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OBJECTIVES OF THE SEMINAR 

1. To explore the roles of beef cattle enterprises in the agricultural and economic develo­
ment of the lowland tropics 

2. To evaluate factors influencing the development of the beef <:at1:le índustry in these 

areas 

3. To identify techniques tor increasing the productivity of beef cattle enterprises 

4, T O estabHsh the bases for interch.:mge 01 technology and ¡nfarmatlan among instltu­
tians and individuals engaged in livestock and agricultural development programs 

5. To assist CIAT and national agencies in establishing their own priorities tor beef cattle 
research and training 
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THE ROLE OF BEEF CATTLE IN THE DEVELOPMENT 
OF LATIN AMERICA 

Roberto Meire/les de Miranda 

"11Ioy landed. They braught with tkem 
some new animals looking very much like 
deer bul taller, and Ihey sal on the backs 
of those animals, which made them very 
swift. 1 saw some of tkem eross Ih. p/a;n. 
in les. time than it would falte the best 
cauner to run acrO$S my haU." 

Papantzin in "Corazón de Jadeu 

by Salvador de Madariaga 

THE HISTORY OF LlVESTOCK 

At the time 01 di,covery, the inhabitants 01 the new world were completely ignorant 
al the domestic animals 01 our day. Dogs lor hunting, llamas and other cameloids, wild 
turkeys and capybaras were the only animal. raferred to by historians as having sorne 
connection wi!h Indi.n life. Madariaga describes poetically what would have been!he 
impression 01 the Indian princess Papentzin upon seeing harses lór the lirs! time. The 
Portuguese reporter Irom Cabral', fleet, in his fir,t letter to hi, king, was precise in 
describing what he hed lound in !he new land. Referring to the Brazilian Indians, he 
wrote, HThey do not plow the tand nor raise animats nor are there cows. goats, ewes~ 
chickens or any other animal accUS!omed to living with men." (Pero Vaz Caminha, 15001. 
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The most advanced American Indians had alreadv developed agricultur. to the point 
ot having effícient ¡rrigation systems. but they knew nothing about livestock keeping, 
except lor the Incas who hed llama herds. 

The history of the introduction of domestic animals in Latin America is not precíse 
and facts are mixed with ~egend. Dates and specíes are quoted by historians in a vague 
wav. Surprisingly enough, Ihe lew h.ad introducad in the diff.rent eount,;es reproduced 
rapidly, and herds were counted by the thousands in the eentury following discoverv. 
When Buenos Aires was rebuilt in 1580, after having been abandonad by íts founder., 
the new inhabit.nts lound wild cattle and horse. roaming through the pampas. The earlv 
Brazilían historians were startled by the rate of growth of the colonísts' herds. One of 
them, Gabriel Soare. de Souza. describad the behavíor 01 the herds in Bahia in an original 
way: "They freshen every year and continue reproducing even when they get older; 
h.iler; are matad with th. bull when thoy are yearlings and give birth at two years 01 
age, so in many cases we see calves suckling heffers who, in turn, are sucking their 
mothers; the same happens with mares, ewes and sows:~ 

Tod.V, we wonder at.nd perhaps tend to doubt mose records, aven when thay are 
supportad by historic,,1 data. In the XVII century, horses were exportad to Portugal, and 
the Spanísh colonias war. suppliers of hides to their mother country. C.ttle were 
slaughterad in large numbers for the hides, the meat 90ing to waste in the absaneo of 
consumers. Oriad jerkad meat was developed later as an export item at \he beginning 01 
the XVIII eentury. Mora recently OSea), the discovery of industrial re!rigoration by 
Charles TelHar openad the world markets to Latin American beal. 

This short historical sketch clearly shows the importan ce of livestock in the settlement 
01 Latín America. The sparsely populated colonies had their vast natural pastures filiad 
with hards of cattle and horses, man.ged by a lew eolonists and a decimatad Indian 
population. Even though mining was the main attraction for the white man, there were 
sorne cases when agriculture and eattle grazing developad eonsiderably, and livastock 
popufated immen'Se regions 01 natural grassland and ¡'consolidated tlle economic 
occupation 01 enormous areas in the hinterland," as Simonsen (1937) sayo when 
relerring to Brazi!. The same is also true for Argontina. Uruguay, Colombia, Venezuela, 
Mexico and many other countries. 

PATTERNS )N SOUTH AMERICA 

Raading Roseveare's "The Grasslands of Latín America"(1948), we understand this 
historical development* and we can foresee that we wíll continue to depend on nvestock 
Ior our well-being and economicel growth. Natural grasslands predomina!. in many 
parts of Latin Ameríca. as for example the fine swards in the Argentine pampas, the 
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coarse grasses ln the Brazilian cerrados and the Colombian and Venezuelan Banos. 
Grasslands provida 10rage for sheep and cameloids in the high páramos, where people 
breathe with difficulty, and sustaín water bulfaloes in tlle marshy flatlands of Marajó 
Island. 

FAO's (1971) map of Soulh American soils shows how limitad thay are for modarn 
agriculture, leaving the farmer the choice of forestry or livestock raising. 

Only 10 per cent of the agricultural areas are free oi serious limitations for modern 
agriculture: 50 per cent have low fertility, 20 per cent lack water, 10 per cent have 
drainage problems and the other 10 per cent are too steep. These limitations are not 
so serious for extensive beef proouction. and the cerrados and the llanos may be put into 
production simply by applying elementary technologícal procadures. Even looking at 
the Argentine pampas or the lands of Uruguay, where the límitations for agriculture are 
not so obvious, farmers' preferences are, by tradition ar by natural inclination. for 
raising livestock. Campars (1972) study of the Rio de la Plata basin indicates that 
raising livestock (beef and sheepJ is toe most cornmon primary activity, using more 
than two thirds of the areas dedicated to agriculture and forestry. 

Afeas recently opened in the humid tropics of the Amazon basin leave small hope for 
subsistence agricultura. In these areas, the soíl nurrients are retained only while they 
circulate through the vegetation. When trees are removed or debris burned, nutrients are 
rapidly leached. leaving behind a hardened, infertile soil for poor farmers. Another 
pOssibility for these areas m.y be livestock farming, Recent work by Falesi (personal 
communication, 1973) at the Instituto de Pesquisa Agropecuaria do Norte (IPEAN, 
Belem, Brazil) indicates that even the humid forest plains of the Amazon region may 
have a future potential as pastures. Surprísin!t1y. Falesi has found that fertility indexes 
are improving in soils covered by grass swards. This gives new hope far the areas that are 
now being opened and which may be saved from subsístence shifting agriculture. 

Taking a look at latin America as a whole. we see there is enough land for livestock 
production and the lumber industry for the world. This stiUleaves enough farm land to 
produce crops to feed its own growing population and to supplement pastures during dry 
periods or far íntensive breeding and fattening systems. 

THE GAMA OF CLlMATlC CONDITlONS IN LATIN AMERICA 

latin America extends from 30
Q

N to 55°S. Thís, in combination with varied altitudes, 
gives rise to many kinds of climates. The largest land masses are found in the tropics. 
which have extreme varíatíons pn temperatures and rain conditions and which present 
many problems for livestock raísing. For each cHmate combination, ¡t ¡s neccssary to 
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develop an appropriate new technology. Only the temperate areas 01 the southern tip 
of Latin America, northern Mexico and the high elevations were fortunate in being 
able to use the same breeds of livestock and forage plants European settlers used. 

