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INTRODUCTION

| The Tropical Pastuies Program of CIAT (Centro Intemacional de Agncultura
‘ Tropical) has worked cooperatively with ICA (Institu.o Colombiano Agropecuano)
‘ since 1970 at Canmagua a national agnicultural research center i the Eastern
| Plains of Colombia Cartmagua 1s lacated at 4937 b Lat 71936 W Long atan al
‘ utude of 175 m Average anpual ramnfali s 2 100 mm distnbuted from Apnl to De
[ cember Mean annual temperature 15 26°C mean minunum 1s 20°C medn maxi
| mum 18 33°C The predomunant sous are fine textured Oxsols {Tropeptic Haplus
tox 1sohyperthermic) The chem:cal charactenstes of a well draned profile from
l Canmagua are shown 1n Table 1
The objectrves of resea ch conducted at € nmagn nclude the development
: of low cost low mput technology to increas livestock production on the said n
} ferttle sasannas of Tropical Amenea Since forage quality 1s recognized ¢s the prin
| cipal Inmting factor in these ecosystems the program has focused on the collucnion
and testung of legumes and grasses meost of which have evolved in similar ecosys
tems
Several promusing species have been identified since the program was imtiated
1n 1970 Among them are Andropogon goyanus Kunth var bisquamulatus (CIAT
! ecotype 621) and Srylosanthes captta ¢ Yog (Centro irternacional de Agriculiura
Tropical 1977)

A gayanus (Gamba grass) =5 a large tufied perenmal grass of West Affican
ongin It 15 widely distnbuted across a belt of savannas with average annual ranfall
rangng from = 600 to 1 400 mm It forms dense tussocks up to 1 mn diameter
and 2 m in hoight Bowden (1964) Introduced into the Colombian Llanos from
Morthorn Mgenie i 1974 (Grof 1981) A gayanus proved to be very well adapted to
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the soul and climate of the ecosystem yielding over 17 T D M /ha/year (Centro In
ternacional de Agnicultura Tropical 1978 and Jones 1979)

S captata 35 a perenmal self regenerating legume native to Brazil and Vene
zuela (Grof et al 1979) Introduced to Colombia in 1974 1t is considered one of the
most promusing legumes for the Llanos ecosystem It combines tolerance to an
thracnese and stemborer attack and s very productive on extremely actd highly
Al saturated soils (Centro Internacional de Agricultura Tropical 1977)

TABLE 2 Recommanded Fertibzer Rates for A gayanus x § capita a associations {kg/ha)

Ohyec we d K Mg 5 Ca
Establishment 22 20 12 12 100
Maintenance ) 10 8 8 25

From Spain JM {ed ) 1982

PERFORMANCE AND MANAGEMENT OF THE ASSOCIATION

These two species were planted 1n association at Carumagua for the first time
in 1976 and imitial results were very favorable The hugh seed production potental
of S caprtata was considered a key self propagation mechamsm which would con
tribute to a stable muxture with 4 gayanus under grazing (Centro internicional de
Agricultura Tropical 1978) A note of caution was sounded by the report that §
capitata seedlings were often dwarfed and exhibited severe potassium ard magne
sium deficiency symptoms in the presence of mature A gayanus plants These
observations underscored the importance of competitive nterference in grass
legume assouiations (Centro Internacional de Agricultura Tropical 1978)
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By 1981 the association had proven to be hughly productive resulting in hve
weight gans of up to 200 kg/amumal/year and 320 kg/hafyr However low vigor of
sccond generation § caprrata seedungs under granng was identified as a problem
and objective of future rescarch {Centro Internacional de Agncultura Tropical
1981) This problem 1s now thought to be one of the main causes of Lhmited
persistence of the legume in the association under present management condittons

Grazing

A gayanus/S capitata pastures at Canmagua have been grazed coatinuously
with seasonal adjustment of stocking rates 2 animals/ha during the 8 months rainy
season 1 ammal/ha dunng the dry Grazing usually starts toward the end of the
year of establishment

