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ABSTRAeT 

The establishment 01 pastures in the Llanos Orientales 01 Colombia is relatJvelyassy 
during several monthsoftheyear, butthecost íshigh, mainlybecauseofthefertilizersand 
the tlllage required to control the nativa vegetation and prepare the sOIL At the Centro 
Nacional de Investigaciones Agropecuarias in Canmagua, spet1íes 8nd ecotypes are being 
sought that are 10lerantto acidity and efficient in tl1e utilizationof the availab!e nutrients in 
the soU, thus trying to reduce tMe oost of fertilizers and soil amendments, On the other 
hand, different tillage and sowing systems are being sludied In arder to reduce thecosts 01 
controlling the vegetation and the risk of efosion during pasture establishment. Brachillrill 
decumbens Is probably the most widespread grass in tropical America and the one that !s 
most fréquent1v plantet1 at presento As for grass/legume associations in Carimagua:, good 
results have been obtained with Pueretria phasIJoloides and B. decumbens; grest 
domtna:tion of tlle legume over Hyparrhenia rufa and MeJin/s minutíflora has been 
observad. A challenge far the presant and the future, far those who wOfk in pasture 
éSlablishment and maintenance, is to design systems that allow stable and persistent 
associations among legumes and grasses 5uch as 8. decumbens, starting many times not 
with the native savanna but wlth established pastures. 

Pasture establishment in the Llanos 
Orientales 01 Colombia is relatívelyeasydue 
to the favorable environmentaJ conditions 
that prevail dur1ng severa I months of the 
yea'- The Centro Nacional de In­
vestigaciones Agropecuarias (eN lA) at 
Carimagua, where almost all the work and 
observations on which the report ¡$ based 
were carried out is lacated at 4OJ7'N; at an 
altitude 01 175 meters. The mean 

. temperatura is 26°C, with an annual mean 
rainfall of 2200 mm (ranging Irom 1450 to 
2500 mm) over a six-year period, and with a 

mean evapotranspiration potential of 2200 
mm, The rainy season normally begins in 
April and terminates towards the end af 
Novernber. As can be observad in Figure 1, 
the monthly rainfall from May to October 
averages more than 200 mm. Moreover. the 
frequency of dry periods of more than a week 
during said season is low. exceptfor August 
when it is slightly longer. 

• c- ___ _ 

The soils are Oxisols (Tropeptic Haplustox 
isohyperthermicj, f¡ne~clayey mixed, with 
very flat to softly sloping lands (2 10 3% 
maximum) and exceHent physical con· 
ditions, The moSt important characteristics 
are given in Table 1. It tS evident that the 

.f-. . Edaphoiogist Pasture Development at Carimagua, 
Beef Production Programo Centro Internacional de 
Agricultura Tropical (CIAT), Cah, Colombia. 
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Figure 1 Ráinfatl and mNn temperatute 8t Carimagua, Stateof Meta. Colombia (lat. 4937'N. long. 71030'W; 
81t. 200m!; Ouilichao. State 01 Cauca. Colombia (Let. 300S'N;long. 76"31'W;.lt. 99Om);and BraaiUe,FD.Braril 
(lat. 15°36'$; long, 47"42'W; att. 1010 m). 

principal problams for pasture establish­
ment in Carimagua líe ín the low fertility of 
the soils .nd their hígh level of acidity. 

Although pasture establishment is 
relatively easy, it is too expensive and thara 
15 a great danger af eraston when trad¡tíonal 
systems are usad. Therefore, research at 
Carimagua has been focused on the reduc~ 
tion of costs and the risk of erosiono 
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SELECTION FOR EDAPHIC CONOITIONS 

The low fertilitv and high acidity ofthe soil 
can be modified by applying fertilizers and 
lime. An ahernatíve consists in seleeting 
species that are more tolerant to lowfertility 
and aCidity 01 the soil. 

Fertilization wlth phosphorus 

Tropícal crops, especially forages, vary 
greatly in thei, P requiremenlS (5). In 1977 • 
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Tabl. 1. Ch"'8Ct",latics of 8n O.i801 (Tropeptlc Hopluatoo. fin.-cloyey,mixed.isohyporthermic). 

