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CENTRO DE COCUMENTACICN 
PROBLEMS AND SUCCESSES OF LEGUME·GRASS PASTURES, 

ESPECIALLY IN TROPICAL LATIN AMERICA 

E. Mark Hutton• \0~ c,4 
ABSTRACT 

Successes and failures of improved legume-grass pasturas, mainly in Australia, Braziland Central 
America are discussed. Current technology used in pastura improvement is inadequate in a number of 
tropicalareas. Funher research is needed to develop new techniqueswhich farmerswill bepreparedto 
adopt for increasing their pastura and cattle production. Soma of the main problema include: lack of 
know\edge o1 soi) nutrieM deficiencias. lack of well adapted 1egumeswith pest resistance andtolerance 
to highly acid soils, legume seed inoculation, selection of grasses, dry-season forage, reducing pastura 
establishment costs, and adequate seed supplias of legume and grasa cultivara. 

n has been estimated by CIAT (7) that 
trapical Americe has 850 mi ilion ha of a cid, 
inlertile Oxisols. and Ultisols where pastura 
and cattle productivity can be increased 
markedly when all regions have dependable 
legume-grass systems. The major part ol 
this vast ares is in Brazil, but other countries 
especially Colombia, Peru and Venezuela 
have significanttractS of these inlertile acid 
soils awaiting improvement. With in
creasing population pressure in most coun
tries. any Oxisols and Ultisols suitable lor 
cultivation will be cropped, often in rotation 
with short or long-term pasturas. For 
example in Goias State, Brazil, where 
extensiva areas of upland rice are grown on 
poor acid soils, a pasture phase is initiated 
on a number of larms by planting the rice 
with a small amount of Brachisris 
decumbens Stapl. seed; this vigorous grass 
gives a relatively high producing pastura 
lollowing the rice crop. 

•Visiting Scientist. Beef Production Program, Centro 
Internacional de Agricultura Tropical, Celi. Colombia. 

Even when suitable. tropical pastura 
technology is available lor all the acid soil 
regions, the proportion ol improved pasture 
to unimproved savanna, grassland and 
lores! will probably remain quite low lor 
many years due to economic, political and 
other reasons. Thus it is necessary to find 
how to integrate improved and unimproved 
pastura to maximiza production from cattle 
herds. 

The main aim of tropical pastura 
technology must be to stimulate production 
ol low cost, good quality beel so that meat 
remains a significan! part of the diet of the 
larga numbers of lower income people in 
tropical Americe. lmproved pasturas and 
their management on a large, rather than 
small sea le is more likely to keep beef prices 
down. This is beca use of increased efficien
cy of largar scale operations from their 
greatly increased throughput of cattle per 
unit of resources including land, breeding 
herd, equiprnentand improvements, finance 
and labor. The Banco de Mexico has 
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encouraged and financed large scale 
pastura improvement and cropping among 
peasants by its ejido or cooparative scheme 
in areas of the Mexican tropics. 

SUCCESSES ANO FAILURES 
OF CURRENT TROPICAL 

LEGUME·GRASS TECHNOLOGY 

Existing tropical pastura technology (10. 
11, 25, 281 has resultad in a number of 
successful improved pastura developments 
in Australia, Africa. Brazil, Mexico and other 
tropical regions. However, for various 
reasons there have also been a number of 
failures. There is a lot of research stillto be 
done, particularly in the a cid soil areas of 
tropical Americe. The pastura problems 
facing organizations like CIAT, ICA. EM· 
BRAPA. FONAIAP, IVITA and INIAP are 
urgent and challenging. Where improved 
legume-grass pasturas have parsisted there 
has often been no attempt to monitor the 
increased profitability and animal produc· 
tivity. 

In this brief review it is impossible to 
i nclude all my field observations on tropical 
pastura improvement. Colombia is covered 
by other seminar speakers. Alter a short 
introduction on Australian experience most 
of my comments will concern Latín 
American countries like Brazil and Mexico 
where substantial areas of tropical pasturas 
have been sown. A number of countries 
including Venezuela have not yet made 
systematic attempts to capitaliza on their 
potential for increasing pastura and cattle 
productivity. 

Australia. 

In Australia there have been a number of 
reports of increased cattle productivity from 
improved pasturas. The long-term pastura 
experiments of Mannetje (18) atthe CSIRO 
Narayen Research Station on poor acid 
granitic soils (Aifisols) with a summer 
rainfall of 700 mm and 7 to 7.5 months dry 
season exemplifies what can be achieved in 
the extensiva Heteropogon contortus (L) 
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Beauv. ex Roem. & Schult. region of central 
Queensland, which is the most importan! 
beef cattle area in eastern Australia. 
Mannetje ( 18) found that unimproved nativa 
H. contortus pastura will carry 0.27 
steers/ha and give a liveweight gain of 25 
kg/ha. Fertilizing the nativa pastura with 
125 kg/ha of molybdenized suparphosphate 
did not improve stocking rate and only 
increased liveweight gain to 34 kg/ha. 
However replacement of the nativa pastura 
with the legume Mscropti/ium atropur· 
pureum (D.C.) Urb. cv. Siratro and Cenchrus 
ciliaris L in conjunction with 125 kg/ha of 
molybdenized suparphosphate. raised the 
stocking rate to 1.09 steers/ha and gave a 
mean liveweight gain of 147 kg/ha. The 
Belmont Red and Hereford steers were 
marketed at about 24 months of age and 
gave first quality carcasses of 250 kg. This is 
a very substantial increase in productivity 
comparad to that from unimproved native 
pastura: 4times the stocking rata and almost 
6 times the meat yield. 01 considerable 
importance is the fact that the legume M. 
stropurpureum cv. Siratro has persisted and 
multiplied in Mannetje's (18) pasturas 
which have improved their productivity over 
1 O years. Similar results have been achieved 
on commercial farms. 

