogonium. 

Pasture renovation. There are mil­
lions of hectares of degraded grass 
pastures in the Cerrados. Nitrogen 
deficiency is the first limiting 
fertility factor leading to 
degradation in most cases. Phosphorus 
and other nutr1ents may also become 
limiting in Cerrado soils that have 
not been used for cropping. A major 
challenge facing pasture researchers 
is the identificatíon of well-adapted, 
productive legumes aud the technology 
necessary to introduce these legumes 
into degrading grass pastures. Once 
the association 1s formed, a 
management strategy must be followed 
to assure grass-legume balance and 
stable, persistent pastures. 

Table 1 presents a summary of the 
principal problems faced in pasture 
establishment, maintenance and 
renovation and the strategies 
considered most likely to succeed in 
solving the problems. Some of the 
problems enumerated are already being 
addressed. The focua of the section 
will contlnue to be on the solut10n of 
the problems considered to be of 
h1ghest prior1ty. 



Table l. A surnmary of the principal problems faced in pasture establishment, 
maintenance and renovatíon and strategies considered most likely to 
provide solutions to che problems. 

Principal problem Strategies 

PASTURE ESTABLISHMENT 

(a) Insects 
(b) Erosion, sedimentation 
(e) Low seedling vigor 
(d) High risklcost 

Early planting (a, b, e, d) 
Redueed tillage (b, d) 
Fertilizer placement (e, d) 
Integrate in crops (e, d) 
Germplasm choice (a, e, d) 

PASTURE MAINTENANCE 

(a) Declining fertility: N, P, S 
(b) Legume/grass instability 
(e) Weed invasion 
(d) Lack of cover/erosion 
(e) Insects: spittlebug, ants 

Inelude legume (a, e, d) 
Grazing management (a, b, e, d) 
Germplasm choice (a, b, e, d, e) 
Malntenance fertilizer (a) 

PASTURE RENOVATION 

(a) Competition grasa versus legume 
(b) Ant predation, legumes 
(e) High cost 
(d) Weeda 
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Dry seaaon tillage (a, b) 
Crop cycle (a, c, d) 
Fertilizer placement (a, e, d) 
Appropriate baits (b) 
Germplasm choice (a, b, d) 



14. Ecophysiology 
Ihe Ecophysiology Section has as its 
general objective the understanding 
of plant relations in grazed 
pastures. This may be more closely 
defined as to understand the factors 
responsible for the maintenance of 
satisfactory balance between grasses 
and legumes in mixed pastures under 
grazing, and how management may be 
usad to manipulate the balance 
between the components. Ihis year 
has been marked by the starting of 
s tudíes to broaden the approach to 
include other aspects of management. 
Ihis has been in addition to the 
work, described in each of the last 
two years, to understand how simple 
response functions relating growth 
parameters may explain the broad 
features of growth of grasses and 
legumes in association. 

Modelling grass/leguroe assoclations 

The experiment that was established 
in 1986, was continued during the 
year, and there are now sufficient 
data to commence analysis of the 
response functions described in 
previous annual reports (see TPP 
Annual Reports 1985, 1986, 1987). 
Only broAd features of the behaviour 
of the pastures will be reported 
here. 

- Stylosanthes capitata has almost 
disappeared froro al! the subplots in 
the pastures in which it was 80Wll. 

It is obviously poorly-adapted to 
this heavier 8011 (ca. 10% sand) , 
although the exact nature of the lack 
of adaptation will recelve attentlon, 

elsewhere (see 
experiment later). 

multl-1ocation 

The problem appears to be one of 
population dynamics in that the 
original plants have died, and there 
has be en insufficient recruitment to 
replace them. Moreover, growth rate 
of the new seedlings (and the few 
alder plants) has been low, so that 
the contribution of this species to 
the sward is low. 

- Centrosema acutifolium appears on 
this soU to have lower growth rates 
than on other, lighter s01ls, and 
hence unable to resist the effects of 
diseases (Rhyzoctonia) and pests 
especlally leaf eatlng insects. The 
original plants are stHl largely 
present, but their growth rates are 
low, and their contributlon to the 
pasture ls small. 

- Desmodium ovalifolium has suffered 
froro considerable damage by 
Cinchytrium in some plots, although 
in others its survival and growth i8 
satisfactory. lt i8 clear that it is 
not accepted much by grazing an1mals, 
and where it la has not be en affected 
by disease, its contribution to the 
swards is very sati8factory. It 
seems that the plots most affected by 
disease were grazed in the last year 
at the time of maximum precipitation, 
and hence when they were waterlogged, 
which may explain the ingress of the 
disease. 

After a disappointing second year the 
vigor of Arachis pintoi has improved 



in a most spectacular fashion. In the 
year of establishment ~. pintoi grew 
very well, but was severely affected 
by sorne nutrient disorder (presumed to 
be iron toxicity induced by 
waterlogging) in late 1986 when 
rainfall was very heavy. Subsequent-
1y, plants ",ere heavily affected by 
Rhizoctonia, and during a11 of 1987 
growth of the 1egume was poor. In 
1988, however, substantlal recovery 
has occurred and the pasture presents 
a satisfactory appearance. 

It is of interest that whan a stoloo 
of ao A. pintoi plant grows through a 
tUSSOCK of grass, the leaves that 
develop on that part of the stolon 
are largar, and darker green, which 
aeeords with other data from the 
piedemont under oi1 paIro and from 
Australia. The physiological reasons 
for this are being sought in another 
experiment at Palmira where plants 
are grown in boxes of ea. 50 kg of 
soil with treatments of shading and 
with and without root competitíon 
from ~. dictyoneura. 

The general conclusions at this stage 
are that !. pintoi is obviously the 
best adapted legume species te 
cenditions of so11s of these tested. 
Population dynamics studies show that 
the ability of mature plants to grow 
and to surv1ve are crucial to the 
maintenance of swards containlng a 
hlgh proportion of legume. 

It ls relevant to point out that 
differences in growth rate, and their 
consequences, were included in the 
original modelo Nevertheless, 
differences in growth rate are 
clearly very important, and the 
reasons for them will be sought in 
other experiments. Adaptatíon to 
acid solls different soil cond1tions 
",ill undoubtedly be revealed in 
differences in growth rate and the 
factors responsible for poor growth 
of the legume components, and their 
dependence on so11 conditions, will 
also be investigated. 
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Liveweight gains of cattle on four 
associations 

The fistulated cattle used in this 
experiment graze the same assoclat1on 
contínuously in that when the animals 
are withdrawn trom the experimental 
plots, they go to a bulk pasture of 
the same association. Moreover, they 
broadly graze through the same 
sequence of forage allowance and 
pasture proportions. The liveweight 
gains of the animals are reported in 
Table l. 

The effects of Eire on S.capitata 
sown in native savanna 

In the last annual report, the effect 
01 two times of burning in the early 
wet season of a stand of S. capitata 
established in a natlve savanna were 
reported. The times were immediately 
following, and 3 days after a 
rainfall evento Broadly, survival of 
the S. capitata plante was good, and 
about 70% of the original plants 

Table l. Liveweight gains of animals 
grazing four associations of grassl 
legumes. Data are total gains of the 
same animals in each aesociatíon given 
the same but randomlzed, sequence of 
forage allowances. 

Assoclation 

A. gayanusl 
-~. capítata 

~ gayanusl 
C. acutifolium 

!. dictyoneura/ 
g. ovalifolium 

.!!. dictyoneural 
A. plntoi 

Liveweight galn 
kg/head 

(Ju1y to January) 

66 

78 

33 

64 



regrew during the 7 weeks following 
the fire (Figure 1). 

However, the hurning treatments in 
1987 were applied following e dry 
season with en unusual1y high emount 
of reinfall, so that when the hurning 
treatments were applied the S. 
eapitata plants were green and 
moreover the native savanna was 
greener than usual, so that fire 
temperatures were therefore lower 
than would normally be expected. 

A more extensive series of burning 
treatments were agatn superimposed on 
an exactly similar (hut one year 
older) ~. eapitata stand in a native 
savanna. 

The treatments were five times of 
burning: 
l. End of March (eompletely dry) 
2. Early April (more or less wet, 44 
mm of rain total) 
3. Early May (wet, 207 mm of rain 
total) 
4. End May (wet, 302 mm of rain 
total) 
5. Early June (wet 592 mm of rain 
total). 

In addition to observations of the 
survival of marked plants of S. 
capitata, the influence of the Ures 
on the major five components of the 
native savanna was followed (Table 
2) • 

It i8 of interest that following e~ 

more normal dry season all the burns 
were much mor(l s€vere than durj ng 
1987, particularly those in thE' dry 
season and early wet sea son (fires 
1-3), becausp. of the lowE'r amount of 
green material prpsent in the native 
grass fuel and hence the higher fire 
temperél'tures. 

It lS not clear however, why the 
Burvival of ,,-. capitata plants for 
fires 4 and 5 were so much lower (17 
and 4% cf. almost 70% in 1987). 
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There appears to be evidence of 
differential influence of tire on the 
savanna grasses depending on timing 
of the fire (see Table 2). Paspalum 
pectinatum, Panicum rudgel and 
Schyzachyrium hirtlflorum were 
unaffected by the time of burning, 
but the two Andropogon species were 
quite differently affected, A. 
bicornis being more affected in early 
wet season burns, but not much 
affected later, and the reverse 
situation for A. selloanus. 
Moreover, neither !.- pectinatum nor 
P. rudgei were affected much by fire 
at any time that it was applied, 
while S. hirtiflorum was always 
strongly-affected. 

Thus one would expect that fire could 
strongly influence the balance 
between populations of the grasses, 
A. bieornis, S. hirtiflorum and A. 
selloanus, and the timing could 
influence the balance between the two 
Andropogon species. 

Populatlon dynam1cs of leaves within 
swards of Brachiaria decumbens and B. 
decumbens with Desmodium ovaliíollum 

In order to understand how senescence 
rate can influence the growth of the 
components of apasture, it ls neces­
sary to understand how senescence rate 
of leaf and stem tissue reduces 
absolute growth rate. That is, tissue 
turnover ls fundamental to the 
accumulation of biomass in a sward, 
and has profound effects on 
forecasting effective ~rezing 
management. While this approach has 
been sho"T. to have relevance in the 
temperate regions there are no studies 
in the trapics. Therefore, in order 
to resolve methodologies, a 
preliminary experiment was ccnducted 
a t Quilichao In sn establ1shed pure 
grass and a grass/legume sward to 
obtain data of rates of leaf 
appearance and senescences. 

Some 2000 leaves were tagged each 
week for 12 weeks and the rate of 
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the dry. The dry season planting is 
favored as a possible meana of 
escaping sOrne of the ant damage and 
encountering better grow1ng 
condítions and less intensa rains 
than were experienced with the late 
plantings of 1987-1988. 

NEW EXPERIMENTS, 1988-1989 

Time of seedbed preparation and 
planting. In 11ght of experience 
gained during the 1987-1988 season, 
two new trials have been ini tiatad 
for 1988-1989. One 18 designed to 
study the effects of time of seedbed 
preparation and time of planting. 
"Early" and "late" seedbed 
preparation correspond to May, at the 
end of the rains, and October, at the 
beginning of the raina. Planting 
dates include September, (in the 
dry), October, after the firat 100 mm 
of rainfall, November, which i8 the 
traditional recommended planting 
date, and January, as representative 
of a late planting date. The last 
two planting dates are coincidental 
for the two seedbed preparation 
dates. Early results indicate 
excellent stands from dry season 
planting fo110wing early seedbed 
preparation. One of the advantages 
of early seedbed preparation i5 the 
conservatíon of moisture during tbe 
dry season as shown in Figure 6. 

Pasture renovation via annual erops. 
One of the main aims of the section 
i8 to explore strategies for the 
renovation of degraded grass pastures 
vía a eyele of annual crops. A 
suitable site was selected in an old, 
degraded !!. decumbens pasture. The 
inHial t illage was carried out in 
the dry season with a beavy off-set 
disk in an attempt to control B. 
decumbens and the plowing was done 
after sufficient precipitatíon in 
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Octoher. Planting of rice, com and 
sorghum will he done in Novemher, 
considered to he normal for most 
annual crops. A mixture of legumes 
will he planted with the crops and in 
control traatments without crops. 

FUTURE PLANS 

The experience gaíned in pasture 
research at CPAC has highlighted a 
number of serious problema in pasture 
establishment and pastura 
maintanance. 

Pasture establishment. Perhaps the 
principal barrier to pasture adoption 
i8 the high cost of pasture 
establishment and tha relatively low 
axpected raturn on investment. This 
is due to the need for e learing (in 
the Cerrados), followed by tillage 
and rather heavy applications of 
fertilizer and lime. For that reason 
most pasture specialists have reached 
the conclusion that the only 
economically viable way to establish 
pastures is to do so following a 
cycle of annual crops to off-set the 
high cost of clearing and the initial 
fertilizer and lime application and 
provide residual benefits to the 
subsequent pasture. 

One of the main components of the 
cost of pasture establishment ls the 
high risk factor. This is primarily 
due to: al insects, b) eros ion during 
the establishment phase, c) prohlems 
of weeds, especial1y following a 
cycle of annual crops which results 
in higher fertility than in native 
Cerrados 9011. 

Even well established pastures in tbe 
Cerrados of the Planalto Central have 
rather low carrying capacity and 
production potential. This appears 
to be related to both germplasm and 



100 

50 

, 
\ 
\ 

\ 

\ 
\ 

'\ 
" 

o 

• 

----, 
\ 

Surviving plants 

Plants without damage 

....... -~ ____ ~~~ ____ -L __ .~! __ ~! __ ---~-'-'~ __________ L-_ 

1 10 18 26 

Number of days 

figure 5. The fate of ~. gayanus seedlings during a twenty-s!x day period in 
February, 1988 beginning ten daya after planting. Cerrados, 1988. 

% Moisture 

10 

8 

6 

4 

2 

-' 

Prepared in May 

..0----0 .".¡;;)---
-~--~-­.J:)-----..r ... 

No prepared 

'--__ -L.. ___ .. '__ __ -'-~ __ '__ __ _'_ __ ~ 

40 80 120 

Depth (cm) 

Figure 6. The effect of date of seedbed preparation on profUe moisture reserves 
at the end of tIJe 1988 dry season. Cerrados, 1988. 



• 

management as well as harsh climatic 
and edaphic conditions. The long dry 
season imposes a severe stress on all 
germplasm and the 1010 availability of 
acceptable forage during the dry 
sea son results in very poor animal 
performance. 

Malntenance. The problems 
encountered are largely related to: 
a) the rapid degradation of straight 
grass pastures, primarily due to 
declining N fertility and P 
deficiency on soils that have nat 
recelved appreciable P fertilizer for 
annual craps. b) the lack of 
stability of legume-based pastures. 
This appears to be related to both 
germplasm deficiencies and 
management. It may be that a grass 
like !!:.. gayanus is simply too 
competitive for most of the legumes 
presently available for the region; 
C. brasilianum appears to be an 
exception. There ls no recorded 
experience of A. gayanus x 
Calopogonium at CPAC but reports from 
a fe .. farmers indicate this to be a 
workable and productive combination. 
B. decumbens and B. ruziziensis have 
been successfully -associated with C. 
calopogonlum and S. guianensis büt 
both grasses are very susceptible to 
spittlebug damage. B. brizantha cv. 
Marandu ls doing wellon better so11s 
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Marandu is doing well ou better soi1s 
aud has also been successfully 
associated with Calopogonium. 

Pasture renovatíon. There are mil­
lions of hectares of degraded grass 
pastures in the Cerrados. Nitrogen 
deficiency is the first 11mi tiug 
fertility factor leading to 
degradation in mast cases. Phosphorus 
and other nutrients may also become 
limiting in Cerrado 8011s that have 
not been used tor cropping. A major 
challenge facing pasture researchers 
is the l.dentification of well-adapted, 
productive legumes and the technology 
necessary to introduce these legumes 
iuto degrading grass pastures. Once 
the association 19 formed, a 
management strategy must be followed 
to aesure grass-legume balance and 
stable, persistent pastures. 

Table 1 presents a summary oi the 
principal problems faced in pasture 
establishment, maintenanee and 
renovation and the strategies 
considered most likely to succeed in 
solving the problems. Sorne of the 
problems enumerated are already being 
addressed. The foeua oí the sectiou 
will continue to be on the solution of 
the problems considered to be oí 
highest priority. 



Table 1. A summary of the principal problems faced in pasture establishment, 
maintenance and renovation and strategies eonsidered most likely to 
provide solutions to the problems. 

Principal problem Strategies 

PASTURE ESTABLISHMENT 

(a) Insects 
(b) Erosion, sedimentation 
(e) Low seedling vigor 
(d) High risk/cost 

Early planting (a, b, e, d) 
Reduced tillage (b, d) 
Fertilizer plaeement (e, d) 
Integrate in erops (e, d) 
Germplasm choice (a, e, d) 

PASTURE MAINTENANCE 

(a) Deelining fertility: N, P, ~ 
(b) Legume/grass instability 
(e) Weed invasion 
(d) Lack of eover/erosion 
(e) Inseets: spittlebug, ants 

Include legume (a, e, d) 
Grazing management Ca, b, e, d) 
Germplasm choice (a, b, e, d, e) 
Maintenance fertilizer (a) 

PASTURE RENOVATION 

(a) Competition grass versus legume 
(b) Ant predation, legumes 
(e) High cost 
(d) Weeds 
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Dry season tillage (a, b) 
Crop eyele (a, e, d) 
Fertilizer plaeement (a, e, d) 
Appropriate baits (b) 
Germplasm choice (a, b, d) 



14. Ecophysiology 
The Eeophysiology Seetion has as its 
general objeetive the understanding 
of plant relatlons in grazed 
pastures. This may be more elosely 
defined as to understand the faetors 
responsible for the maintenance of 
satisfactory balance between graseas 
and legumes in mixed pastures under 
grazing, and how management may be 
used to manipulate the balance 
between the components. This year 
has been marked by the starting of 
studies to broaden the approach to 
include other aspects oI management. 
This has be en in addition to the 
work, deseribed in each oI the last 
two yeara, to understand how simple 
response funetions relating growth 
parameters may explain the broad 
fea tu res of growth of grasses and 
legumes in association. 

Modelling grass/legume associations 

The experiment that was established 
in 1986, was continued during the 
year, and there are now sufficient 
data to cammenee analysis of the 
response funetions described in 
previous annual reports (see TPP 
Annual Reports 1985, 1986, 1987). 
Only broad festures of the behav10ur 
of the pastures will be reported 
here. 

Stylosanthes eapitata has almost 
disappeared from a11 the subplots in 
the pastures in whieh it was sown. 
It 18 obviou8ly poorly-adapted to 
this heavier soil (ca. 10% sand) , 
although the exact nature of the lack 
of adaptatíon will receive attention, 

eIsewhere (see 
experiment later). 

multi-loeatlon 

The problem appears to be one of 
population dynamies in that the 
original plants have died, and there 
has been insufficient recruitment to 
replsce them. Moreover, growth rate 
of the new seedlings (and the few 
oIder planta) has be"n low, so that 
the contributlon of this species to 
the sward i8 low. 

- Centrosema acutlfolium appears on 
this soil to have lower growth rates 
than on other, lighter soils, and 
hence unable to resist the effects of 
diseases (Rhyzoctonia) and pests 
especially leaf eating insects. The 
original plante are st ill la rgely 
present, but their growth rates are 
low, snd their contributíon to the 
pastura is small. 

- Desmodium ovalifolium has suffered 
from considerable damage by 
Clnchytrium in some plota, although 
in others its survival and growth la 
satisfactory. It ia clear that it is 
not accepted much by grazing animals, 
and where it ls has not been affected 
by disease, ita contribution to the 
swards is very satlsfactory. It 
seems that the plots most affected by 
disease were grazed in the last year 
at the time of maximum precipitation, 
and hence when they were waterlogged, 
which may explain the ingress of the 
disease. 

After a disappointing second year the 
vigor of Arachis pintoi has improved 



in a mast spectacular fashian. In the 
year of establishment A. pinto! grew 
very wel1, but was severely affected 
by same nutrient disorder (presumed to 
be iron toxicity induced by 
waterlogging) in late 1986 when 
rainfall was very heavy. Subsequent­
Iy, plants were heavUy affected by 
Rhizoctonia, and during all of 1987 
grawth of the legume was poor. In 
1988, however, substantial recovery 
has occurred and the pasture presents 
a satisfactory appearance. 

It !s of interest that when a stolon 
of au A. pintoi plant grows through a 
tussock of grass, the leaves that 
deveIop on that part of the stolon 
are larger, and darker green, which 
aceords with other data from the 
piedemont under oil paIm and from 
Australia. The physiological reasons 
for this are being sought in another 
experiment at Palmira where plants 
are grown in boxes of ca. 50 kg of 
soil w1th treatments of shading and 
with and without root competition 
from ~. dictyoneura. 

The general conclusions at this stage 
are that !. pinto! ls obv!ously the 
best adapted legume species to 
eonditions of solls oI these tested. 
Population dynamics studies show that 
the ability of mature plants to grow 
and to survive are crucial to the 
maintenance of Bwards containing a 
high proportíon of legume. 

It i6 relevant to point out that 
differences in growth rate, and their 
consequences, were included in the 
original mode1. Nevertheless, 
differences in growth rate are 
clear1y very important, and the 
reasons for them wi]l be sought in 
other experimente. Adaptation to 
acid soi1s different so11 conditions 
will undoubtedly be revealed in 
differenees in growth rate and the 
factors responsible for poor growth 
of the legume component:s, and their 
dependence on so11 conditions, wl11 
a1so be investigated. 
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Llveweight gains of eatt1" on four 
associations 

The fistulated eattle used in this 
experiment graze the same assoeiatl.on 
continuously ln that when the animals 
are withdrawn trom the experimental 
plots, they go to a bulk pasture of 
the sa~e association. Moreover, they 
broadly graze throngh the serna 
sequen ce of forage allowance snd 
pastura proportions. The liveweight 
gains of the animals are reported in 
Table 1. 

The effects of fire on S. eapitata 
sown in nati~e savanna 

In the last annual report, the effect 
oí two times of burning in the early 
wet season of a stand of .§.. capitata 
established in a native savanna were 
reported. The times were immediately 
following, and 3 days after a 
rainfall evento Broad1y, survival of 
the S. eapitata plants was good, and 
abont 70% of the original plants 

TabIe l. Liveweight gains of animals 
grazing four associations of grass! 
legumes. Data are total gains of the 
Same animals in each association given 
the same but randomlzed, sequence of 
forage allowances. 

Association 

A. gayanus! 
-~. capltata 

! gayanus/ 
C. acutifolium 

.!!. dietyoneural 
D. ovalifolium 

~. dictyoneura! 
A. pintoi 

Liveweight gaín 
kg/head 

(Ju1y to January) 

66 

78 

33 

64 



j 

1 

regrew during the 7 weeks following 
the fire (Figure 1). 

However. the burning treatments in 
1987 were applied following a dry 
season with an unusual1y high amount 
of rainfall. so chat when the burning 
treatments were applied the ~. 

capitata plants were green and 
moreover the native savanna was 
greener than usual. so that fire 
temperatures were therefore lower 
than would normally be expected. 

A more extensive series of burning 
treatments were again superimposed on 
an exactly similar (but one year 
oIder) ~. capitata stand in a native 
savanna. 

The treatments were five times of 
burning: 
1. End of March (completely dry) 
2. Early April (more or less wet. 44 
mm of rain total) 
3. Early May (wet. 207 mm of rain 
total) 
4. End May (wet. 302 mm of rain 
total) 
5. Ear1y June (wet 592 mm of rain 
total). 

In addition to observations of the 
survival of marked plants of S. 
capitata, the influence of the fires 
on the major five components of the 
native savanna was followed (Table 
2) • 

1t: is of iPterest that íollowing g 

more normal dry seasan all the burns 
were much mOTe severe than durjng 
19B7, particularly those in the dry 
season and early ",'et. sea son (fires 
1-3), because of the lower amount of 
green materidl present in the native 
grass fuel and hence the higher fire 
temperatures. 

It lS not clear however, why the 
survival of §.. capi~ata plants for 
fires 4 and 5 were $0 lT'uch 10wer (17 
and 4% cf. alrnast 70% in 1987). 
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There appears to be evidence of 
differential influence of tire on the 
savanna grasses depending on timing 
of the tire (see Table 2). Paspalum 
pectinatum, !'~".Í:~ Fudgei and 
Schyzachyrium hirtiflorum were 
unaffected by the time of burnlng, 
but the two Andropogon species were 
quite differently affected, !:C. 
bicornis being more affected in early 
wet season burns, but nat much 
affected later, and the reverse 
situation for A. selloanus. 
Moreover, neither !.- pectinatum nor 
!. rudgei were affected much by fire 
at any time that it was applied. 
while S. hirtiflorum was always 
strongly-affected. 

Thus one would expect that fire could 
strangly influence the balance 
between papulations of the grasses, 
A. bicornis, S. hirtiflarum and A. 
selloanus, and the timing could 
'influence the balance between the two 
Andropogon species. 

Population dynamics of leaves within 
swards of Brachiaria decumbens and B. 
decumbens with Desmadium ovalitolium 

In arder to understand how senes cene e 
rate can influence the growth of the 
components of apasture, it is neees­
sary to understand how senescence rate 
of leaf and stem tissue reduces 
absolute growth rate. That 18, tissue 
turnover is fundamental to the 
accumulation of biomass in a sward, 
and has profound effects on 
forecasting effective ~r~zing 

management. While this approach has 
been sho ... ", to have re levance in the 
temperate regions there are no studies 
in the trop1cs. Therefore, in arder 
to resolve methodologies. a 
preliminary experiment was ccnducted 
a t Quilichao in an established purO' 
grass and a grass!legume sward to 
abtain data of rates of leaf 
appearance and senescences. 