Fertihizer

In the CIAT general recommendations for pasture estabhishment edited by
Spam {1982} fertibzer application rates are separated 1n two categonies establish
ment and mamntenance Cstablishment are selected to provide for the rapid establish
ment of vigorous stands Rates are based on results of several years of monoculture
small plot experiments under cutting managemen. Phosphorus and calcium from
basic slag or rock phosphate are usually banded with the sced and other nutrnents
are broadeast to prevent seedling damage from excessive selt concentration Mante
nance rates ¢ ¢ «striated from extraction data denved from the same plots adjus
ted to allow for recycling by the grazing ammals The recommended ferubizer rates
for 4 gayanus/S capitata associations re shown 1 Table 2

Developmental stages of the A gayanus x § capitata assoclation

A gayanus 18 a rather weak seedling but once established 1t1sa strongly com
pet:tive perenntal 1 the Colombian Lianos In contrast S capifata 1s a strong seed
ung and rapidly develops into a robuast plant Howesver 1t does not behave as a true
perennia! 1n the Canmagua ecosystem but more as a bienmal depending on seed for
self rzgeneration This gives nse to three developmental stages in the hfe of the asso
cation establishment postestablishment and legume stand mamntenance (self rege
ne at:on}

Establishment

Since the two species are established by seed this stage includes germunation
and seedhing development of both components it 1s recommended that the two
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species be planted simultancously 1 separate rows 0 50 to 1 000 m apart At this
stage 5 capuelg 1s often the dominant species due to greater seed reserves and
mor~ vigorous early growth The lugume also rapidly develops a strong tap root sys
tem wluch effectively protects the seedlng dunng peniods of water stress which
often occur early in the rany season

Post-establishment

By the end of the first year and through the second a good balance between
the legume and grass components 1s usually achieved and mamntamed There are
however stnkimg morphological differences between the two species which undoub
tedly condition their nutnent needs and uptake and affect thur competstive abily
ties

The root system of 4 gavenus has been studied 1n detail by Bowden (1963)
who derufied three morphologicaly distinct types 1brous roots extending lateral
ly over I m from the plant cord roots extending at a 30 to 402 angle to the soil
sutface for approumately S0 cm and vertical roots whuch penetrate to depths grea
ter than 80cm These fractions represented 50 40 and 10% of the tota} root weight
Ore of the autbors has repeatedly observed a stzong depressing effect of A guy anus
plants an the growth of scedlings of the same and oler species which comnades
with the approumately 1 1 lungth of the fibrous root system rteported by Bowden
{op «t) The root system of § ceprtata has not been studied in such detal but 1t
appears to have a typical tap root penetrating to 1 50 m or more depth judping
from so1l moisture extraction studies at Carimagua which show that Jate flowermg
S capirata ecotypes can extract all of the avarlable water from the profile to a

depth of 1 50 m by the end of the dry season (Centro Internacional de Agricultura
Tropical 1979)

Several studies have shown that cation exchange capacity of legume roots 1s
about wwice that of grass roots This may be an explanation for the advantage of
grasses in the wptake of K and other monovalent cations 1n competition with leg
umes {Asher & Ozanne 1961 and Haynes 1980)

A gayanus appears to be particularly responsive to K ferthzauon In 2 fie'd
tnal Canmagua 1t did not respond to Pzpphication i the absence of k. while s1gn1
ficant responses up 10 44 kgfha of P were obtained when 30 and 80 kg/ha K were
apphed This trial revealed a higher efficiency of K utihzation for 4 geyanus than
for Brech.ar decumbens and B hun icoln (Centro Internacional de Agricultura
Tropical 1980)

Legume stand maintenance {self regeneration)

The two species have very different pattems of persistence With appropriate
manragement stand marntenance of 4, gayanus s no problem onginal planting pat
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terns can still be observed § years after planting In contrast S cgpirata “mother
plants start degenerating toward the end of the second year or early in the third
and the legume fraction of the pasture dechines sharply thus regenerat.on from seed
15 a key mechamsm for stand maintenance The legume 1s a prolific seeder more
than 1000 seedhings per m? have been observed in A gajerus associations in Can
magua (M Sanchez personal communiwation) but the number of seedlings dec ea
ses rapidlv under grazing. The mgjo v mun sturted at abodt 3 to 4 cm herght
with qunute chloroticleaves faling to effectively replace the rapidly declining ongs
nal stand Tissue analyses of these planis confirm severe K deficiency status (I Va
lencia unpublished data) Many plants of this type can be found in the older pastu
res 1n Canmogua and 1t 1s rather obvious that they do not contnbute significanty
to forage quality nor volurme