LlMITATIONS FOR LlVESTOCK PRODUCTION 

Early writers describe Latin Ameríca as a livestock paradise, Rapíd animal population 
growth could be explained by unlimited grazing areas free from parasites and diseases. 
Certainly, the increased frequency 01 new introductions, without any quarantine 
measures, brought diseases and parasítes which added to those peculiar to tropical 
environments. In a certain way, we were fortunate to remaín free of so many diseases 
and parasítes which even today hinder animal industry jn Africa and Asia. Modero 
writers are very optimistic and forecast substantial ¡ocreases ¡n our indexes of producttvity_ 
In a recent series of lectures, Hutton (1972) states that "there is no reason why Venezuela 
cannot ¡ncrease its cattle population from 8 to 24 miltion." We hear the same from many 
vis[tors from foreign lands. 

We haya to temper this optímism with reality. recognizing the límitations of our 
envíronment; creating the necessary research structure to tackte the problems; defining 
extension activit¡es. credit and marketíng systems; and developing land tenure 
organizations lo absorb the technology generated by this research. Tlle example of 
countries where research has progressed more than ¡n Latin America demonstrates that 
scier.tífic results are not the final objective of the efforts made 10 improve Ilvestock 
product ivity, 

The Annual Report (1971·1972) 01 CSIRO's tropícal pasturesdivision in Australia 
states that only 4 per cent of the available natural tropical grasslands in Australía has 
been adaptad to the ~nown technology and may be classlfied as improved pastures. 

What are our timitations? Our historical background, as weU as the land and dimate, 
can help us define them. Historically. there ís a tradition of extensiva livestock raising. 
Owners of larga tracts of land and numerous herds are not prone to accept changes. The 
sheer exploítation of natural resources is enough to maintain their levet of ¡ncome. 
Without exerting pressure against thls socíoeconomic backgrolmd, research alone will 
not lead to changas in productívity. 

The level of so¡1 fertility and seasonal ralnfall shortages are serious 'imitations. Forage 
production is low and is not a continuous proceS$. Fast-growíng forages become woody 
and fibrous rapidly; and during the long dry periods, jivestock cat the reserves 
accumulated during the rainy season. 
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Mineral defieiences can be identillOO wherever we look for them; however, the exteM 
and intensity 01 this limitation are stlll unknown in the greater part 01 the continent. 

To the diseases and pests brought in Irom the developad world, we add those 01 Ihe 
tropical envirooment. Foot·and·mouth di .. ase takes a big 1011, and the variability of the 
virus limits movement of breeding animals fram one afea to another. It5 mere presence 
raises barriers against our products in the world markets. 

Rabies is widespread aOO continues as a permanent menace with the thousands of 
vampíre bats living in caves in aU mountainous areas. Farmers are so used to the presence 
al bats in these areas that they do not take into account the loss 01 blood and disromlort 
me bats' blood·sucking habits cause in their herds. 

External parasites, especially ticks, are a permanent source of discomfort and reduction 
of animal vitality leven if we do not consíder their secondary effects as vectors of 
hemoparasites. These. we know. exist and kilI imported and weakened nativa animals, 
but production losses from this parasitizing have never been calculated precisely, 

The world would be surprised to know how much ís lost to ticks. A note publíshOO in 
the Australian Veterinary Journal (Vol. 44, p. 585,1968) refers to estímates mada al the 
Belmont Experimental Stotíon, Oueensland of average losses 01 166 ce 01 blood/animall 
day. Other estimates ranga from 107 to 154 ce. Farmers ín Latín Ameríca and possíbly sil 
other tropical couot,ies are so plaguOO by animal diseases that thay are nol ímpressed by 
those mat do not kili promptly. This may explain why so Jittl. attentíon has been paid 
to the study 01 ticks. 

J think this seminar would be a proper forum to ralse the questions of research 00 

ticks and to ask tor an International Center for Research on Tick Control to be established. 
I do not see any subject more appropriate tor an ínternational center. We need basic, 
racHeaf research no country ís able to undertake alone. We need an internationat eftort 
since no country has the stall to tackle 811 aspects of the problem nor to find solution. 
where nobody can sea them now. Possibly through me knowledge gained from tick 
rese.rch, we míght lind solutions lar eontrolling many other pests that plague humans 
and animals in the tropics. 

Reproductive díseases are widespread in Latin America and the extent of their damage 
ís not known. They also do not kili immedíately; and of mese, only brucellosis prompted 
some aetion in testing and vaccination programs, 

UN·FAO (1961) made a study of the problems and potentíals 01 livestock production 
in Latín America. The data on losses in Colombia caused by livestock diseases may be 
quoted here as an example of a general pícture, In 1958, losses in Colombia amounted to 
881 millíon pesos and 1,140,000 deaths. These lo .. es are presentad a$ pereemagos 
(Table 1). 
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Table 1. Causes of livestock losseo in Colombia, 1959. 

Foot-and-mouth disease 
Abortion 
External pa,-asites 
Internal parssites 
Tuberculosis 
Paratuberculosis 

Source: UN-.FAO, 1961 

Percentage 

17,0 
13,0 
35,0 
15,2 

1,8 
4,2 

Tropical díseases place a permanent limitation on possibilitíes of exchanging genetíc 
material. Zebus, buffaloes, bantengs and wild sntelopes are sourees of potential genetic 
material either to improve the adaptabillty af European cattle to our environment or, on 
the other hand, to replace them. But there are enormous risks of introducing new foot· 
and·mouth virus. rinderpest and many other diseases and parasites (Miranda, 1965) fram 
Asia and Africa, where they are endem¡c. 

In thís tist of 1ímitations, the weakness of our research, teaching and extension 
instilutions should be íncluded. Animal research has 1099ed behind agronomic research 
and up to now only scratched the surface of the problems we have identified, Graduate 
teaching in animal sciences started just a few years a90, and the undergraduate programs 
have not emphasized production problems nor trained the men to salve them, 
Consequently, extension has not had a sound basis on which to develop. 

AVAILABLE RESOURCES 

The list of so many Iimitatlons leaves us somewhat pessimistic as regards OUT IIvestock 
possibHities. Let us talk about OUT resources. The first of them is the vast amount of land 
with serious limitatíons for crop growing. Of the 20,559,000 ,quare kilometers quoted by 
FAO as the total surface in Latin America, only 505,000 are considered permanent pastures, 
.eaving large areas for development. 

The second important resource is the existent larga animal population. This is basad on 
FAO figuresshown in Table 2. 
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Jable 2. Latin American animal population, 1911 (millions). 

Cattle 

Horses 

Swine 

Sheep 

Goats 

Water buffaloes 

Source: FAO Production Yearbook, 1971 

248.5 

24.2 

103.2 

130.0 

39.5 

0.1 

The Latin American animal populatlon comprises a large and varied gene pooL In the 
past, we have tried to solve our problems by importing sorne miraculous breed and ln 

doing so have introdueed numerous breed. 01 liv.stock. For eatlle in Bra,il, we havo 
establi.hOO regular herd books for more than 16 breOO •. In this eentury, we importOO 
about 6,000 head of Indian cattle and numerou' olher bread. 01 80S taurus, adding new 
genes to those brought in colonial times. 

Recently, we have been reassessing the value of the genetic material brought in by the 
colonist •. A number 01 papers Ide Alba, 1955; Jordao. 1956; Domingue. el al., 1959; and 
Bodisco et .1., 1962, for example) describe the virtues of the criollo bread.: BI.neo 
orejinegro, Romo sinuano. Costeño con cuernos, Lechero del Valle del Cauta, San 
Martinero, Caracu, Mocho nacional, Curraleira, Malabar < etc, Many criollo breeds have 
disappeared because of indiscriminate crosstng with European or Indian breeds. 