On the wet tropica 1 coast of north 
Queensland where rainfall is 2000·4000 
mm/yr, mixed pasturas of the legumes 
Centroseme pubescens Benth., Puereria 
phsseoloides (Roxb.) Benth. var. javanica 
(Benth.) Bak. and Stylosanthes guianensis 
(Aubl.) Sw. with Panicum msximum Jacq. 
have been very successful for beef produc· 
tion. With applications of 250 kg/ha/yr of 
superphosphate and correction of Mo, Zn 
and Cu deficiencias. these pasturas will 
carry 3to4 steers/ha/yr and giveliveweight 
gains up to 900 kg/ha/yr (29). 

Brazil 

Brazilian farmers with encouragement 
from government, and state scientists. and 
the banks have made an impressive attack 
on tropical pastura development over the 
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Jast 7 to 8 years. Extensiva areas of improved 
pastura have been plantad in the Cerrado, 
Amazonia and other regions. Even though 
failures have occurred, enough successes 
have given confidence in the futura of 
improved pasturas in Brazil, anda high Jevel 
of new plantings has been maintained. 
Brazil has plantad much larger areas than 
any other country of the vigorous 
stoloniferous grass B. decumbens. tolerant 
of peor acid soils with high Al saturation. In 
spite of serious doubts over the last few 
years about B. decumbens because of 
outbreaks of photosensitization in cattle 
grazing it, farmers have found this to be a 
relatively minar problem and are planting 
increasing areas of the grass. 8. decumbens 
usually without an associate legume, is 
spreading like a ''flood" over lowland 
tropical Latin America, and farmers and 
scientists will have to learn to live with it. 
There is no doubt that B. decumbens 
establishes readily over a wide range of 
conditions, including very acid Oxisols a nd 
Ultisols. and gives a marked increase in 
animal productivity ovar nativa pasturas. 
CJAT (7) has shown that B. decumbens 
pasturas at stocking rates of 1·2 
steers/ha/yr will give liveweighl gains of 
about 200 kg/ha/yr, but in the dry season 
weíght losses can occur if stocking ratas are 
too high. The problems associated with B. 
decumbens will be discussed later. 

The legume-grass mixtures which have 
been sown widely in Brazil include P. 
phaseoloides·C. pubescens·P. maximumcv. 
Coloniao (Amazonia), M. atropurpureum-C. 
pubescens·P. maximum cv. Coloni8o 
(Cerrado. etc. of Sio Paulo, Goias. Minas 
Gerais. southern hall of Mato Grosso). and 
M. atropurpureum or S. auianensjs with o na 
among severa! grasses, aspacially C. c11iaris 
and P. maximum cv. ColoniSo (Northeast e.g. 
Maranhl!o, Ceara). S. guianensis has usual
ly baan included in most pastura mixtures, 
but has often failed alter a fewyears so there 
is now lass interest in this legume. Other 
legumes have been grown to sorne extent, 
such as Glycine wightii(R. Grah. ex Wight & 
Arn) Verdcourt and Desmodium intortum 

Mili. (Urb.) in benersoils, andCalopogonium 
mucunoides Desv. and Galactia striata 
(Jacq.) Urb. over a range of soils. Definite 
i nterast is daveloping in Brazil in the tree 
legume Leucaene leucocephele (Lam.) De 
Wit which has grown well in limitad areas of 
the Cerrado a nd other regions such as the 
Northeast. 

A wide range of grasses have been tried. 
and confusion exists concerning which one 
should be plantad in each of the many 
different ecological niches. However B. 
decumbens is the only grass seriously 
challenging the dominant position heldbyP. 
maximum c:v. Coloniüo in Brazilian 
agricultura. Because of the spinle bug 
problem in B. decumbens. there is now 
interest in the more resistant Brachiaria 
humidicole (Rendle) Schweickt. Melinis 
minutiflora Baauv. is naturalizad widely in 
the Minas Gerais hills and other areas such 
as Goias. Jncreased plantings of the various 
types of C. cilieris are being made in the 
drier, Jess acid zones. including the North· 
east. Other grasses being grown to sorne 
extent includa Guianeazihno, Grean Panic, 
Ganon Panic (cultivars of P. maximum). 
Nandi and Kazungula, (cultivars of Seterie 
anceps Stapf. ex Massey), Digiteria 
decumbens Stent .. Cynodon dectylon (L.) 
Pers. and Brachiaria radicans Nappar. 