EXPERIMENTAL WORK

It 15 clear that the stage of legume self regenerauon 1s of great importance to
the suraval of the association and although there must be other factors invohed
competitive interference between mature 4 gayanus plants and § capiraia seedlings
appears to be a mzjor lirutation

To study the elfect of root competition on legumes self regeneration an ex
pertment was conducted duning the rainy season of 1981 In a 3 year old stand of
A gayanus CIAT 621 § capitata CIAT 1019 was seeded 1in PVC cylinders 15 ¢em
diameter x 30 em length which were dnven into the soil between A gayanus rows
to exclude A gayanus roots from the rhurosphere of S capitata seedhings In
another treatment 3 cm rings of the same pipe were placed on the surface 1o de
fine the treatment area while continuing to aliow root competition Population den
sity of § caputata was set at 100 seedlings perm? A mussing nutrient element senes
was supenmposed as split plots on the mary retrents oot compeution and no-
root competition The complete fertibzer trea ment consisted of the following
rates {xg/ha} SON 20P 40k 1Q0Ca 20Mg 20S 4Zn 2Cu 1B o 1Mo 2nd O 5~
The effect of competition was much greater than that of nutnients the ¢ were ten
fold differences in dry matter production between root competition and non root
competition treatments A most interesting result was that the ranking o der of

cntical  nutrients changed between tne root competiyon and non compeution
treatmenis Although K an important cnucal factor in both situations nitrogen ap-
peared to improve the coripetitive ability of A geyanus to the detnment of § capr
tate seedhings in the root competiucn treatments o5 shownin Table 3

The overnding effect of root competition in this expenment wnderscores the
unportance of competitive mterference The results also suggest that the rale of
N 1s one of non conpettive wnterference Harper (1964) defined non competitine
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TABLE 3 The effect o! mutrnents and root compettton f om the compan on grass on dry mat
ter product on of 5 cap rata seedlings.

Treatnent g0%{10 plants Maxinum v elg (%)
NC' comp ete 623a° 100
NC m nus Ca 8802 29
NC minus migrenutnents 664a a6
NC minus Mg 642a 93
NC munus § /’ (j j 638a
NC minus # Cdrm e 005, gg
NC munus N 594 a 86
~ NC minus & 476b 69 «~
NC mi! 206¢ 30
Cminus N 116 cd 17
C minus Ca ! 080d
CmnusP C‘Gﬂf’"‘n‘ AL G 076d :f
C Comuplete g70d 10
Crminus 3 066d 10
C menus micronutrients 066 d 10
C rminus Mg C524d 8
g il « 036d 5
— C minus — 02Bd
4 mer

1

C = root competition NC = no root competition

2
Number followed by the same letter are not ssgnificantly different (P < 0 05)

sntetference as the direct sumulation of one species by another 1n an association
The positive response of 5 capitata to the munus N treatment under root competl
tion suggests that nitrogen »s stumulating the compeutive ability of A gayanus Nt
trogen fixed by § capitaty 1n the assoctation should have the same effect thus ex

platung the cyclic nature of grass and legume vigor observed 1n the older Canmagua
pastures

DISCUSSION

The present concepts of mamntenance fertilization although useful for many
tropical forage assocatians need to be reviewed for cases such as the A gayanus/S
capitata association where species differ greatly i growth habit and hfe cycle A st
mutar proklem may anse with any associatton of strongly perenmal grasses with
biennial or weakly perenmal legumes Studies of the ecclogical interrelations amon,
specics diffening in therr hie cycles have shown that nutrient competition 1s aiwa, i
as 1mportant factor influencing botamical composition and pasture balance (Torsgll
1973 and Smith & Crespo 1979) Potasstum may be the cntical nutrient due to 1ts
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extreme mobility and to the ability and strong tendency of grasses to absorb thus
nutrient far 1 excess of their needs

Fertlizer rates needed to insure vigorous development of seedlings 1n grazed
pastures may well be much higher than those required for wnrtial establishment In
this case 1t may be uscfui to think in termos of banding mamntenance ferthzes to
setectively favor 2 few seedhings instead of broadeasting over the enure area Since
there are many mote seedlings n second and third year swards than needed for
stand matntenance it would suffice to provide favorable growth conditions for a
sirall percentage of the total population