Exchangeable cations Al Aváila- Avalla­
ble 

H,O 
I pH satura- ble P 
.' . Horizon Clay Sand IH, O) OM Al ca Mg K cec tion aray 11 

-, 

'-

.. 

cm -%- % 

0-20 37 6 4.9 3.1 2.8 0.2 
20-51 39 5 5.0 1.5 2.0 0.1 
51-82 40 5 4.8 0.8 1.9 0.1 
82-117 40 5 5.4 0.6 1.1 0.1 

117·132 48 5 5.8 0.4 0.2 
132-152 52 4 5.9 0.3 0.2 

glasshouse trial was conducted usíng an 
Oxisol !rom Carimagua, to which Oto240kg 
P/ha were applíed (3). Plant-avaílable Pwas 
determined by utilizing the Bray 11 extraetant 
solution and Cate and Nelson's method (1) 
tor determining critical levels; these variad 
!rom less than 3 to more than 10 ppm Isee 
Fenster's and León's paper, Fig. 1). Among 
the six tntroduc-tions whose P requirement 
was less than 4 ppm, four belong to the 
speeies Sly/osanthes capitata Vog" One 01 
the most promising for Carimagua con~ 

ditions. Other promising species far 
Carimagua are Andropogon gayanus Kunth 
and Desmodium ovalífoliumVahl., both with 
critical levels somewhal higher than Ihe 
ecotypes 01 S. capitala, Zornia sp. and one 
Stylosanthes guianensis (Aubl.l Sw. One 
ecotype 01 Macroptilium and two 01 the 
genera Desmodium had much higher re­
Quirements. around 10 ppm, but still lower 
than lhe critical levels 01 the majority 01 
annusl crops. 

Uming trials 

During 1977, 38 gress and legume 
species were teSled in thefield; O. 0.5,2 and 

, 6 tlha 01 lime ware applíed to give an Al 
"', saturation level ,,1 approximately 90. 85. 60 
• '. and 15%, respeClively. The eflect al lime on 

DM 01 11 grasses is givan in Figure 2. 
... ". Several species including Brachíaria 

decumoons Stapf., Brachiaria humidicola 
(Rendle.) Sehweikt., 8rachiaria mUlica 

meq/l00g __ % ppm %. vol 

0.2 0.1 3.4 82 0.9 9 
0.1 0.1 2.3 85 004 7 
0.1 0.1 2.2 84 0.9 5 
0.1 0.1 1.5 69 0.4 5 
0.2 0.3 0.8 0.4 6 
0.2 0.3 0.7 0.4 7 

(Forsk) Stapl" A. gayanus, Panicum max· 
Ifflum Jacq. and Digitada decumbens Stent. 
showed exeellent toleranee 10 Al and all 
reached near maximum yield with applica­
tion rates of O lO 0.5 t. On lhe other hand, 
Hyparrhenia rufa (Nees) Stopf., a grass that 
is quite cornmon in the tropics, responded 
very satislaetorily up to a level 01 2 t/ha. 

The results ¡ n the field were verysimilarto 
a glasshouse tri al carried out in 1976. in 
which several tropical grasses were planted 
in nutrient solutions with Al concentrations 
ranging from O to 4 ppm. The elfeet 01 Al on 
four species is shown in Figure 3, Cenchrus 
ci/lallS L was the most alfected, lollowed by 
H. ruta, p, maximum responded to the fírst 
¡ncrease in Al and was affected adversely 
only at the highest level. 8. decumbenswas 
nOI aflecled by any 01 thes" concenlrations. 
Yields of P. maxímum deoreased at the O 
level 01 lime Ihighesl level 01 Al) in the lield 
as well as in lhe glasshouse. 

T able 2 shows the yields 01 eight legumes 
in the first cutting, It should be noted that 
originally the O level 01 lime did not inelude 
Mg; the other level. reeeived Mg 
applications in arder to maintain the Ca/Mg 
relation constant al 10:1. Therefore. part of 
the response a1the level 010.5 t 01 lime may 
be an effeol 01 the Mg and nol 01 the lime 
itself. especially in the case of D. ovalifolium 
and Pueraria phase%ídes (Roxb) Benth. 
var. ¡avanica (Benlh.) Bak. and possibly the 
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Figure 2 Response 01 11 gFaSSe. to límlng on an Oxisoi at Carimagua. DM production is gt'ling in parentheses. 
The amounts are averages. ot four to tiv. Cu11iJ\9$ during 1977. 

hybrid Centrosema sp. 1733 and C. 
pubescens. 

In another field trial carried out at 
Carimagua during 1977, a very delin'te 
response to Mg was recordad in the case of 
D. oya/ífalíum and P. p!mseolaides. The 
results 01 the fi,st cutting are given in Table 
3. S. capitataandZorniasp. CIAT 728, which 
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did not show sny response to hme, are 
exceptionally vigorous. Centrosema 
plumieri (Per •. ) Benth. is definitely the most • 
sensitive 10 acidilY in this group 01 legumes. 