Anowing for its size, Brazil has done more 
pastura improvament than any other coun· 
try in tropical America and will continua to 
domínate tha scene. 1t needs more meat 
from ~s 100 mi Ilion head of can le to leed a 
rapidly increasing population of over 110 
mi Ilion people an·d for axport. lt is difficult to 
obtain definitiva results on increased 
productivity of farms from pastura improve· 
ment. Farmers agree that after clearing, 
pastura sowing and fertilizing, thair cattle 
production atleast trebled, because stocking 
and calving ratas were incraasad and 
slaughter age of steers significantly reduc· 
ed. In the Cerrado. improved Jegume-grass 
pasturas enabled a number of farmers to 
market Nellore steers of 450 kg liveweight at 
2 to 2.5 years of age. lack of persistence of 
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the legume in a proportion of the pasturas. 
due especially to overgrazing and soil 
deficiencias in sorne essential plant 
nutrients, has resultad in loss of pastura 
vigor and weed invasion with markedly 
reduced cattle production. Similar, but more 
severa problems have occurred with a 
number of legume-grass pasturas sown in 
the Amazonian region after clearing heavy 
rainforest. Here loss of humus and nutrient 
leaching are ata fast rata. Unless adequate 
levels of essential nutrients like P. S, Moand 
Zn are maintained in the soil the legume is 
lost, and once vigorous Amazon ian pasturas 
rapidly decline with invasion of woody 
regrowth, and spectacular decreases in 
cattle productivity. Poorly fertilizad B. 
decumbens pasturas, in· spite of con
siderable initial vigor, also decline eventual
ly beca use of P. S and other deficiencias. 

Central Amarice and Caribbean 

Farmers and scientists in severa! Central 
American and Caribbean countrias have 
been active in tropical pastura development. 

In the Mexican Tropics, severa! national 
institutions {e.g. Instituto Nacional de In
vestigaciones Pecuarias (INIP), Palo Alto) 
have active pastura research programs. The 
Banco de Mexico and its staff of agronomists 
have prometed substantial pastura improve
ment projects among peasants and 
ranchers. These have been in sandy acid soil 
areas along the Southeast and Southwest 
coasts bordering the Gulf of Mexico and 
Pacific Ocean, respectively, and also in 
alkaline soil regions as in the Northeast 
around Tampico, the northwest of the State 
of Guerrero around Altamirano, and on the 
extensiva marine limestone areas of the 
Yucatán Peninsula. On the slightly acid 
(about pH 5.5) granitic soils of the southern 
coasts 1-2 Brahman steers per ha can be 
fattened to slaughter weight at an age of 
about 30 months or less. Successful 
pasturas on the slightly acid soils comprise 
the 1 egumes M. atropurpureum and C. 
pubescens with P. maxímum and fertilizad 
with SSP (1 00-200 kg/ha)containing added 
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Mo and Zn; in low lying wet areas close to 
the coast. C. pubescens is the best legume 
with grasses like S. ancepscv. Kazungula. D. 
decumbens and C. dacty/on. the latter two 
often being too aggressive for the legume. 
The value of their widely spread indigenous 
L. leucocephala is now realizad by Mexican 
scientists and farmers who are using it 
increasingly in both their acid and alkaline 
soils in combination with grasses like D. 
decumbens. C. dactylon and P. maximum. 
On the alkalina soils (pH 7.5) of the Yucatán 
Peninsula. clearing and burning the nativa 
scrub results in an almost pura stand of L. 
leucocepha/a which is then often in
terplanted with grasses like C. ciliaris and P. 
maxímum; M. atropurpureum and G. wíghtii 
are other legumes usad successfully on the 
Yucatán Peninsula. L. /eucocephala. M. 
atropurpureum and G. wígthii have also 
proved to be the best pastura legumes for the 
alkaline, dry tropical areas of northwest 
Guerrero. On the flat moist near neutral 
loams around Villahermosa and Cárdenas. 
pastures of C. dacty/on with L. /eucocephala 
or C. pubescens and of S. anceps cv. 
Kazungula with G. wíghtii and D. intonum 
have been successful. 

Among Caribbean countries. Cuba has 
one of the largest and most active research 
programs in pastura and animal production. 
Because of short-falls in domestic milk and 
meat production. the government gives 
considerable support to pastura and animal 
research. Many pastura areas are nearly 
neutral (pH 6.5) and the most promising 
legumes include G. wightii. M. arropur
pureum, C. pubescens and L. /eucocepha/a. 
P. maximum is favored for extensiva use. 
and Cuba has one of the best ecotype 
collectic;JOS of this species in Latin Americe~ 
D. decumbens, usually under irrigation and 
with N fertilization, is usedfor intensiva milk 
production. 

CATTLE PRODUCTIVITY RELATIVE 
TO PASTURE FEEDING VALUE 

In the various regions it is essential to 
know the main factors limiting animal 
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production. lt is now clear that improved 
tropical pasturas need to supply the grazing 
animal with adequate digestible energy, 
protein and minarais for high levels of 
growth and reproduction. For most tropical 
American pastura development. 
nitrogenous fertilizers are too costly, and 
vigorous persistent legumes are the key to 
pastura and animal productivity. With 
legume-based pasturas, adequate P, S, Ca, 
K, Mo. Zn and Cu, in particular are necessary 
and all these, except Mo, are essential for 
animal nutrition, aswell aselements like Na, 
Co, and l. Poorly fertilizad legume-grass 
pasturas become deficient in legume and 
leed protein, and ohen have to be 
supplemented with licks containing severa! 
of the elements mentioned if a moderate 
level of animal production is to be main
tained. 1t is not uncommon for animals to 
receive insufficient Na {22) from improved 
tropical pasturas, and at times they do not 
provide the requisita Co and Cu (19, 31 ). 