More recently, the cattle gene pool has been enfiched by the introduClian 01 new 
breed. from the United State. IBrahman., Santa Gertrudis, etc.) and Italy (Chianina, 
Romagnola and March¡giana~. 

The interaction of land resources and genetic resources with our socioeconomic 
conditions has determined our presant levels of productivity. with which we are not 
satlsffed. Let us have a look at this situatíon by examíning data published in the past, 
which have probably nol changOO much to date. Jable 3 is. pool 01 infarmation from 
many sources pub!íshed since 1961. lt represents what has happened in the major cattle 
producing countries; certainly the information may be extrapolated to the smaHer 
producers. 
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Table 3. Indexes 01 cattle productivity; variatlon in Latín Americo. 

Rete of e:«ractiQn (%) 7.2 26.5 
Average carcass wejght (kgi 164 220 
Seef per animal on hoof Ik9) 13 50 
Beef per hectare ot pastura (kgJ 14 52 
Slaughter age ,years) 4 5 
Adu!t mortalitv (%) S 6 
Cau crop (%) 40 60 
Milk per COVII (kg) 720 1920 

T",ken from variou!> SQurces 

Income levels from livestock are also quite low, Reproduced in Table 4 are sorne of the 
few data published on tho subioct, The data come fmm Campal'. (1972) work and were 
taken from the Rio de la Plata basin, one of the best Jivestock areas in Latin Arnerica, 

Tables 3 and 4 show low levels of productivity, and only thelarge f.rm areas explain 
how livestock farmers subsisto On the other hand, total production is considerable in view 
of the millions of hectares and the millions 01 livestock animals in Latín America, even 
though productivity per annual unit and per hectare is low. 

Table 4, Valu. of livestock producuon per hectara used as pastura in tfle Rlo de la Plata 
baoin (U.s, dolla .. ). Priceo in June, 1970. 

Highest total 
per ha 

Wooi 0.26 

Lamb 0,09 

Mi1k 25,83 

B",,' 11.89 

Total pe\' ha 38.07 

SourcI: Campal, 1972 

Lowast total 
per ha 

0.06 

0,05 

0,17 

2.12 

2.40 

8 

Average per 
produc:t 

1.11 

0.40 

2,63 

6.97 

HIghnt valuas per 
produet 

4049 

1.58 

25,83 

18.63 



Table 5. Li_tock productiOll in Latín America, 1971. 

Beef 

Pork 

Lamb anó goat meat 

Milk 

Wool {unprocessed) 

Source: FAO PToduetion Ye.rboOk, 1971 

fThousands of metrlc tons) 

6,472 

1.796 

478 

23,896 

322 

The last important resoun~e to mention in this paper is the genetic resource of the grass 
specias. The tropical legume germpla,m fouOO in U¡tin America is 'tiJl unlapped by our 
researchers, Only those species studjed by the Austrafíans have received general attention. 
Tropical leguma, provide the means to reduce soil fertility limilalions, uneven rainfall 
distribution and protein scarcity 1m livestock feeding. The development 01 the potential 
01 tropical !egumes is eon.idered by many soienli,ts 01 the tropical belt 01 the world as 
the key to our livestock leeding problems (CIAT Beef Cattle Program Review Team, 
1973; Granier, 1972; Hutton, 1972). 

RECENT DEVELOPMENTS IN LlVESTOCK PRODUCTION 

Now that we have talked about resourees, let us look at current performance aOO 
examine recent developments so that we may define what to do in the future. What has 
happeoed to tivestock production in Latín America in recent years? Have production 
000 productivity increased? Are we feeding our people better? In a recent paper, 
Jasiorowsky (1973) answers these questions. The lollowing tables compare latin America 
with the rest 01 the world. 

Table 6. Meat and milk produetion in Latin Ameriea and!he world. 

t950 1970 

Meat, 1000 tons: L. America 6,185 10,183 

World 46,191 97,526 

Milk, 1000 tons: L. America 12,608 23,445 

World 256.302 398.498 

$our~: Ja$¡orow~k'l. 1973 

9 

Average annual 
•• rla1ion (%) 

2.5 

3.8 

3.2 

2.2 



Tabla 7. Variations in pe' capitaconsumption of meat and milk in Latin Ame,iea and the 
world. 

1950 1970 

Meat, total lkg): Latin Amerj(:3 38.2 35.9 

World 18.5 26.2 

Milk, total (kgh Latin America 77.8 82.7 

World 103.3 107.0 

$ource: JasiofOwsky. 1973 

Total meat and mil k production increased durlng the I.st year. as shown in Tabl. 6. 
For a cantinant with so much opeo space. the record is stll1 a poor one, especially ín meat 
production. 

Table 7 shows how we are changíng our consumption of Jjvestock products, without 
takíng into account what ís being exported. 

A small ¡ncrease per capita availability 01 milk was registered. and certainly the 
decrease in meat consumption is higher than is shown. as exports were increased. Countríes 
such as Argentina and Uruguay established meatles. days to increas. their exporting 
capacity,lowering their per capita consumption, 

There is so much variation in per cap ita consumption in Latin America that the statistlcs 
given in Table 7 are meaningless in many cases. The high averages are produced by the 
extremely high levels 01 consumption in Argentina and Uruguay. 

Productívity per animal varied as seen in Table 8. 5msll improvements noted in many 
cases are only sígns of better measurements of output or population. In this tab~e the much 
better figures for mi1k production are surprísing, and there is a large decrease in pork output 
per head. for which there is no plausible explanation. 

Table 8. Variation in productlon per animal. 

Beef (kgl 

umb and goal meat (kgi 

Pork lk9) 

MíJk Ikg; 

1950 

28.5 

2.7 

20.5 

77.8 

10 

1970 

29.4 

2.7 

17.6 

95,0 

V.ria.í.. (%) 

3.2 

O 

-14.1 

22.1 



SUGGESTED ITEMS FOR FURTHER CONSIDERATION 

We all admít tha! Latín America has on eoormous potentíal for lívestocK productíon, 
but the data just shown may lead us to be discouragad because reaHzatíon of the potentíal 
has not developed as ex pactad. Al this poiot. we should stop to thínk 01 sorne poínts 
which could be the key to our future. 

First, let us look at our research; most research is not directed to the solution 01 
previously defined problems, Nutrítion and health limitations have been racognized as 
important, but we stil! dedicate more time and energy to breeding experiments, We have 
a tendency to study problems whieh are f •• hionable in the developed world. In Brazil. 
where mineral deficiencies are known, we have few results tram research on mineral 
feeding; nevertheless, at the same lime, stilbasterol implants were usad in many 
experiments at a time when implants \Vera forbidden by law in that country. 

This brings us to the fi"t matter that should be gí""n lurther consideration, We should 
oríent ou, research to our problerns and look for solutions applieable under our condilioos. 
It i. usel .. s to con.íder solutions leading to high investments il we do not have the capital, 
to huge amOunts 01 fertilize .. if we have to import them, and to sophisticated 
roanagemen! practice. if our field worker is illiterate, 

In the first place, we should consider research which is almost demonstrative in nature~ 
using tha knowledge already available in literature, but whích has not yet been proven to 
work under our conditions. This adaptíve research should ¡nelude simple management, 
feeding and health rules whieh, although thay are not designed lo produce big jumps in 
productivity, wil! mak_ the difference we have been hoping for when applied to our 
millions and millions 01 hectares and heads of cattle. 