For this o be effective planting pattern concepts also need to be reviewed It
seems logical to try to avoid the zone of maximum compeution of a vigorous spe
cies ke A gayenus by increasing row spacing thus creating a more favo able envi
ronment for seediing development 1t may be possible to mantam the mitial plan
ung pattem over tune by sclective fertthzation These and other altematives are
presently under study at Canmagua

tmproved pastures are by defintion non equiibrium systems (Tothull 1978)
There are two types of nutrient effects which may deterrune the falure of a species
in an association One isa direct negative effect sesulting m deficiencies toxiciies
or the alteration of the relationship between nutnent uptake andfos transtocation
The other s an mdirect  negatne effect resuluing from a pasiuve effect on the
associated species through modificanion of 1ts morphology or chemusiry thus im
proving its compeutive abtlitv A very defrcate balance between these dvnamic ef
fects which are in tum affected by a diverse set of biotic wnd abiouc factors and
by management determines the life spart of an improved pasture association

The problem of second generation seedling establishment in grazed pastures
15 of special importance in highly weathered sois of the humid tropics which are
characterized by low cation exchange capacity almost complete Jack of primary
rmnerals as nutnenis replacement SOUTCES and margnal to submarginal fertlity
status for most of the essential elements In such sotls 2 well adapted strongly per
ensual species could accumuliate most of the essential nutnenis availabie in the soul
1n 1ts biomass thus greaily mnhibiting the establishment of seedhings which have very
low competitive ability during a pertod of hugh nutnent requiruments
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PRODUCTIVIDAD ANIMAL Y MANEJO DE BRACHIARIA
HUMIDICOLA (RENDLE) SCHWEICKT EN LA ALTILLANURA
PLANA DE LOS LLANOS QRIENTALES DE COLOMBIA

Luis E Tergas
Qsvaldo Paladines
Ingo Kleinheisterkamp

INTRODUCCION

Brachuaria hunudicolz {(Rendle) Schweickt es una especie de graminez pronmu
sona que ha entusiasmado a algunos investigadores y productores sobre todo en las
regiones de suclos Acidos e mferules tanto en las sabanas como en regiones de bos
que pero extste muy poca wnformacion acerca de su productividad animal El obe
tivo de este traba;o es mostrar las Limutaciones de 8 hunudicola en cultivo puro en
cuanio a ganancias de peso ammal en condiciones de sabanas bien drenadasen laal
tllanura de los Llanos Onentales de Colermbia (Salinas y Gualdron 1982)

EVALUACIONES DE GANANCIAS DE PESO

En un expertmento que se establecio en Canmagua Llanos Onentales de Co
lombia en 1978 con Panicum naximum Andropogor gay ants Brachuria decum
bens y Brachwra umidicola con una fertilizacién simalar de 50kgde P Oy 50kg
de K,0 18 kg de MgQ y 22 kg de § por heitarea respectivamente exceptoen P
smaxumium en el cual se aplhcaron 100 kg de P, O, se evalud durante 2 affos el com
portamiento de novillos mestizos cnello Cebu de un peso promedio de 150 kg en
pastoreo contlnuo ¢on Cargas vanables de 1 v 2 nowvilios por hecta ea para las esta
clones seca y lluviosa respectvamente Los promedios de ganancias de peso diano
(Tabla I} muestran que ¢l comportamiento ammal en B humiatcola fue mnfenor al
de las demas grammeas sobre todo durante |2 estacion iluviosa La canudad de ma
tera seca de hoja y tallo disponible se determuno €n una muestra de forraje com
pursta por 10 submuestras por hectarea de 1 m? cadn una tomadas al azar cortadas
a 10 cm de altura secadas al homo a 60°C por 24 hr v separadas manualmente en
sus componentes hoja tallo y matenal muerto El forraje ofrecido durante la esta
cion Nuviosa de 1979 (Tabla 2) fue mas 2ito en B humidicolz que el de las otras
¢l comportamiento tin pobre de los novillos &n pasio
del pasto ass musmo 12 baja preduccién
1 los valores de digestibilidad encontra

gramineds lo cual no explica
rep durante la mejor cpoca de crecmuento
ammal en esta graminea es mconsistente co
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