Some 2000 leaves were tagged each 
week for 12 weeks and the rate of 
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Table 2. !he survlval of S. capitata plants growing in a native savanna, together 
with the five most dominant savanna grasses, following fire at five times 
befare and during the early part of the wet season at Carimagua. 

Fire Time Conditions Regrowth % 
~.capltata ~. 

7 16 pectinatum 
weeks weeks 

1 End llry 1.38 11 

March (0.0 mm) 

2 Early + Wet 13 12.1 

April (44 mm) 

3 Early Wet 7.1 b.3 
May (207 mm) 

4 End Wet 13.6 17.1 
May 001.5 mm) 

5 Early + Wet 5 4.4 
June (591.8 mp) 

Native Savanna Species 

Andropogon selloanus 
Panicum rudgei 
Andropo~on bicornis 
Paspalum pectinatum 
Schyzachyrium hirtiflorum 

appearance 01 new leaves and new 
tillers "'as calculated. The data are 
summarized in TabIe 3. 

The points of interest are that 
during the twelve week periad about 
half of the tillers of B. decumbens 
died, and the recru1tment "'as 
somewhat 1ess. In contrast only 17% 
oí the stems of the legume died but 
there was only about 6% recruitment. 
The rate of leaf appearance more or 
less matched the rate of leaf 
senescence in the grass, but in the 
legume twice as many leaves appeared 
as died. Thus the legume was at an 
advantage in the rate of leaf 
appearance but not in the rate of 
tiller (stem) death. 
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Native Savanna Species (damage) 
P. S. - -

bicornis hirtiflorum 

+ + 

+ + 

+ + 

+ 

+ 

A. 
selloanu$ 

+ 

+ 

The study demonstrates that: rates of 
leaf and tiller appearance and death 
can be determlned readily, but 
further observations are needed to 
contrast different envlronmental 
conditions between wet and dry 
seasons. 

Digestibility oí grasses as a factor 
in pasture quaIlty and plant relations 

Although C
4 

(tropical) grasses are 
common1y supposed to have lower 
digestibillty than C~ grasses there 
are data to lndrcate that C 
grasses can have digestibilities a~ 
high as 70%. Moreover, there ls sOrne 
evidence that it i8 possible to 
select within Panicum virgatum for 



TabIe 3. Sward characteristics of apure Brachiaria decumbens and a B. 
decumbens-Desrnodiurn ovalifoliurn sward at Quillchao, 
July-August 198R. 

Grass alone Mixture 

Tillers (branches) 
Ini tial density 
Recruitment 

- basal tillers 
- axiliary tillers 

Deaths 

Final density 
% change 

Leaves 
InUial density 
New lea ve s 
Deaths 
Flowers 

Final dens ity 
% change 

germplasm oi higher digestibility, 
and that this character i8 heritable. 
Obviously if higher dlgestibility can 
be found, and it i8 heritable, and it 
ls not associated with unduly 10101 dry 
matter yie1ds, then the character i8 
worth selecting/breeding foro 

In an initial attempt to verify the 
variation that may €xist for 
digestibility amongst germplasm of 
interest, samples were collected from 
203 accessions of Brachíaria species 
growing in a nursery at Quilichao. 
In each case the first ful1y expanded 
leaves were selected, from small 
plots uniformIy aefo] iated 4 weeks 
previQusly. Ihe in-vitro dry matter 
digestibilities were determined. 

The data show substantial variation, 
from 45 to 72%, with the largast 

-2 
m 

2128 

839 
58 

1001 

Grass 

-2 
m 

1972 

681 
106 
975 

Legume 

-2 m 

1085 

63 
O 

171 

2078 
-4.8% 

1783 
-9.5% 

977 
-5.6% 

20308 
9043 

10280 
219 

18383 
7939 
9017 

125 

7336 
2216 
1259 

10 

18853 
-7.0% 

17180 
-6.5% 

8282 
20.1% 
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number occurring 
2) • It seems 

63 and 66% (Figure 
that there is 

considerable scope for selecting 
material within this collection for 
higher digestibility and tar seeking 
to incorporate it in any program of 
plant improvement. The advances made 
in seeking sexual reproduction in 
sorne species of Brachiaria make this 
a realistic 

Further work i8 plannad to broa den 
this study into oCher grae~ genera. 

The comparative reaction of two forage 
legumes to graz ing (In collaboration 
with Agronomy Section). 

The two stoloniferous legumes Arachis 
pintoi and Desmodium ovalifolium form 
promising associations with various 
species of Brachiaria. The relation 
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Figure 2. Histogram of frequency of digestibi lit y of 
the first fully expanded leaf determined 
in a collection of 203 Br spp, grown 
at Quilichao. 

14-7 



between growth rate and the amount of 
residual leaf material ls central to 
understanding haw systems of grazing 
management influence plant relatians. 
Eecause the palatability of the two 
legumes above differ, under 
constrasting treatments of forage 
allowance the amounts of leaf 
remaining after grazing varies 
throughout the year. Associations of 
these species were, therefore, 
monitored under rotational grazing to 
determine how these differences 
controlled growth rates during the 
rest periodo 

In the first of two experiments, 
Arachís pintoi CIAT 17434 was 
estabHshed in 1984 wi.th B. 
humidicola CIAT 679, .!!.. dictyoneura 
CIAT 6133, B. brizantha CIAT 664 and 
B. ruzizieñÉis CIAT 6291. In the 
second, slx accessions of Desrnod lum 
ovalifolium (CIAT 350, 3776, 3794, 
13089, 13092, 13129) were sown in 
1985 with Brachiaria dictyoneura CIAT 
6133. Treatments were forage 
allowances of 3 and 6 kg dry 
matter/lOO kg of animal liveweight, 
with two rep1icates, and pIote were 
individually grazed for two years in 
a 5-week rotatíon. Samples were cut 
to ground level befare the animals 
entered and immediately after they 
1eft and the yield of leaf and stem 
of ea eh component determined. 

The amount of leaf material during 
the regrowth stage should control the 
growth Tate of a componel'.t unleRs 
sorne other factcr operat~s to 
interfere with the relatíon. 
Therefore, data were pooled between 
assoeiations, and mean growth rate 
for eaeh rest periad was regressed on 
the mean leaf mass for each 
compoenent in each of the treatments. 
A robust technique was used to fit 
the linear regressions, which 
ídentified outliers in the data. 

Four features are evident from the 
regressions (Fig. 3 and 4): 
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WIthin the same forage a1lowance 
treatment. common regress10ns 
fitted the data for both legume 
specíes, and all the grasa 
species, despite the different 
associations, sites, and ages of 
the pastures. 
The slopes of the regress10ns 
(equa1 to net assimilation rate 
(NAR) of conventiona1 growth 
analysis, and a measure oí the 
photosynthetic efflciency of the 
1eaves) for the legumes were 
subs tantia11y lower than tor the 
grasses, ref1eetlng the dif­
ferent photosynthetic pathways of 
the C3 legumes and the ?4 
grasses. The difference 1n 
photosynthetic efticiency between 
tropical grasses and legumes has 
profound consequences on the 
prospects far the seleetían and 
management of compatible mixtures 
of tropical grasses and legumes 
(Fisher and Thorntan, 1988). 
NA/( far both grasses and legumes 
was lower .here forage allowance 
was higher. Biomass throughout 
th!' ngrowth phase was higher in 
these treatments, so that it 18 
likely that their mean leaf age 
would haya been older. 
There:fore, \ole Bpeculate th8t 
difference in mean leaf age was 
responsiblc for lO'W'ér mean 
photosynthetíc efficiency and 
hence lowe r NAR. Although 
shorter swards are more ef­
ficient, animal íntake reay be 
reduced, and absolute growth 
rates are lcwer. Thus, in order 
to achieve optimum performance 
of the pasture, a balance muat 
be struck between animal intake 
and residual leaf mass. 
There were a number of outl1ers 
1n the data, a11 of which had 
lower growth ra tes than 
el<pected. The preponderance oi 
the outliers were for data 
measured in July, August, and 
September, which are amongst 
the four wettest months in 
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Carimagua, and were especially 
wet in both 1986 and 1987 (31 
and 32% above the long-term mean 
total of 836 mm). lt is unclear 
whether the lower growth rates 
were caused by one or a 
combination of factors such as 
nutritional problems associated 
with waterlogged soil, low 
levels of radiation caused by 
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cloudy weather, or damage of the 
plants by trampling during grazing 
when the soil was very wet. 

This analysis has allowed the 
demonstration of the importance of 
residual leaf material as a primary 
determinant of regrowth capacity of 
grazed swards, although other faetors 
may modUy the relation. 'l'he legumes 
appear more sensitive to these other 
faetors than the grasses. 



15. Pasture Quality and Productivity 
Tha Pastura Quality and Productivity 
Section has continuad to evaluate 
grazing management strategies and to 
measure animal production potential 
in grasses alone and in association 
with legumes, using methodologies 
that could be appropriate for the 
RIEPT. Additionally, during 1988 the 
Section began work in farms in the 
Colombian llanos, with the objactive 
of developing methodology to evaluate 
pastures at the producer level. This 
report summarizes the resulta of 
grazing trials in progress as wel! as 
mathodological trials already 
concluded. 

PASTURE MANAGEMENT AND PRODUCTIVITY 

During 1988, 4 grazing trials 
continued to be evaluated in 
Carimagua and new grazing trials with 
Category IV germplasm were initiated. 
A grazing trial was concluded at the 
CIAT-Quilichao Substation, where 
pasture qua lit y attributes were 
measured to determine their relatíon 
with animal production. In addition, 
a grazlng trial using the flexible 
methodology proposed for the RIEPT 
was concluded. 

GRAZING TRIALS IN CARlMAGUA 

Grazing of Brachiaria decumbens with 
and without Kudzu. This grazing 
trial, the oldest in Carimagua, 
ente red its 10th year of evaluation. 
During this year's dry season, the 
assoeiation resulted in 62% more 
weight gaín than the pure grass 
(Table 1). However, during the rainy 

season there were no differences in 
weíght gaín among treatments; aseVere 
spittlebug attack to al1 pastures 
eouId have eontributed to these 
results. As a consequenee of the 
spittlebug attack, it was necessary, 
aince August, to reduce t~~ stocking 
rate from 2 to 1 A ha ín a11 
treatments. 

An analysie of liveweight gaín results 
obtained over 9 years in this trial 
demonetrated that the aseociation 
yielded 42% more annual weight ga!y 
than_ihe pure grase (123 vs 175 kg A 
year ). On the other hand, the 
analysis, showed that the relative 
advantage in weight gaín of the 
association over the monoculture 
during the rainy sea son was 
exponential after the 4th year of 
grazing. 

Grazing of B. decumbens alone and in 
association wíth legumes (Centrosema 
acutifolium and Stylosanthes 
eapitata). This grazíng tria! entered 
its 2nd year of evaluation and it was 
necessary to make changes in the 
grazing frequency. Due to limited 
grass availability in the original 7/7 
day alternate system, it was changed 
to 14/14 during thís year's rainy 
seaBon. To maintain contrasting 
grazing systems, the 21/21 rotation 
was changed to 28/28 days. 

During this year, greater weight gains 
were obtained duríng the dry season in 
the association than in the pure 
stand, with no differences observed 
between pastures duríng the rainy 



Table l. Seasonal weight gains in B. 
decumbens alone and in association 
with Kudzu (Carirnagua, 1988-lOth. 
year oí grazing). 

Pasture 

B. 
decumbens 

B. 
decumbens 

/Kudzú 

Stocking 
ratal! 
o/W 

(A ha -1) 

1/1.5 

1/1.5 

Season of the year 

Dry 21 Wet 21 
(gA-1day-l) 

86 b 583 a 

139 a 1,98 a 

1/~ Stocking rate during dry and wet 
season .. 

2/e 117 and 21,6 days of dry and wet 
season, respectively. 

a,b= Meana within season of the year 
are different (P .05). 

seasan (Table 2). To date, the 
grazing system has nat resultad in 
weight gain differences, but has 
affected the proportion of legurnes on 
offar (Table 3). S. eapitara rv. 
Capiea has been favored by frequent 
grazing (7/7 and 14/14), while C. 
acutifolium cv. Vicharla has been 
favored by less frequent graz ing 
(21/21 and 28/28), particularly in 
one replication oí the trial. It 15 
possible that the differenees in 
legume proportion associated with che 
grazing systern will be reflected in 
weight gains in subsequent years. 

Grazing of Centrosema spp. in asso­
ciation with two grasses. After 3 
years of grazing, it 18 evident that 
C. acutifolium ev. Vichada under 
flexible grazing management has been 
productive and persistent in associa­
tion with two grasses of very con­
trasting growth habits, (Figure 1). 
However, the stabil1ty of this legume 
has been greater with ~. gayanus than 
with B. dictyoneura + B. br1zantha 
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ev. Marandu. It 1s interesting to 
note that even though c. brasilianurn 
5234 and f. rnacroearpum 5452 
practieally disappeared from the 
pastures, the1r persistence was 
greater with B. dictyoneura + B. 
brizantha chan w1th ~. gayanus, 
possíbly due to greater s011 nutrient 
competitíon with che latter grass. 

During this year, grazing pressure 
treatments were replaced by stocking 
rates. During the _pry season al1 
pastures had 2 A ha , while _tn the 
rainy season 3 and 2 A ha were 
used for the high and 10101 pressures, 
respectively. The effect of stocking 
rate on weight gain was not signifi­
cant, so results were averaged (Table 
4). During the dry season, animals in 
the associatlons of C. acutifolium ev. 
Vichada with th~ two grasscs 
maintalned their weight, contrasting 
with severe weight losses in th~ other 
pastures. 

The advantage oí f. acutifoUum over 
f. brasilianum and f. m<>crocarpum in 
terms of weight gain, was also 
observed during the rainy sea son 
(Table 4). Welght gains recorded in 
assoclations with Centrosema spp. were 
associated with legum" selectivity and 
crude pratein level in the dict (rabIe 
5). During both the dry and rainy 
seasons, esophageal-fJ.stulaterl animals 
selected a greater proportion of C. 
aeutifollum ev. Vichada, resulting I~ 
higher protein levels in the diet 
compared to the other associations. 
The high selectivity of Vichada by the 
grazing animals was related with its 
greater availability throughout the 
year in the forage on offer (Figure 
1) • 

Grazing of native grasses with C. 
acutlfolium. During this year, 
evaluation continued oí the 
assoeiation of C. acutiíollum (5568 + 
5277) with nati"e grasses in which A. 
bicornis predominates. Weight gatn 
obtained this year with different 
grazing managernents are presented in 



rabIe 2. Seasonal weight gains in B. decumbens aIone snd in assoclation wlth two 
grazing systems (Carimagua 1988-2nd year of grazing). 

Grazing system 
Pasture Stoeking r!!re 

(A ha ) 
¿/7 - 14/14 2 21/21 - 28/28 

Dry Wet -1 D!y Wet 
----------------- (g A day ) --------------

B. decumbens 2.0 lS
b 467

a _23b 

B. decumbensl 1/ 2.0 114a 500a 1I6a 

Legumes 

Mean 65 484 47 

11 = Legumes: .Q. acutifolium ev. Vichada and ~. capitata ev. Capiea 
2/ = 119 Y 224 days of dry and wet season, respectiveIy. 
a,b Means within seaeon and grazing system are different (P .OS) • 

Table 3. Effeet of grazing system on 17he proportion of two Iegumes in 
association with B. decumbens (Carimagua, 1988-2nd year of 
grazing). -

Grazing 2 Season of 
system the year 

7/7 - Dry 
14/J4 Wet 

21/21- Dry 
28/28 Wet 

1/ = 
2/ = 

-1 Stocking rate 2 A ha . 
Alternate grazing. 

Lelliume on offer 
C. acutifolium S. ca]2itata 

(%) 

7 11 
S 15 

21 7 
24 6 
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47Sa 

389a 

432 



Table 4. Seasonal weight gains in Centrosema spp. associated with two 
grasses (Carimagua 1988-3rd. year oi grazing). 

Assocclatlons 

!!. gayanus 

+ C. acutifolium Cv.Vichada 
+ C. brasilianum 5234 
+ C. macrocarpum 5452 

~. dictyoneura/~. brlzantha 

+ C. acutifolium Cv. Vichada 
+ C. brasilianum 5234 
+ C. macrocarpum 5452 

Season of the year 

11 ~ 114 days and 182 days of dry and wet season, respectively. 
a,b,e = Means within the season of the year are different (P .05). 

TabIe 5. Legume and erude protein proportion in the diet selected in Centrosema 
spp. assoeiations with two grasses (Carimagua 1988). 

Associations 

A. gayanus 

+ C. acutifollum ev. Viehada 
+ C. brasilianum 5234 
+ C. macroearpum 5452 

B. dictyoneura/~. brizantha 

+ C. acutifolium ev. Viehada 
+ C. brasilianum 5234 
+ C. macrocarpum 5452 

1/- January and Mareh 1988 sampling. 
2/= June, August, November, December 

Legume in 
11 

Dry (%) 

87 
21 

O 

36 
11 
O 

diet 

40 
1 
O 

8 
1 
O 

1988 sampHngs. 
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Protein in diet 

Dry (%) Wet 

12.8 12.4 
6.1 7.9 
5.2 8.0 

8.4 7.4 
5.5 5.9 
3.5 5.2 
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Figure 1. Legume propol'tion in Centrosema spp. associations with two grasses (Carimagua). 



Table 6. During the dry season, the 
animala maintained their weight in 
the 10we!:1 stocking rates (0.75 and 
1.0 A ha ), hut lost weight at _ihe 
high stocking rate (1.5 A ha ), 
both in continuous and rotational 
grazing. Weight gains were good 
during the rainy period, with the 
exception of those recorded in the 
high stocking rate with continuous 
gradng. 

Studies on animal selectivity showed 
tha t the esophageal-fistulated 
animals selected a higher proportion 
of legumes than that present in the 
pasture during the dry snd rsiny 
period (Table 7). The average 
selectlon index was 2.0 and 3.9 in 
the dry and rainy seasons, respec­
tively, thus indicating a high degree 
of substitution of native grasses for 
legumes. It should he pointed out 
that the proportion of C. acutifolium 
in the pastures was 11igh, varying 
between 14% in the wet season and 51% 
in the dry season. 

Ths results of this study suggest 
that the relatively high weight gains 
observed are due to the animals 
substituting very lo", quality native 
grasses for legume, which contributes 
not only proteins but also energy and 
possibly minerals to the animal 's 
nutrition. It is worth asking if the 
1ntroduc tion oi a legume in to a 
better qua lit y native savanna (for 
example Trachypogon) would result in 
the degree of substltution observed 
in the degraded savanna. To answer 
this question, a trial was estab­
lished this year in Carimagua in 
which the legume C. acutifolium cv. 
V1chada was iñtroduced in a 
Trachypogon!PaspalUln savanna. The 
trial includes a constant level ~f 
legume planted per animal (1500 m ) 
with three stoekinz1rates (0.66, 1.0, 
and 1 .33 A ha ) , leaving the 
savanna, managed wi th burn!.'1& and a 
s tocking ra te of 0.66 A ha as the 
control. Grazing ",111 be initiated 
next year at the beginning of the 
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rainy season. 

Grazing experimenta with legumes in 
Category IV. As was reported last 
year, grazing trials were established 
in Cariarngua with Category IV legumes 
(g. ovalifol1um 13089 and ~. pintoi 
17434) in association with Brachiar1a 
spp. Graz1ng was begun this year 1n 
B. dictyoneura ev. Llanero pastures 
alone and in association with A. 
pintoi; however, due to asevere 
spittlebug attaek to the grasa, 
grazing had to be interrupted during 
August, and as a result no data on 
liveweight 1s available. On the 
other hand, at the beg1nn1ng of the 
year grazing to reduce the grass stand 
was 1nitiated in B. humidicola alone 
and associated w1th ~. pintoi. 

In a trial in Carimagua w1 th B. 
dictyoneura assoc1ated with A. pintoi 
under rotational grazing, selec­
tivity, consumption, and weight gain 
measurements are being made. Doring 
this year's rainy season,_!elght_~ains 
have _laveraged 580 g A day (2 
A ha ); this has been relatad to a 
high selectivity of legumes by 
esophageal-fistulated animals. 

Grazing of ~. humidieola alone and in 
association with D. ovalifolium 13089 
was initiated in two sites in 
Carimagua (Yopare - intermediate sandy 
so11 and La L - clayey soíl). First 
yea r result s have indicated 
dif ferences be tween si tes in terms of 
forage availability and thus in the 
carrying capacity of the pastures 
(Table 8). Both in Yopare and La L, 
stocking rates during the dry sesson 
were the same, but due to an excess oí 
forage in La L it was necessary to 
include one more animal per hectare 
than in Yopare. Weight galns during 
the dry season ware greater in La L 
than in Yopare, the contrary occuring 
during the rainy season (Table 8). 
The inclusion of legume in the 
pastures has not yat resulted in 
greater weight gains when compared 
with the grass alone treatment using 



Table 6. Seasonal weight gains in C. acutifolium assoclated wlth native 
grasses under different management (Carímagua, 1988-2nd. year 
of grazing). 

Season of the year 
Grazing system 

Continuous 
Continuous 
Continuous 
Rotational 

Stocking ra te 

(A ha -1) 

0.75 
1.0 
1.5 
1.5 

11 = 113 Y 246 days od dry and wet season, respectiveIy. 
a,b,c = Means within the sea son are d1fferent (P .05). 

TabIe 7. Legume selection index (LSI) in E. acutifolium associated 
with native grasses under d1fferent management (Carimagua 
1988-2nd. year of grazing). 

Season of the year 
Grazing systems 

Continuous 
Continuous 
Continuous 
Rotatlonal 

Stocking rate 

(A ha- 1) 

0.75 
1.0 
1.5 
1.5 

2.3 (9)21 
2.5 (25) 
1.4 (49) 
1.8 (51) 

11 LSI = % legume in diet/% legume on offer. 
21 = Values in parenthesis are % legume in forage on offer. 
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3.4 (26) 
5.3 (14) 
4.3 (l8) 
2.6 (35) 



Table 8. Seasonal weight gains in B. humidicola alone and associated with D. 
ovalifolium 13089 in two sities (Carimagua, 1988-1st year of grazfng). 

Yo~are La L 
Pastures Stocking1/ 

Dri' Wet2/ 
StocHng Dry Wet 

rat~l rate_1 A-1day-1) (A ha ) -1 -1 (A ha ) (g (g A day ) 

B. humidicola 
7Q. ovalifolium 2/2 54 

B. humidicola 
7Q. ovalifolium 3/3 -89 

B. humidicola 3/3 -81 

1/- Dry/Wet season. 
2/= 76 dnd 126 days of dry and wet season, 

the same stocking rateo 

It is interesting to point out that 
the grazing management of the pas­
tures has been different in both 
sites. While in Yopare the mangement 
strategy has been to favor the grass 
(alternating 21/21 - 28/28), in La L 
management has been to favor the 
legume (alternating 7/7 - 14/14). 

METHODOLOGICAL DEVELOPMENT 

An important objective of this Sec­
tion over the years has been to 
develop pasture evaluation method­
ologies relevant to the RIEPT. This 
includes determining pasture 
attributes related to animal 
production, as well as validation of 
pasture evaluation strategies with 
non-traditional designs. 

Quality attributes of apasture. A 
grazing trial was conducted in 
Quilichao during 4 years with B. 
dictyoneura associated with Q. 
ovalifolium 350, with the objective 
of defining which pasture attribute 
or attributes could better explain 
the responses observed in terms of 
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539 2/3 208 242 

528 3/4 168 377 

469 3/4 172 401 

respectively. 

animal production. The trial included 
3 stocking rates under rotational 
grazing (7/21), with very frequent 
measurements of: 
l. Amount and quality of forage on 

offer 
2. Botanical composition of forage 

on offer and diet selected 
3. Quality of the diet selected 
4. Weight gain 

This report summarizes the results 
obtained in the _\ntermediate stocking 
rate (3.6 UA ha ) which resulted in 
th~lgreat~~t animal production (515 kg 
ha year ). 

Daily weight gains per animal were not 
stable over time, as shown in Figure 
2. This loss in animal production was 
not related with water balance (r = 
.14 NS), nor with the availability of 
green grass dry matter, which was 
relatively constant over time (Figure 
3). However, reduction in weight gain 
over time was related with the loss of 
legume on offer and selected by 
esophageal fistulated steers due to a 
grubworm attack on the legume (Figure 
4). Loss of the legume in the pasture 
was associated with a reduction over 



Figure 2. Weight gain over time in a ll.. dictyoneura/Q.ovalifolium 
association under rotational grazing (Quilichao). 

15-9 



~ 

ro 
..c: 
"'~ 
0'''' ""-o ~ c: 

'" '" VI "'::;:¡ 
"'0 ,-..c: 
C!ll-

I '-" 
::¡¡; 
Cl 
C!l 

3.6 

3.4 

3 

2.6 

2.2 

1.6 

1.4 

---L_~_---L_--'-_-LL. 

100 

Figure 3. 

300 500 700 900 1100 1300 

Days of grazing 

Availabil ity of grass over time in a B. dictyoneura/ 
D. ovalifolium association managed with rotational 
grazing (Quilichao). 