A well balanced tropical legume-grass 
pastura gives best results under continuous 
grazing, as young grass is selectively e aten 
early in the sea son and legumes mostly later 
in the season when grasses become fibrous 
and low in protein. Rigid rotational grazing 
reduces animal selectivity, overstressesand 
reduces the legume in the pastura, and so 
results in decreased liveweight gain per ha. 
Thera is a direct ralationship between 
legume content of pastura and cattle 
liveweight gains (8). A relatively small 
proportion of legume (particularly if green) in 
dry season pasturas maintainsgood levels of 
ruminal activity and intake of dry fibrous 
grass (20). 

lf improved tropical pasturas supply all 
essential nutrient needs of animals as 
outlined, staers should raach slaughter 
weight (450-500 kg) at 30 months of age or 
younger. This needs to be the main aim of 
research and development in. tropical 
Amarica to ensure higher productivity on 
farms and raise tha overall quality of tha 
meat sold. The tough meat from 4-5 year old 
stears is not appetizing. The m a in objactiva 

with breeding oows is a high calving rate, 
and to achieve this they could probably 
spend a large proportion of their time on the 
poorest pasturas. and only relatively short 
periods at critica! stages {e.g. mating and 
calving) on improved leguma-grass 
pasturas. ohen a scarce resource. Growing 
steers, the highest revenue producers, need 
if .possible to be given improved legume
grass pasturas. all the year. 

CURRENT PROBLEMS IN TROPICAL 
PASTUREIMPROVEMENT 

Soil n utriant deficiencias 

Correction of soil nutrient deficiencias 
affecting legume-grass growth is the most 
neglected aspect of pastura improvement in 
the Latin American Tropics. In these areas 
most acid soils are deficient in N, P, S. Ca, 
Mo and Zn and marginal in K and Cu, and 
sometimes in Mg. Often it is not realized that 
P and S are of equal importance in legume 
and grass growth. Also the almost universal 
deficiencias of Mo and Zn in many tropical 
Oxisols and Ultisols are overlooked. Heavy 
lime (and phosphate) applications aggravate 
Zn deficiency. In the Brazilian Cerrado and 
Amazonian areas it is difficult to find C. 
pubescens without the chlorosis associated 
with Zn deficiency. Both Mo and Zn are 
essential for legume growth, Mo being a 
vital metallic co-enzyme for N fixation in 
legumes (6). A number of progressive 
farmers using either SSP (9.6% P, 1 0% S, 
20% Ca), TSP (without S) or rack phosphate 
on their legume-grass pasturas often 
become dispirited when their legumesfail.lt 
appears that legume failures are often dueto 
unsuspected Mo and Zn deficiencias, 
although S deficiency could be significan! 
where TSP or rack phosphates were applied. 

Superphosphate with added minar 
elements. like Mo and Zn. are usually un
available in Latin America. However. leg
ume seed can be pelleted at planting with 
175 g Mo03 /ha (= 100g Mo/ha)or morato 
correct Mo deficiency {17)without inhibitiny 
initial nodulation.ltwould be abig advance if 
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Zn could also be added to the pelle!. but 
unlike MoQ,, ZnO is a very toxic to 
Rhizobium. Perhaps use ol linely divided Zn 
metal would overcome the problem. 

The world is richly endowed with 
phosphate resources (23) but transport, 
treatment and application costs are a 
problem in Latin America. Larga phosphate 
deposits ha ve be en found in somecountries, 
including Venezuela, Colombia, Perú and 
Brazil, but vigorous exploration is necessary 
lo idenlify lurther deposits, especially in 
Brazil. For pasturas, the cheaper rack 
phosphate (untreated or thermally modilied) 
is usually satisfactory for legume-grass 
growth on acid P delicient Oxisols and 
Ultisols. Apan from price, it is also advan
tageous because ol the high P fixation 
capac111es ol these soils (24). Rack 
phosphate. as well as TSP olten need 
supplementation with S or SSP because ol 
widespread S deficiency in Oxisols and 
Ultisols. Subsoil S accumularion occurs in 
sorne of these (e.g. Malaysian Rengam) and 
S deficiency in early growth disappears with 
deeper root penetration (24). lt is 
economically important to determine the S 
status of the extensiva regions of Oxisols 
and Ultisols considerad for pastura improve
ment. The presence of subsoil S would mean 
that most P requirements could be supplied 
cheaply by rack phosphate. Forgetting cost, 
SSP is the best balanced P nutrient, but high 
fixation could be a problem in acid soils. 
However it appears that sorne legumes and 
grasses are able to utiliza a relatively high 
proportion ofthe aluminum phosphateform
ed. 