Mineral feeding, proper vaceinations, ehanging of breeding seaSOn and weaning age, 
providing supplem_nts duríng Ihe dry períods, improving water facilities, and improving 
pastura management will cer~inly contribute to accomplishing the miracle. We need to 
determine which practices gíve the highest returns and then direct our limited extension 
capacíty to make their usewídespread, either as a package or ,ingly. 

Qur research system should define simple practicas which will result in .mal! increases 
in productivity, but when applied to large herds and areas wíll resolt io large production 
iocreases. This kind 01 research will be feasible and e .. ily parformed with the small, 
unprepared 5taff we have at our institutions. 

Research should also provide ways to convince people to use the results. Economic 
analyses of the results and the demonstration of the economic feasibility of the simple 
production systems devisad by research will give the extension worker the necessary 
weapons to combat the diffículties of his ta.k, 
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TIlis brings us to the second malter to be considered. More than research, we need 
extension work. Because producers do not make use of avaílahle research results~ we 
need different approaches lor teehnology trenslerence in our countr;es. We have efficient 
vaccines agai""t most of the important diseases, but field surveys show that thoy are little 
used. We know that phosphorus deficiency is widespread and that phosphorus 
supplementation inereases productivity of tivestock, but we still rely on bono meal as 
the souree 01 this element. The amount of bone meal "vailable shows phosphorus 
supplementation is still an uncommon practica. 

We should introduce those and other practicas -such as those ¡lIustrated here- through 
extension/ thereby increas.ing productivity. How to make farmers use these practices, 
though, is an important point for consideration jf we want to fulfill the latin American 
potential for livestock production. Should we direet our researeh capaeity toward 
supporting the extension elfort? Which action. are more effeetive: demonstrat;ons 
01 packages or isolated practicas, studies on rural farm management, subsidizing the 
implantation of practicas as we usad to do with vaccination campaigns? These are 
questions to be answerlld after pondering the problem of technology transference in 
Itvestock production in Latin America. 

In looking lor other poiots to be considered, I th;nk we should inelude studies on 
other species as sourees for meat produetion. We have already introduced water buffaloes. 
and thoy look quite promising for areas under risk 01 Ilooding, sueh as the lower Amazon 
Valley. The species may .Iso be considered lor other areas similar to the Bahla (Brazí!). 
where studies favored the water buffalo as compared with Zebus lor milk production, 

Horse meat has been produced in increasing amounts, and different scientists have also 
called attention to other species, such as the banteng (eamargo, 1957) and the chigüiro 
(a wild pig). or capybara (Ojastl, 1973). 

Last but not least is the study of our forage ,pacios. W. have always looked abroad, 
rather than paying proper attention to our own reSOUfces in legumes and grasses, These 
species have a long history of adaptation to our envíronment .. and they shouid be 
carefully scrutinized to discover their real potential under tradítional pastura management. 
The cases 01 Stylosanthes and Siratro are good examples of how to gel the most out of 
our own natural resources. 

In general we should think more about the rat¡onal use ot our natural resources; but 
in many cases, we do just the opposite. Let us develop our livestock production on the 
basis of our land and pasture resources and our huge cattle populatíon. By introducing 
small ¡ncreases in the indexes of productivíty and using more land, we wHl ¡ncrease our 
livestock ineame and improve the ievel 01 nutrítíon of our people and !he people 01 the 
world. 
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A LOOK AT THE FUTURE OF THE lIVESTOCK INDUSTRY 

Livestoek has always contributed to the development 01 Latin AmefÍca. We can see how 
it has contributed to the rapid oeeupation 01 our vast territory and how it provided lood 
for the colonist and hides tor variou$ domestic uses and for exportó 

In spite of 1he low levels of productivity. livestock has- becn an important source of 
íncome in recent years; and in a few Latin American countries. it has provided high 
standafds af nutrition for the people. 

For the future we still haya a great deal of untapped natural resources oriented for 
livestock production: the cerrados, the lIanos~ the savannas of Bolivar and the vast 
Amazon basin (CIAT, 1973). These will provid. for large productíon íncreases. At!he 
same time, scientists believe better technology will bring about large ¡ncreases in 
productiv¡ty. 

"The World Food Problem" (US President'. Advisory Committee, 1967) estimates 
that loot·and·mouth dís •• se reduces cattle production in South Ameriea by 25 per cent 
annually; this could be controlled if we put lorth the necessary effort. The same source 
says "rabies reportedly kifls more than one miflion canle in Latín Amerlca each year." 
This dísease may also be controlled with the new vaceines and method. to kili blood· 
sucking bats. 

Raun (1968). in reviewing the production potentíal 01 the Colombian Llanos Orientales, 
calculates that the plains could produce as much as 3.49 times more beef in the short run 
and 22.8 times in the long run if improved management practicas were used and sorne 
improved pastures were established. These increments are within the economic reach of 
cattle producers. Using the same approach, Raun also gíves estimates for all 01 Colombia. 
In the short run. the country could produce as much as 2.72 times more beef and in the 
long run, 9.8 times more. 

A recent paper by Severo et al. (1973) indicates that large increases in productivity 
have already been accomplished under experimental conditions in southern Brazil 
(Tabla 9). 

In some of the projects accepted by international development banks for loans to the 
livestock: industry in Brazit. ¡t has been demonstrated that by íntroducing improved, viable 
technology, lt was possible to raise calf crops to 70 to 75 per cent, ¡ncrease our 
slaughterlng rate to 21 to 22 per cent. iower slaughter age to three years. and increase 
beel production p"r hectar. to 120 kilograms per yo.r (Rocha and Aronovich, 1972). 

These projections, with the exception of beef per hectare, agree closely wíth those 
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Tabla 9. Increases in productivity reachad in Rio Grande do Sul under specified 
conditions. 

Cal! erop (%) 
Weaning age (monthsl 
Age of slaughtering (years) 
Extraction rate (%) 
Beef per hectare (kg) 
Net ¡ncorne per hectare (Cr$) 

Source: Severo et al., 1973 

Ffom 

50.0 
11.0 
4.5 

12.5 
45.2 
40.0 

To 

74.8 
7.0 
2.5 

26.0 
113.0 

79.0 

made by the team tha! definad the Brazilian National Cattla Research Proíect ¡Table 10) 
afte, a detailad .tudy 01 the available information. 

If we consider these projections to be valid for Latin Ameríca as a whole. we can 
visualiza the livestock productlon potential of the continent. The reatization of this 
potential wíll contríbute directly to agricultural deve{opment of vast afeas and 
consequently to better nutrition far the people of the wor!d. tt is our task as researchers, 
extension workerst professors and other professionals to unite OUf efforts in arder to 
make full use of thís potemia!. We are fortunate to have CIAT contributing the experti.e 
of sorne of the world's best scientists to our effort. This meeting is CIAT in action, 
establishing communicaHon between its scientisls and its Latin American colleagues. This 
integrat;on of efforts willlower our technological barriers; and in the ne8r future. the 
projectíons of productívity indexes will beco me reality. 

Table 10. Increase. in productivíty expected in the Brazilían cattle research project. 