15-10 



100 60 

90 

~ 
80 J ~ '" O O 

O) 70 "O 

§ Y=57.4-0.02X O) <O 

60 .. Y=38.4-0.003X 
bO O R'=O.60 (Chiza) U (Chiza) O) 

1 

O) R'=O.98 ..J 'O 'O I a 
O) 

I 
O) 

'0 o CJ1 

I ..o 'o 
(Q JO O) 

~ 

I 
Y=25.6-0.02X E 

I 
<.n 'o 

~ Y=9.44-0.CC5X I R'=O.98 
bO 10 

~ (Q 
O) 

:> 10 

I~ ..J I R'=O.55 « _. o 

o 1 o 

O 200 400 600 800 1000 1200 1400 O 200 400 600 800 1000 1200 1400 

Days of Grazing Days of Grazing 

Fig 4. Dynamics of avai lable and selected legume in apasture of Brachiaria dictvoneura/ 
Desmodum ovalifolium under rotational grazing (Qui lichao). 



time (t = days) of pr;?tein in the 
grass (Y = 8.9-0.003t R = .77), but 
not with a reductlon in digestihi­
lit Y , which tended to incrZase over 
time (Y = 54.1 + O.007t R = .50). 
Likewise, protein in the di~t 

se1eeted decreased l~nearly over time 
(Y = 12.0 - O.004t R = .81). 

To summarize, the protein leve1 in 
the grase diminished 1% per year (9 
to 5%), while the protein in the diet 
disminished 1.5% per year (12 to 6%), 
to the point where it beeame limiting 
during the last year. The protein 
leve1 in the diet exp1ained almost 
70% oi the variat10n observed in 
daily weight gaín (Figure 5). 

It ls evident that reduetlon in 
animal produetion observed over time 
in this study was related with the 
1088 oi legume and protein in the 
grase. It ls posslble that the loss 
of legume 1mplied a reductlon in 
recycled nitrogen and possibly an 
increase in the nitrogen irnmobilized 
by the grass. It is suggested that 
in future grazing studies measure­
ments oi nitrogen recyeled in 
pastures with and without legumes be 
included, in order to better 
understand process of degradation 
and/or stahility of pastures. 

Flexible grazing management. This 
year in the Quilichao Substation an 
alternate flexible grazing management 
trial was concluded with associations 
of ~. gayanus with .<::.. maerocarpum 
5713 and e. acutifolium 5277 + 5568 
under twograzing pressures. Results 
indicated that the grazing intenstity 
affected persistence of both 
eentrosema species (Figure 6). The 
grazing system affected the grass/ 
legume balance only in the case of .<::.. 
~o.".arpum, under a moderate grazing 
pressure. In the case of the less 
productive legume and/or less adapted 
to the site (C. acutifolium), grazing 
system did ñot affeet the grass/ 
legume balance in the low or high 
levels of forage on offer. 

We ight gains obtained in this trial 
durlng che third year of grazing were 
associated with the presenee or 
absence of legumes in the pastures as 
well as with grazing intensity (Table 
9) • 

Tahle 9. Weight in assoeiations 
under alternate/flexihle grazing 
management (Quilichao, 1988-3rd. year 
of grazing). 

Level 
Associations 

!:.. gayanus/ 
f. acutifol1um 
5277 + 5568 

~. gayanus/ 
f. macrocarpum 
5713 

-1 1/- 4.9 A ha_ l 
2/= 3.3 A ha 

of forage on offer 

a,h,e ~ Different means (P .05). 

At present another grazing trial 
using alternate flexible grazing 
management is heing carried out in 
the Quilichao Substation, with che 
assoeiation of B. dictyoneura ev. 
Llanero/ f. macrocarpum 5713. After 
ayear of grazing, the management 
imposed was to favor the grass (Table 
10). An alternate grazing 7/7 syscem 
was initially used, being gradually 
ehanged to 28/28, to avoid legume 
dominance. Under the management 
imposed, the pasture has stahilized at 
60% grass and 40% legume, with high 
legume consumption levels (Table 10). 
\leight gains after 1 year ~f graz.!,g 
have averaged 430 g ~1 day -1' 
equivalent to 157 kg Ayear , 
using_f very high stocking rate (4.5 
AU ha where AU ~ 400 kg LW). 

A very interesting aspect in this 
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Table 10. Legume available and selected legume proportion in !. 
díctyoneura/E. macrocarpum assoclation under flexible 
grazing (Quilichaa 1988-1st. year of grazing). 

Periad Legume (%) 

(Days of grazlng) 
Grazing system 

(O/R)1/ 

Offer Diet 

1 (70) 
II (84) 
III (35) 
IV (42) 
V (168) 

1/ Occupation/rest days. 

7/7 
14/14 

17.5/17.5 
21/21 
28/28 

trial 18 that related to quality of 
grass on offer and dlet selected. 
The level of crude protein in the 
green grass dry matter has varled 
between 8 and 10%, with a 9% average 
throughout the year. Proteln in the 
diet selected by esophageal­
fistulated animals was also very 
high, averaging 12% for the year. It 
wil1 be lnteresting to see how this 
pasture evolves over time in relation 
to quality of the forage on offer. 

The experimenta conducted in 
Quilichao using the flexible grazing 
have demonstrated that with this 
strategy it i8 possible to: 1) 
reduce the experimental area; 2) se­
leet the more productive and 
persistent assoclation for a given 
site; 3) define ranges of stocking 
rate and frequeney of grazing tor 
adequate grass-legume balance; and 
4) estimate animal production 
potentlal of the pastures under 
evaluation. 

PASTURE EVALUATION IN FARMS 

As was mentioned at the beginning of 
this report, the Pasture Quality and 
Productivity Section initiated this 
year work on pastures evaluation in 
farms in the Colombian Llanos. The 
objectives of this work are: 

50.0 
55.6 
61.0 
50.0 
41.5 

25.1 
48.5 
31.0 
21.0 
42.2 

1) Evaluate germplasm under grazing. 
2) Evaluate pure grass and 

grass-legume associations and 
grazing management strategies. 

3) Evaluate different measurement 
techniques in the pasture and in 
the animal. 

4) Monitor the grazing management of 
improved pastures by farmers. 

To evaluate the germplasm under 
grazing, 8mall replicated areas (1 ha) 
have been planted with Category 
IV-V-VI legumes (e.g., C. brasilianum, 
!::. acutifolium) withln apasture 
establlshed by the farmer with a grass 
(e.g., .!!.. dictyoneura, !. decumbens). 
With this strategy the farmer imposes 
the grazing management and the legume 
planted ls monitored in terms of 
productivity aud persistence. Results 
of this type of trial could be that: 
1) the legume disappears due to 
over-grazing or for being very pala­
table or 2) the legume tends to 
domínate the grass either because of 
low palatabí11ty and/or high lnvasíon 
capaeity (e.g., seed, stolons). Both 
in the case that the legume disappears 
or dominates, the eonclusion 18 that a 
deferred grazing system or at least a 
grazing system different from the one 
used by the farmer in the pasture 18 
required. The informatíon that can be 
obtained w1th this type af trial could 
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be use fuI in the search for combí­
nations of legume-grass germplasml 
farmer management for a given site. 

To evaIuate grasses alone and in 
association with legumes and 
management strategies, reIativeIy 
large areas (10 ha) ha ve becn planted 
to grasses (~. dictyoneura ~. 
humidicola) and mixtures (B. 
dictyoneura/f. acutifolium-S. 
capitata, ~.humídicolal ~. pinto!, 
and B. dictyoneura/f. brasilianum). 
The grazing management for these 
pastures wiII be defined between the 
farmer and the technician. Weíght 
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gains and pasture attributes will be 
measured usíng different methoda. 

Monitoring of improved pastures 
managed by farmers includes pure 
grasses (e.g., B. decumbens, A. 
gayanus, !!.. humidkola) and assocÚi­
tions. Different parameters are being 
recorded, including stocking rates, 
occupation/rest perlods, type and 
animal category. Moreover, periodic 
samplings of the pastures will be done 
to determine availability and 
botanical composition using different 
methods; weight gain of sorne permanent 
animals will be recorded. 



16. Seed Production 
INTRODUCTION 

The objectives of the Section are: 

1. 

2. 

3. 

Conduct seed multiplication of 
promising accessions to provide 
experimental and basic seed for 
the Program's activities. 

Conduct applied research on the 
most re1evant 1im! tatione of 
seed production technology, 
especially in relation with th!! 
key species of the Tropical 
Pastures Program and the RIEPT 
and with the new cultivars 
released by national institu-
tions. 

Contribute to the progressive 
development of seed supply 
(including the experimental, 
basic, and commercial classes) 
of various forage epectes and 
cultivars in the tropical 
countries of Latin America. 

Durtng 1988, the main activities of 
the Section were: seed mult1plica­
tion and distribution, applied 
research, and training. This report 
describes progress made in these 
activit1es. 

SEED MULTIPLICATION AND DISTRIBUTION 

A. Multiplication by the Section 

As in previous years, field produc­
tion activities were continued at 
both Quilichao and Carimagua, while 
support actlvlties such as green­
house propagation, seed eonditioning, 

seed testing, 
distributlon 
Palmira. 

and seed storage and 
were centered at 

The activities of seed multiplicatlon 
of legume apee ies are summarized ln 
Table l. A total of 53 aceessions of 
18 species with emphasis on accessions 
Centrosema spp., De smod ium spp., and 
Puerarla phaseoloides were involved. 
New are as totalling 8.5 ha were 
establlshed (mainly Desmodium spp.), 
to generete a total area 19.3 ha 
dedicated to multiplicetion. 
Composite seed produetion was 822 kg, 
including significative amounts of C. 
acutifolium, C. mecrocarpum, eñd 
Desmodlum spp. 

Grass seed multiplication ectivities 
are summarized ln Table 2. A total of 
29 accessions of 10 specles, mainly 
Brachlaria spp. and P. maxlmum, were 
involved. Approximately 0.2 ha new 
areas. were established to provide a 
total area of 16 ha dedicated to this 
aetivity. Composite aeed produced was 
1,036 kg, primarily of B. dietyoneura 
cv. Llanero. 

B. Multiplication with others 

Several opportunities were utilized to 
make use of alternative meehanisms for 
obtaining seed, sueh as production on 
a contraet basls and joint production 
with other partners (share farming). 
These aetivities are surnmarized in 
Teble 3. 

Seed of C. basilianum CIA! 5234 and C. 
macrocarpum-CIAT 5713 were produced on 
a contraet basis with a seed enter-



prise in Valledupar. The Section 
also participated In joint productlon 
endeavors with eattle growers in the 
Llanos, espeeially taking eare oi the 
harvesting operation. Production of 
approximately 1,000 kg oi seed of 
cv. Llanero by this production 
meehanism is noteworthy. 

C. Generalities 

A basie strategy this year has been 
to broaden the meehanlsms oi 
obtaining seed. Of the total 
composite seed produetion during the 
year, approximately 50% was derived 
from self multipl1eation and 50% by 
other mechanisms. Global activities 
are summarized in Table 4. A total oi 
80 accessions, mainly legumes, are 
under multiplication and composite 
production resched 1.300 kg of 
legumes snd 2,000 kg oi grasses, 
primari1y of B. dictyoneura cv. 
Llanero. 

During the year, the Section responded 
to 361 different requests for seed 
snd distributed a total of 2,531 kg 
of which 588 and 1,943 kg were of 
various grassses and legumes 
respectively. Details of this 
distribution are shawn in Table 5. 

APPLIED RESEARCH 

A. Management and seed yield of f. 
acutifolium ev. Viehada in the 
Llanos 

Experience over the period 1984-86 
indica tes serlous limitations for 
seed produetion of ev. Vichada at the 
Carimagua experimental station. 
During 1987 a multiloeational trial 
was establlshed at five sites located 
between Carimagua and the Andean 
f oothills. In ea eh case the 
comparisons included were: (a) 
physieal support (with and without) 
and eb) fertilization levela (50 kg 
PilO~ vs. a compos! te oi 50 kg P 20S + 
5 leg K

2
0 + 20 kg Mg + 12 kg S). 

Seed harvesting took place fram 
December 1987 to March 1988. Seed 
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yield did not respond to the more 
complete fertilization, but a signifi­
cant response was observed for the 
support treatment (Tables 6 and 7). 
With support, seed yields ranged from 
118 to 523 kg/ha (Table 7). The 
highest yields were assoeiated with 
better mo!sture availability in the 
80il during February and March. It 
was eoneluded that the best option 
tor favorable seed yields are in foot­
hills region compared to the highland 
pla1ns (Table 8). This implies that 
seed production of cv. Viehada seems 
to be more favored outside the region 
where it i8 adapted as a forage. 

B. Harvesting methods for B. 
dictyoneura 

Doring the year, several harvests oi 
cv. Llanero were performed in the farm 
'La Loma'. eoromereial harvesting of a 
large area was conducted by several 
machines and methods during a one 
week-period. A formal comparison of 
harvest methods was carried out on the 
day determined as optimum harvest 
maturity. Sorne results are summarized 
in Table 9. 

Harvestiug of large areas requires 
starting operations slightly before 
optimum harvest maturity. On the 
other hand, trials in sma1l areas 
permit choosing the optimum date. 
Optimum harvest maturity of CV. 

Llanero on this occasion lasted a 
short period aud was restricted to a 
maximum oí 2-3 days. Th1s explains 
the large difference between maximum 
yield levels recorded of 70 kg/ha, and 
the yields obtained from very large 
areas (26-33 kg/ha). High contents 
(60-80%) of pure seed in the crude 
seed were aehieved with all methods 
used. Immediately after harvesting, 
tetrazolium viability was high 
(approx. 75%) and differences were not 
reeorded between the methods usad. On 
average, seeds harvested with the 
beater showed a higher unit weight 
than those harvested manually (568 and 
505 mg/l00, respectively). 



C. Case studies of seed supply 
development 

1) Sumid Tropics, Peru 

A collaborative project was initiated 
In 1986 among INIAA, IVITA, and CIAT 
to develop apasture seed project. 
lnitially the main effort was to form 
a "Seed Project Nucleus 11 , that 15, a 
group of agronomists and technicians 
w1th experience, minimum field 
resourees, and initial sourees of 
baslc seed, operatlng within an 
experimental statlon. Nuelei were 
establlshed ln two complementary 
geographlc regions, Pucallpa and 
Tarapoto. 

Once these nuclei were operational 
and with some experience, they began 
to expand seed multiplieation. Due 
to the total lack of existing seed 
enterprises in these regions, the 
nuclei participated in joint 
produetion efforts in collaboration 
with a varying number of 
"multipliers" who were actually 
graziers interested in expanding of 
thelr areas of improved pastures. 
Activities were initiated in Tarapoto 
in 1986 with eight graziers, and in 
Pucallpa in 1987, with four selected 
graziers. In each case, an agreement 
was defined to share or divide seed 
produeed based on the value of 
contributions made to the production 
process. Tbe project nuclei were 
responsible for provision of basic 
seed, technical assistance, and in 
sorne cases for participation in 
harvesting. !hus, the project nucle! 
are stimulating an inerease in the 
number of multipliers and in the 
volume of seed produced a t the 
regional level. 

2) Colombia 

In the eastern plains region of 
Colombia, new pasture cultivars have 
been released and expeetations are 
high for their adoption by graziers. 
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On the other hand, the levela of 
demand for seed at the commercial 
level ls limited. While several seed 
enterprises operate in the region 
they have shown little or no 
involvement in seed produetion of the 
new pasture cultivara up to the 
presento 

In an attempt to change this situatíon 
a collaborative project was initiated 
during 1988 heween CIAT and the 
existing seed enterprises to promote 
their participarion in seed production 
of Stylosanthes capitata ev. 'Capica' , 
Centrosema acutifolium ev. 'Vichada' , 
and Brachiaria dietyoneura cv. 
'Llanero' , among other materials. 
eIAT's Seed Unit offered contracts to 
purchase the seed produced, thereby 
eliminating concern on che part of 
these enterprises as to marketing 
thelr production. 

Taking into account the divers1ty of 
speeies and cultivars required, a 
relative classlficatlon was defined of 
the potential for seed production in 
varlous zones of the country (Table 
10). In the negotiations with the 
seed enterprises, the loeation of the 
production areas was determined on che 
basis of this classificarion. Eight 
seed enterprises located in five 
different geographie regions, entered 
into contracts for producing one or 
more materiaIs. In addition, one 
grazier organization and an individual 
cattleman were also involved as 
muItipliers. 

As of August 1988, 20 ha of cv. 
Vichada, 45 ha of cv. Capica, and 30 
ha of cv. Llanero had be en established 
for seed multiplication. Ibe Seed 
Production Section of the Tropical 
Pastures Program and the Seed Unit are 
offering technical assistance to these 
seed enterprises. 

TRAINING 

During the year, two professionals 
conducted their specialization phase 



of the Tropical Pastures Course in 
the Section. These professionals came 
from CEPLAC, Brazil and the Ministry 
of Agriculture, Honduras. In 
addition, a professional from CPATU, 
Brazil, completed three months of 
in-service training. 

In collaboration with INlAA, Peru, the 
Sect!on organized a Workshop to 
analyze the current situation of 
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pasture seeds in the humid tropics of 
Peru. Ten professionals from Peru 
participated in the six-day Workshop 
which was held in Tarapoto during 
June. In addition, two professionals 
from Ecuador, one from Mexico, and 
one from Costa Rica were invited to 
share common experiences. A 
detailed Workshop proceedings ls 
being developed. 



TabIe l. Surnmary nf seed multiplicatinn activities oi 1egume apecies 
accesions for the period October 1987-1988. 

Species 

Arachis pintoi 
Centrosema acutifolium 
Centrosema brasílianum 
Centrosema macroearpum 
Desmodium heterocarpon 
Desmodium ovalifolium 
Desmodium strígillosum 
Desmodium heterophyllum 
Desmodium velutinum 
Diochlea guianensis 
Flemingía macrophylla 
Leucaena leucocephala 
Pueraria phaseoloides 
Stylosanthes eapitata 

ev. Capiea 
Stylosanthes eapitata 
Stylosanthes viscosa 
Tadehagi sp. 
Zornia glabra 
Zornia latifolia 

TOTAL 

Total 
accessions 

(No.) 

1 
1 
4 
3 
1 
6 
3 
1 
1 
2 
2 
2 

10 

1 
5 
6 
1 
2 
1 

53 

Areas under 
multiplication 

New Total 
(ha) (ha) 

1.2 
0.68 

3.13 

o.on 

2 
1.5 

8.53 

2.0 
3.24 
1.51 
1.28 
0.016 
7.11 
0.062 
0.075 
0.04 
0.024 
0.128 
0.012 
0.205 

2 
1.5 
0.05 
0.004 
0.125 
0.003 

19.38 

!I Classifíed seed (with a mínimum pure seed content of 50%). 
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Seed 1 
produced 

(kg) 

0.140 
371.0 
28.2 

170.5 
0.450 

70.99 
23.89 
6.78 
0.633 

12.6 
8.125 
4.47 

42.19 

55.0 

6.834 
0.060 

19.36 
0.860 

822.08 



Table 2. Summary of seed multiplication activities of grass species 
and accessions for the period October 1987-1988. 

Areas under 
Total multi121ieation Seed 1 

aceessions New Total produeed 
Sl2ec1es (no.) (ha) (ha) (kg) 

Braehiaria decumbens 2 1.109 15.527 

Androl2o¡¡on gayanus 2 0.014 3.18 

Panieum maximum 6 0.23 0.803 

Brachiarla humidicola 5 0.4735 0.584 

Brachiaria dict):':oneura 1 0.1 11.5 998.0 

ev. Llanero 

Brachiaria brizantha 4 0.1 1.89 15.44 

Melinis minutiflora 4 0.016 2.02 

Pasl2alum spp. 4 0.008 0.729 

King grass 1 0.88 

TOTAL 29 0.2 16.120 1036.2 

1= Classified seed (with a minimum pure seed content of 70%). 
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Table 3. Summary oi multiplication aetivities with other partners, for the period Oetober 
1987-1988. 

Material 

Centrosema brasilianum 
CIAT 5234 

Centrosema mac.rocarpum 
CIAT 5713 

Multiplier 

A. PRODUCTION VIA CONTRACTS 

Distribuidora del Valle Ltda. 

Distribuidora del Valle Ltda. 

1 Seed reeeived 
Proportion Weight 

(%) (kg) 

100 188 

100 10 

Subtotal 198 

Arachis pintoi 
CIAT 17434 

Stylosanthes eapitata 
cv. Capiea 

Brachiaria dietyoneura 
cv. Llanero 

Brachiaria brizantha 
cv. La Libertad 

Sub total 

TOTAL 

B. JOIM! PRODUCTIOM (SHARE FARMING) 

Hacienda Alta Gracia 

Hacienda Alta Gracia 
Hacienda Chenevo 
Hacienda Santa Catalina 

Hacienda La Loma 

Fondo Ganadero Meta 

1 Legumes 
Grassas 

Classified Seed (with a minimum of 90% pure seed). 
Classlfled Seed (with a minimum of 70% pure saed). 

50 

25 
25 
25 

30 

10 

12 

229 
63 
13 

1000 

11 

1328 

1526 



Tab1e 4. Surnmary of activities carried out independent1y and in co11aboration with other partners for a11 
the mu1tip1ication of grass and egume accessions carried out over the period October 1987-1988. 

Seed production mechanisms LEGUMES GKASSES TOTAL 

Acces. Area Weight 1 
Acces. Area Weight2 Acces. Area Weight 

(No.) (ha) (kg) (No. ) (ha) (kg) (No. ) (ha) (kg) 

Se1f-mu1tip1ication 53 19.38 822 27 16.12 1036 80 35.5 1858 

Production via contracts 2 1.0 198 2 1.0 198 

Joint production 2 83 317 2 27 .63 1011 4 35.6 1328 

o-, 
I TOTAL 53 28.38 1337 27 43.7 2047 80 72 .1 3384 

00 

~ Legumes: C1assified seed (with a minimum of 90% pure seed). 
3 Grasses: C1assified seed (with a minimum of 70% pure seed). 

lnc1udes on1y the area committed to ClAT. 



Table 5. Seed distribution over the period Oetober 1987-1988 

SEED REQUESTS SEED VOLUME 
Objeetive Grasses Legumes Total 

¡Souree No. (kg) (kg) (kg) 

A) PASTURE GERMPLASM EVALUATION 

1. PPT members 108 94.2 949.6 1043.80 

2. Regional TriaIs 55 42.40 67.90 110.30 

3. Natlonal Institutlons 120 138.55 535.80 674.35 

4. Otber CIAT Programs 15 15.92 41.90 57.82 

5. Private Entitles 47 11.36 59.14 70.50 

Sub total 345 302.43 1654.34 1956.77 

B) SEED MULTIPLICATION 

l. National Institutions 4 4.0 25.4 29.4 

2. CIAT Seed Unit 4 17.6 21.6 

3. Seed Supply Development 
Project (Colombia) 8 281.5 246.2 527.7 

Subtotal 16 285.5 289.2 574.7 

C) TOTAL 361 587.93 1943.54 2531. 47 
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Table 6. Summary of support and fertilizatíon effects on seed yield 
based on a trial carrled out at five localities in the Llanos 
during the period 1987-1988. 

SOURCE OF VARIATION SIGNIFCANCE1 LEVEL 
B. Aires Paraíso Bruselas 

Support sistem ** NS ** 
Fertilization NS NS NS 

System x Fertilization '" NS NS 

"'Significative difference at the level of P < 0.05. 
**Significatives differences at level of P < O. DI. 
NS: No significative difference. 

Quima ira 

** 
NS 

NS 

La Vega 

* 
NS 

NS 

Table 7. Seed yield of C. acutifolium cv. Víchada with and without 
support at five locationa in the Llanos during 1987-1988. 

SUPPORT SYSTEM 

With sorne type of 
support 

Without support 

B. Aires 

28 b 

SEED YIELD (kg/ha)1 
Paraíso Bruselas Quimaira La Vega 

198 a 282 a 326 a 523 a 

156 a lOb 14 b 196 b 

1 2- Samples frorn 0.01 ha, with three replications 
: Means followed by the same letter are not statistically different at 

P < 0.05. 
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Table 8. 

Geographic 
region 

Summary of seed yield of C. 
acutifolium ev. Vichada by 
geographic location in the Llanos 

1 Seed yield 
kg/ha % 

Andean foothllls 377 a 100 

Highland plains 158 b 41.9 

1= Refers to the average of three localities 
in th. Andean foothills and two Iacalitles 
in the highland plains. 

Table 9. Summary of yield and qual1ty of seed of Braehiarla dictyoneura CV~ Llanero in relatlon ta harvest method. 

Harvest Method Are. Harvest1ng Purity oi Pure seed Onit weight Vlabillty 

harvested pedod Crude seed yleld of full in 1'2 at 
spikelets l montb 

(ha) (dar.) (>"w"lght) (kgfll.) (mg/lOO) (%, NO) 

Al 8
2 

A 8 A B A B A B A B 

A. OIRECT OOMlllllE 

L John Deere 66 6 60 26 524 79 
2. Cla.as 12 0.lx3 2 1 83 86 33 41 576 549 71 79 

B. BEA_ 

1. One pass 20 6 74 6 566 77 
2~ ':&ro passes 0.1 x 3 1 80 27 549 77 

C. IEClINIFIED MANUAL 0.1 x 3 1 71 70 487 71 

D. MANUAL, AFl'ER ONE 
PASS IIIllI BEATER 5 6 65 27 524 78 

1 
2"" Refers ta a harvesting activities under large-scale commercial conditlons. 