TSP is often preferred. because its high 
available P content reduces transport costs 
per unit of P. On this basis rock phosphate is 
costly to apply. This is a consideration in 
serial phosphate applications in newly 
cleared areas (e.g. Amazon jungla} with 
stumps, partially burned logs, etc. There is 
no evidence that surface phosphate 
applications (ground or serial methods) are 
less efficientthan drilling phosphate intothe 
soil. 
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Legume-grass vigor relative to soil 
nutrients 

As discussed in the previous section, 
legume growth and that of the grass. are 
dependen! on the supply of essential 
elements in the soil. Legumes are much 
more sensitiva to nutrient deficiencias than 
grasses. lt is unrealistic toconsider improve
ment of pastura and cattle productivity in 
poor acid Oxisol and Ultisol regions without 
sorne inputs of any deficient essential 
elements. lf farmers are not prepared todo 
this they should forget about pastura 
i mprovement and make best use of nativa 
pasturas with low-cost mineral licks, etc. 

Monitoring essantial mineral elements in 
just mature legume leaves at peak pastura 
growth is the best index of available 
nutrients in the soil-pastura system, and 
indicates any deficiencias which need 
correction. For optimum growth and N 
lixation, legume DM should contain O. 18-
0.20% P. 3.0% N. 0.14-0.18% S. 1.0% K. 
1.0% Ca, 0.5% Mg, 1 ppm Mo. 35-40ppm Zn 
and 7-10 ppm Cu (4, 5). In tropical Latin 
America it is important to institute mineral 
monitoring of legume leaves in improved 
pasturas to find minimal percentages of 
essential elements in DM necessary to 
maintain good growth and persistence. 
Fertilizing with majar elements for max
imum legume growth would probably be 
uneconomic. Scientísts nead to fínd 
economic fertilizar ratas, which maintain 
good legume yield and persistence. This is 
essential if improved pasturas are lo axpand 
and have real impact on cattle production. 
Deficiencias of the minar elements Mo, Zn 
and Cu must be corrected for legumes to 
persist, but their addition to the system is not 
costly if seed pelleting or pastura spraying 
with dilute solutions is usad. About 0.5 
kg/ha of a Mo compound and 5-8 kg/ha of 
zinc sulphate or copper sulphate (or both) are 
usually sufficient to correct any of these 
deficiencias for five years or more. 

Johansen el Bl. (16) have found thatthe 
Mo requirement of legumes is influenced by 
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a number of factors including site, soil pH 
and species. For example at one sita, an 
i nitial application of 200 g/ ha of Mo gave 
maximum growth of G. wightii lor only two 
years, of D. decumbens lor three years, and 
of M. etropurpureum lor five years. At other 
sites, M. atropurpureum required much less 
Mo for maximum growth. The biggest 
responses to Mo were obtainad at the sitas 
with the lowest pH. 

Reapplication of essential minor elements 
is best done with dilute sprays (ground or 
serial) as indicated. Also there appears to be 
scope for maintenance applicationsof major 
elements as colloidal sprays during peak 
pastura growth. This could significantly 
reduce fertilizar costs. 

A high level of grass production is 
primarily dependen! on a vigorous legume 
component in the pastura. ideally up to 40% 
at the peak of the season. Legumes are 
unable to provide enough N for maximum 
grass growth, but this is not disadvan
tageous as protein rather than digestible 
energy is usually the main leed deficiency 
for animals in tropical pasturas. Deficiencies 
of P. S or K often affect grass growth, but 
deficiencias of the essential minar elements 
Zn and Cu. do not appear to be so critica l. In 
Brazilian Amazonia, three year old plantings 
of P. msximum cv. Coloniilo without 
phosphate fertilization, often become 
stunted with severo P deficiency (small 
plants. purple leaves) and chlorotic with S 
and N deficiencias. Any legumes plantad 
with P. maximum cv. Colonilo do not persist. 
Without vigorous competitiva growth of P. 
maximum cv. Coloniio, there is invasion of 
woody unpalatable species with pastura 
deterioration and significant loss of cattle 
productivity. P. msximum (and its ecotypes) 
is more sensitiva to S deficiency than other 
grass species such as 8. decumbens and 
Andropogon gsyenus Kunth. With B. 
decumbens it is now common to sea older 
unfertilizad plantings. about six years old, in 
the Cerrado and Amazonia with deficiencias 
of N, P and S. 

Selecting and breading peralatent 
adaptad legumas 

As stressed in previous sections, corree· 
tion of soil nutrientdeficiencies especiallyP, 
S. Ca. Mo and Zn is essential before it is 
possible to evaluate adaptation and per
sistence of any legume in grazad pasturas of 
different regions. At sorne research centers, 
there is a tendency to keep legume introduc
tions too long at the "museum plot stage" 
under periodic cutting. The sooner the range 
of legume plots are put under periodic 
grazing with a common associate grass 
(pregrazing quadrat cuts for DM yield, etc.), 
the sooner a few promising ecotypes can be 
selectad anq promoted to regular grazing 
trials. Scientists criticize this approach on 
the basis that species are differentially 
grazed, but is there a better system? Post 
grazing assessment is essential for proper 
evaluation. Very palatable legumes may not 
persist, but palatability is relativo. For 
example, Stylossnthes scsbrs Vog. is often 
overlookad and considerad undesirable 
beca use of coarseness and unpalatability at 
the peak of the sea son. However it is drought 
resistan! and provides valuablegreen forage 
well eaten in the dry sea son. S. scsbrs is an 
important indigenous legume in drier 
regions. including the Cerrado and 
northeast Brazil, and bigger collections 
should be made and evaluatad. 