. Present valUe5 GoaIs 

Slaughter rate (%) 11,12 2022 

Reproduction rate (%) 40·50 70BO 

Slaughter age (yesrs) 4·5 2.5·3.5 
Beef per hectare (kgl 20 40 
Milk productioo. per lactation {kgl 705 1450 

Milk par halyear (kg) 200 1100 
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NUTRIENT REQUIREMENTS FOR THE ESTABLISHMENT 
OF IMPROVED PASTURES 

R. K, Jones 

fn evaluating: the potential of a particular regían for animal production. we must 
consider both toe quantity and the quality of pasture avairable to the grazing animal 
throughout the year. Maxímum animal proouction in a gíven environment, of course. 
can only be achievéd if the production of adequate-qualíty pasture ís max¡mized, 

The quantíty factor is usually influenced mast strongly by raiofall {ar more 
precisely. the duratían of adequate so[1 mOisture} and the soil nitrogan supply. (In sorne 
cases, other plan! nutrients 5uch as phosphorus must be added 10 this list if they are 
extremely deficient.) Although we can manipulate the quantity factor to sorne extent 
by introducing more productive piaras and by conserving fodder from one year or a part 
of the year tor feeding out in another. thes.: factors are generally much less important 

than water and n itrogen supply. 

The qualítv factor, on the other hand, ís influenced mainlv by the supply 01 nutrient' 
from the soil, acting either dírectly on the che mi cal compasition of the pasture or 
indirectly on its botanical composition. By correcting the nutritional problems of a soil, 

we can often encouraga a legume to grow in a native grassland. thereby markedly 
changing the quality of the pasture. The fertilizar applied, of course, has a direct effect 
on the chemical composition of both the grass and the legume, but sizable changes also 

result from the fact that legumes generally have higher concentrations of protein and 
mineral elements, such as sulfur calcíum, magnesium and phosphorus (in seed). than 

grasses. To sorne extent, direct mineral supplementation of anlmals with nonprotein 
nitrogeo, phosphorus Bnd/or sulfur can offset the effects of poor"quality pastures by 
overcoming deficiencies of particular nutrients or by increasing food intake and sometímes 
the efficiency of digestion of dry matter, The major changes in animal liveweight 

production. however tare generally brought about bV fertilizer effects on the botanical 
and chemical compositíon of the pasture, 
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To IlIustrate some of these points, I refer to the work of Edye et al. (1971), RItson et 
al. (1971) and others In northeastern Australia. Thalr starting point was an unfertllized 
natlve grassland with some Townsville stylo (Stylosanthes humilis) with one cow to five 
or six hectares. The soils W\lre known to be deficient in phosphorus so they Imposod th,oo 
superphosphate treatments (0, 126, or 377 kg/haiyeari as well as two stocking ,ates (one 
cow to 1.2 h. and one to 2.4 ha) and a fodder conservation treatment. The effects, 
partlcularly of the superphosphate treatm.nts, on the quantlty and quality of the pasture 
were quite striking. Superphosphat. Incr.ased both the yleld of total drv malter and the 
nitrogen, pho.phorus and sulfur contents of the Isgums, as well as the phosphorus and 
sultur contents of the associated annual and perennial grasses. These effects were 
prssumed to be responsibls for !he greatly increased liveweight production and 
conception rate of the COWS, and weaning weights of the calves, 

Provided that the technic.1 knowledge Is available, the extent to which the quantity 
and quality of pastures can be increased will depend I.rgely on economic factors. 
Improving pastures mean s expenditure no1: only on seed and fertilizer f but also 00 clearing 
or perhaps poisoning of timbor and on additional watering points. fencing, labor, cattle, 
etc. Nutritional limitations to plant growth, in general, can be completely overcome only 
with high-value crops su eh as tobacco and sugar cane, We often have to be satisfied with 
partíal solutioos when dealiog with beef cattle on pasturas. In Australia, the application 
of nitrogenous fertililerS in tropical grasslands is not economical except in special cases 
such as dairying; hence this paper emphasizes the nutritíonai value of the legume. 

In formulatlng a fertilizer program for the establishment of ¡mproved pasturas. we 
must first obtain information On two maín tapies; viz., the nutrlent status of tha soils on 
which we wish to establish the pasture and the nutrjent requirements of the various 
pastura species available. 

THE NUTRIENT STATUS OF SOILS 

A considerable amount of th¡s type 01 investígation has been done in tropical Australia. 
A typical program Is that described by Isbell and Gíllman (1973) and Jones (1973). 
Referenees to other work are also given (Andrew and Brvon, 1958; Teitzel and Bruce, 
1971). 

So il morphology and chemistry 

The region is fírst mapped by a soil surveyor and the most important soil or soHs 
selected for detailed study. The morphology of these soils is described and aoy variations 
over the region are notOO, Profíle samples are then taken to encompass the range of 
v.riation encountered. After examining numerous profiles. Isbell and Gillman (1973), for 
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example, tinally sampled eight profdes to a depth of 2.5 meters from an area of granitic 

sands estimated to cover 720,000 hectares. More íntensíve sampling can, ot course. be 
done jf it IS warranted, To supplement these profile samples, a larger number 01 surface 

(O to 10 centimeters) samples are usually collected. 

Ttle soil samples are analyzed by standard methods for pH, organic carbon, total N, P, 
S, K, Cu and Zo, available P and exchangeable Na, K, Ca and Mg, Determinatíons 01 
particle size 3nd of the mineralogy of the clay fraction are also made. The variab¡¡¡ty 01 

each 01 these parameters, both within the samplíng sito (i. e., distances ot 10 to 50 meten) 
and between sites (up to 200 kilometers). is estimated. This information is of great 

assistance when one wishes to extrapolate results from a ¡imited nurnber of fíeld 

experimental sites to the afea as a whole. 

The marphological and chemícal description af the soil is essential background 

information to subscquent studies using plants. In sorne cases, ¡t ¡S possible to make a 
recommendation about the fertilizer requ¡rements of the sol! from this informatíon 

alone; this requires a knowledge of the reJatíon between soil parameter and plant growth. 

Glasshouse experlmentation 

The next step i5 to do glasshouse experimentation on eight 01' ten sampies of the 
surface roil from the area. Jones: {1973) used fractional-factorial experiments, the factors 
be¡ng the presence or absence of each of ten plan! nutrients, lt is most important that 

ail nutrients be tested at this stage, even if nutrients which are probably not deficient 

have to be grouped 10r economy in experimental treatments. Experiments using rates 

of important nutrients such as phosphorlJs can airo be included in this phase to give 

informatíon on the shape of th:; response curve. As a test plant, it is desirable to use a 

species which ¡s likely to be used in commercial pastures. We normal1y use apasture 

legume sinee this ¡s generallv the key to the productivity of the plant/animal system. 

G!asshoLJse experimentation is reasonably fast and enables one to experiment on a 

much larger number of soils than can be handJed in the f!eld. It is ideal for highlighting 
trace·element deficlencies and iur studying the ¡nteractions of lime with nutrients such 
as s.ulfur, mOlybdenum and zinc. 

Field experimentar ion 

The thlrd and final step is to conflrm the result$ of 1he sod analyses and glñsshouse 

expenmentatlOn by doíng field experimentation at a few sites chosen ro be tepr€sentat¡ve 

of thi' entire area. The re5ults of the sod analyses 3nd pot f!xperiments are gel1érally of 
grúat assistance m des\gntl1g f¡eld expedments, sinee they enable the experímenter to 
concentrate on particulaf nutrients and to g!Oup othet S which havt: been found to be 

un:mportant "nta "míscelfaneous" treatments, 
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Sulfur and molybder1um are two nutrients, which l!l field experiments may glve results 
jn confl¡ct with those from the glasshoU5e experiments. lt is quite common for 50115 to 
respond to addltions of sutfur in glasshousc experiments but to be nonresponslve In the 
field because of an accumulaÚon of áva¡[able sulfur at depths in the profile (Jones et aL, 
1974). In some cases, however, the response te sulfur may be gfcater in the field because 
of leaching of sulfur from the root zone Osbell, 19731. Responses to molybdenum tri 

legume·based pastures may take longer to appear in fleld experiments than In glasshouse 

experiments beca use nit.rogen, mineralized from the sod after cultivatíon, may mask the 
reduced fixation of nitrogen in the root nodules of molybdenum·deficient legume plants. 