It ís obvious that among the different , 
spacíes and sometímes among ecotypes 01 
the sama spacías, there ara very importarll 
substantial dílfarences with regard to acidity 
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100 -------------, 
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0,6 1.0 2,0 

.. S. decumblJns 
A p, mllximum 
O H. rule 
• C. cilitm's 

Al (ppm) 

4,0 

Figure 3. Eftect of Al coneentration On OM produc­
tíon of gras ... ín nutrlent solution •. 

and P requirements, The first step in taking 
advantage of these diflerenees consists 
simply in testíng and selectíng from among 
the moS! productíve specíes the ecotypes 
Ihal require less modílicalíon 01 Ihe soíL 
Mother important step is lo ínelude in 
lorage improvement programs Ihe selection 
01 grassas Ihal adapt besl 10 the savanna 
soils, whích as a rule are axtramely acid and 
very low in fertility, 

LANO PREPARATION ANO 
CONTROL OF VEGETATION 

After modifying the chamical condition. of 
the sOil, tha most GOstly operation in pastura 
establishment ís the preparation of the land 
and control of nativa vegetation and weeds 
thal compete wíth the grass, 

The traditíonal method of preparing the 
land for pastura establíshment in the Llanos 
Oríentales consísts in passing heavy offset 
disks two or three tírnas or once with a plow 
followed by the offsel dísks, These .ystems 
give adequate. often excessive, preparatíon 
01 the land for pasture establishment. The 
problem lies in Ihe high cost of Iillage and in 
the danger 01 erosíon and loss 01 greal 
Quantities of soíl when the terrain is slopfng, 

For the last three years. several minimum 
and nontiUage systefr1s with chemícal 
control of the native savanna haya been 
tríed, The _y_tem that has given beS! results 
to date íg the useof stubble mulch sweepo to 
undercut the savanna vegetation at a very 
shallow depth to separate Ihe aerial part 
from the root system. this method leaves 011 
Ihe stubble on the surface of the ground (2', 
The power requíred for Ihe job is lesslhao in 
the case 01 the disks and plow that are 
commonty used in this area, The main 
dífficulty with Ihe _tubble muleh sweep 

Table 2. Effect 01 lime on DM productkm of eight 1egumes 8t fim cutting at Carimagua. 1977. 

C. plumieri CIAT 414 

Centrosema $p. CIAT 442 

Cemrcsema "1', CIAT 438 
C. pubeseens CIAT 413 

D, ovaH/oHum CIAT 350 
p, phaseoloide. CIAT 9900 

lomia "1'. CIAT 728 
.$. eepiteta CIAT 1019 

o 

o 
445 

356 
680 

1118 
1286 

3000 
2365 

Lime {t/n., 

0.5 

kg DM/ha 

O 

912 
1330 
1729 
2302 
1688 
3108 
2361 

2 

582 
2014 
1568 
1996 
2018 
1422 
2686 
3011 

6 

1698 
2769 
1317 

2035 
2480 
1434 

2628 
2478 

171 



Table 3. Effect of Mg on DM production 01 
tnree legumes. at first cutting in 
Carimagua, 1977, 

Zorma sp_ CIAT 728 
D. ovalitolium CIAT 350 
P. phaseoJoides CiAT 9900 

Mg (kg/ha¡ 

o 20 

_kg OM/ha-

2436 
675 
229 

3151 
1552 
739 

method is thata certain leve! of soi! moisture 
¡s reQuired for it to work well; but in order to 
obtain optimal control of the vegetation. 
some dry days are required after tillage. 
Therefore. the most appropriate moment for 
using the sweeps would be atthe beginning 
and towards the end of the rainy sea son, 
when the rains are less and stHl permit 
adequate control of vegetatíon. The ideal 
would be to be able to control the savanna to 
sow and fertilize the introduced species 
simultaneousiy, but condltions favorable for 
sowing are precisely the least appropriate 
for controlling the native savanna. 

At present several systems are being 
evaluated, including the sweeps, chemical 
control of the savanna, burning of the 
savanna and the traditiQnal systems. with 
the purpose 01 studying more thoroughly the 
possibilitíes of reducing the costs of prepar~ 
ing the land far pastures. 

SOWING SYSTEM 

In 1977 a study was started in which 
several aspects of establishment were 
combined In a single trial, looking for a way 
to reduce costs. Inputs su eh as capital. labor 
and fertilizers do no! generally abound in the 
savanna zones. In the paricular case of 
pastures, the seed or vegetative planting 
material is rarely avallable in sufficient 
quantities and 15 aften costly In the ¡nitial 
stages of cattle development programs. 