=- Refera te> harv-estlng done in a formal trial with O~l ha with three repl1cat1ons. 
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Table 10. Classification of the relative potential for seed production of different 
forage species in several geographic regions of Colombia Colombia 

Material CLASSIFICATION OF RELATIVE PRODUCTION POTENTIAL 1 

A. LEGUMES 

l. Centrosema acutifolium 
ev. Vichada 

2. Stylosanthes capitat~ 
ev. Capiea 

3. Centrosema maerocarpum 

4. Desmodium ovalifolium 

5. Araehis pintoi 
i) Seeds 
ii) Vegetative material 

B. GRASSES 

l. Brachiaria deeumbens 
cv. common 

2. Braehiaria dictyoneura 
ev. Llanero 

3. Andropogon gayanus 
ev. Carimagua 1 

Narth 
Coast* 

A 

C 

A 

e 

C 
e 

B/e 

B/C 

A 

Tolima* 

B 

C 

B 

C 

B 
e 

C 

e 

A/B 

Valle del 
Cauca* 

A 

C 

A 

e 

e 
e 

e 

e 

A/B 

Andean 
toothills 

AlB 

B/C 

B 

A 

e 
A 

AlB 

A/B 

e 

Highland 
plains 

C 

A 

C 

C 

e 
A 

A/B 

A/B 

B 

1= A: High ar acceptable; B: Intermediate or possible; e: Law or not recommended. 
* With supplementary irrigatían during the secand semester of the year, for legumes 

anly. 
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17. Livestock Production Systems 
The objectives of the Section con­
tinued unchanged during the past 
year, although more emphasis vas 
placed on on-farm work than in the 
recent pasto Simultaneously, the 
on-station experimental vork de­
creased, as a consequence of the 
termination oi the largest, systems 
experiment carried out by the Section 
at Carimagua. The latter experiment, 
that lasted 75 months, vas concluded 
ln July 1988 and ls currently being 
analyzed. Results oi the latter are 
not presented, although the previous 
Annual Reports have presented prog­
ress reporta. 

A major highlight of this year'8 ac­
tivities 18 the initiation of the 
Dual Purpose Livestock Project, par­
tially financed by the German Agency 
for Technical Cooperation, GTZ, and 
carried out jointly by the Department 
of Animal Production of the Technical 
University of Berlin and the 
and Livestock Production 
Sections of the Programo 

Economy 
Systems 

A second major highlight vas the 
creation of a joint ICA-CIAT model 
for technology transference and val­
idation for the vell drained savannas 
of the Meta Department, called CRECED 
of the Altillanura, vhich viII pro­
vide an institutional umbrella for 
all of the on-farm work carried out 
in the region. From the Program' s 
point of view, it also represents the 
possibility of field testing a dif­
ferent approach to on-farm pastura 
testing and validatíon, while simu1-
taneously providing ICA the mean s for 

a more effective transference of 
technology. The feedback of the lat­
ter is expected to represent an im­
portant contribution to on-station 
screening oí pasture species and mix­
tures .. 

Lastly, Carimagua's experimental pro­
totype oí a ama1l, family-managed 
raneh, the so called Family Unit, 
completed four years sinee its goal 
vas changed in 1983, to be come a 
dual-purpose operation producing both 
mi1k and beef. A still not defini­
tive analysis of physical performance 
ls included in the present reporto 

Reproductive performance on 
Brachiaria deeumbens. 

This experiment completed 6 years in 
late 1988, since it was in1tiated 
with weaned heifers. The trial, that 
runs a herd of 30 females on 30 ha of 
Brachiaria decumbens plus 5 ha of 
Slylosanthes capitata, aims to quan­
tify the reproductive performance of 
females raised on a relatively high 
plane of nutrition, and as vas indi­
cated in previous reparts, eonsti­
tutes a positive control to the 
System's experimento 

Durlng the course of the experiment, 
the Brachiaria decumbens pasture has 
been mechanically renovated twice, 
with a single pass of discs. The 
latter ls a common practice in the 
region and aims to stimulate new and 
vigorous regrowth. The Stylosanthes 
capitata pasture, sown initially as a 
protein bank, has since be en lnvaded 



by Brachiaria decumbens, and the le­
gume was progressively displaced by 
the grass to the extent that its cur­
rent contribution to total dry matter 
availabili ty is less than .5%; this 
contrasta markedly with on-farm ob­
servations, and ls most likely re­
lated to the relatively heavy soil at 
the site of the experimento 

During the current year the cows in 
this experiment begun their 4th or 5th 
calving, and are between 8 and 9 years 
old, a situation that contrasts 
markedly with the results of the ETES 
study regarding longevity vis-a-vis 
reproductive performance ln savanna­
based animals. Despite the short 
calving intervals, relative to 
savanna cows, the animals in the 
present experiment have retained re­
latively high liveweíghts (Figure 1), 
although there appears to be a slight 
trend for decreasing weights with 
time. 'ilhether this trend is signif­
ificant, and i8 related to either age 
of the cows and/or the pasture, has 
not been determined as yet. As 
indicated aboye, the calving in­
tervals are rather short and appar­
ently have become shorter with suc­
cessive calvings. Given that the re­
sults reported for the last two 
calvings (Table 1) are still prelim­
inary, the significance of these 
findings has not yet been analyzed. 

Given the results obtained so far, it 
18 important to determine the longev-

TabIe 1. Calving intervals of coWs 
grazing on Brachiaria 
decumbens pastures. 

Calving 
interval 

No. 

1 
2 
3* 
4* 

Length 
months 

15.3 
14.1 
13.1 
13.0 

* Based on incomplete calvings. 

a 

4.9 
3.3 
2.3 
0.9 
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ity of animals raised under these 
conditions, in contrast to the well 
documented poor lifetime performance 
of cows on unimproved savanna. 

Reproductive performance on 
Brachiaria humidicola 

This experiment a1ms to study the 
effects of very low levels of nutri­
tian on the reproductive performance 
of grazing heifers, and on their sub­
sequent long term productivity as 
adult cows. The experiment comprises 
two replicates in time. The fi rst of 
these is now five years old, and had 
three treatments applied to weaned 
heifers until they reached 270 kg 
linliveweight. The treatments con­
sisted of three different stocking 
rates on a Bachiaria humldicola 
pasture to attain low rates of 
growth. Prelimlnary results of that 
phase of the experiment were reported 
in previous Annual Reports. After 
reaching 270 kg liveweight the three 
groups of heifers were moved to a 
common paddock. aIso of Brachiaria 
humidicola. The animale are cur­
rently reaching their third calvings. 
Despite their relatively low live­
weight (Figure 2), the first caIving 
interval (1 .e •• interval between the 
first and second calving) ranged on 
average, between 18 and 20 months 
(TabIe 2), although at fairIy advanced 
ages. 

A preliminary analysis oi conception 
rates (first conception) was carried 

TabIe 2. Intervals (definitive) bet­
ween the first and second 
caIving. 

Weight Interval, Calving 
gain months rate 

% 
High 19.4 61.9 
Medium 18.8 63.8 
Low 19.5 61.6 
High No.2* 18.7 64.3 

* Second temporal replicate. 
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out by regressing the accumulated 
rates of conception on the respective 
liveweights. A sigmoidal model was 
fitted to the data for each of the 
three treatments. The resulting 
equations were used to estimate the 
weights required to achieve 50 and 
75% conception rates. The prelimi­
nary results (Table 3) thus obtained 
suggest that the response of repro­
ductive performance to increasing 
Iiveweight in the range of 270 to 310 
kg is extremely steep. If this hy­
pothesis is correcto it wouId explain 
the marked changes in reproductive 
performance that have been reported 
in past annual reports when sown 
pastures are incorpora ted to the 
grazing system. rt further suggest 
that rather larga improvements in 
reproductive performance could be 
achieved through modests changes in 
liveweight, which would probably not 
require high quality pastures. These 
conclusions are still tentative. and 
require a more sophisticated analysis 
of the available data. 

Table 3. Predicated liveweights re-
quired for given rates of 
conception at first mating. 

Weight 50% 75% 
gain as conception conception 
heifer Weight, kg Weight, kg 

High 280 290 
Medium 279 291 
Low 272 304 

AH 271 292 

The second temporal replication oi 
the above three treatments la now one 
and a half year old. Contrary to the 
first replicate, upon attainment Di 
270 kg Ilveweight, the anlmals in 
each of the three groups were subdi­
vided in two subgroups; one of these 
remained on Brachiarla humidlcola 
pastures, whereas the second subgroup 
was transferred to a Brachiaria 

decumbens pasture to promote compen­
satory growth. Tbus, six groups of 
animals were conformed. representing 
the factorial combination of three 
rates of growth leading to 270 kg 
liveweight, and two rates of gain 
thereafter. A summary of the rates 
of gain achieved unt!l the first 
conception ls shown in Table 4. 
These animals are presently in their 
first calving season. 

rechnology validation and transfer­
ence 

As reported in previous Annual 
Reports. lCA and CIAr had jointly 
undertaken a pilot project of on-farro 
pasture technology vaIidation that 
would provide support for technology 
transference on a more massive acale. 
To inatitutional1ze this pilot proj­
ect withln the current operational 
structure of lCA, the latter decided 
to create a regional Center for 
technology valldation and for 
t rainlng of ranchers. extension 
agents and others. Several of these 
regional centers have been created 
throughout Colombia, under the name 
of CRECED. The "CRECED de la 
Altillanura" is headquartered in 
Puerto Lopez, 200 km West of 
Carimagua and 90 km East of 
Villavicencio, the capital city of 
the Meta Department. lt ls staffed 
by 7 professionals and a similar 
number of technicians; the CRECED has 
two branches in Puerto Caitán and 
Cabuyaro. The on-farm activitles of 
the Tropical Pastures Program in the 
eastern plains will now be undertaken 
under the umbrella. and with the 
technlcal support of, this CRECED. 
This canter was created in July 1988. 
but did not become fully operational 
until later in the year. Neverthe­
less, it has already offered one 
short (one week) course for ranchers 
on pasture and llvestock management. 
has held field days and has under­
taken on-farro demonstrations related 
to pasture establishment and manage­
ment, as well as on several annual 
crops. 
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Table 4. Weight gains of halfers subjected to different plans of nutrition. 

Rate of gain 
Periad 1 Periad 2 

High High 
High Low 

Medium High 
Medium Low 

Lo,., High 
Lo,., Lo,., 

The provision of technical assistance 
for on-farm pasture establishment and 
management, initiated in 1985, con­
tinued in the presenr year. Table 5 
sho,.,s rhe areas plantad under techni­
cal supervision of the project over 
the last three years. 

A second type of technieal assistance 
provided by the project refera to 
on-farm seed multiplication of re­
leasad cultivars whose demand is not 
yet covered by established commercial 
enterprises. This 18 especially the 
case of Brachiaria dictyoneura ev. 
Llanero; several ranchers wlthout 
previous experlence in pasture seed 
production have undertaken lts mul­
tiplication. This information is 
summarized in Table 6, but it should 
be noted that additional areas have 
been harvested under different con­
tractual forms, information about 
which can be found in the Seeds 
Section of this reporto 

Family Unit 

As indicated above, the Family Unit 
has now completed four years oper­
ating as a family-run dual purpose 
operatlon. This was made possible by 
the duplication of the area sown to 
grass-legume pastures snd the re­
placement of about one fourth of the 
cows by crossbred (Zebu x Brown 
Swiss) heifers, as descrlbed in pre­
vious Annual Reports. 

Rate of gain, kg/day 
Feriad 1 Period 2 

0.197 0.215 
0.197 0.246 

0.192 0.265 
0.192 0.117 

0.096 0.347 
0.096 0.194 

Milking for cheese-making has been 
restricted to the wet season, whereas 
during the dry season a few cows are 
milked only tor self consumption in 
the unit. On average, 10-13 co,.,s have 
been milked once a dsy throughout the 
wet season, without receiving any type 
of supplement other than the salt 
lick. Within these limitatíons, and 
considering that the Andropogon 
gayanus-based pastures are known to be 
of only medium qua lit y , milk yields 
have fallen within expectations. Milk 
yield averages, and other relevant 
parameters, for both the crossbred and 
the pure zebu cOWs are summarized in 
Table 7, according ta the ordinal 
number of the lactation concerned. 
Wbat has been mast surprlsing ia that 
throughout the period of time 
involved, cows liveweights have tended 
to remain constant or even increased 
slightly (Figure 3). Furthermore, ir 
has been observed that milked CDWS, 
which had absolute priority in access 
to the improved pastures, were 
actually increasing their liveweights 
during lactation (Table 8). One 
possible explanation of this phenom­
enon is that their genetic mil k poten­
tial is limiting the expression of the 
pasture potential for milk production, 
thereby redirecting the nutrients 
ingested towards weight galn. 

The introductlon of mllking has im­
plied very significant changes in the 
intensity of pasture use in the Family 
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TabIe 5. Surnmary of plantings of improved pastures on farm in the eastern plains 
oí Colombia. 

Rectares 
Sown Speeie s 

1986 1987 1988 Total 

Andropogon gayanus + 
§!Xlosanthes capitata 210 2500 480 3190 

Andropogon gayanua + 
Centrosema brasillanum 30 80 150 260 

Andropogon gayanus + 
Pueraria phaseoloides 20 20 

Andropogon gayanus + 
Centrosema acutifolium 10 10 20 

Andropogon gayanus 30 120 150 

Brachiaria decumbens + 
Stylosanthes capitata 25 570 380 975 

Brachiaria decumbens + 
Centrosema brasiIianum 100 100 

Brachiaria decumbens 250 100 350 

Brachiaria dictloneura + 
Stllosanthes capitata 200 200 

Brachlaria dictloneura + 
Centrosema brasilianum 40 40 

Brachiaria dictloneura + 
Arachis pintoi 30 30 

Brachiaria dictloneura 50 450 455 955 

Brachiaria humidicola + 
Arachis pintol 20 20 

Stylosanthes capitata 30 140 55 225 

Arachis pintoi 5 5 10 

TOTAL 390 4355 1800 6535 
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Table 6. Harvested seed of B. dietyoneura ev. Llanero on farms in the eastern 
plalns of Colombia~ 

Quantitl 
Farm Area (ha) Speeies CS* kg 

La Loma 100 B. díctyoneura 4.000 

Pavijay 20 B. dictloneura 800 

Malibú 20 B. dietloneura 100 

Buenos Aires 10 B. dlctyoneura 180 

El Paraíso 4 B. dictyoneura 70 

T o tal 5150 

* Crude Seed. 

Table 7. Milk production in the Famíly Unit according to Ioeatían number and 
breed of the eow. 

Breed 
Lactatíon Crossbred Zebus 

No. Length Total milk Milk Length Total milk Mílk 
day kg kg/day day kg kg/day 

1 165 497 2.3 213 385 2.3 

2 182 545 2.8 299 516 2.9 

3 164 378 3.6 130 596 2.9 
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Unit. Figure 4 shows the 
contribution of a11 pastures to 
graz1ng animal units (1 AU-day 1s one 
animal unit grazing for one day); it 
1s clear that beglnning in 1985, when 
the area of sown pastures was in­
creased to 50 ha (16% of the total 
area), the contribution of the 
savanna (84% oi the area), decreased 
to undar 50%. It should also be not­
ed that the relatively small area of 
sown pastures was responsible for al1 
of the milk produced. This means 
that a relatively small area of 1n­
tensively utilized sown pastures pro­
vlded not only a11 of tha mi1k pro­
ducad in the Unit, but was a1so re­
sponsible for maintaining high live­
weights in the cows (Table 8), and 
weaning reasonable heavy calves 
(Table 9). 

In turn, thís very intensive use of 
sown pastures had implications on 
pastura persistence. In effeet. the 
oldest paddock of Andropogon gayanus 
- Puerarta phaseoloides, whieh com­
pleted 9 years in 1988, degradad; 
whether this was partially due to the 
buildup of tha population of leaf-

eutting ants (described in the Ento­
mology Section) ls not known, but the 
net effeet 18 that the paddock w111 
have to be replanted. 

Lastly, it should be noted that ml1k­
ing has nor had negative effects on 
reproductive performance. As shown 
in Table 10, preliminary information 
regarding calving intervals, suggests 
rhat there are no differences between 
milked aud not milked cows. 

On farro research: Cerrados Region 

On farro research for the Cerrados 18 
centered at present in Brasilia 
(Brazil) in a joint col1aborative 
effort with EMBRAPA-CPAC. The main 
objective of this project is to gen­
erate feedback regarding the bioeco­
nomic potential of grass-legume 
pastures under farmers conditions. 

Three improved pasture strategies 
have been seIected for on-farm tes­
ting: 

TabIe 8. Mean liveweight of cows at calvi.ng and weaning elassified by 
breed and physiological eondition 

Weight 
Breed and immediately Adjusted (270 d) 
physiologieal post ealving Weaning weight 
condicion n kg kg 

AH cows 84 333 375 
AH crossbred 30 353 402 
AH others 54 323 344 

Crússbreds. milked 25 341 406 
Others, milked 26 339 371 

Crossbreds, not milked 5 413 381 
Others, not milked 28 306 320 
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TabIe 9. Weaníng weight of calves adjusted to 270 days 

Breed and 
physiologicaI conditíon Liveweight 
of dam n kg 

All anímals 93 162 

AH crossbreds 26 166 
All others 67 161 

Crossbreds, mi1ked 23 165 
Others. milked 29 162 

Crossbreds, not rnilked 3 174 
Others, not milked 38 160 

TabIe 10. Calving intervals of cows according to breed and physiological 
condition 

Calving Calving 
Interval interval, 

No. Breed Milked ? n months 

1 Crossbred yes 12 21.5 
Other yes 15 21.5 
Other no 15 18.7 

2 Crossbred yes 7 18.3 
Other yes 8 19.1 
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a) 

b) 

Grass-1egume pastures based 
on Andropogon gayanus in 
association with S. 
caEitata, S. macroceEhala, 
Centrasema brasil1anum, 
and/or CaloEogonium 
mucunoides. 

Pasture reclamat1an 
niques to recuperate 
degraded stand s 
Brachiaria decumbens 

tech­
old 
of 

and 
Brachiaria ruz1ziensis. 
This is a widespread sit­
uation for pastures in the 
Cerrados ecosystem,due to 
poor management practices 
(Le. overgrazing) and lack 
of application of mainte­
nance fertilizer. 

c) "Protein banks". combining 
pure stands of Leucaena 
Ieucocephala (Cv. (Cunning­
ham) on 30% of the area to 
complement either an a1-
ready estab1ished grass 
pasture (l.e., Braehiaria 
decumbens). or a new one 
(Le .. AndroEogon ,gayanus) 
or. alternatively. the na­
tive Cerrado vegetation 
where the protein bank wi11 
represent in th1s case on1y 
6% of the total area uti­
lized. wbile the flrst two 
options can better fit 
small ta medium farms. the 
latter is being justified 
for relatlvely 1arger land­
holders. 

The major fieId efforts have been 
concentrated in Sllvania, State of 
Goias (approximately, 200 km SW of 
Brasilia). and more recently in 
Barreiras. Bahía State (550-600 km NE 
of Brasilia). The first location ls 
broadly characterized by sma!l to 
medium-size farms in s01ls of average 
fertility tor the Cerrado regíon. and 
mostly dual-purpose eattle. Larger 
farms predominate at the second si te 
with lower so11 fertility and slight-

Iy lower rainfall conditions. De-
spite the Iow fertility of soils in 
the lat ter regíon soybeans are ín-
creasingIy lmportant while cattIe 
ralsing ls a relative minor activity 
at presento 

Based on 1980 Census data Si1vania 
producers had an average farm size of 
228 ha. with 77 heads of cattle per 
farm. Annual erops (main1y, malze 
and rice) represented 8.7% of the 
total land available. while 18.7% 
were introduced grasses (í.e .• 
Brachiaria sp.), and 56.1% natural­
ized grasses (l.e., Hyparrhenia rufa. 
Melinis minutif1ora, Panicum maxt;üm. 
Brachiaria mutiea). About 47% of the 
herds were oriented towards beef pro­
duction, 40% towards dairy, and 12.5% 
to both. The proportlon of cows in 
the herds was 42% in terms of heads. 
which implies that the reglon ls not 
a fatteníng one but 18 rather charac­
terized by eow-calf operations. The 
average stocking rate was only 0.41 
head (a11 ages) per hectare and year. 
The number of milking cows per farm 
was 19. produeing 700 Iiters of mi1k 
per head and year, with 79% of this 
output belng marketed to processlng 
plants l.oeated in the area. 

In the Si1vanla region the pastures 
establlshed in the cooperating farms 
had an average size of 5 ha per farm. 
Establishment costa were shared as 
follows: CIAT-CPAC provided the 1n­
puts (seeds and agrochemicals). and 
the farrners supp1ied machinery, 1a­
bour. fences. water supplies and 
animals. On the other hand. ln the 
Barreiras regíon a11 inputs. except 
seeds. were províded by the farmers, 
reflecting their better-off economic 
conditions. 

A total of 12 farmers (covering 14 
experiments) were selected to 
participate in this project in 
Si1vania, and one in Barrelras during 
the 1987/88 planting season (November 
through January). and six additional 
ones are being added in Barreiras for 
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the 1988/89 season, reaching a total 
oí 21 experiments. 

On haIf of the experiments planted 
last year there was no need for any 
further reseeding sinee the stands 
were reasonable to excellent. On the 
contrary, in three tr1als (20% of the 
total for that year) , plant 10sses 
were almost complete Or very close to 
that, whieh wi11 require replanting 
in the next season. On the remaining 
30% of the experiments, the 1088es 
were partia1 and sorne reseeding w111 
be required. 

At this point it is interesting to 
evaluate the reasons behind these 
losses as a way to learn from past 
failures: 

a) 

b) 

Two of the three major 
fallures occurred on grass­
legume pastures. These were 
associated with severe weed 
infestation in relatively 
h1gh fertility soils with a 
history of previous annual 
crops, .. as well as a very 
significant presence of 
leaf-eutting ants. These 
two factors did not affeet 
a11 the sown species 
simultaneously, but rather 
separately (one in eaeh 
loeatíon). In addition, 
the lack Di use of a roller 
for eompacting the seedbed 
immediately after planting, 
was also identified as a 
factor determining irreg­
ular plant distributlon and 
thus, partial fallures, in 
Andropogen and Stylosanthes 
stands. 

A large portian oi one of 
the Leucaena leucocephala 
stands was lost due to a 
termite attack on the seed­
lings. In another case, 
although termites were also 
active, the farmer respond­
ed very rapidly and suc-

e) 

cessfully in controlling the 
damage. 

Although no majar losses 
were experienced with the 
pasture reclamatíon strat­
egy, the resulting legume 
stands were poor. Several 
faetors eontrlhuted to sub­
optimal establishment, in­
cluding ant predatíon, 10w 
planting density and rela­
tively light seedbed prepa­
ra tion. The 1at ter was 
effected with a single, 
light disking, whieh left 
behind a rather h1gh popu­
lation of Braehiaria spp. 
which was thus able to out­
compete the introduced 1e­
gumes. 

Another lesson learned from these 
trials was the fact that due to ma­
ehinery (and possihle man-power) lim­
itatlons, farmers normally tend to 
plant erops early in the rainy season 
and only later they are ready to do 
the same fer pasture. This has the 
impIication that the duratíon of the 
growth periad for the grass-legume 
s tands 18 shortened by two to three 
months, reducing their ehances for a 
stronger initial establishment, and 
making them more vulnerable to severe 
ant attaeks. In addition to the 
other erop/pasture interaetions noted 
(weeds, fertility levels, etc.), 
these experienees give extra value 
and justification for early on-farm 
validatíon studies of the new germ­
pIasm coming out af the seleetion 
procesa, to better understand the 
biot1e and abiotlc faetors deter­
mining the suecess of grass-legume 
pasture establishment. 

AlI newly introduced specles were 
allowed to set seed during the es­
tablishment year, to insure the ex­
istence of a large seed reserve in 
the soil. Also, the general lack of 
uniform1ty in seed distribution at 
planting time, and the uneven re-
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sulting stands, imply that this prac­
tice 18 essentíal. Following seed 
setting, little additional rainfall 
was ava11able; therefore, initiation 
of grazing was posponed unt!l the 
following rainy season, whan it is 
anticipated that animal performance 
w111 be evaluated. 

Paralle1 to the field work reported 
above, a thorough and detailed anal­
ysis of the 1ivestock industry in the 
Cerrado region was undertaken, with 
the alm of better understanding the 
context in whlch new pasture teeh­
nology must fIt. 

Also as part of the above diagnostie 
study, an ex-ante simulation analysis 
was carriad out: to estímate the in­
cremental physical productivlty lev­
els likely to be required by farmers 
for a successful adoption of new pas­
tures. A 12% internal rat:e of return 
(IRR) was assumed to be required over 
the productive 1ife of the new pas­
tures. 

Some of the most important conclu­
sions reached in thls study are as 
fo110w8: 

a) To achieve a 12% IRR the 
average cattle farmer of 
the Cerrado region using 
the pasture technologies 
proposed above, wouId have 
to obtain a 35-40% inerease 
in dairy product:ion (l.e., 
342 lts of additional mi1k 
per cow and per year) or, 
alternatively, 88 kg more 
of liveweight gain per head 
per year, relat:ive to the 
average weight gains and 
milk production obtainabl~ 

w1 th tradit iona1 graz ing 
pract:ices. 

b) If the sbove increases are 
realized, and adoption i8 
widespread, positive im­
plications on domestic beef 
snd milk supplies are an-

el 

d) 

e) 
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ticipated, leading to large 
inereases in domestic con­
sumption of both commodi­
tíes and/or inereases of 
beef exports and redue tion 
of ml1k imports. 

A deliberate shortening of 
the productive life of the 
new pastures (i.e., from 
n1ne to six years, to allow 
for a crop-pasture rota­
tion) wouId demand addi­
tional gains in expected 
physieaI productivity, to 
cover for essentially the 
same inirial lnvestments, 
unless capital outlays dur­
ing t:he establishment phase 
can be significantly re­
duced by taking advantage 
oi the accumulated (resi­
dual) fertility left behind 
by prior crop cycles. 