The experiments should, therefore, continue for severa! seasons. 

Field experiments are afien used lO €.xamIf1e aspects sucn a~ responses to vaflous rates 
and torms of fertilizer and leachlng of nutrients ar)d tol' correlallrtg plant tcsponse with 
soil ar plant analytical values. They nave the advantage over glasshouse experimentation 
in that they can be carried out under conditions similar tú those 10 a cúmmerclal pastuH~ 

(e, g., with minimum cultivation, Wlthout clearing of tlmber, and undel' the same 

environmentai condi!lonsL 

N,JTRIENT REQUIREMENTS O, TriE PASTURE SPECIES 

Although al! plants requíre supplíes of the same essential nutriel1t elements, they mav 
differ in their quantnative l'equlrements for these nutnents and in their ablllty to tolerate 
particular 5011 conditíons. The work of Andr€w anÓ Norris (1961) ¡lIustrates this poínt 

weH. They grew five tropical and four temperate pasture legumes in a soíl of pH 5.5 and 
added lime at a wide ranye of rates. Al! other nutrients were adequately supplied, Mast 
of the tropical specles were well nodulated in the absence of lime and had dry maHer 
ylclds in excess of 40 per crmt of thelr y~eld wlth optimum lime addltlom.. On the otiler 
hand, the temperate species were Clther oot nodulated or were poortv nodulated at zelO 
lime and had dry matter yie1ds less than 6 per ceot of the maximum. The authors att;ibute 
the dltferences to él différentl.31 ability In extractíng calcium from the sol!. Havlfig evolved 
in the wet tropics 00 sOlls of low base status, they consider that the tr'Oplcal species 
selected for the experiment were better adapled to the low calcium supply than the 
temperate species selected, However, the differences are not solely \toplca! versus 
temperate species eftects srnce they found that silver-Ieaf desmodium (D, uncinatum) and 
white clover (Trifo/ium repens) were somewnat intermed¡ate in theif response. Moreover, 
in recent unpublished work, Jones and Andrew have found large differences in "\olerance 
of a wide range of calcium x pH treatmeots within the tropicaf genusSty/osanthes. 

Dlfferences between species in their tolel'ance 10 other nutnents of sod tactors have 
also been found with respect to low copper (Andrew and Thorne, 1962l, low and high 
phosphorus (Jones, unpublishedl, high manganese !Andrew (jnd Hegatty. 19691, and 
high alumlnum !Andrew el al., 1973) 
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Apal t t¡ om rl!trogen. tlle nut! ¡ent j eqUII ements af tropical grasses have rece¡ved less 

a~tentlon t!l,an those üf the legumes" Howevcl. Smtth lunpubJ¡shed) has done some 

¡nterestlt1g work I ecently on cation mteractlOnS Ir- a range 01 tropical grdsses, H~ found 

that Gleen Panic (Pantcum maxlmum varo Trichog!ume}, Rhodes grass (eh/oris gayal1a) 

ond Pal'1gola grass {Dlgitaria decumbensJ wp.re able to accumu!ate sodium when potass~um 

was in short supply and sodium was available. Thus, sodium tended to substitute for 

potJssium whe'1 ¡t was deficient. This characteríst¡c was not present in the othel SlX qrasses 

studled. 

CletH ly the¡ e IS a qreat deal more to be !earned about the nutnent ! eQUlrements of 

l"oplca! pasture specics. j think It IS a150 clear, however, th01 an understanding of tl1ese 
¡eqLllrements can greatly asslst in the selectlon of species to plarn in a given sltuatíon 

anu 1'1 mlllirnlZing exprmditure on fertilizers fOf the f!stablíshment and maintenance of 

pas!ures As pasture workers in ihE' tropícs are stín actively engaged in collectíng paswre 

piams ti om tropical Afrll::a and SOlith America, ¡t may wen be fru~tfu¡ for them to pay 

more attention than in the past to collectlng from speclfic 5011 sltuatlons 

VVAYS OF OVERCOMING !\IHRITIO[\[AL PROBU.MS 

Once lt has been establlshed thot a nlltrient 15 requlred tor the growth of a particular 

group of P3sture specips on a soil, then lt :$ i;I relatlvely sImple matter to fertd,ze with 

tr,e cheapest 3vallable form of that nut' ¡ent. Phosphorus IS \te! y ctef¡c\cnt In rnany 

!lopical so;!s and lhe choice of fert¡lizers 15 usual!y between a slng1p. and a more 

concentrated forrn of superphosphate, In u$lng cOlicemrated stlperphosphate, however, 

the poss:bi'ity of sulfur dehciet)cy must always be kept in mínd (Jones et al., 1974). 

DUI mg tr.e last f,vp' years, a rather unusual phosphatic ff;tt!llzer has been dqveloped 10 

:r:e pliot s[age m Adsualía by R J. Swabv {personal commun\callonL It 1$ known as 

B,osuper and COí'lSISt5 of an intlmate mix of fmely dlvlded elemental suffur (one part) 

8nd lock phosphatiJ ¡flve parts}, DU(ing grat1ulatlOn, asma!! amaunt 0 1 wate! conHtlfllng 

:re bacteria Thlobacillus th¡o-oxidans is sprayed on the rnlX The fertdlzPr can Uf: stOlt:!d 

d, y for up to $IX months. but when it IS appl¡ed to the soil and oecomes mOlst, the 

Thiobaci!lus slow!y oxidizes tre sulfur to sulfurlc ac:d, which aets on the rack ph05phate, 

thus- relea~'ng so'ub:e phosp~ates. 

The "ésuliS!O da:E: Il1dlcate that d!OSUpe¡ 15 comparable 10 supe!pho~phi1tf~ ciS d 50Ulce 

of P m trop,cal al pa~, wltll 0nnual ¡¿lInfal:::, n r:XCESS 01 about 1,000 m!llm¡;;tms. It 15, of 

course, a beHer source of SU;fUf thdn 5uoerphosphat€. Blosuper may we!! be the cheapest 

phosphatlc f"rt Illel {lVoddb:e to covni! les wlth lhp,lr own rock phosphatr: suppl:es dnd 

'~mlted mónufdclurll'9 faci!1t¡{:s. 
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Lime or dolo mi te may be required on Sorne tropical soils to modify the calcium and/or 
rnagnesium status, the pH ar exchangeable aluminum !eve!s of the soil. The appropriate 

rates of app!ication, however r should be determined in the field with the pasture species 
to be used since, as mentioned previously, many of the tropical species are quite tolerant 
of low calcium/hígh aluminum situations. If trace elements are required, they are 

normally mixed with the superphosphate. Care must be taken to ensure that the mixing 
15 thorough to avoid problems of uneven dlstríbutton. ThiS ¡s particularly important when 
motybdenum compounds. are added because of the very small quantities involved. 
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MANAGEMENT ANO UTILIZATION OF NATIVE TROPICAL 
PASTURES IN AMERICA 

Osvaldo Paladines 

CHARACTERISTICS OF THE NATIVE TROPICAL PASTURES 

It is necessary ta define what is understood bV a native tropical pasture and to establish 
certain limits to it in order ta c¡rcumscríbe its area and to determine, in one way or 
anothar, its characteristíc conditions. Nativa tropical pastures are also known as tropical 
savannas; Blydenstein 11967) feel. that the express ion 01 sav.nn. already impl ies the 
concept of being tropical. 