The Oxisols 01 lhe Llanos Orientales are 
kept weed free several months after ttllage ¡f 
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.. 
lertilizers are not applied. Takíng advantage 
of this fact, ten species were sown at a 
density 01 1000 plants/ha (3.16 m between 
plantsl, expeeling sell-seedíng 01 Ihe in­
termediate an;ta as the resul! of either seed 
production or CQverage by Slolons. Initially 
only on6 plant was fertilized in an an~a of 
approximately 0.1 m2 , Sixteen combinations 
01 fertilizers, mainly P and K, were studiOO. 
The rates of application in the treated area 
varied Irom 50 to 900 kg P20. and Oto 150 
kg K,O, sinee at the beginning only one 
hundred1h of lhe area was treated. T;,e 
.econd stage 01 lertilization (the area 
between plant.) was delayed untíl a goOO 
populatíon was obtained, by means of seed 
production or coverage by stolons, ¡norder to 
prevent weed competition. 

In Figure 4 the results obtained with tour 
stoloniferous grasses durrng the tirst stage 
are presentOO, in lerms 01 length olthe lour 
longe.t $tolons 01 eaeh plant and the 
number of sto!ons per plant longer than 1 m 
(in the case 'of Brachiaria radic8ns Nappar, 
longer than 2 m). At levels 01 0.5 to 1.0 
g/pl.nl. P allactOO Ihe length 01 Ihe lour 
longesl stolon. 01 B. decumbens. B. 
humidico/a and B. radicans. The Cynodon 
hybrid responded up to 3 g/plant. On the 
olher hand, the effect 01 Pon the number 01 
stolons longer than 1 m was especially 
nOlieeable lor B. decumbens and 8, 
radicans, especially with rates up to 9 
g/plant 

The response to K was espécially 
noticeable in term$ of number 01 stoloos 
longer than 1 or 2 m. In less than three 
months, B. radicans had eoverad almost all 
lhe area belween the plants. B. humidico/a 
was slower butcontinuedtogrowduring the 
dry season, giving almost complete coverage 
in the best treatments. B. decumbens. 
whose initial deveiopment was very fast and 
almost totally vertical. also extended ovar 
more than hall the area during the dry 
season, 

A. gayanus and P. maximum (planted in 
August} produced seed as 01 December; and 
when the lirst raín. began in April. A. 
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Maximum Stolons> scarce in thase areas. This study tS being 
length f%l B. decumben,cs:..:I.:..".:..4:..1_.c' .:..m::../;:p',ant expaoded in 1978 io an attempt to find less 

• MeK. ,."",h 1%) eostly tillaga systams within Iha reach of the 
e No. 01 stoJons:;:. medium~size farmer. 

1 m/plam 5 
~ ____ --~~~ __ -414 
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':F : 8 hum¡dn:~: 
Ji.stol"O''''' 1 m/.lant· ~I 

8, radrc.ms (238) 

. ~~ 
• Stoloo.>2 m/p'ant ~:o 

100 

o 

r_-:;:::==::c~Yn::odon::::~hYbrkJ (114; 
lOO ~ 

· _." ~,.. t:::::::J: 
1.0 30 9 o 0.5 1.5 

Figure 4. Effect of P and K on the numbet' ofstolona: 
and pan;untage of maximum length 01 tha fourh»íge.t 
stolons per plant of four gra .... , 12 weeks after 
pl.nting wittt vegetet",e m.t&ri.I, The average length 
in cm of the tour ftotonaper plant in ,M: be$t trütment 
i. givan in parentheses. 

gayanus had covered the whole area with S 
population that was too dense. p, moximum 
is developing sn sdequate population in the 
majority of the treatments. 

This system could result highly advan­
tageous for establishíng pasturas in the less 
fertile savanna areas. In addit!on, it is 
probable Ihat some larmers are willing to 
wait longer if there is a reduction in the 
¡nitial investment 01 capital and other inputs 
such as labor. seed andfertilizers. which are 