The utilizatíon of an an­
ual crap (i.e., malze or 
rice) in associatlon with 
the establishment oi a pro­
tein bank results in very 
high marginal returns to 
the lnitial 1nvestments • If 
this practice ls not ap­
plied, the IRR can drop to 
25-50% that of the cropl 
protein bank association. 
Additionally, crop/pasture 
associations contribute re­
markably well to partially 
flnance the ini tial ou tlays 
in pasture investments. 

Given that this simulatíon 
was based on the analysis 
of a few cases, it was not 
possible to draw statisti-
cally valid concIusians 
regarding t:he different 
strategies under experi­
mentatían. In principIe ít 
seems that all of the three 
approaches are economically 
and financially sound tech­
nologies. 



f) 

g) 

Despite the conclusion in 
(e), it seems clear though 
that the protein bank stra­
tegy will demand from ca t­
tle producers more care and 
management relative to the 
other two procedures and 
therefore, its selection 
will be more justified in 
small to medium-sized 
farms. 

Although neither economical 
nor technical restrictions 
appear to be present for 
the execution of pasture 
investments in Braz!l, at 
least two potential limi­
tat10ns may slow down the 
implementation phase: 
i) Lack of liquidity by 

cattle producers to 
finanee these invest­
ments (Le., at pre­
sent, rural credit for 
Brazilian cattlemen is 
not available), when­
ever the farmer cannot 

ii) 
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or ls not wil1ing to 
use crop-pastures as­
sociations or rota­
tions. 

The perception by 
farmers of risks in 
pasture establishment, 
that may lead tnem to 
demand arate of re­
turn larger than the 
12% assumed in tne 
present study, to 
compensate for partIal 
or total losses in the 
initial outlay of ca­
pital. However, it 
seems clear that at 
least part of the 
risks incurred in the 
situation described 
above were associated 
more w1 th the learning 
process that with 
the intrinsic unCér­
tainties of the pro­
posed teehnologies. 



18. Economics 
Activities of the Economics Section 
in 1988 fe11 into three main areas: 
policy analysis, mlcroeconomics of 
lmproved pasture technology and on 
farm research. 

Policy Analysis 

Earlier work of the section document­
ed the shifts in the consumption 
patterns of meats in tropical Latín 
America during the last two decades. 
A aignificant increaae in poultry 
consumption and an important degree 
of substitution of beef by poultry 
were observed. This red sorne analysts 
to question the attractlveness of 
investing in research to develop 
improved pasture technology. 

To address this question a consumer 
producer surplus model was developed 
for tropical Latín America's beef 
market. Impact oí pasture research 
was simulated for a 30 year perlad 
assuming a logistic adoption function 
with a ceiling of 10% of the region's 
savanna lands improved. Experimental 
resulta in terms of production 
increases per hectare were discounted 
by a factor of 0.67 to represent 
commercial production levels. Both 
closed and open economy scenarios 
were runo In each case scenarios with 
and without poultry substituting beef 
at the same rate observed historical­
ly for Bra2il (the country with the 
largest de crease in relative price of 
poultry to beef) were runo 

The results show that the return to 

improved pasture research in the 
Latin American tropics in high even if 
poultry continues to substitute for 
beef in domestic consumption and no 
exports are possible. The returns are 
very high if beef surpluses can be 
exported at prlces close to historical 
levels or above. Gl ven the growing 
pressure to reduce support to agricul­
ture ln developed countrles, it 15 
expected that international beef 
price5 will trend higher. A series of 
sensitivity analyses for delays in the 
start of the adoption process, for a 
lower final ceiling on adoption and 
for increases in research costs 
document that given tropical Latin 
America' s agricultural resource 
endowment, research into increasing 
the productivity oí pastures on acid 
soils makes good economic sense. 

To increase our understanding of the 
dairy based development process occur­
ring in Caquetá, Colombia, a MS 
student from Hohenheim University 
conducted her thesis research on dairy 
development in the humid tropics, the 
case of Caquetá, Colombia with the 
objective of identifying the sectorial 
and regional íactors explaining the 
observed process. Such an understand­
ing should improve our ability to 
identify regions with a similar 
potential in order to target on-farro 
work and 1ncrease our awareness of 
other factors required besides tech­
nology to induce such a process. 

The main findings of the study were: 



a) The macroeconomic scenario was 
relatively favorable for dual­
purpose tropical dairy production 
in Colombia during the period 
1974/86. Consumption of milk and 
particularly oí daíry products 
was growing; due to increases in 
crop production in certain areas 
close to the markets (such as the 
Cauca Valle y) there were incen­
tives to expand production in 
more distant areas. 

b) The Caquetá region had had an 
active inflow of migrants during 
the 1950's aud 60's. Crop poten­
tial i8 limited due to low 80ils 
fertility, high rainfa!l and 
great distance to major I!larkets. 
The farming system evolved to 
small to medium sized cattle 
operatíons with an ample 'lUpply 
of family labor and few alterna­
tive uses for theír resources 
which could enhance the cash 
flow. 

e) Upon installation of a basíe 
infrastructure for collection of 
fluid milk, its production gre", 
rapidly fram 23 miUlon liters in 
1974 to 57 million liters in 
1986. 

d) An econometric analysis showed 
tha t growth in production was 
malnly achieved through horizon­
tal expansion of the system 
through the incorporatíon of 
additional cattJe and additional 
farms. This last factor was very 
clear1y Hnked to the expansion 
of the road ínfrastructure. 

e) No significant supply response to 
changes in the relative price of 
becf to mi1k could be determined. 
This may be due to the limited 
variability in relative prices 
observed during the study period 
and to the small slze of most 
farms thus turning labor into 
relatively fixed produetion 
factor. 
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f) There ls very limited fam level 
evidenee of inereases in produc­
tivity per eow. Thus expansion, as 
it occurred in the past, would 
imply a substantial pressure on 
natural resources. The low pro­
ductivíty achieved by the existing 
system, which limits income growth 
and ínvestment, begs the need for 
technical change to increase 
welfare of the settlers and reduce 
pressure on the ecosystem. 

The ongoing strategic planning process 
has taken up an important share of 
CIAT economists' time. The majar 
effort has been to draw up future 
scenarios for agriculture in develop­
ing countries and to present an 
outlook for elAT's commodities in such 
seenar1os. In the case oí the Tropical 
Pastures Program the emphasis has be en 
on becf and milk in tropical Latin 
America. 

Mlcroeconomic Analyses 

During 1988 the seventh survey of 
prices oi inputs and outputs of 
relevance for pasture technology was 
undertaken among researchers of the 
RIEPT. A 55% response to tne mail 
survey was achleved. 

Over the years 1983/87, in spite of 
high varíability both across locations 
and overtime a trend of decreasing 
eost of the standard basket of inputs 
for pasture establishment, both in 
current US dollar terms and in kg of 
beef, can be observed (Table I). In 
US$ the average reduction was of 7% 
and in terros of kg of becf it was of 
17%. 

It should be noted that the RIEPT 
locations reportíng have changed 
overtime thus some",hat limiting the 
validíty of the eomparísons. 

Among the inputs considered phosphate 
fertilizer price dropped at an nnnual 
rate of -3.1%, labour at arate of 
-2.8% and fuels at arate of -5.5%. 



TabIe l. Evolutlon of the cost structure of a basket of inputs for pasture establishment at RIEPT sites, 
1983/1987 (US$/ha) 

Inputs 1 9 8 3 198 4 1 9 8 5 1 9 8 6 198 7 

Fertilizers 38.92 (46.02) 40.70 (45.1l) 35.75 (46.68) 38.87 (48.48) 34.16 (43.07) 
Labor 17.77 (21.01) 17.53 (19.43) 13.57 (17.72) 14.16 (17.66) 17.15 (21. 63) 
Fencing wire 12.37 (14.63) 15.59 (17.28) 16.75 (21.87) 13.50 (16.84) 15.08 (19.02) 
Fuel 15.51 (18.34) 16.41 (18.18) 10.52 (13.73) 13.65 (17.02) 12.91 (16.28) 

Total cost 
US$/ha 84.57 (100.00) 90.23 (l00.00) 76.59 (100.00) 80.18 (100.00) 79.30 (lOO. 00) 
kg beef 
liveweight 117.4 108.7 116.0 109.8 97.9 

>-
00 
I 
W Number of sites 

inc1uded 20 26 32 28 29 

Average beef price 
(US$/kg liveweight) 0.72 0.83 0.66 0.73 0.81 

Figures in brackets are percentages of the total cost in a given year 



Only fencing wire showed an increas­
ing príce trend (2.5% p. a.) • These 
trends expressed in current US$ 
reflect the fact that most Latín 
American economies have had to 
devalue their currencies in the 
context of the structural adjustment 
as a reflection of net capital out­
flows. Fencing wire, which has a 
larger imported cost component 
therefore shows an inerease in priee. 
It can be concluded that the macro­
economic setting has supplied the 
appropriate price signals for more 
íntensive use of domestic resources, 
such as land, labour and fertilizers 
for thc establishment of improved 
pastures. 

Seed costs ha ve a high incidence in 
costs of pasture establishment and 
thus seed prices and seed production 
costs are an important factor in 
determining microeconomic viability 
oí improved pasture technology, 
Hself a critical factor affectlng 
adoption of the technology and 
consequently impacto 

Seed production costs were budgeted 
tor the three fDrage cultivars 
recently released by lCA in Colombia 
Brachiaria dictyoneura cv Llanero, 
Centrosema acutifolium cv Viehada and 
Stylosanthes capitata cv Capiea under 
the conditions of the Eastern PIains 
Df Colombia assuming that the average 
seed yields achieved by the Tropical 
Pastures Program Seed Section will be 
obtained and their standard agronomic 
pract ices are used. Seed praducers 
were expected to require a 10% annual 
real return on capital invested in 
the operatian. 

Costs were below the commercial price 
of Pueraria phaseoloides (the only 
comparable seed on the market) for 
the case of Capica due to its high 
yield and ease of harvesting. 
Brachiaria dictyoneura eosts are 
about in 1ine witn the priee of B. 
decumbens (the elosest substitute) on 
the market in spite of the fact that 
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~.dictyoneura has a three times higher 
seed yield. This elear1y ref1ects the 
faet that on the market B. deeumbens 
aeed is produced through opportunistic 
harvesting of a1ready established 
pastures where the marginal costs are 
only the foregone grazing and the 
harvesting costs. Similar arrangernents 
should allow tor price reductions oí 
!. dictyoneura if ir ls adopted more 
widely. 

Centrosema acutifo1ium cv Vlchada had 
by far the highest production costs 
(about US$20/kg seed). This clear1y 
relates the expected seed yields (100 
kg and 80 kg in the first and second 
year respectively) vis a vis the high 
costs of establishing and harvesting 
it. The existing productíon technique 
requires wood and wire support 
structures, very high labor input for 
growing the crop on the support and 
harvesting it manually. rt addition­
ally requfres about twice the ex pe n­
diture of purchased fnputs needed to 
grow a seed erop of ~. capitata cv 
Capiea. Production eosts of Viehada 
will have to be reduced in order to 
enhance the probabi1ity of adoption. 
Strategies to achleve it include the 
identification of locations with 
higher yield potential, development of 
10wer cost support mechanísms, and 
agronomic practices allowing 
mechanized harvesting. Such research 
la underway in the Seed Section. 

The existence of a 10 year oId grazing 
trial at Carimagua comparing B. 
deeumbens versus a B. decumbens/~ 
~eoloides assoclation made it 
posslb1e to undertake an ex-post 
analysis of the comparative eeonomlcs 
of these pastures. 

The objective was to assess the 
benefits of including a 1egume and to 
obtain sorne prelirnlnary assessment of 
the stability of such benefits 
overtime and the sensitivity of the 
results to the main sources of risk: 
decreases in beef prices, variability 
in yields and establishment fai1ures. 



A further question of interest to the 
program was the sensitivity of the 
resulta to fertilizer use given the 
faet that levels of fertilizatíon 
used in the experiment were higher 
than those eonsidered necessary at 
present in view of more recent 
research resulta and the observed 
performance of B. deeumbens on farms 
with substantially Iower IeveIs of 
fertilization. The simulatíon model 
developed used experimental data on 
weight gains, carrying capacíty in 
AU, establishment and maintenance 
inputs. Priees were those of the 
November 1987 and were held constant 
over the 10 year evaluatíon period. 
Stocking rates were adjusted downward 
to reflect the faet that commercial 
fattening operations use heavier 
animals than those used experimental­
ly. 

The model computes the marginal 
internal rate of returns correspond­
ing to the cash flow of the incre­
mental investments needed in an 
ongoing ranchíng operatian to estab­
lish the pastures, stock them with 
feeder cattle and maintain the 
investment ~ver the 10 yéar periodo 

The yíeld informatíon (Table 2) shows 
that the grass-legume associatíon 
outyielded the straíght grass pasture 
in both the dry and the wet sea son 
(by 82% and 27% respectively in terms 
of weight gains per animal). But 
additionally the weight gaíns oí 
grass-legume mixture presented 
coefficients of variatíon of only 
about half the magnitude of these of 
the straight grass pasture. The rate 
of return over a 10 year period of 
the mixture was of 26.8% versus 18.0% 
for the straight grasa pasture. If 
the same yields could be maintained 
with the lowered fertilizer recommen­
dations the IRR' s would rise to 30% 
and 22% respectively. With yields at 
the lower bound of the 95% confidence 
range of weight gains per animal, the 
grass-legume association attains an 
IRR of 20% p.a., stíll above the 18% 
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return of the B. decumbens pasture 
(both with fertilization costs as 
actually occurred in the experímentJ. 

Pasture establishment fal1ures are a 
larger risk in associated pastures due 
to the additional expenditure for 
legume seed. Under minimum input 
conditions legume and grass seed costs 
amount to about 40% of total estab­
lishment cost S. To test the 
sensitivity of the IRR of grass-legume 
pastures to this risk, the total 
failure of establishment involving new 
seeding of the whole mixture was 
simulated. The IRR dropped from 30% to 
25% under condítions of m~n~mum 

fertilization. Under the experimental 
fertilization the IRR decreased from 
26.8% to 20.0%. 

In a relatively closed economy, as 
presently ia the case of the beef 
market in Colombia, treadmíll effects 
oi technical change are bound to 
reduce prices. In order to assess the 
price level at which farmers would 
achieve the same rate of return they 
are presently obtaining with B. 
decumbens pastures, simulation runs 
with prices decreasing over the 10 
year period to levels 10% to 50% below 
the current price levels were made. It 
was observed that with the yield 
levels achieved experimentally and 
fertí lization costs lncurred, prices 
could drop by up to 27% befare IRR's 
leveled off. If mínimum input fertil­
izatíon WaS assumed prices could drap 
by up to 40% over the 10 year periodo 

These results indicate that there may 
be subs tantial room for price reduc­
tions before decreased profitability 
puts a break to the adoption process. 

The present value of the marginal 
resources needed to establish a 
grass-legume mixture in8tead of a 
straight grass pasture i8 relatively 
modest (about US$55/ha at a 12% 
discount rate) and it generates a very 
high marginal IRR (approximately 125% 
p.a.). Nevertheless the incremental 
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TabIe 2. Weight gains achieved in grass-Iegume assaciation versus a pure grasa pasture and thelr 
variability by seasan at Carimagua. 1979/87 

Dry Sea san 

Weight gains (g/head/day): 
Mean 
Standard deviation 
Variability coefficient 

lit" value for difference of means 

Average stocking rate 

1 Grass 

257.89 
174.68 
67.88 

1. 17 

* Indicates significant differences at ~ - 0.05% 
11 B. decumbens 
~/ ~. decumbens/~. phaseoloides 

Source: TERGAS (1984), CIAT (several years) 

Associ~­
tion 

470.33 
178.43 
37.87 

-2.0 * 
1.17 

Wet Sea son 

1 Assaci~-
Grass tian 

381. 89 
113.56 
29.74 

2.05 

483.11 
67.41 
13.95 

-2.66* 

1.91 

Average 

1 Grass 

339.57 
70.67 
23.65 

Associ~­
tion 

478.77 
65.50 
13.68 

-4.13* 



benefits are also low in absolute 
terms (an annuity of about US$40/ha/­
annum). This may not be enough incen­
tive for some farmere to shift to 
grass-legume pastures and to make the 
required changes in the management of 
their operations. This question can 
be tackled more appropriately within 
the context of on-farm research. 

On-farm Re8earch 

On-farm research continued to be the 
major thrust of the Section in 1988. 
As stated in the 1987 Annual Report a 
series of initiatives were taken up, 
which should document the technical 
and microeconomic viability of using 
grass-legume pastures under farmer 
condit!ons and generate feedback to 
the program on constraints for their 
adoption. 

An additional expected output i8 the 
development of appropriate methodolo­
gies for on-farm research, which 
ought to be made available to NARDs 
through the RIEPT. 

a) Cauca/Valle region 

Strategy and 
collaborative 

objectives of this 
effort with regional 

development 1nstitutions were 
sented in the 1987 reporto 
activities in 1988 included: 

pre­
Major 

Analysis of the tirst resulta of 
the Regional Trial B in Mondomo: 
this trial indicated that 
Centroaemas might be a valuable 
germplasm alternative tor this 
ecotype, particularly Centrosema 
macrocarpum CIAT 5740. The ini­
tial selection of De smodium 
ovalifolium CIAT 350 and Arachis 
pintoi CIAT 17434 was di8appoint­
íng due to the lack of adaptation 
of Arachis pintoi to most soils 
and the extremely slow establish­
ment of D. ovalifolium. This has 
led to the establishment of 
Regional Tria! Type A including a 
wider range of legume germplasm, 
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particularly Centrosemas. 

Vegetative material of Brachiaria 
dictyoneura CIAT 6133 and B. 
humidicola CIAT 679 were made 
available to 45 farmers in the 
first semester of 1988. In the 
second semester a similar demand 
i8 taking place. Demand tor legume 
material has been weak due to lack 
of credibílity and grazing trials 
to document impact in the regian. 

A database was established on 
usera of the vegetative material 
de11vered, whích 18 generat1ng 
feedback on the range of adapta­
tion of the materials, establish­
ment techniques by farmers and 
problems encountered. Tab le 3 
presents the major features of B. 
dictyoneura users in Cauea. 

Establishment of mixed pastures on 
farms to monitor production under 
grazing with dairy cows. Based on 
the above reported experiences 
pastures have been established as 
cocktails with B. decumbens CIAT 
606, !?. dictyoneura CIAT 6133 as 
grass components and ~.macrocarpum 
CIAT 5713 and CIAT 5740, C. 
acutifolium CIAT 5568 and CiAT 
5277, and Q. ovalifolium CIAT 350 
and CIAT 3788 as legume components 
on four tarms. 

Graz 10g has be en initiated in two 
cases and the rest should be ready 
within the first semester of 1989. 

Agronomic trials on the introduc­
tion of legumes lnto existing 
native pastures in the Jamund! 
regíon have been completed and a 
grazing trial of legume strips in 
native pastures ls under way. A 
pasture establishment trial in 
assoclation with cassava crop has 
be en planted in the Mondomo 
region. These trials are managed 
by the Soils and P1ant Nutrition 
Section of the Programo 



TabIe 3. Characteristics of early 
users oi ~. dictyoneura cv 
Llanero in Northern Cauea! 
Colombia, 1988 (45 farmers) 

Average plot size 

Plot history: 
Cassava 
Fallo" 
Native pastura 
Vegetables 

Plot alt itude: 
between 1650 and 
1850 m.a.s.l. 

Plot purpose: 
Pasture 
Multiplication of 
vegetative material 

Expansion plans: 
B. dictyoneura 
B. humidicola 
B. decumbens 

Farro size: 
Under 5 ha 
Undar 10 ha 
Under 20 ha 

Cattla ownership: 
Have CQWS 

Milk COYlS 

Milk cows in dry 

Source: Survey 

season 

b) Caquetá (Colombia) 

0.6 ha 

48% 
22% 
16% 
12% 

23% 

58% 

38% 

80% 
7% 
5% 

32% 
64% 
83% 

77% 
65% 
60% 

In this regian collaborative activi­
ties be tween CIAT and the regional 
institutions lCA, Fondo Ganadero del 
Valle del Cauca (FGV) , NESTLE de 
Colombia, Universidad de Amazonía, 
INCORA, SENA have been very active. 

Several BS thesis projects were 
undertaken in the area of pasture 
establishment rendering insights 
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into questions of use of fire, 
herbicides and mechanization to 
establish grass-Iegume pastures 
at reduced costs. 

Adaptation of the germplasm tested 
(mainly D.ovalifolium CIAT 350, A. 
pintoi CIAT 17434, ~. dictyoneura 
CIAT 6133, has been very success­
fuI. Based on informat ion of the 
Regional Trial B at lCA-Macagual 
and other experience in the 
ecosystem Stylosanthes guianensis 
CIAT 184, C. acutifolium CIAT 5568 
snd CIAT 5277, and ~. macrocarpum 
CIAT 5713 were introduced for seed 
multiplication and on farm trials. 

Several institutions have success­
fully established vegetative 
material multiplication lots snd 
these materials are already being 
made availabla to farmere. 

eoromereial seaIe pasture estab­
lishments were made at Hacienda 
liLa Rueda"-FGV and Hacienda "La 
Vorágine". They are starting to be 
grazed and should genera te weight 
gaín and milk produc tion informa­
tion. 

In collaboration with tbe 
Technical Univers1ty of Ber lin 
(TUB) and ICA a project was 
started to aasess the contribution 
of grass-Iegume pastures for milk 
production in dual purpose herds. 
Research is conducted both 
on-statian and on-farros. Plots of 
grass-legume pastures ínvolving 
several legumes (Stylosanthes 
guianensis CIAT 184, Q.ovalífolium 
CIAT 350, Centrosema macrocarpum 
CIAT 5713, C. acutifolium CIAT 
5277) and th; grasses Brachiaria 
dictyoneura and 1l..decumbens have 
been already established on four 
small farros and on the ICA­
Macagual Researeh Station. Grazing 
should start in April-May 1989. 



e} Napo (Ecuador) 

The Tropical Pastures Program was 
involved in a diagnostic survey ot 
smallfarrner agriculture in the 
lowland tropies oí Northeastern 
Ecuador in 1986. This was a collabo­
rative activity with USAID, IDRC, lCA 
and DINAF /!'.AG. CIAT was then asked 
to col labora te in a more in depth 
study oí the technieal and eeonomic 
viability of the pastures and agro­
forestry technologies being developed 
as well as an ex-ante assessment of 
the potential impact oí the project. 
Such an activity coincided with the 
CIAT interest to expand its expertise 
in humid tropics farming systems and 
particular1y agroforestry systems. 
The marked differences in rainfa11, 
soU ferti11ty and soeioeconomic 
environment with the Pueallpa region 
made it particularly attractive to 
expand the lnstitution's stock of 
knowledge in this area in general and 
to genera te feedback on the perfor­
mance of selected forage germplasm 
under these conditions. 

A project proposal by FUNDAGRO/CIAT 
resulted in the funding of a CIAT 
Postdoctoral Fellow to work with a 
soeiologist hired by FUNDAGRO for 18 
months in a project entitled "socio­
economic impact of improved agro­
silvopastoral technology tor humid 
tropics sma11holders in Napa, 
Ecuador. The economlst was posted in 
Quito in August, 1988. 

The Ecuatorian Amazonia is generally 
acknowledged to be a very fragile 
ecosystem. Existing land settlement 
tends to make a very inefficient use 
of this resouree leading to lts 
degradatíon. On the other hand, 
Ecuador ls under pressure to use this 
ecosystem as a second best alterna­
tive to politically non-feasible 
solutions such as agrarian reforrns or 
complete bans on land use. 

To cope with this dilernrna several 
institutions (MAG-DINAF, INIAP, AID, 
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lICA, rDRe, CrAT) are working in the 
development of More productive, and 
sustainable Iow external input systems 
which combined with appropriate land 
tenure palieies wi.l1 reduce the 
pressure to elear inereasing areas of 
foresto 

Within that context the Agroforestry 
Project of Napo Provinee {MAG-DINAF/­
AID}, has be en introducing improved 
pasture and agroforestry technology in 
srnallholdings of the regíon since 
1983. This projeet ca11s for a need to 
assess, through on-farm research, the 
extent at which such innova tions are 
fulfilling the objective of developing 
economically viable and ecologically 
s table farming system8. 'fo do so a 
collaborative agreement among CIAT/­
FUNDAGRO/MAG/AID i8 in effect sinee 
August 1988. 

Th" main objective of thi8 study i8 to 
determine the potential technleal and 
socioeconomic impact of teclmologica1 
innovations promoted by the Agrofor­
estry Project MAG-DINAF/AID in the 
colonizarion area of Napo Provinee 
where red Iatosols prevail. To 
accomplish such a general objective 
the study aims to: 

Quantify the technical coeffi­
eients of the major agroforestry 
system's components under both the 
traditional and improved tech­
nology. 

Appraise the technical and 
economic feasibilIty of the new 
improved technology at both farm 
and regional level. 

Appraise the progress made by the 
proje<.:t in terms of adoption of 
improved agroforestry and pasture 
techniques by producers. 

Document ehanges in the socioeco­
nomic environment (project output 
rnarkets, policies influencing re­
gional development) to understand 
the performance of the project. 



Quantify the performance of the 
project through an assessment of 
financial costs and project 
benefits. 

Document the dlstribution of 
project benefits among different 
farmer groups and consumers and 
its impact on people's welfare. 

Toe study 8ssumes toat a major impact 
of the ongoing transfer of improved 
technology by the Agroforestry 
Project Vll11 be an increased farm 
income (1) over time. 