Savanna, then, can be defined as a large area of short native Gramineae which also 

contains limited and variable quantities of bushes and short~grow¡ng trees. A more 
dynamic definition of sav3nna must ¡nelude the presence of grasses and their degree of 
suitabmty far livestock production aboye all. 

In latin America, tropical savannas are found in Bolivia, Bratil, Colombia, Guyana and 
Venezuela, In the subtropics we fínd native pastures in Paraguay. 

In accordance with the previously established definition. all tropical savannas are 
charscterized by large laro extensions domtnated by nativa grass species and reduced 
amounts of trees. Trees, when present in the apeo savanna, are small and have twísted 
stems (Rizzini, 1964; Ramia, 1967). There is no uniform type of savanna for aH countries, 
not even within one country. Nevertheless, American tropical savannas have MO 
char8cteristcs in common: (1) low soH fertility and (2) a marked seasonal dry period 
in spite of the rather high total yearly rainfal!. 

It should be poi otea out that in determiníng these two characteristlcs in common, the 

savanna was considered from the point of view of its value for animal production rather 
than tor its ecological characterístics, 
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A faírly goOO quant¡ty of work has been published in relation to tropical savannas of 
Ameríca. Mention should be mode 01 the work published by Blydenstein (1967) about 
Colombia; Ramia (1967), Bonazzi (1962). Comerma and Luque (1971), Blydenstein 
(1971), and Fontana (l961) in regard to Venezuela; Rizzioi í1964} about the Srazilian 
Campos Cerredos of Minas Gera;s; and Stevenson and Goodland (1966) about Guyana. 
Al! of them, however. are either of a purely e<:ological or descríptive nature. 

The lack of information and research on the productivity of tropical savannas of 
America makes it necessary to use information available from Africa and Australia 
although at times their savannas fall more withín the subtropics rather than the tropícs. 

Of particular ¡nterest is the research conducted in South Africa and Rhodesía for more 
than 70 years. Information is also available from Zambia, Uganda, Tanzania and Nigeria, 

However. befare analyzing this information and trying to determine to what extent it 
app!ies to the savannas of tropical America, it is essential to determine their differences, 
which in turn establisnes the transference limitations between the two types of conditions, 

In our opinion. there are three maln differences between the tropical savannas of 
America and Africa: 

1. The vegetation of African 5avannas is regarded as subclimax, created by low ralnfarl 
and 1ire from a climax vegetation represented by bush and small trees. In other words, if 
the savanna were left undisturbed and by sorne means fire Were kept out, vegetation would 
eventually revert to its original bushy nature. In America there are large areas of tropical 
savanna in which short grasses appear to be the climax vegetation, This vegetation was 
apparently caused by low soil ferti!¡ty, which has also been maintained with the aid of 
tire, However, there are areas of the Llanos: of Venezuela (Rumia, 1967; Comerma y luque, 
1971) "nd Cerrados 01 Bralil (Rilzini, 1964), wher. the bushy, xerophyte·type savanna 
is fouOO extensively. The &ame reverting tendency towards bush and trees is found in 
these savannas. 

2. The great majority ot grasses of the African savanflas are well accepted by cattle 
during their period of active growth. wh¡le in the American tropical savanna much of the 
species are not consumad by cattle at any time, This creates a great difference in the levels 
of pasture utilization trom one case to another. 

3, African savannas are highly influenced by low rainfalL Ralns fal! duríng four to six 
months of the year only. witn a total of around 750 milimeters; whereas in America the 
rainfal! in the savanna ís over 1,000 milimeters and falls during seven to ten months of the 
year. 
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MANAGEMENT OF THE TROPICAL SAVANNAS 

Larga amounts of literature are found in relatian to the subtropical savannas of South 
AffÍca and Rhodesia, which bear SOrne óegree of similarity to the tropícal savannas of 
the rest of Africa. in that sorne of the moS! common grass species, such as Heteropogon 
contortU$ and Hyparrhenia sp .• are common to both. Other factors in common are the 
low rainfall wíth long dry -seasons and soil fertility. which ¡f not considered the best for 
crops, can maintain a useful grass cover fOf animal feeding, provided moisture is available. 
In contrast, the amount of research work done on tropical African savannas is considerably 
lower. The summaries presented by de Leeuw (1971) on northern Nigeria and Crowder 
and Cheeda (19731 on West Atrica are important contributions to the understanding 01 
the problems of that region. 

Research information 00 the management and utilization of tropical savannas of 
America is practically nonexistent. 

Three concepts are considered to be the bases for good management of tropical 
savaooas in Afri.a (Kennan et al., 1955; Plowes, 1955; West, 1958; Edwards, 1942; 
Naveh, 1966; and Kennao, 19691: 

1, Adequate stockíng rate in ralation to the production capac¡ty of the savanna, taking 
into account seasonal varíations 

2, Resting of the savanna pastures after heavy grazing to aUow useful species to 
recovar 

3. Weed control 01 bushy species and tree saplings 

A snort discussion of each of these factors, wíth inferences concerning the appticatíon 
of each to American condit¡ons, ¡s worthwhile. 

Stocking rate 

Table 1 presents al! information 8vailable to the author in relation to the animal 
productivity of savanoas in America, Africa and Australia. Stocking rate has been 
iocJuded when availabfe, Invariably, an ¡ncrease in stocking rate produces a decreasc 
in the gain pef animal while par hectare gain ¡ncreases. When very high stocking ratas 
are reached. useful species tend to dlsappear and are replaced by others of less 
acceptability to cattle (Kennan, 1962); where bush and trees are predominant, their 
propagatian is stir!'ulated (Kennan, 1969; West, 1958). This same tendency may possibly 
be faund in areas of the Cerrado and Cerradao of Brazil (Rízzini, 1964). in the 
Trachypogoo savanllas of Venezuela fRamia, 1967L and in sorne of the Rupununi 



savannas of Guyana (Goodland, 1966). On the other hand, there are areas of savanna 
in America, where the abuse of pastures due to overgrazing stimulates the mtroduction 
of very short growing species such as Paspa/um conjugatum and Axonopus compresus 

(personal observations in Carimagua, Colombia) and of Paspa/um notatum (Grossman 
el al., 1966). 

Kennan (1969) points out that short-term weight gains should not be accepted as 
indicative of the productivity of the savanna, particularly in relation to stocking rate, 
because it is ~ot until the savanna is near the point of being overgrazed that the situation 
is reflected in animal gains. A proportionally similar effect is found in understocked areas 
of savannas with grasses well eaten by cattle, in which limited areas of overgrazing are 
formed. In these cases, overgrazing symptoms and invasion of the savanna by undesirable 
species are found (Tainton, 1972). 

After-grazing rest 

The South African grassland marlagement philosophy of rapid grazing, rest and periodic 
burning of the savanna (Joubert, 1971, 1972; and Booysen, 1972) implies that all species 
present in the savanna are well accepted by cattle and that consumption is fairly uniformo 
When reference is made to African savannas of Heteropogon, Hyparrhenia, Cynodon, 
Digitaria, and other palatable species or even to American savannas of Paspa/um 

p/icatu/um-such as those reported by Corrales and Gonzalez (1973) in Barinas or by 
Chicco et al., (1972) in Calabozo, Venezuela--this principie may apply, but it is hard to 
visualize in savannas af Trachypogon of such low consumption by cattle that large 
differences in stocking rate are not reflected equally by differences in forage availability 
(CIAT,1972). 