Persisten! adaptad legumes have not yet 
been commercialized for sorne important 
areas of tropical Latin American. such as the 
Colombian U anos. In some areas, as already 
indicated, lack of persistence of current 
legume cultivars can be due to lack of 
attention to soil nutrient deficiencias. To be 
persisten!, legumes (adequately fertilizad) 
need to withstand grass competition, mis· 
management (overgrazing, etc.) and periodic 
anack by a variety of insects and fungi, and 
have the ability to regenerate from crowns, 
rooted stolons and fallen seed. In spite of 
considerable research, only a few regions 
have persisten! Sty/osenthes cultivara. For 
example Sty/ossnthes humi/is H.B.K. has 
been successful over a long·period with 
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nativa H. contortus, especially in Central 
Queensland (26). liS place is being laken by 
M. atropurpureumand Stylosantheshamata 
(L.) Taub., while S. se abra is proving valuable 
in hot monsoonal regions of the far north in 
Australia. S. se abra appears to have ability to 
compete with vigorous grasses like P. 
maximum. and is also resistant to the 
Australian biotypes of anthracnose 
(Colletotrichum g/oeosporioides). Failure of 
S. guianehsis in Brazilian pasturas could be 
dueto inability to compete with thevigorous 
P. maximum cv. Coloniiio, as well to attack 
by anlhracnose. CIAT's (7) research al 
Carimagua and Santander de Quilichao has 
clearly shown the anthracnose and insect 
problems (especially stemborer) which are 
making it difficult to select persistent 
Stylosanthes cultivars for the Latin 
American Tropics. These problemsare a real 
challenge to scientists introducing, selec
ting a nd breeding Stylosanthes species. 

Selecling and breeding _legumes for 
tolerance to soil conditions (12) including 
low pH (low Ca, high Mn),lowlevelsof Pand 
other mineral nutrients, and waterlogging 
are very important aspects in development 
of legume cultivars for tropical Oxisols and 
Ullisols. Nodulalion and growth al low pH 
(4.0) and low Ca are unaffecled in sorne 
tropical legumes (e.g. Macroptilium 
/athyroides (l.) Urb. and Lotononis bainesii 
Baker) bul severely inhibiled in olhers (e.g. 
Desmodium uncinatum (Jacq.) D.C. and G. 
wightil) ( 1 ). In M. atropurpureum il was 
found possible to bread high yielding fines 
wilh a high degree of lolerance lo high Al 
and Mn levels al pH as low as 4.2 (13, 15). 
This indicates scope for selecting and 
breeding vigorous fines from other legumes 
such as C. pubescens. and even L. 
leucocephala. for poor acid Oxisols and 
Ullisols. Ecolypes of several Stylosanthes 
species. S. guianensis. S. scabra and S. 
capitata are already well adaptad to acid 
soils. When selecting and breeding legumes 
for acid soils. toxicities of both Al and Mn 
should be considerad, as Mn toxicity could 
be more widespread than realizad. 

Sorne scientists consider that certain 
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Stylosanthes species need almosl no P and 
other nutrients beca use they occur naturally 
as scattered populations on very poor soils. 
However no legume can thrive in relatively 
dense legume-grass pasturas without ade
quate inputs of essential nutrients. The 
protein levels in all legumes, including 
Sty/osanthes species. is directly correlated 
lo lheir P conlenls (4, 5).1n severallegumes, 
soluble Al in lhe subslrale reslricls uplake of 
P and Ca and reduces efficiency of translocB
Iion of P from rools lo lops (2. 3). Legumes 
selected and bred for tolerance to low pH and 
excess Al could also possess increased 
efficiency in P utilization (13). Because of 
increasing fertilizar costs greater effort is 
required in selecting and breeding legume 
fines more efficient in utilization of all 
essential nutrients. including P. 

Because of substantial areas of 
waterlogged soils in sorne regions. e.g. 
Pantanal of Brazil, legumes tolerant tothese 
conditions a re needed. Species with sorne 
flood lolerance include M. /athyroides. Vigna 
/uteola (Jacq.) Benlh .. Clitoria ternatea L. 
and .C. mucunoides. Desmodium is a 
widespread genus which appears to contairi 
sorne flood tolerant species. One of the most 
promising water tolerant legumes observad 
is the northeastern Argentinian nativa 
Phaseolus adenanthus. first collected and 
studied at Corrientes by an INTA scientist. lt 
is vigorous and stoloniferous and thrives in 
soils walerlogged for long periods. 

Should legume seed be inoculeted et 
planting1 

In tropical Latin America there is a wide 
range of nativa legumes and a high and 
variable nativa Rhizobium population in the 
soil. Thus the question is often asked, why 
increase pastura establishment costs by 
inoculating seed? Where seed inoculation is 
used, the applied Rhizobium could soon be 
replaced by the abundant nativa Rhizobium. 
A lot of farmers have plantad various 
legumes without inoculation and nodulation· 
has been quite satisfactory. VVhy inoculate. 
is a very important question and needs an 
answer without delay in the Latin American 
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Tropics. Fortunately CIAT"s(7) recent sound· 
ly based Rhizobium research has already 
shown in various legumes. marked 
differences in efficiency between inoculant 
strains, eflicacy of rock phosphate pelleting 
(lime pelleting in Macroprilium sp.), and a 
distinct growth advantage from inoculation 
in the establishment phase of about two 
months.lnoculation could also be especially 
advantageous in legume-grass establish
ment following clearing o! heavily forestad 
areas like Amazonia. and with legumes not 
nativa to the area (e.g. Leucaena spp.) when 
grown in much of South America. 