In turn, farm income can be expressed 
as: 

I=f(TP,PP,LP,CP,SP,IS,PR,AR/E,RE) 

Where: 

TP ~ trees productivity 
PP ~ pastures productivity 
LP = livestock productivity 
CP = coffee productivity 
SP = species persistence 
1S = input savings (labor and 

purchased inputs, Le. 
herblcides and peeticides) 

PR = input-output price relation­
ships 

AR = adoption rate of improved 
teehnoJogy 

E 
RE 

ecological environrnent, and 
farmer's resource endowment 

By estimating the farm in come stream 
coming from both tradítional and 
improved agrofores try techniques an 
income surplus can be generated which 
is assumed to represent the net 
impact of the technology transfer 
procese at the farm level. This 
surplus can be adjusted by the rate 
of adoption of ne'" technologies to 
determine the project's impact at 
regional level wi thin a farm/region 
simulatíon mode1 framework. Using a 
consumer producer Burplua frame the 
distribution of project impacte 
between different farmer groups and 
consumers will be examined. Through 
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surveys of the target farmer popula­
tion it w111 be determined how this 
surplus i8 allocated by farmers to 
better housing, nutrition, education, 
etc. 

To derive technical coefficlents oí 
the agroforestry system, s~lected 

farms (farm case studies) which are 
adopting project technologies are 
monltared. This informatíon wl11 be 
used to analyze the private profit­
ability of the improved technology and 
ita acceptability by praducera. 

Data 1s be lng ga thered a t plot leve 1 
including physieal measures sueh as: 
cattle inventoríes, stocking rates, 
liveweight gains, cattle extraetían 
rates, tree growth,. coffee yields, use 
of labor and purehased inputs, costs 
of pasture as well as coffee and tree 
establishment and maíntenance, evolu­
tian of soU condUions (fertility, 
compaction), botanieal composítion of 
pastures overtime, pasture qualíty and 
productivity, incidence of pests and 
díseases, etc. These parameters wUl 
allow an assessment of"the agroeconom­
ie performance Di trees/legl1me-coffee 
associations and trees/grnss-legume 
associations to generate feedback for 
further research and development 
activities~ 

Main technological innovatíons moni­
tored are: 

Introductioll and management of 
tímber trees (mainly Cordia 
aIliodora, Jacaranda copaia and 
Schízolobium spp) associated to 
Brachiaria humidicola INIAP-NAPO-
701 and coffee (Cofiea canephora 
var robusta). 

Utilizatíon of Desmodium 
ovalifolium CIAT 350 as a cover 
crop in coffee plantations. 

Establishment and management of 
Brachiaria humidicola INIAP-70 1 
and Desmodium ovalifolium CIAT 350 
associations wíth trees. 



Sinee the start of this activity 
(August 1988) 27 farmers have been 
identified who have accepted to 
participate in a range of on-farm 
research aetivities, mainly involving 
detailed monitoring of plots with 
introdueed technologies and control 
treatments. Thes€! activities include: 

Measurement of productivity of 
young coffee plantations (less 
than 5 years old) with and 
without timber trees and Jegume 
ground cover of Desmodlum 
ovalifolium CIA! 350. 

Assessrnent of the impac t of 
improvcd management of older 
coffee plantations with and 
without timber trees intereropped 
and legllllle ground cover (D. 
ovalifolium CIAT 350). -

Monitoring of persistence of 
Brachiarla decumbens CIA! 606 and 
B. humidicola CIAT 679 under farro 
conditions. 

On-farm agronomic evaluatíon of 
promising new Brachiaria cultivar 
B. brizantha CIAT 6780 cv Marandu 
and B. dictyoneura CIA! 6133 cv 
Llan';ro. 

Establishment of grass-legume 
associations and introductlon of 
legumes to existing B. humidicola 
swards. 

All these on-farro case studies 
involve monitoring of agronomic 
performance as well as use of labor 
and purchased inputs in arder to 
genera te the coefficients required 
for the subsequent economic analyses. 

In October 1988 the Agroforestry 
Project Team detected sparsely 
scattered foei of the ínseet 
Stephanoderes hampei attackíng coffee 
plantatiolls ín the reglon. !bis 
insect 18 a majar pest in coffee 
whlch i8 expected to severely reduce 
the productivlty of coffee planta-
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tions in thís area. Given the domlnant 
role of coffee as an income souree and 
the 1ack of other aIternatíves, an 
increased interest in pastures and 
possibly an expansion of dual-purpose 
mi1k production are to be expected. 
!bus che project may be able to make a 
very timely contrlbutfon to the 
diversification and sustainability of 
the farming systems. 

d) Pucallpa (Perú) 

The initiation of the project "the 
role of pastures in mixed farming 
iS'ystems in the Western Amazon" by a 
Rockefeller Foundation Post Doctoral 
Anthropologlst was reported in the 
1987 Annual Report. A detailed account 
of the objectives, methodo10gy and 
initial activiti~s was then given. 

Livestock, and particular1y cattle 
raising, i8 an integral component of 
farming systems among settlers who 
colonize the western Amazon. Cattle 
are grazed on plantad pastures that 
are sown with or shortly following 
annual erops (maize, rice or eassava) 
in systems of shifting cultivation. 
The planted pastures (Brachiaria 
decumbens in the area of interest) are 
initially productive but after three 
to four years decIining fertility, 
soil compactíon and weed invaslon lead 
to a proc.ess of pasture degradation 
resulting in lower productivity. 
Eventual1y the land 18 abandoned and 
must rema in fallow for extended 
periods of time until the pIot 
recovers, vegetation ls cut and burned 
and the cyele starts again. 

This system of "shifting grazing" 18 
inherently unstabla due to its nega­
tiva environmental impacts. !he 
procesa of grazing and weed control 
accompanied by periodic burning and 
bouts of overgrazing leading to soí1 
compact1on, 1ncreased run-off and 
erosion, and delays the process of 
natural vegetation recuperatIon upon 
which the small farmar depends in 
order to resow annual erops and fresh 



pastures whieh form the basIs of the 
farming strategy. 

The Tropical Pastures Program is 
developing new technologieal options 
for these farmers consisting princi­
pally of improved pastura grasses and 
tropical forage legumes that are able 
to persist and maintain their produe­
tivity over extended periods of time. 
The inclusion of legumes ls critical 
due to their biological nitrogen 
fixing capability and their contribu­
tion of protein in the animals' dieto 
Ihis projeet has involved the intro­
duction of lmproved pasture species 
in farmers' fields in arder Oto gauge 
their adaptability to prevailing 
agroecological conditions and manage­
ment strategies and to assess their 
potential impact on. Ihe goal of the 
researeh is to determine whether 
grass-legume mixtures are compatible 
with current farming systems and to 
assass their potential for large­
scale adoption. Th is research 
attampts to evaluate the technology 
from the farmer's perspectiva in 
order to anticipate barriers to 
successful use and adoption. 

The research has basically facusad on 
three major aspects of pasture adap­
tation and adoptability: (1) factors 
affecting pasture establishment, (2) 
comparative establishment costs of 
improved vs traditional pasturas, and 
(3) the impact of improved pastures 
on animal production. In addition the 
project has also been investigating 
the feasibility of artisanal forage 
seed production by small farmers and 
the effeet of Rhizoblum inoculation 
on legume establishment under on-farm 
conditions. 

On-farm trials covering 20 hectares 
were sown in October-November 1987 on 
twelve fams in tite Pucallpa region. 
One farm was eliminated from the 
project due to lack of collaboration 
oí the farmer whíle three more, 
located at sorne distance from 
Pucallpa were eliminated (after 
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successful pasture establ ishment) due 
to problems of political violence in 
the region. Thus eight farms are 
currently under study. 

Establishment. Pastures were success­
fully established on al1 the farms 
under observation. In all cases pas­
tures were estab1ished after cutting 
and burníng bush fallows of 1-5 
hectares. The lots were chosen by the 
farmers and had lain fallow from 4-8 
years before sowing. Before burníng 
the plots were studied in order to 
determine their approximate biomass, 
botanical composition and soíl 
chemistry. Afrer sowing the plots 
were carefully monitored in order to 
document the establishment process and 
facilitate the identificatíon of key 
factors in the establishment of 
grass-legume pastura in this environ­
mento Data was collected on botanical 
composition of the pastures, rate of 
soil coverage and the labor input 
required during the establishment 
phase. The same data was recorded for 
control plots of Bracltiaria decumbens 
sown adjacent to the grass-legume 
mixtures. Key factors affecting pas­
ture establishment are the fo11owing: 

1) Years of faIlow: the fallow 
period is important for the 
recovery of sou fertility and the 
progressí ve suppression of weedy 
flora as abandoned fields are 
colonized by native arboreal 
vegetation. 

2) Land use history: the type of 
land use preceding abandonment and 
inítiation of the fallow ls 
important in determining the rate 
of soíl/vegetation recovery and 
subsequent suitability for culti­
vation. It appears that under 
current conditions grazing 
postpones recovery of fertility 
and domination of aggressive 
pasture weeds. 



3) Management: management, especial­
ly labor input for weeding (the 
primary and most variable input) 
is important in pastura estab­
lishment. The importance of man­
agement varies with the diffi­
culty of initial conditions; in 
shorter or more degraded fallows 
management is critical for suc­
cessful establishment while after 
longer fal10ws its importance i8 
reduced. To a certain extent 
management can be substituted for 
time in shortening the fal10w 
eyele. 

4) Appropriate germplasm: Different 
germplasm is appropriate for 
speeific agroecological zones, 
microenvironmental conditions and 
management strategies. Improved 
pastures are context specific and 
recommendation guidelines must 
specify the correct match of 
germplasm and environmental 
conditions. 

While these conc1usions regarding 
establishment are not entirely sur­
prising the documentation of possible 
negative impacts of grazing ls an 
insight that deserves increased 
attention by researchers. To what 
extent can these negative impacts be 
avolded by appropriate germplasm? To 
what extent are improved management 
skills necessary to avoid degradatíon 
-- independent of germplasm? And to 
what extent are negativa impacts an 
inevitable consequence of grazing on 
heavy soi1s in a humid environment? 

On the positive side this research 
i11ustrated that improved pastures 
establish readily after relatively 
short fallow periods wi thout exces­
sive labor investment and with no 
chemical inputs (Data on labor inputs 
i8 still under analysis, but it 
appears that only marginal increases 
in labor are necessary to establish 
grass-legume pastures compared to 
Brachiaria decumbens). Complex 
management and high labor inputs are 
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not necessary ta establish grass­
legume pastures and difficulty in 
establishment does not appear to be a 
barrier to technology adoption. 

Impact on animal production. In 
October 1988 the project init1ated 
data collection an animal production 
on four of the eight farms under 
observatíon. The other four farmers 
burned their plots at the end of the 
dry season to control excessive weed 
growth and the pastures are in the 
process of recovery. They wl11 enter 
in production at the end of 1988/­
beginning of 1989. Data on animal 
production will be assessed through 
daily measurement of milk production 
by cows that are grazed in rotatian on 
grass-Iegume and pure grass pastures. 
The hypothesis to be tested ls that 
the improved diet of grass-1egume 
pastures wi11 increase milk production 
when the animals are grazing these 
paddocks and decline when animals 
graze pure grasa pastures. Farmers 
have been trained to keep daily 
records of milk production of individ­
ual animals -- the latter a110wing us 
to control for varying genetie poten­
tia1 arnong animals and differing 
stages within the lactation period, 
both of which are important exagenous 
variables influencing milk production. 
At the same time wt! wl11 continue to 
document the floristic evolutlon and 
forage production of these pastures to 
compare their persistence and produc­
tivity over time. These data probab1y 
are the first set of on-farro data from 
the South American humid tropics 
measuring the impact of grass-legume 
pastures on animal production. As such 
they are very va1uab1e in calculating 
cost-benefit ratios of technology 
adoption, impacta of improved pastures 
on farmer incornes and potential 
effee ts of mass adoption on regional 
economies. 

Artisanal Seed Production. In November 
1987 the project planted two smal1 
(0.25 ha and 0.33 ha) seed multipUca­
tion plots oi Stylosanthes guianensis 



on farms. The management techniques 
employed in the two plots were 
varied. The 0.33 ha pIot was sown 
according to CIAT Tropical Pastures 
Program Seed Section guidelines: 
their was no companion planting, the 
seed erop was planted in rows, 
fertilized and received two weedings. 
The smaller plot was intercropped 
wi th rice, sot.'l1 broadcas t, received 
no fertilizer and Dne Iight weeding. 
The pIots were harvested in July 
1988. TabIe 4 presents a comparative 
economic analysis of the costs of 
productIon of the two plots. Note 
that although yield was much lower on 
the smaIler, intercropped plot, so 

Table 4. Comparative costs of 
artisanal seed production 
of Stylosanthes auianensis 
in PucaIlpa, feru. 
1987/88 (US$) 

Production (kg) 

Costs: 
2 Labor 

Fertilizer 
Insecticide 
Machinery 
Others 

Total cost 

Cost per kg 

Return p~r 
man-day 

Plot 1 
(Size 

0.33 ha) 

28.0 

175.0 
7.4 
0.2 
6.3 
3.3 

192.1 

6.9 

3.4 

1/ Preliminary figures. 
Exchange rate: 
- Nov/87; Inti 80lUS 
- Junt88; Inti 16S/us 

Plor 2 
(Size 

0.25 ha) 

6.8 

31.3 

2.2 

33.5 

4.9 

4.8 

2/ Wage per man-day inputed at US$2.5 
2/ At a purchase price of US$9.1 per 

kg seed 
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were labor input and other costs, 
enabling this farmer to produce seed 
at a lower cost per ki<logram and 
reallze a larger return per labor 
unit. The comparison ls not entirely 
fair as the two plots were quite 
dif ferent from the outset --with the 
larger pIot sown in a 6 year bush 
fallow and the smaller pIor sown in 
cut primary foresto Also the crop year 
was atypical w1th the farmer of the 
smaIIer pIot loosing most of his rice 
crop to drought. It should also be 
noted that now that the plots are 
established they can continue to be 
harvested with no additional estab­
lishment costs, Iowering the costs of 
production < substantialIy. The rela­
tively high labor input in harvesting 
is a disadvantage in farmíng systems 
Iike those under study in which labor, 
not land, ls limiting. But fortunately 
the harvest occurs during a slack 
period in labor demand, avoiding 
conflict with other essentíal farming 
activities. 

Despite the data's limitations, the 
results are instructlve and suggest 
that in arder to justify the costs of 
additional inputs for forage seed 
production a companion crop such as 
maize which would produce a marketable 
harvest (in most years) would aid in 
reducing costs. The experience al so 
suggests that artisanal seed produc­
tion of Stylosanthes guianensis ls 
feasible at early stages in the seed 
multiplication process befare commer­
cial growers become involved provided 
that the seed purchase 18 guaranteed. 

Legume inoculation on-farm. At the 
time oi sowing grass-legume pastures 
it was decided to sow one half of the 
study pIot with seed inoculated with 
the appropriate Rhizobium strain 
recammended by the program microbio 10-
gist. The other haIf of the plot was 
SOWil with no inoculation. The hypoth­
esis tested was that inoculation wouId 
inetease significantly the quantity of 
legume in the fleld. During the 
establishment phase data on botanical 



composition were recorded separately 
for inoculated and non-lnoculated 
treatments. At the end of the estab­
lishment period the percentage of 
legume in the two treatments was 
analyzed by performing an analysis of 
variance on the logarithms of the 
percentages. Significant differences 
could be detected between farms 
(p=O.OOI) and treatments (p=O.02). 
Significantly more legumes were 
growing in the inoculated ffelds. 
While the data on biological yie1d 
are interesting this result does not 
answer the question of whether legume 
inoculation has a aignificant impact 
on economic yield and i8 therefore 
justified at the farm level. This 
research can not answer that question 
but suggests lines for future study. 

Conclusion. The research reported 
he re presents sorne interestíng pre­
li.minary resul ts. The area where the 
moat solid inferences can be made i8 
in the area of pasture establishment. 
It appears that, given appropriate 
germplasm and farmer management, that 
establishment of improved grass­
legume pastures is feasible in 
relatively short bush fallow systems. 
This research ls less clear on issues 
such as impacts on productivity and 
pasture persistence, though these 
issues can be addre8sed in the 
present research design given suffi­
cient time. 

This research also suggests priority 
areas for future study. Particularly 
urgent is more research on the 
dynamics of pasture degradation in 
the humid tropics in an attempt to 
separate out factors associated with 
soils, germplasm and management. 
More thought needs to be given to the 
implications of pasture degradation 
in mixed farmlng systems where the 
integratíon wlth foad crops ls an 
essential element of farmer survival 
strategies. 

On-farm research in pastures i8 capa­
ble of producing valuable research 
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results, though as with all pasture 
research the long time frame requirE's 
longer term investment in research and 
considerable patience. The long term 
nature of the research presents 
particular obsta eles in the on-farm 
setting where farmer collaboratlon 
with researchers may have a llmit. 
For example it 15 not clear how long 
farmers will be willing to record data 
on milk production before "informant 
exhaustlon" sets in. Contínued on-farm 
research i5 easentíal in order to 
generate realistic technlcal coeffi­
cients of existing systems, document 
the impact of improved pastures on 
animal production and predict the 
potential retur:n to research invest­
ment in tropical pastures. 

Orher Activiries 

The section continued to collaborate 
with lCA in the field of economic 
analyses of activities in the Eastern 
Llanos. In line wi th the increasing 
effort by lCA to transfer Carimagua 
Research Station resul ts to farmers, 
an ex-ante analysis of the economics 
of such an e"tension program was made. 
It documented that a small seale 
effort with two professionals, five 
techniclans and funds to operate 
effieiently could have a substantial 
impact generating an interna! rate of 
return of between 25% and 60% p.a. in 
real terms according to the assump­
tions made about the extent to which 
more lntensive dual-purpose production 
could he developed in the region. 

The section ls a1so col1aborating with 
overseas universities in the supervi­
sion of two Ph.D dissertations of 
economísts working with NARS in 
Colombia and Peru. Díssertat10n 
tapies in both cases relate closely to 
areas of comman interest to the CIAT 
Tropical Pastures Program and the 
respective natianal institution. 



19. Training in Tropical Pastures: 
Present and Future 

Events at CIAT 

In collaboration with the different 
sections of the Tropical Pastures 
Program (TPP) , duríng 1988 Traíning 
and Communications Program (TCP) 
offered research train1ng to 70 
professionals from 15 countries in 11 
different disciplines. Training 
included various categories, as shown 
in TabIe l. The sections that dedi­
cated more time in this task were: 
Pasture Quality, 67.1 man/months. 
Soils/P1ant Nutrition, 39.7; 
Agronomy, 20.7; Seed Production, 
12.6; and Pasture Development, 10.9. 
TabIe 2 presents the number of 
researchers trained per country of 
origin during 1988. 

Regular training events 
The intensive multidisciplinary phase 
of the XI Scientific Research 
Training Program for Tropical Pasture 
Production was carried out between 
1 Fe brua ry and Ap rU 29, with the 
participation of 26 professionals 
from ID countries in tropical America 
(TabIe 3). Of these professionals, 
13 stayed for the Special1zation 
Phase in different disciplines, 
depending on their specific interests 
and areas of research. Length of 
these varied from 1 to 4 months. 
Ele,<en participated in a spedal 
event on "Methodologies for the 
Evaluation of Pastures under Grazing 
Trials" • 

Special training e,<ents 
Between 9 May and 10 June, 1988, the 

Course/Workshop on "Methodology for 
the Evaluatian of Pastures under 
Grazing Trials" was carried out at 
CIAT. This event was organized by the 
Pasture Quality and Productivity 
section of the TPP and the TCP. A 
total of 27 researchers from eight 
Latin American countries participated; 
16 of these are currently 
participating in grazing trials in the 
RlEPT and 11 the XI Scientific 
Research Program for the Production 
and Utilization oi Tropical Pastures, 
reeeived this Course-Workshop as their 
Specialization Phase (Table 4). 

The event included four cycIes, as 
follows: A first, one-week cyele of 
conferences and discussion for which 
the iollowing lecturers were invited: 
Dr. Lucia Pearson de Vaccaro, 
Universidad Central de Venezuela, Dr. 
Danilo Pezo, CATIE (Costa Rica), Dr. 
Domicio do Nascimento, Jr. (University 
of Vicosa, Brazil). Members oi ClAT's 
TPP also participsted as lecturers. A 
second, two-weeks cycle of field 
practices on sampling methodologies in 
pastures¡ third, one-week cycle on 
data processing snd analysis of 
experiments under grazing in the 
microcomputer; and fourth, one-week 
cycle on the elaboration of a special 
project. 

Decentralized Events 

At th" country level 
The experiences acquiered by CIAT' s 
Training and Communications and 



lable l. Frofesotonal. trained at CIAT during 1988 by Program or Unie. discipline af specialization and training category. 

TRAINING CATEGORY 
Visiting Researcher Special Intensive Mul-

Assoe:iate Visiting Resea~cher Course tidisciplinary 
Course 

Specializaei6ñ" 
+ Intensive 

PllOGRA.'!: P.\.STl:RES Thesis So. Thesis Spec:,ial- Multidisciplin. 
Ph.D. Thesis ~s ization Course Sub-totales 

Yo. ~onths ~o. ~onths ~o ~ Xonths No~ Montns No. Months No. Montos No. Honths No. Manen: 
DISC¡PLI:,E: 

AGRO~OMY 4 (20.1) 4 (20.7) 
?AS7[RE DEVELOP~~~ 1 (J. 6) :; (7. J) 3 (10.9) 
t:CC'!\GMICS A.'ID 

SOCIAL sCn:.'\CES (3.6) 1 (3.6) 
EXTOMOLOGY 2 (1. 6) :; (1. 6) 
FA&"~S-SYSTE!1S 2 (6.7) ~ (6.7) 
?~'YSICLOGY I (5.5) (5.5) 
I:ITERDISCIPLI~"E 2 (4. !) 2 (4.: ) 
?\.S:TRE QrALITY (12.0) 1 ( 1.0) 27 (29.2) 11 (24.9) 40 (67.1) 
?A:~OLOGY (2.6) (2.6) 
PRO:lCCTION (2.1) 1 (2.1) 
SEEDS I (2.8) 2 (9.8) 3 (12.6) 
SOILS (O.:;) 02.0) 6 (11.5) 3 06.0) II (39.7) 

1CTAL ?ROGtl..~'i 2 (2. J) 3 (~).6) 13 (26.8) 12 (62.3) 27 (29.2) 13 (29.0) 7! (177.2) 



rabIe 2. Number of profe •• ional tra1ned 1n CIAT. DURING 1988 category and country of or1gin. 

TRAINING CATEGORY 
Vis1ting Researcher 51'00101 Int:ensive Hu! .... 

Assoclate Visiting Researcher Course tidisc1pl1nary 
Course 

Special1%~ción 

+ Intensive 
PROGRAM: PASTURES !he.i. No. !h •• is Special- Multid isciplin. 

Ph.D. !hesis MS ization Course Sub-totales 
No. Months No. Months No. Months No. Months No. Months No. Months No. Months 110. Manth. 

LATIN AMERICA ANO TBE CARIBBEAN 

ARGEI,TINA 1 (1.0) I (I.O) 
\.O 

BOUVIA 1 (1.2) 1 (2.3) Z (3.5) , 
w BRAZIL 6 (15.5) 2 (10.4) 7 (8.2) 3 (6.0) 18 (40.1) 

COLOMBIA (2.1) (12.0) 1 (5.5) 7 (7.1) 3 (6.6) 13 (33. J) 
COSTA RICA 2 (11.8) 1 (1.0) 1 (2.3) 4 (15.1) 
crEA 1 (3.2) 1 (J .2) 
EetADOR 3 (3.0) 3 (3.0) 
GUATEMALA 1 (5.4) 1 (5.4) 
¡lO~'DURAS 3 (11.8) 3 (11.8) 
MtXICO 2 (4.7) 1 (3.5) 5 (5.0) 2 (4.5) 10 (17.7) 
PA.'WIA 1 0.0) 1 ( 1.0) 
PERU 2 (15.6) 2 00.7) 4 (4.6) 2 (4.9) 10 <35.8) 
VENEZUELA 1 (2.6) 1 (1. 1) 1 (2.4) 3 (6.1 ) 

DEVELOPED COUNTRIES 

SlILTZERLAND 1 (0.2) 1 (0.2) 

TOTAL PROGRAM 2 (2.3) 3 (27 .6) 13 (26.8) 13 (62.3) 27 (29.2) 13 (29.0) 71 077.2) 
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T.ble 3. Information on th~ researehers partic1patlne ln the Xl Selentlflc Rese.r~h ?rogr .. ln Tropl~al Pastures. 1988. 

TiM " in 
Trop.Put. l"ype af lTal:nig Duntlon h"..ds) 

Name Cotmtty Instltution Profesaron Work areas o 
activlt1es tour... + Speclalizatlon F.l. 