SPATIAL DISTRIBUnON 
OF FORAOE SPECIES 

The most appreciated pasture in tropical 
Ameriea at presenl. is, undoub!edly. B. 
decumbens. It has a very high s!ocking 
capacity and is highly resistant lo trampllng. 
It does not have high nutrient requirements 
and is toleran! to soí! acidity. Nevertheless, 
sorne of its advantages such as 
aggressíveness and the formation of a very 
strong grass, become d,sadvantages when It 
is planted in association with a legume. 
There are only a few cases 01 successlul, 
stable association with B. decumbens. At 
earimagua a grazing trial was begun In 1976 
using P. phaseoloides in as'sociation with B. 
decumbens. Melinis minutif/ora Beauv. and 
H. rufa. The legume was planted In 2,5· 
meter strip., Interealated with equally wlde 
strips of the grasses. The trial includes three 
resting periods (28, 42 and 56 days) between 
intensiva grazing pariods and fertility 
maintenance treatments by applying 15 to 
45 kg/ha/yr of P,O •. Thus far the associa· 
lion belween P. phaseoloides and B. 
decumbens has been good. wlth a very 
strong domination ofthe leguma over H. rufa 
and M. minutiflora. 8. decumbens ís ¡n­
voding Ihe strips of P. phaseoloides bul lhe 
latter is .150 invading those of B. 
decumbens. Up fo the present, it seems 
proooble to obtaln a goOO associatlon tha! 
could laS! several years utilizing the strip 
system. 

In any paslu,e formed exclusively by 
grasses. N bec-omes a límiting factor sooner 
or later. One 01 the grealest challenges for 
those who work with pastures and forages in 
Ihe tropies is 10 develop and perfect systems 
for introducing lagumes into pastures es­
tablished with 8. decumben$. which with 
time become less productiva beca use 01 the 
lack 01 N; especially in areas where il is not 
economically feasible to use nítrogenous 
fertilizers. 
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It is possiblethat sorne legumes such as D. 
ovalífolium or Desmodium heterophyllum 
OC,can compete and persist in compatible 
associations wJth 8. decumbens if opti,."al 
pasture management systems are found, 
bullhe greal maJonly 01 Ihe legumes do nol 
seem to be able to compete in traditíonal 
mixtures, 

THE FACTOR OF FERTllITV IN 
THE MANAGEMENT OF ASSOCIATIONS 

lo temperate zones it ls believed 
necessary to fertilize the legume of the 
association and to manage the grass 
through grazing. Normally, legume re­
quirements are higher tMan toose of the 
grasses. However, the opposite is true of 
several tropical species: the grasses are 
sometimes less demaoding than the 
legumes. This creates the possibility 01 
ulilizing Ihe lertility factor as a tool in the 
management of toe associations by using 
grasses Iha! are more demanding ¡han the 
legume. It has been noted, in general, Ihat S. 
capitata and Zornia sp. are less demanding 
!egumes with regard to P, as compared with 
grasses such as p, maxímum and even A, 
gayanus. Trials are being started to prove toe 
hypothesís that ferlilíly lín this case Ihe level 
01 P) can be utilized lo stimulate or depress 
the grass development with relation to the 
legume in toe management of forages under 
grazing. 

When experíments were begun in the 
Uanos. the most common grasses in the 
region were M. minutíflor8 and H. rufa. 1t 
was believed, theralore, Ihat thetwo of them 
were rustíc with low fertilíty requirements. 
Experience has shown that M, mínutiflora is 
really an exceptionally rustic species for the 
savanna soils: but H. rufa has very hígh P 

and K requirements and is·less tolerant lo 
acidity under grazing. After having goOO 
populations 01 H, rufa in several pastures, 
they dísappeared completely as a resull 01 
the lert¡¡¡ty lactor and possibly soi' acídity, in 
spite 01 having baen plantad in Ihe lowlands 
where the stress causad by the dry season 
was much less and where the sails were 
more fertile and leSB acld. The dry season 
lends to ínlensify both limiting lactors. H 
rufa presently has lillle prioríty in the 
researeh being done in the savanna at 
Carimagus. 

Based on Ihe experience acquirad to date, 
the grsss opecies can be classiliad in the 
followíng order 01 requirements: M. 
minutiflora<:.B. decumbens<A. gaysnus<P. 
maxímurrl'ltH. rufa. The legumes follow this 
order: S. capitata(Zornia sp.<D. ovalifolíum 
<P. phaseoloides< C. pubescens. 

In relation to the maintenance of fertility in 
pastures undar grazing in the Llanos, thare 
ís little information avaitable, On the one 
hand. there ls almost no experience io 
legume/grass associations; on toe atoer 
hand, it saems that N is the most limíting 
lactor (excepl lor H, rufa and Paspalum 
plicatulum Michx.); and therelore Ihere has 
been no great response to P and K after the 
establishíng stage, when N is not applied. 
Sorne experience has been obtained in the 
utilizatlon 01 smalt feoced lots within the 
pastures in woich small parcels are S1:udied 
tor their response to the application of 
nutrients after a certain number of vears of 
grazing. As sooo as sorne stable 
legume/grass associations are obtained. it 
is probable that the rate of fertilizers 
required far the goOO maintenance for grass 
will 90 up notably as the stocking capacity 
¡ncreases, especially duriog the dry season, 
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