Which grass7 

In improved pasturas. grasses provide 
much of the digestible energy requirements 
but need to be compatible with legumes 
(unless N fertilizar used) to ensure a 
sufficiency of N and protein. The important 
grasses in the Latin American Tropics are 
African in origin. The main three at present 
are P. maximum and B. decumbens. with C. 
ciliaristor drier tropical areas. M. minutiflora 
and Hyparrhenia rufa (Nees) Stapf. are still 
planted and are naturalizad over largeareas, 
especially in Brazil. As discussed earlie_r, a 
number of other grasses are being triad, and 
o! these C. dacrylon ecotypes are probably 
the most important for particular conditions 
such as heavier soils. There i s considerable 
scope for further selection in the main 
grasses, particularly P. maximum. (aided by 
the Tilton. Gainesville or African sexual 
types) for tolerance to lower f' and S in acid 
soils and in C. ciliaris (aided by Bashaw's 
sexual type) for tolerance to low pH, ca and 
P. 1t is of interest that C. ciliaris is u nable to 
tolerate high soluble Mn levels, while P. 
maxirnurn var. trichoglume has medium 
tolerance, and Paspalurn dilatatum Poir. and 
S. anceps have high Mn tolerance (27). 

Due to the considerable interest in 8. 
decumbens and other Srachiaria species, 
there is an urgent need for scientists to 
compare the steer liveweight gain potentials 
of the Brschiaria species in suitable 
replicated trials, using P. maximum as a 

control. lt may be possible to increase the 
variation for selection in 8. decumbens 
through crosses with the sexual diploid, 
Brachiaria ruziziensis Germain &. Evrard. 
The selection and promotion from germ
plasm banks of new a nd widely successful 
grass species will be dillicult, although 
CIAT's (7) research with AfricanA. gayanus 
selections has distinct promise. 

Selection of grasses for waterlogged 
conditíons is important for low-lying areas 
throughout the Tropics. Species with poten· 
tial include Echinochloa po/ysrachya (H. B. K.) 
Hitchc., Brachiaria mutica (Forsk.) Stapf.. 
Paspalum p/icarulum Michx .. S. anceps and 
Hemarthria alrissima (Poir.) Stapl. & Hub
bard. 

Tulted grasses are usually compatible 
with the main lagumes, but strongly 
stoloniferous grasses often pravent the 
growth of associate lagumas. The 
stoloniferous, aggrassiva 8. decumbens 
widely grown without legumes now 
prasents scientists with one of the most 
difficult pastura improvement problems in 
the L.atin American Tropics. Eventually the 
S. decumbens pasturas will become 
deficient in N, P, S,etc. and lose productivity, 
but cultivation and fertilization with in
troduction of legumes will only reinvigorate 
the B. decumbens and inhibit legume 
development. A stable pastura can be 
developed by first establishing spaced rows 
o! L. /eucocephala, and then planting the B. 
decumbens between. On the infertile 
Csrimagua Oxisols, CIAT"s (7) research has 
shown a promising compatibility between B. 
decumbens and the rather unpalatable 
Desmodium ovalifolium Vahl. (similar 
results were obtained on the poor coastal 
bris soils of east Malaysia). Vigorous 
ecotypes o! S. se abra could also be compati
ble with B. decumbens. 

In the last two to three years, as men· 
tioned earlier, photosensitization in young 
cattle (up to about 15 months old) grazing B. 
decumbens was considerad a major and 
serious problem. especially in Brazil. 
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Farmers now realiza it is a management 
problem, and that they need alternate 
pasturas, e.g. P. msximum, for the younger 
cattle as soon as symptoms appear. lt is 
significant that last season in Brazil B. 
decumbens was the grass seed in shortest 
supply, because of a resurgence in demand. 
Photosensitization of sheep and cante (e.g. 
facial eczema) is from impaired liverfunction 
causad in New Zealand by a phytotoxin in 
Pithomyces chsrtsrum ( Sporidesmium 
bskeri), a saprophytic fungus on the liner of 
Lolium perenne L. a nd other pastura species 
(9). In New Zealand it has now been shown 
that high Zn intakes in cante and sheep 
protect against the phytotoxin and 
photosensitivity (30). The fungus is world
wide and occurs in Brazil and other Latín 
American countries. so it could be involved 
in photosensitization of cattle eating 8. 
decumbens. Widespread Zn deficiency in 
poor tropical Oxisols and Ultisols, where 
much of the 8. decumbens is grown, could 
be a predisposing factor (Zn is essential to 
maintenance of 1 iver function). Other possi~ 
ble factors in young canle include lower liver 
activity and partial development of the dark 
skin pigmentation of mature cattle. Also B. 
decumbens could contain a compound 
which has its greatest effect on young 
rapidly growing cattle. 