Ruddy Rodrigo Menese. BoliVia ClF""La Violeta Eng.Agr. )-4-$-6-7-'-11-16 35 
b e se + se 9 

Nilzemary tima de Silva Brazll E!1l!RAPA Eng.Agl' • • 100 se + CE 9 
Sebastino de Olivelra 8rad1 CEPLAC/CEPEe Ens:.Agr~ 9-10-l) 70 se'CE 9 
Mareos Almeida Souz. Brazl1 CEPU.C/CEPEC Ing • .4,r. 70 se • So11 Mlcroblo10lY 9 

Claudia de Paula Rezende J!radl CEPLAe loot. 4-12a 70 se .. Seed Procfuc.tlon , 
Butr1:t Lmpp Bruil Ud\' .Fed.MS loot. 1-9 40 se , 
María Cristina Cardona B. Colombia CENlCAFE Hed. Vet~Zoct. 4-13 80 se + Cl: , 
Guillermo Conrado Oelg3do Colombia In st .Aaun. Huel. Eng.A¡r. 7-17 30 se O 

Jorge MlrIn Agudel0 Colombia Sec.Agr.Ant. loot. 3-.-7-'-11 10 se + CE • 
Gu$tavo Maldonado Ferrucho Colombia lCA Eng.Agr. 1· :H' .. --6- 7-9 100 se + CE + Ec:opbyalolOl1 9 

José tarlos Vargas Zeled6n Costa Rica HAG Lic.!n Agron. 1-5-6-7-7-8-'-11 20 se ... Por.p. ~y , 
Mareo Vinleio topo DiPatma Co,ta Rica HAG EnJ:.Agr .Zoot. 1-' 20 se ... Foraps "'ro...,- , 
Ricardo Rodriguez Náv4rro Coná RIca HAG <nS.A¡<. loot. '-9 20 se-a: , 
Jesús N. Alberto P4re% Cuba MINAG Eng.Zoot. 3:"12b-12c 100 se ... Pa.t.!n Lf~stock Prad. • 
Byron amar Barrios Chicas Guate .. l. lCIA tng.Agr. 80 se • For.~. ~ , 
Jorge Anlrérieo Rush Ochoa Honduras SA/I Eng.Agr. 12o-12b-12c 30 se + Sftd l"roctuctlon , 
Tulio Edgardo Chinchilla Honduru, SAN 'Ena·Agr. 13 40 se -+ Past.1n Lhestoc:k Prod:. , 
E1Izabeth Santacreo Ponce ~ondur.u SAl! Eng.Agr. 17 O se + Ec::ono.1u • 
Edgar Enrique Souza R. t1e.xico INIFAP Eng.Agr.Zoot. 1-3-4-8-12.0 eo se ... CE + lora ... ~ , 
Manuel Bat'T6n Arredondo MeJtleo INlFAP Eng.Agr .Zoot. 4-9 80 se + CE 9 
Juan E.teban Reye. J. Hexico INIFAP [n¡.Agr. 1-)-1-'-13 100 SC+CE 9 
P. De:yay Lara Carretero Pe", EEY-l!IIAA Eng.Zoot. 1-.-7-'-12.0-1Zb 100 se + CE: 9 
Edgardo Leoneio Braul G. Pu" !'El' EnS.Zoot. 13 40 se + SoU.hlant WutdUon , 
Gustavo Horacl0 Celi A. P.tu Unlv.Nal. U. Eng.Agr. 1-17 20 se + So1lslP1ant Hutritlon • 
Luis Eduardo Herná~det S. Peru IVlIA/INlAAtCIA! En,.Zoot. 4-11·12.-12b-l)-14 100 se ... Pa~t.f.n Lhestoc:k Ptod~ • 
AdQlfo Ramón Torres Q. Venuuela FOliAIAP Eng.Agr. 1-2-3-12c 100 se ... CE , 
!l Code of ~rltin8 1 - Get"llplasm FNaluationj 2 .. Plant Breeding; 3: .. Aaronoey Tropical PastUI"elt; 4 .. Regional Trids"RlEP'I; 5 .. rlmt PatholOl1; 

areal: 6 • !ntomology; 7 .. So11s/Plant Nutritlon; 8 .. So11. Microbiology; 9 - Pasture Quallty .nd ProduetlY1ty; ID .. Eeopbysiology; 
11 .. Pastute Deve1opaent; 12 ... ~J Production-Researcbn 12b - ~sic S@ed Produc:t1on; 12e .. eo-rc:1al Seed Ptocfuc:t1on; 

r.E. 

15 

l' 

10 
17 
11 

4 

17 
12 
8 
B 

15 
15 
J 

13 .. Livestoek Proctuction;; 14 .. Agricultural Economica; 15 .. 81otl!!chnolOty; 16 .. Rec:-uperation of Degraded ra.tun!"; 11 .. 0tbeT •• 
~I Intenslve Multldiselpl1nary Cour#e and Study Trip.-
s/ Sp~dal Course ''»e:thodology for the Evaluation ol 'asture. under CrUitt, 'Iridl'l. 

e.E'.c 

5 
5 
S 

5 

5 
5 

5 

S 
5 
S 
S 

5 



Table 4. Information on researchers partieipating in the Course-Workshop. 

Name Country Institution Profession Activity Discipline Ded1cation e:) 

Ruddy Rodrigo Meneses A. Bolivia C-.l.F. La Violeta cng.Agr. Research Agr .. past'IJres 100 
Saladino Goncalves Nunes Brazil EMBBAPA/CNPGC Eng.Agr.M.S. Rese:arch Eval.Pasture Manag. 100 
Carlos Alberto Goncalves Brazil EMBBAPA/UEPAE Eng.Agr .M. S. Research Pastures 100 
Nilremary Lima de Silva Butil EMBBAPA!UEPAE cng.Agr. Research F'orages 100 
Jones Bastos de Veiga Braz11 EMBRAPA!CPATU Eng.Agr.Ph.D. Research Eval .. pastures 100 
Lourival VUela Braril EMBRAPA/CPAC Eng.Ag •• M.S. Research Pastures 100 
Moaeir Gbrial Saueressig Br •• 11 EMBBAPA/CPAC Med.Vet.M.S. Research Pastures 80 
Sebastino d. Oliveira Bradl EMATER-MG Eng.Agr. Extension Pastures 70 
Raul Antonio Pérez B~ Colombia ICA Eng.Agr. Rese:arch Pasture evaluat1an 100 
Jaime E. Velásque. Colombia ICA Zoot.M.S. Re:search Pasture evaluat10n 100 
Gustavo Maldonado Colombia lCA Eng.Agr. Research Agron. pasture 100 

<O 
Amulfo Gómez C. Colombia ICA Eng.Agr. Research Agron.pasture 100 

I Jorge !larín A. Colombia See.de Agr.de Antloquia Zoot. Extension Pasrure evaluatlon 100 

'" María Cristina Cardona Colombia CENrCAFE Med.Vet.Zoot. Research Pastures 80 
Carlos Franco Colo",bia CENICAFE Med. Vet. Research Pastures 80 
Ricardo Rodrigue. Costa Rica MINAG Eng.Agr. Researc:h Pasture evaluatían 100 
Javier F. Enrique. México INlFAP Eng.Agr. Research Pasture evaluatlon 100 
Manual Barrón Mexico INIFAP Eng.Agr. Research Forages 100 
Juan Esteban Reyes Mexlco INIFAP Eng.Agr. Research Porages 100 
Edgar Enrique Sos. R. Moxieo INIFAP Eng.Agr. Research Agron.pastures 80 
Epignardo Castillo G. Muieo FMVZ-UNAM Eng.Agr. Research. do<:. Pastures 90 
David Mareel Urriol. Panna lDIAP Eng.Agr.M.S. Research Agron.pastures 90 
Kenneth Reátegui del A. reru lNlAA Eng.Agr.M.S. Researc:b Pastures 80 
P. Dayey Lara C. Peru INlAA En",.Agr. Research Pasture evaluat10n 100 
Hernán Maldonado Pera INlAA Eng.Agr.M Research Pasture produetion 100 
Jorge W. Vela A. Peru INIAA-CIPA XXIII Zoot_ Resea:rch 'astures 90 
Adolfo Ramón Torres Q. Venezuela FONAIAP Eng.Agr. Rese:arch Pastures 100 



Tropical Pastures Programs through 
their programs for Developing 
Research Capabilities in the 
production and utilization of 
tropical pastures at CIAT-Palmira, 
together with research, results 
focusing on the selection of 
germplasm adapted to the different 
ecosystems of tropical America have 
led to the development of improved 
pasture technologies which permit 
better use of the available resources 
in livestock and frontier areas. 
These activities airo to the 
strengthening of tropical pastures 
research in national institutions. 

The latter creates a very appropriate 
frame for the development of research 
courses at the country level, 
oriented according to the learning 
needs and priorities of livestock 
development in the region. This in­
country courses aim to the 
strengthening of the link between 
research and extension programs, 
including the development agencies 
operating in each country. Therefore 
the TCP and TPP lnitiated research 
activities at the country level on 
November 1986. 

In addition, it is important to 
highlight the effort of the Seed 
Production section of the TPP, which 
has been coordinating, in collabor­
ation with the TCP, specialized and 
decentralized training activities as 
part of their project for the seed 
multiplication, production, and 
promotion of forage grass and legume 
seeds at the country level, within 
the TPP's target area of the TPP. 

Two training events at the country 
level were conducted during 1988. 
The first one took place in Tarapoto, 
Department of San Martín, Peru. This 
course on "Tropical Pastures Seed in 
the Peruvian Forests: Current Situ­
atíon" Strategies, and Plans ff was 
offered to 14 professionals from 6 
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countries (4 foreign students, 8 
officers from Peruvian institutions, 
and 2 from CIAT), for the practical 
on-farm discussions and planning 
additional 12 collaborators from 8 
national institutions and 4 producers 
of the Tarapoto and Cuñumbuque regions 
joined the course (Tables 5 and 6). 

The event was organizad by the 
Insti.tuto Nacional de Investigación 
Agraria y Agroindustrial (INlAA) and 
CIAT. The workshop was developed as 
follows: A first, three-days phase 
analyzed the current national 
situation, its limitations, and 
possible strategies and recorn­
mendations. The second phase allowed 
participants to exchange experiences 
with other collaborators; one day was 
spent in tlle fieId and the other was 
used to discuss experiences. During 
the third phase, plans and future 
activities tn forage seed multipli­
cation, production, promotion, and 
research was defined. 

The second event took place at the 
Experiment Station of the Fondo 
Nacional de Investigaciones 
Agropecuarias (FONAIAP) in the State 
of MQnagas (Venezuela). This seminar 
on "Methodologies for the Agronomic 
Evaluation of Tropical Pastures" was 
addressed at researchers of FONAlAP's 
Pastures Research Programo Twenty­
nine professionals participated (Table 
7). The event counted was organized 
by personnel in the Forage Program of 
the Technonology and Communications 
Transfer Section of Monagas the 
Experiment Stat10n. Eng. Adalberto 
Florez, National Coordinator of 
FONAIAP's Forage Program; Dr. Pedro J. 
Argel, advlser of PRODETEC; and 
personnel from ClAT's Research and 
Communications Program a1so collabor­
ated. 

Training support events carried out by 
other instltutions 
During 1988 the Training and Cornmuni­
cation Program, in collaboration with 
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Table 5. Participants in Phases r, 11, and III of the Workshop on! "Seed of Tropical Pastures in the 
Peruvian Forest--Present situatíon, strategies, and plans-- Tarapoto, Peru, May 30 - June 4, 

1988. 

Last name First Name Country Region Institution 

Sihuay Lindo Jorge Daniel Peru Lima INIAA 
Hidalgo Ríos Leonardo Fulvio Peru Pucallpa Univ. Nac. Ucayali 
Reyes Atac César Augusto Peru Pucallpa IVITA 
Schaus Andaluz Rodolfo Peru Pucallpa 1NIAA 
Castro Gonzáles Pio Enrique Peru Tarapoto PRODEGAL 
Documet Perea Alfonso Enrique Peru Tarapoto CORDESAM 
Pérez Alvarado Ricardo César Peru Tarapoto 1ST 
Silva del Aguíla Justo Germán Peru Tarapoto INlAA 
Diulgheroff Stefano Costa Rica San José CIAT-IICA 
Farfán Domo Carlos Anicel Ecuador Porto Viejo INIAP 
González Morcillo Raul Lorenzo Ecuador Payamino INIAP 
Peralta Martínes Armando Mexico Iguala INFAR 
Cardozo 

1 
Carlos Iván Colombia Cali CIAT 

Durán Castro Carlos Vicente Colombia Cali CIAT 
Ferguson John E. Colombia Cali CIAT 

y Support Coordinator of the Workshop. 
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Table 6. Participants in Phase II--collaborators-- of the workshep en "Seed of Tropical Pastures in the 
Peruvian Forest --present situation, strategies, and plans-- Tarapato, Peru, May 30 - June 4, 
1988. 

Last name 

Barto Uni 

Cárdenas 

Carraso Pérez 

Hunnisett 

Linares 

López Cárdenas 

Otoya Zapata 

Ramírez 

Rosales del Río 

Sánchez 

Villaehica León 

First name 

Humberto 

Juvencio 

Pedro Aurelio 

Gary 

Jaime 

Washington 

Víctor Eduardo. 

Daniel 

Carlos Daniel 

Federico 

Jorge Hugo 

Country 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Peru 

Region 

Tarapoto 

Tarapato 

Iquitos 

Tarapoto 

Tarapota 

Tarapoto 

Tarapato 

Tarapoto 

Tarapato 

Tarapoto 

Lima 

Institution 

Productor/Univ.Nal. 
San Martín/Gloria S.A. 

Productor 

INlAA 

Beo. Agrario del Perú 

1ST 

Consultor particular 

Gloria S.A. 

Selva Industria S.A. 

Ministerio de Agríe. 

Productor 

INlAA 



TabIe 7. Information on che participants in the Seminar. 

Name Professlon In"tHution Region Activity Ti... Dedicated 
Past'tlres Othen 

Ramírez R •• César Antonio Eng.Agr. DIPROAGRO Reeearcher - Pro.ot1on 50% 50% 
Rodrigue. S., Tania M. Eng.Agr.M.Sc. FONAIAP Monagas Researc:her 100 
Rivero M., Abrabam M. Eng.Agr. FONAIAP Calabozo Researcher 100 
Gon.ál.z T., Rafael D. Eng.Agr. FONAIAP Araure Researcher 100 
Navar~o D~J Luis Zoce.M.Sc. FONAIAP Anzoáregui Researcher 20 80 
Vásque. V., Dion1s10 R. Zoot.M.Sc. Univ.de Oriente Monagas Researcher - Teachlng 9O 10 
Urbano de B., Diame1i. C. Eng.Agr. FONAIAP M<frida Researeher 100 
Torres G. , Guillermo R. Zoot.M.Sc. FONAIAP Apure Researc.her 100 
Sánchez G., Alexander J. Eng.Agr. FONAIAP Falean Researcher 100 
Sanabria V., Damaly. M. Zoot.M.Sc. FONAIAP Monagas Researcher 100 
Rod,igue. P., Alfredo Eng.Agr.M.Se. FONAIAP Zul1a Researcher 100 
Rodrigue. de L., Iraide E. Eng.Agr. FONAIAP Anzoitegui Researc:her 100 

~ 

Rodrigue. M., Martín Zoot. FONAIAP Researcher 100 -o Monagas , 
Romero, Carlos José Eng.Agr. O. E.A. FONAIAP Faleon Researcher 100 <.O 
Querales C., Pablo R. Eng.R.N.R. 1'0NAIAP Apure Researcher 100 
Pérez S., Gregorio C. Eng.Agr. FONAIAP Lara Researcher - Promotion 100 
Pérez V.~ Julio Hernán Eng.Agr. MAC-l'ONAIAP Caracas Fomento SO 50 
Manrfque, Ursulino Zaot.M.Sc. FONAIAP Monagas Researc:her 100 
tanz R., Marco Antonio Eng.Agr.M.Sc. FONAIAP Portuguesa Researcher - Promót1on 50 50 
Gil e., José Luis Biologist FONAIAP Angua Researcher - Fomento 100 
Conzález R., Marcial C. Zaoe.M.Se. Univ. de Oriente Monagas Researener - Teseh!n. 100 
Fariñas M., José Gregario Biolagist FONAIAP Monagas Researcher 100 
Espinoza M., Freddy M. Zoot. FONAIAP Aragua Researéher IDO 
Caraball" M., Alfredo E. Eng.Agr.M.Sc. FONAIAP Zul1a Researcher 100 
Barreto M., Luis Alberto Zaot. FONALAP Guárico Researcher - Promotíon 100 
AHnnen, Nidia Eng.Agr. FONAIAP Apure Researcher 100 
Aryanl! P., Patricia M. Eng.Agr. FONAIAP Aragua Researcher 100 
Araque H., César A. Zaot.M.Se. FONAIAP Táchira Researc:her - Prometian 80 20 
Acosea e., Rafael A. M.V.pn.D. FONAIAP Guirica Researcher - Prometían 50 50 



CIAT's Tropical Pastures Program, 
backstopped the Banco Ganadero de 
Colombia in the organization of four 
seminars, which took place in 
Palmirs, Valledupar, Florencia, snd 
Villavicencio. The objective was 
thst of promoting and devaloping 
professionals from the national 
instítutions and entities existíng in 
esch region. The subjects included 
updatlng the participants knowledge 
of the ecosystem; the availability of 
grasses and legumes adapted to each 
ecosystem; pasture development and 
establishment; management practices 
for the establishment of forage grass 
and legume pastures; and, finally, 
the possibilities for adopting and 
using these technologies within the 
current situation. Perspectives for 
grass and legume pasture development 
in each region were also discussed. 
A total of 164 professionals attended 
the four events. Lecturers from the 
Instituto Colombiano Agropecuario 
(ICA) and from CIAT's Tropical 
Pastures Program were invited to 
participate. The support provided by 
CIAT"s TCP in planning, organizing, 
and carrying out these seminars was 
very important. 

EVOLUTION AND SCOPE OF TRAINING 

Comparing the various research 
categories of professionals trained 
during 1988 with the average for the 
period 1980-87 (Table 8) shows an 
increase in the number of partici­
pants in the multidisciplinary course 
and speciaIization phases in contrast 
with the other categoríes whlch 
remain stable. It 18 lmportant· to 
point out the effort of the TPP and 
the TCP in the development of special 
events during the last 4 years. 
Relevant among these was the 
Course/Workshop on "Methodologies for 
the Evaluation of Pastures under 
Grazing Trials" held at CIAT' s 
headquarters in Palmira, with the 
participarion of 27 professionals 
froro 8 countries in tropical America. 
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Comparing disciplines (Table 9) 
interest can be observed during 1988 
in areas such as Pasrure Quality, 
Soils, Pasture Development, and 
Ecophystology. Worth mentioning is 
the effort in the Soils/Plant 
Nurririon section in training 7 
professionals during 1988 in directed 
specializations in soil microbiology. 

A total of 420 profassionals have 
received training in research within 
the Tropical Pastures Program at 
CIAT-PaImira, with an intensity of 
2,001.6 man/months or 4.77 man/months 
per professional trained in the period 
1980-1988. 

Table 10 presents data on profes­
sionals trainad at CIAT by 
disciplines; the sections of the TPP 
that trained more professionals during 
the period 1980-1988 were Pasture 
Quality, Seed Production, Agronomy, 
and Soils/Plant Nutrition with 88, 73, 
61, and 55 professionals trained, 
respectively. 

Analysis of data on professionals 
trained at CIAT, by research 
categories and countries of origin 
during the period 1980-1988 (Table 11) 
shows that the countries with the 
greater numbers of participants were 
Bolivia, Brazil, Colombia, Cuba, 
Mexico, Panaroa, and Peru. These 
countries are located within the 
target area where the TPP concentrates 
its greater efforts in developing 
improved tropical pastures 
technolog ies. 

Table 12 shows that the number of 
professionals trained st CIAT 
increased to 65 in 1988, 27 of which 
participated in the special course of 
the Qual1ty ahd Productiv1ty section 
of the TPP. Of the total number of 
professionals trained during 1980-
1988, 5.7 and 5.9% were dedicated to 
research for a postgraduate thesis at 



Table 8. Comparison by training categories of professionals 
trained year 1988 vs. average 1980-1987. 

No.ofde Partic1~ants 
Prom.Years 

Categories 1980-87 1988 

A Multidisciplinary Course 4 2 

B Spec. + Mult. Course 17.4 23 (lla ) 

C Specialization 10.9 9 

D (8 + C) 28.3 32 Ola) 

E MS Tbesis 2.9 2 

D Ph.D. Tbesis 1.4 1 

G Special Courses (26b• 2Sb) 27 c (I la) 
, 

In parenthesis No. of participants in special events. 

!I Participants in the Multidisciplinary Course and Special 
Course as Specializat1on. 

~I Participants in the Special Courses on Seed Production 84 
and 86, respectively. 

~I Special Course: Methodologies Grazing Trials. 
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Table 9. Comparison by disciplines of professionals trained, 
year 1988 vs. average 1980-87. 

Average 
Disciplines 1980-98 1988 

Agronomy 7. 1 4 

Pasture Development 1.8 3 

Economics + Social Sc:!. .9 1 

Entomology 1 2 

Farms-Systems 2.3 2 

Physiology 0.8 2 

Pasture Quality 6 13 Ola) 

Pathology .9 1 

Production 0.8 1 

Seeds b 2.4 (26 , 2Sb ) 3 

Soils 5.5 11 pc) 

In parenthesis number of participants in apecial events. 

al Participants in the Multidisciplinary Course and Special 
Course as Specialization. 

~I Participants in the Special Courses on Seed Production 84 
and 86, respectively. 

~I Participants in directed specialization in soi1 microbiology 
(Rhizobiology) • 
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Cuadro 10. Profesionales capacitados en el CIAT por Programa o Unidad, disciplina de especialización y categoría d. capacitación 
desde 1980 hasta 1988. 

mININO CATEGORY 
Vlsiting Re.eareher Special lotensi ... l!Ul-

Associate Visiting aesearcher Cour •• Ud1sdpUllary 
Course 

Special1"acirn 
+ Intensive 

PROGRAM: PASTURES TheBi. No. !hesis Sp.cial- Multidisdplin. 
Ph.ll. Th •• 1s ME izat10n Course Sub-totales 

No. Months No. lIontb. No. Montb. No. Montbs No. Montbs No. Honths No. Honths 110. Honth.---_ ............. _._-- --_ .......... _._-_ ..... -
DISCIPLINE: 

ADII.EXPTL.STATION 1 (3.9) I (l.9> 
AGRONOMY 1 (32.6) 3 (53.6) 14 (41.6) 43 (213.3) 61 041.0 
BIOTECHNOLOGY 1 (4.9) 1 (4.9> 

~ TRAINING + COMM. 1 (4.4) 1 (4.4) 
<O PASTORE DEVELOPMENT 1 22.6) 6 (26.5) 10 (50.7) 17 (99.8) 1 
~ ECONOMICS + SOC.SeI. (0.8) 3 (24.5) 9 (20.9) 3 (14.0) 16 (60.2) w 

EI¡TOIIOLOGY 2 (11. 9) 6 (20.2) 2 (16.7) 10 (48.8) 
FARIIS-5YSTEMS 1 (33.1) 2 (2.9) 17 (78.7) 20 (114.7) 
PHYSIOLOGY 1 (18.8) 1 (18.4) 1 (1.4) 1 (2.7) 4 (24.5) 8 (65.8) 
INTERDISCIPLINARY 2 (2.3) 34 (71 .5) 36 (73.8) 
PAHURE QUALITY 3 004.9) 2 (5.3) 6 (113.1) 14 (26.3) 25 (161.0) 27 (29.2) 11 (24.9) 88 (464.7) 
IMPROVEMENT 1 (3.4) 1 (3.4) 
PATHOLOG'f 1 06.1) 4 (18.1) 3 (20.6) 8 (54.8) 
PRODUCTION 1 (2.1) 6 (27.3) 7 (29.4) 
GENETIC RESOURCES 2 (59.1) 2 (23.0) 7 (11. 5) 3 (20.6) 14 005.8) 
REAL TM, ANIMAL MGI!T. 2 (9.6) 1 (5.4) 3 (!S.O) 
SEEDS 1 02.5) 2 (26.2) 7 (19.9) 12 (59.4) 51 (42.1) 73 (160.1) 
SOILS 3 (64.9) 4 (66.8) 4 (31.9) 24 (58.9) 20 028.5) 55 (351.0) 

TOTAL PROGRAM 12 (315.5) 12 009.5) 25 (324.3) 96 (259.1) 152 (825.5) 78 (71.3) 4S (96.4) 420(2001.6) 
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Table 11. Number and man/month of profesaional tra1ned 1n CIAT from 1980-1988. 

PROG~: PASTURES 

ANTIGUA 
ARGENTINA 
BARBADOS 
BELIZE 
BOLIVIA 
BBAZIL 
CHILE 
COLOMBIA 
COSTA RICA 
CUBA 
ECUADOR 
GUATEl1AIA 
GUYANA 
HAI!! 
HONDURAS 
MEXIeo 
NICARAGUA 
PA.'1A.'!A 
PARAGUAY 
PERU 
DOMINICAl! REP. 
VENEZtrELA 

VisitingRes.areher 
Associate 

Thes1s 
Ph.D. 

3 (59.1) 

I (36.7) 

1 (18.8) 

No. 
Thea1a 

1 (39.8) 

3 (8.0) 

1 (1.3) 
1 <3.4) 

I (6.9) 

1 (0.8) 

TMINING CATEGORY 

Visit1ng Researcher 

Thulo 
liS 

1 (lO. 7) 
2 (27.0) 

13 (116.0) 

1 (8.5) 

1 (l2.0) 

1 (32.7) 

5 (105.9) 

1 (11.5 ) 

Sl'ecial­
fzatlon 

1 (1.9) 
2 (2.3) 
1 (l.0) 
1 (l.!) 
3 (6.2) 

20 (64.3) 
2 0.4) 
9 (28.2) 

23 (84.1) 
7 (9.0) 
1 (2.9) 

1 05.3) 

S (4.0) 
2 (2.9) 
5 (10.2) 

3 (12.9) 

Spec1alizac1ón 
+ Intenslve 
Multldisciplin. 

Course 

1 (l.9) 
11 (66.4) 
20 006.1) 

15 (82.8) 
4 (20 • .5) 
8 (37.1) 
3 (21.2) 
J (14.0 

9 (40.7) 
12 (72.9) 
12 (61.5) 
14 (78.4) 
2 01. 9) 

23 (144.3) 
9 (44.8) 
5 (20.9) 

Spedal 
Course 

2 (I.7l 

7 (5.3) 
12 (11.6) 

15 03.1) 
4 (3.5) 
2 (2.3) 
I (l.0) 
2 (2.0) 

3 (2.7) 
9 (8.8) 
1 (0.8) 
4 (3.8) 
1 0.2) 

11 00.2) 

4 (J.3) 

Ial:ensiv .. ""1-
tidisc1pl1nary 

Coaue 

2 (4.0) 

2 (4.6) 
6 02.8) 

18 (37.7) 
3 (7.1) 

3 (6.3) 

6 (12.5) 

4 (9.0) 

1 (2.4) 

Sub-totales 

1 (1.9) 
7 (47.8) 
1 (1.0) 
2 (3.0) 

24 (93.2) 
63 (229.8) 

2 (1.: ) 
73 036.9) 
12 (32.4) 
34 (126.9) 
16 (46.0) 

6 (19.0) 
I (12.0) 
I (6.9) 

12 (4).6) 
34 (109.5) 
15 (131.1) 
23 (86.2) 
5 (16.0) 

49 (280.4) 
9 (44.8) 

15 (69.8) 



~ 

'" I -'" 

TabIe 11. Concinued. 

PROGRAM, PASTORES 

Visiting Researcher 
Associate 

TRA!N!NG CATEGORY 

Visit1ng Re.earcher 

Speeialización 
+ Intensive 

!hesi. No. !hesi. Special- Multidisciplin. 

Special 
Course 

¡ntensl .... !!ul­
tidiscipUna.., 

toune 

Ph.D. !hesi. MS l%atlon Course Sub-totales 
No. Month. No. Manth. No. Montn. No. Moneno Ne. Menth. No. HOnth. Bo. Konchs Bo. MOnthl 

ASIA: 
RE'P:" OF CH INA 
TllAlLAND 

AFRICA, 
UGANDA 

DEVELOPED COUNTRIES: 
GERMA..'1Y 
UNITED STATES 
UNITED KINGDOM 
SIIITZERLAND 

TOTAL PROORAM 

5 (159.9) 
1 (8.0) 

1 (33.0) 

1 02.5) 
1 (1.0) 

1 (17.4) 
1 08.4) 

1 

1 
1 

1 02.5) 
(1.0) 2 (2.0) 

(1. 7) 1 (1.7) 

(6.0) (; (165.9) 
(2.7) l (2B.!) 

1 (18.4) 
1 (33.0) 

I2cm.sT 12 009.5) 2.5(324.3) 96(259.1f 152 (8253}--r8 (i'r:3) 45 (96:4) 4211(200L6J 



Table 12. Number and man/months of profesaionals trained in CIAT per category each year~ 

TRAINING CATEGORY 
Visitlng Researcher SpeéiAl Intensive Mul-

Associate Visiting Researcher Course tid1sc1pl:lnary 
Cours4 

Specialización 
... Intensive 

PROGRAM: PASTURES Thesi. No. Thedo 5pecial- lIultid 1sdpl1n. 
"b.D. Tb.si. 1'15 ization Course Sub-totales 

No. Months No. Months No. Menths No. Menth. No. Menth. No. Months No. Montb. 1'10. Montha 

YEARS OF TRAININT: 

1980 4 031. 9) 4 (61. 9) 4 (92.1) 10 (43.6) 21 004.2) 6 005.5) 43 (284.7) 

<.O 1981 3 (62.0) (6.9) 4 (48.8) 8 (23.6 ) 12 (65.1) S (ll.4) 33 (217.8) I 
~ 

'" 1982 5 (9.8) 3 (22.6) 13 (19.1) 15 (70.5) 2 (4.4) 38 Cl26.4} 

1983 1 (23.9) 4 07.7) 4 (12.7) 20 009.3) 2 (4.1) 31 087.7) 

1984 2 (62.6) 2 (30.9) (5.8) 3 (8.6) 19 011.2) 26 (16.2) I (2.3) 54 (238.6) 

1985 03.0) 3 (41.5 ) 12 01.3) 13 (78. I) 4 (7.4) J3 091.3) 

1986 3 (59.4) 16 06.9) 17 (102.6) 25 (25.9) 3 (5.4) 64 (220.2) 

1987 (1.4 ) 21 (67.9) 22 022.2) 9 (16.9) 53 (Z08.4) 

1988 1 (2. J) 2 (24.0) 9 (I5.4) 13 (62.3) 27 (29.2) 13 (29.0) 6.5 (162.0) 

TOTAL 12 (315.5) 12 (l09.5) 25 (324.3) 96 (259.l) 152 (8Z5.5) 778 (71.3) 45 (96.4) 420(2001.6) 



the Ph.D. and MS level, respectlvely. 
During this same period 18.6% 
recelved train!ng through ad hoc 
courses on speeíf!c sUbjects-, -22.9% 
participated in the execution or 
carried out a research project as 
specializatlon within a discipline, 
36.2% attended the Intensive Multi­
disciplinary Course and continued in 
the specia1ization phase to 1eam the 
speeific technlques of the TPP, and 
only 10.7% attended exc1usively the 
Intenslve Multidisciplinary Course. 
A decrease ls observed in the 
man/month intensity per professional 
trained during the periodo For 
example, in 1980 the dedícation per 
professional trained was 6.62 
man/months while in 1988 lt was only 
2.49 man/months; this indicates that 
the basíc disciplines initially 
received greater attention while in 
1988 efforts were concentrated in 
conducting the Course/Workshop on 
"Methodology for the Evaluation of 
Pastures under Grazing Trials" 
addressed at a special audience, 
among which were professlonals who 
already had experience in this fleld 
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(59.3%) and 
cipated in 
d isciplinary 

others who had 
the Intensiva 

Course. 

parti­
Multi-

The chronologic revision by triennium 
of professionals tralned at CIA! by 
discipline and country of origin 
shows that more emphasis was placed 
during the first treiennium to the 
following disciplines: Agronomy, 
Pasture Quality, and Soils/Plant 
Nutrition and during the last period 
to Pasture Quality, Seed Production, 
and Soils/Plant Nutrition (Figure 1). 
Figure 2 shows tendencies in relation 
to the number of professionals 
trained by cauntry or origin for the 
three periade and the total for the 
period 1980-1988, which is in 
agreement with priorities established 
to caver regions whare infertile, 
acid 80i1s prevail. 

In special courses at the country 
level, the !raining and Communi­
cations Program and the Tropical 
Pastures Program have trained 118 
professionals between 1986 (ini­
tiation) and 1988 (Table 13). 
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Figure 1. Professionals trained by díscipllne. Tropical Pastures Programo 
1980-1988. 
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MEXICO 
CUBA 
HAIT! 
DOMINICAN REPUB, 
ANGITUA 
BARBADOS 
BELIZE 
GUATEMALA 
HONDURAS 
NICARAGUA 
COSTA RICA 
PANAMA 
COLOMBIA 
VENElUELA 

1980-1982 -- 1983-1985 1988-1988 

I I ~ 
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Figure 2. Professiona1s trained by countries. Tropical Pastures Programo 
1980-1988. 

80 



~ 

\D 
I 

N 
<=> 

rabie 13. Professionals trained by year at country level during the period 1986-1987. 

Year Country 

1986 Panamá 

1987 Perú 

1987 Panamá 

1988 Perú 

1988 Venezuela 

Tra1ning event 

Seminar-Workshop: 
Acid soils and pasture establishment 

Course-Workshop: 
Pasture Establishment, maintenance, and 
production in the Peruvian tropics 

Workshop meeting: 
Define present status and outline stragegies 
to improve the supply of pasture seeds in 
the Republic of Panama 

Workshap: 
Tropical pastura seeds in the Peruvian 
foresto Present situatían, strategies, and 
plans 

Seminar: 
Methodologies for the agronomic evaluation 
of tropical pastures 

Participating Professional 
Institutions trained 

IDIAP!U. Rutgers!CIAT 17 

INlAA!IVITA!CORDEU!CIAT 32 

lDIAP-CIA! 17 

INlAA-CIAT 24* 

FONAIAP!PRODETEC!CIAT 28 

TOTAl. 118 

* Includes 12 participants as responsible collaborators of forage seed actlvities attending Phase 11. 



20. Biotechnology 
Collaborat1on oi the Biotechnology 
Research Unit (BRU) with the Tropical 
Pastures Program (TPP) ineluded: 

a) Use in vitro techniques tor the 
exehang..----of Brachiaria germ­
plasm; 

b) Isozyme electrophoresis for the 
eharaeterization of Braehiaria 
species, and 

e) continue evaluatíon of 
Stylosanthes progenies regene­
rated from callus cultures. 

Brachiaria Germplasm Exchange 

In 1988, a total oi 68 Braehiaria 
spp. aeeessions were introdueed from 
ILCA, Ethiopia, to CIAT In the forro 
of sterile shoot tip cultures. This 
material has heen micropropagated in 
its majority and transplanted to the 
greenhouse for phytosanitary evalua­
tíon. 

Our of the collection transierred 
from African countries to CIAT in 
1986-86, 229 accessions have been 
disrrihuted this year to IVITA, Peru 
(112 aceession), and lICA, Costa Rica 
(117 aecessions). 

Electrophoretic Isoenzyme Charaeter­
ization of Brachiaria species 

The genus Brachiaria includes highly 
apomictie species and some with 
various levels of sexuality. Once 
sexual plants have be en identified 
within apomictic populations, crosses 
hetween apomictic plants (as polli-

nator) and sexual plants (as reeep­
tors) would allow the release of the 
genetie variahility within these 
specias; early detection oi hybrid 
plants in the F progeny would 
greatly facilitate the tasks. Isozyme 
patterns could be used as markers for 
the selection of hyhrid plants. 

In collaboration wlth Tropical 
Pastures breeders (J. Miles) work was 
earried out to develap electrophoretic 
techniques. 
a) Out of 4 enzymes tested a, 

B-Esterase (EST) provided the 
best discrlminatory power among 
15 accessions of 3 Brachiarla 
spp. tested: B. brizantha 
(apomictic), B. ruziziensis 
(sexual), and B. decumbens 
(apomictic) • 

b) Out of 4 different tissuas 
analyzed (seed, root, stem and 
leaf) , leaf t 1ssue provided the 
best isozyme a, S-EST patterns. 

e) There was not any affeet of the 
age of the plant in the field (1 
to 6 months) or in the green­
house, neither between the part 
of the leaf (apical, middle or 
basal) (Figure I) nor the hour 
of the day of sampling on the 
pattern of a, S-EST. 

d) The most polymorphie accessions 
of sexual and apomietic species 
have he en ehosen to carry out 
crosses .. 

e) Preliminary analysis a, 8-EST 



L--_----JII>.-_----JIIL--_---II ...... 1 __ ---1IIL-__ ---l 
B. ruziziensis 

(16103) 
B.decumbens B.brizantha B.decumbens B. brizantha 

(606) (6686) (606) (6686) 

Figure 1. Esterase isozyme patterns of Brachiaria species. 
Enzyme \'/as extracted frcrn apical (Al, medium (tl) and basal 
(D) parts of second and third leaves. 
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electrophoresis of Fl plantlets 
ahow in various individuala 
allele segregation in soma enzyme 
loei. Further analysis of these 
materíals should allow lnterpre­
tation of segregation patterns 
and possible hybrídization. The 
analysis of 0:, and S-EST sepa­
rately should facilita te analysis 
and interpretation. 

Somaclonal Variation in Stylosanthes 

In previous work we have reported on 
the development of plant regeneration 
t:echniques from leaf derived callus 
on the one hand and leaf misophyll 
protoplasts on the other of S. 
guianensis, S. capitata, and S. 
macrocephala. We have also shown the 
occurrence of cytological and 
morphological variability in eell 
suspension cultures and in the 
regenerated (R 1) plants of S. 
guianensis. 

In this opportunity we report the 
assessment of variability in S. 
guianensis, CIAT 2243, in first 
generation selfed lines (RZ 1ines) 
derived from 76 regenerated (R

1
) 

plants, compared with the original 
check genotype in a replicated fie1d 
trial at CIAT-Quilichao for 8 
agronomíc trials. We also report on 
the evaluatíon of a few Unes (R3 lines) selected out of the R2 lines, for a few traits in the same 
site. Work carried out in 
collaboration with Tropical Pastures 
breeder (J. Miles). 

Evaluation of tirst generatíon selfed 
lines (R2 lines) 

For five of the eight traits 
measured, diploid (2X) and tetraploid 
(4X) (induced by tisBue culture) 
differed. Where comparable traits 
were measured in the R

1 
and R2 generations, the difference between 

2X snd 4X were in the same direction 
(Table 1), i.e. larger leaves, larger 
internodes, and shorter stems for 4X 
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than for 2X. Seed weight of 
R plants was greater than 
bÓt did not differ by ploidy 
R2 lines. 

the 4X 
for 2X 
in the 

For all traíts, except seed weíght 2X 
R progenies different from the 
c~eck entires Were obtained (Table 2). 
Leaf size tended to be greater for 
R

2 
progenies than for checks, a 

trend similar to that found in the 
sel generation. However, the 
direction of induced differences for 
internode length and maximum stem 
length detected in the R lines was 
reversed relative to that tound ln the 
RJ' Differences were detected among 
tlle 10 tetraploid RZ progenies for 4 
of 8 traits measured; 

The major effeet of in vitro callus 
culture on the S. guianensis line used 
was relative to the high rate of 
tetraploidy. The faet that 4X dif­
fered phenotypically from 2X suggests 
that induction of tetraplpídy might be 
exploited in ~. guianensis breeding. 
The phenotypic differences between 
induced 4X and 2X genotypes appear to 
be stable over the sexual generatíon. 

Differences observed in the R 
plants were not consístently expressed 
in the R

2 
progenies, and in fact, no 

correlat10n between RI parent pheno­
t:ype and mean R2 progeny phenotype 
was detected suggesting that Rl 
phenotype ís not a reliable express ion 
of the genetlc change lnduced by in 
vitro culture. Hence, selection among 
induced genetic variants should be 
developed at last until the Rz gene­
ratíon and followed to tne R3 
generatíon. 

The number of progenies observed wss 
relatively small (only 760), and 
larger populations would probably 
yield geno- types superior to the 
original. However, a few R2 lines 
were selected which showed average 
values in sorne characters superior to 
the check. Selfed seed was collected 
from these lines for evaluatian in the 
same location. 



Evaluation oi selected second gene­
ratiOü selied ilnes (R~ 

Selfed aeed of R2 lines was 
obtained, germinated and transplanted 
to the field (CIAT-QUILICHAO), with 
10 replicates each, and compared with 
the check CIAT 2243 self progeny. 

Lines selected for this evaluatíon: 

Ploidy R
2 

line Ma1n attrl-
No. butes in the the 

!2 ¡¡eneration 

Diploid 18 Leaf area, vigor 
Diploid 26 Reaction to 

anthracnose, 
seed production 

Diploid 52 Vigor 
Diploid 57 Vigor, maximum 

radius 
Tetraploid 5 Vigor, reaction 

to anthracnose 

Table 3 shows that except reaction to 
anthracnose in CIAT-Quilichao, none 
of the dipIoid R~ lines differed 
from the check Tine. Number of 
stema, maximum radius, vigor and leaf 
area did not differed from the check. 
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Line 26 was significantly more 
tolerant to anthracnose than the 
check. The diploid Hne 5 had 
significantly higher tolerance to 
anthracnose larger l!!af area and 
vigor than the check line, and 
significant1y smaller maximum radius 
than the check. 

These results show that the relative 
tolerance to anthracnose of line 26 
observed in R generatíon was 
transmitted to tts progeny in the 
R) generation; similarly" the vigor 
and tolerance to anthracnose of the 
tetraploid line 5 also was transmit­
ted to its progeny. 

The "rare" phenotypes detected in the 
RZ generation, i.e. chlorotic, 
bushy-type architecture and the by­
foliated leaves have also been trans­
mitted to its selfed progeny (R 3 lines). 

This work has demonstrated the 
occurrence of heritable genetic 
variation through in vitro culture of 
~. guianensis. Further evaluation of 
lines 26 (diploid) and 5 (tetraploid) 
should be conducted to ascertain 
their agronomic usefulness. 



Table l. Assessment of self progeny (R lines) of diploid or tetraploid 
~. guianensis plants regenerated from tissue culture. 

Trait 

2 Leaf area (cm ) 

Stem number 

Internode length 

Maximum radius 

% dry matter 

Anthracnose reaction 

Seed yield/plant (mg) 

100-seed wt (mg!plant) 

Diploids a 
(70 plants) 

0.818 

3.3 

4.16 

97.4 

50.1 

2.7 

0.317 

219.4 

l! Means of 15 single plant replicates. 

n.s. ~ No significant (0.05). 

**. *** : Different at 0.01 or 0.001. respectively. 

Tetraploids 1 

(lO plants) 

1.142 *** 

3.3 n.s. 

4.32 ** 

75.7 *** 

54.0 *** 

2.5 *** 

0.093 *** 

217.8 n.s .. 

Table 2. Comparison of check progeny (CIAT 2243) with first generation 
selfed progenies (R2) of tissue culture derived diploid 
~. guianensis plants for 8 traits. 

Trait 

Leaf area (cm2
) 

Stem number 

Internode length (cm) 

Maximum radius (cm) 

% dry matter 

Anthracnose reaction 

Seed yield (g/plant) 

100-seed wt (mg) 

Number of diploid lines 
Check* Range diplolds Less than** Greater than 

0.76 

3.7 

4.2 

106.0 

50.6 

2.2 

0.5 

0.64 - 1.1 

2.7 3.9 

3.6 4.5 

72.0 -110.0 

46.1 - 54.3 

1.5 3.9 

0.1 0.9 

222.0 192.0 -289.0 

2 

18 

4 

20 

4 

O 

24 

O 

20 

O 

O 

O 

1 

16 

1 

O 

* Means oí 60 single plant-replicates. 

** Significantly different from check mean (0.05). 
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TabIe 3. Means for five traits in second generatíon selfad lines (R~) of tissue culture regenerated 
plants as comparad to the check salfad progeny CIAT 2243, _. guianensis. 

RJ Hne Ploidy* No. stems Maximum Vigor Leaf Reaction tú area 
No. radlus 

Anthracnose 

26 Diploid 4.8 A 1.4 AB 3.8 AB 1.5 B 2.0 BC 

18 Diploid 4.6 A 1.4 A 4.2 AB 1.4 B 2.7 AB 

57 Diploid 4.2 A 1.3B 3.8 AB 1.6 B 3.0 A 

52 DipIoid 4.2 A 1.4AB 3.6 AB 1.3 B 2.8 AB 

5 Tetraploid 3.6 A 0.9 C 4.6 A 2.3 A 1.6 C 

'" o Check 4.2 A 1.4 AB 3.4 B 1.6 B 3.1 A , 
~ 

* 2X and 4X tissue culture induced lines. 

Means with the same letter are not significantly different (0.05). 
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21. Agroecological Studies 

CENTRAL AMERICAN DATABAS E 

Purpose 

In order to assist the Tropical 
Pastures Program, TPP, in its move to 
Central America and the Carlbbean the 
Agroecological Studies Unit, AEU, is 
creating a database of agroecological 
informatían. This conslsts of 
informatíon on sails, actual land use 
(pastures) and climate. Although the 
TPP 18 mainly interested in the 
moderately acid and ínfertile 
pastures areas, the data collection 
ís sufficiently complete to be of use 
to other CIAT commodíties who have an 
ínterest in Central America and the 
Caribbean. 

THE PROCESS 

The initial stage of the work 
consisted of reviewing the 
information on s011s, actual land use 
(pastures), climate... available in 
CIAT. This stage was followed by the 
collection of secondary information 
from national and international 
institutions visited throughout the 
region and other places. The 
information was then selected, 
extracted, standardized and mapped 
tor each of the countries involved. 
The final results are being 
incorporated into ClAT's database. 

The countries visited were Panama, 
Costa Rica, Nicaragua, Honduras, El 
Salvador, Guatemala, Mexlco, Belize, 
Dominican Republic, Haiti, Cuba and 

the United States (Land Tenure Center, 
University of Wisconsin). 

Numerous institutions were vls1ted 
(See Tab le 1). The first ones to be 
contacted during the meeting of the 
Red Internacional de Evaluación de 
Pastos Tropicales, RIEPT, in David, 
Panama in 1987 were those related to 
agriculture, pastures, or animal 
production. Contacts were then 
extended to other institutions related 
to statistics and census, geography 
natural resources, meteorology. etc. 
More than 95 1nstitutions were visited 
during these trips. Many of these 
were different to those normally 
visited by CIAT scientists. 

SELECTED SOILS INFORMATION 

The compiled maps range in numbers 
from 1 for Nicaragua, Honduras, El 
Salvador... to more than 130 tor 
Panama at scales between 1:20,000 tor 
Panaroa and 1:1.000.000 for Honduras 
and Mexico. Al! maps are being 
rescaled at 1:500.000. For Belize, 
the classification system i8 a local 
one and the legend 18 not 
selt-explanatory. Guatemala has an 
old local system conslsting only of 
profile descriptions and it was 
necessary to reclassify these 
descriptions into FAO/Soil Taxonomy. 
The Cuban system was dlfficult to 
transfer into FAO/Soil taxonomy 
systems especially for their mountain 
soils. Panama, Costa Rica, Nicaragua, 
Honduras, El Salvador and Dominican 
Republic are a11 classified with oId 



TABLE l. Number and type of Institutions I Sections visited 

Country * 1 2 3 4 

PANAMA 1 3 3 2 
COSTA RICA 1 2 2 1 
NICARAGUA 1 3 1 1 
HONDURAS 1 2 1 1 
EL SALVADOR 2 1 4 2 
GUATEMALA 1 1 3 2 
BELIZE 1 1 2 1 
MEXICO 4 1 1 1 
DOMINICAN 

REPUBLIC 1 3 1 3 
HAITI 1 1 1 1 
CUBA 1 1 1 
(USA) 

15 19 20 15 

* 1 : Statistics, Census 
2: Geographic 
3: Agricultural, Pastures, An1lllal 
4: Meteorological, Hydrolog1cal 
5: Natural resources (S011s) 
6: Economics, Other technical 
7: Universities, Training 
8: International 

U.S. systems or with different levels 
and modifications of Soil Taxonomy. 
Mexico used a modified vers10n of the 
FAO, 1974 system. Soils information 
for Haiti has been supplied by the 
agricultural Development Support 
Project, ADS-II (USAID) database. 

The so11 maps with varying seales and 
classification systems for the 
different countries follow a series of 
transformatíons untíl a uniform s011s 
map for the whole region 19 produced. 
Initially (Figure 1) al1 the maps are 
rescaled to 1:500.000. Next the 
different classification systems are 
standardized, ego Figure 2 shows a 
standardizatíon to FAO system. And 
finally the soíl mapping uní ts are 
matched across borders (Figure 3) 
using addit iona1 help from geology, 
vegetation and topography mapa as 
well as landsat imagery ••• 

5 6 7 8 

1 1 1 12 
1 1 1 9 
1 7 
1 2 1 9 
2 1 12 
1 8 

5 
1 1 1 10 

2 1 1 12 
1 1 6 
1 4 

1 1 
12 6 3 5 95+ 

production 

Se1ected Actual Land Use (pastures) 
information 

The compiled information for actual 
land use (pastures) consists mainly 
of Censos Agropecuarios; actual land 
use maps varying in numbers between 1 
and 12 and in scales between 
1: 200.000 and 1: 1. 000.000; and other 
1nformation such as diagnósticos 
ganaderos, encuestas ganaderas, 
anuarios estadlsticos. planes 
operativos, and Landsat imagery. Al1 
the data are standardized. mapped and 
rescaled at 1:500.000. 

Figure 4 18 an example showing the 
number of ha of pastures and their 
distribution in Panama and Costa Rica 
based on the Mapa División Polltico 
Administrativo de Panamá, 1970; the 
Mapa Físico-Político de Costa Rica, 
1974; the information on pastures by 
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FJGURE 1. OIUGINAL SOlLS NAI'S 
RESCALlW 

!lorder GuotcIlI"lB-lIonuuros-El Salvauor 
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FIGUUE 2. SOILS SYSTENS STANDARDIZIlD 

Uoruer GuateJllala-lIom.luras-El Salvador 

o 25 
: 

km 

50 
I 



21-5 

F1GUllE 3. SOlL NAl'l'lNll UNlTS 
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corregimiento or distrito. from the 
Censo Agropecuario de Panamá, 1980; 
and froID the Tabulados Censo 
Agropecuario de Costa Rica, 1984; the 
informatíon of geographic coordina tes 
froID The Panama and the Canal Zone 
gazet taer, 1969; and the Costa Rica 
gazetteer, 1983; and the information 
of coasts, islands. lakes. rivers and 
boundarles froID the CIAT database 
(World database 11). 

Cllmatic information 

Historie daily meteorological data 
have been collected in variety of 
forms, either as documents, diskettes 
or magnetic tapes. This la being 
catalogued for future de tailed 
studles. 

Long term cl1matic data are being 

directly incorporated 1Uto tne 
exlsting CIAr climate database South 
American Mean Meteorological Data, 
SAMMDATA, which now contains data for 
more than 6500 stations in Latin 
America. 

Assembling the Database 

Digitb:ation of the So11 maps is now 
on the way. Data on pasture areaa and 
heads of cattle are being transcribed 
from the census informatlon and 
converted into geographic data files. 
Digitization of actual land use 
(pastures) mapa will follow. An 
overlay of this information with that 
already contained in the climate 
database will allow an accurate 
analysis of the situation of pastures 
in Central American and the Caribbean. 
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