the dry season. However the deep-rooting 
shrub and tree legumes, especially L. 
leucocephsla (21 ). have the ability to 
produce significan! amounts of valuable 
high protein leal and shoots in the dry 
season for supplementing low quality 
fibrous grass. lf L. /eucocephs/s could be 
adaptad to the acid Oxisols and Ultisols of 
the Latin American Tropics. it could if 
properly managed, obviate dry season leed 
problems in a number of regions. lt is 
probably not practica! to establish large 
areas of L. leucocephsls in spaced rows with 
grasses planted between. However closely 
plantad "protein banks" of L. /eucocephsls 
fenced and rotational grazed in conjunction 
with nativa or improved pastura (10 ha L. 
leucocephslsper 100 ha ofordinary pastura) 
would not only improve summer liveweight 
gains but significantly increase dry season 
performance of cante (11 ). The high and 
undesirable mimosine leve! in L. 
leucocephsls cultivars will eventually be 
significantly reduced by crossing with other 
Leucsens species, including Leucsens 
pulverulenta. A study of the comparativa 
effects of CaCOJ on growth, nodulation and 
chemical composition of four L. 
/eucocephs/s lines (3 bred) has indicated 
importan! factors (e.g. Ca and Al uptakes) 
involved in the adaptation of L. /eucocephs/s 
to acid soils (14). 

Dry season problema and the role of 
legumes, including shrub types l..ow cost pasture development 

lf pasturas have not been overgrazed in 
the wet season there is usually ample OM of 
variable to low quality available in the dry 
season. Sorne scientists and farmers ad~ 
vocate the costly procedure of cutting 
surplus summer forage for hay which is fed 
back in the dry season. As mentioned earlier, 
a small proportion of green legume in dry 
season pastura will maintain good ruminal 
activity and intake of fibrous grass, so that 
weight losses .do not occur. 

A number of the herbaceous legumes 
including Stylossnthes species, M. stropur~ 
pureum and C. pubescens are drought 
resistant and will produce sorne green leaf in 
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Considerable research is needed in all 
important tropical regions to determine the 
cheapest methods of pastura establishment 
and maintenance. so that farmers will be 
encouraged to improve their pastura and 
cattle productivity. CIAT (7) is already 
devising low cost methods for the Colombian 
Uanos at Carimagua. 

Wherever possible the existing grassland 
and savanna should not be destroyed during 
pastura improvement. This would not only 
lower costs but also provide cattle forage 
during the improvement phase. The Em~ 
presa de Pesquisa Agropecuaria de Minas 
Gerais, (EPAMIG of Be lo Horizonte, Brazil) is 
studying the feeding value throughout the 
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year of the low Cerrado scrub at Felixandia 
by means of oesophageal fistulated steers.lt 
has been found that the Cerrado during a 
portion of the year provides good quality 
lorage for grazing cattle. EPAMIG is con
sidering methods of establishing suitable 
legumes (e.g. S. scabra and M. atropur
pureum) with SSP. Mo and Zn in strips 
between the scrub using a simple but heavy 
dril l. In the central Queensland H. contortus 
zona similar methods have been used but in 
some cases most of the largar Eucalyptus 
are poisoned individually with Tordon. 

Seed production and supplies 

There will be no significant increases in 
pastura improvement directly relatad to the 
development of newtechnology and promis
ing new legume and grass cultivars in 
tropical Latin America. unless ample quan
tities of good quality seed of the cultivars are 
available commercially at reasonable prices. 
For sorne years Australia has been an 
important supplier of tropical pastura seed, 
but with the increasing lempo of tropical 
pastura improvement basad on Australian 
cultivars. has not been able to produce the 
quantities of seed required. Fortunately 
CIAT (7) has been active for some years in 
the development of seed production 
methods for a number of new legume and 
grass cultivars. Also severa! commercial 
firms, notably in Brazil, have been pr.oducing 
increasing quantities of seed of important 
pastura cultivars. Scientists and 
governments need to give all the support 
possible to organizations producing relative
ly low cost pastura seed of good quality. 
Without this vital seed. the substantial 

increases in large scale pastura improve
ment needed for production of lower cost 
meat for lower income people will not be 
possible. 

CONCLUSIONS 

There have been enough successes with 
tropical pastura improvement in various 
countries to be confident that suitable low 
cost pastura technologies will be developed 
for the extensivo areas of acid Oxisols and 
Ultisols with high Al saturation. The key is 
the selection and breeding of legumes 
adaptad to soils of low pH. and which form 
stable persistent combinations with tuhed 
grasses (e.g. P. maximum) under grazing 
which is sometimes too severa. The legumes 
need to be tolerant of relatively low nutrient 
levels, but are unable to form vigorous 
associations with grasses without inputs of 
essential elements including P. S. Ca. K. Mo. 
Zn and Cu. Grasses require much more 
study. and especially the problem of 
associating a legume with 8. decumbens. 

Soil nutrient deficiencias in the different 
8cid soil regions need intensivestudy so that 
economic fertilizar practicas can be devisad. 
The dry season forage problem could be 
solved by the selection and breeding of 
drought resistant legumes able to produce 
green leal in the dryseason e.g. thevaluable 
tree legume L. leucocephala. Low cost 
pastura improvement methods are required 
which cause minimal disturbance of the 
native forages. Without adequate commer
cial seed supplies of legume and grass 
cultivars. pastura improvement in tropical 
Latin America will be severely retardad . 
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