It is difficult to obtain really convincing evidence in favor of rotational grazing of the 
tropical or subtropical savannas (which implies a periodical rest), including South African 
savannas. As an example, Joubert (1971) founa that a simple four-camp system gave 
better results than a more sophisticated 27-camp rotational gr.azing system. In a 12-year 
trial in southern Rhodesia (Kennan, 1969), continuous grazing produced more animal 
weight gain per hectare every year of the tria!. West (1952) had found something similar 
in another type of savanna in Rhodesia. 

With moderate stocking rates, continuous grazing produced more animal weight gain 
per hectare in northern Nigeria (de Leeuw, 1971). In one year of observations at 
Carimagua, Colombia, a four-paddock rotational grazing system produced slightly less 
gain than continuous grazing. The advantages of resting the savanna, then, must be 
looked upon in terms of other secondary effects. 

Periodrc rest is apparently more re!ated to the possibility of accumulating sufficient 
grassy fuel for a good burn of the savanna for periodlcally destroying the bushy and 
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weedy vegetation, which tend to return (Roberts, 1969; Kennan, 1969; West, 1969; 
Tainton, 1971). De Leeuw (1971) considers that at least 1,000 kilograms of grass dry 
matter is needed tar a tire to be good enough to kili bush and tree saplings. 

Roberts (1969) discusses at length the advantages and disadvantages of multicamp 

systems tar Rhodesia; and even though he concludes that tar their local conditons rotational 
grazing is beneficial, he explains it in terms of the need for weed control through tire. 

Burning of the savanna 

The terms burning and savanna seem to be almost synonymous. Many authors have 
speculated about the role which tire has taken in the formation of the savannas, and West 
(1969) refers to evidence of fire being used in Africa during the Stone Age 53,000 years 
a90. At that time, men apparently used tire, not tar agricultural but tar hunting purposes; 
but in doing so, they aided in the formation of the savannas. 81ydenstein (1967) makes 
reference to the observations of the first Jesuit missionaries in the Colombian llanos, 
which indicate that the present large savannas were already formed at that time. 
Indigenous people apparently burned the savannas every year to facilitate hunting and 
to make walking through the grassy vegetation easier. 

One can argue extensively about beneficial and detrimental effects of fire on soil and 
vegetation, but the real fact is that under present extensíve, totally extractive systems of 
production in tropical savannas, fire is the only management tool available. Its use 
obviously should and does change in accordance with the ecological conditions of the 
area. 

Fire can fulfíll two functions in the savanna: (1) It can control bushy and tall weeds, 
and (2) it can destroy old and unpalatable grass tussocks which are remnants from grazing, 
allowing young, more nutritious growth to come up. In Carimagua, Colombia, for instance, 
the Trachypogon savanna decreases in crude protein content from approximately 10 per 
cent at 10 centímeters height to 2 to 3 per cent at 50 centimeters or more (Table 5); and 
Cunha et al. (1971) found that Trachypogon savannas of Venezuela dropped in crude 
protein content from 8.11 per cent at 15 days of growth (Iess than 10 centimeters high), 
to 5.66 per cent at 50 days, and to 4.66 per cent at 105 days of_growth. Cellulose 
digestibility of the same grasses dropped from 51.51 per cent, to 30.37 per cent, to 25.30 
per cent at 15, 60 and 105 days of growth. 

The figures cited indicate immediately that the Trachypogon savannas are of extremely 
poor nutritive value at any stage of growth aboye 15 days or 10 centimeters, which 
explains the very frequent use of fire by the local farmers. 

Table 2 presents partial results of a trial in Carimagua, Colombia designed to measure 
the productivity of the Trachypogon savanna (CIAT, 1972, 1973; ICA 1972, 19731, 
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which would serve to iIIustrate the effect of tire for removing the uneaten grasses. Results 
refer to two consecutive yean of grazíng. The entire area was burned in July, 1971, four 
months prior to receiving the animals. Grazing started in November, 1971 when grass was 
35 ceotímeters high. The same area was burned the tollowing year; this time tne animals 
remained in their paddocks; and for this reason, hall the area was bumad 15 day, after 
the other hall, When this burning took place, the savanna was approximately 60 to 80 
centimeters high. protein content had decreased to 2 to 3 per cent and phosphorus was 
0.04 per cent. 

The larga differences found are not assocíated w¡th rainfaU. which was higher in 
1971·1972. They can be explained on the bas;, that Trachypogon at 35 centimeters is 
already 50 low ín nutritive value that animals have a difffcult time selecting a diet 
sufficient for good growth. In 1972, on the other hand, animals had access to very young 
regrowth, which was caten as soon as it coutd be reached, In this case, higher gains in the 
lower stocking rates: are associated with more area of young growth available: for 
consumption, 

An addítional treatment in the same trial seems to indicate that a sequential burning 
system throughout the year may be more advantageous than burning the whole area at 
one time (Table 3). If burning ¡5 that important in thís area, as preliminary results seem to 

índicate, then stocking rate will also become very important since there must be a point 
in animal density where the savanna cannot be burned every year because of a lack of fuel 
material, 

In the case of fire being used to control taller weed species that de<:rease the available 
space for grass growth (West, 1969). the most important point to take into account will 
be the amount ot uneaten residual grass leh on the savanna and the síze and density of 
the bushes to be destroyed. Accumulation of grassy material will depend on stock¡ng rate 
and the length of rest given the sovanna before the burn. Rizzini (1964) pOínt' out the 
existence of bush and tree species in the Llanos of Venezuela w¡th vegetative reproduction 
organs that grow underground. thus assuring their survíval after a f¡re. The mechanism 
which has maíntained the ecological balance between thís species and grass specíes in the 
savannas is not known. 

Experiments in which the savanna has been protected from the aetion of fire for 
several years indicate that many of the present grass species of the savanna are remnants 
of an original herbaceou5 cover of these areas, which has been malntained through the 
action of fire. A series. of experiments conducted at the Biological Station 00 a 
Trachypogon savanna of the VenezuelaUanos IBlydenstein 1962, 1963; "nd Eden, 1967) 
indicates that the prevalence of this genera is d¡rectly associated with recurrent fires, In 
those areas that were burned every year, Trachypogon predominated, whíle Axonopus 
species increased after tour vean; of protection from fire, 

An ínterestíng occurrence which appears to repeat itself uoder varied savanna 
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conditions is the complete destruction of many of the grass species as a result of fire 
lollowing several years of protection from it. It would appear tila! as a result 01 
accumulation of grass material at grouOO I .. el (mostly dead leaves and stems), the 
reproductive organs of the plants -sexual and asexual- come up above ground level and 
are destroyed by fire (Edan, 1967; Aristeguieta and Medins, 1965; Van Rensbu'1l. 1952). 
Kannan (1969) point. out the destruetion of Heteropogon and Themeda savannos in 
Africa as a result of animals pulling the plants completely out when grazing. This oeeurs 
aftar some years of protection from fire. 

When fuel material is sufficient. it is possible to burn trop¡cal savannas at any time of 
the year. Obviously. the burntng operation is easier and more effectíve from the standpoint 
of dastruction, when carriad out during the dry months. Al! researen done in Africa appears 
10 iOOicate that burning snould be done at the eOO 01 the dry season, just befor. the lirst 
effective rains. Al this time, grasses are still dormant, but bushes and tree saplings are in 
active vegetative stage. 50 that fire removes me dry and useless grass material, but roots 
are saved and have enough reserves for active growth when rain comes (West, 1958; Plowes, 
1955; Edwards, 1942; de Leeuw, 1971; Tainton, 1971; Naveh, 1966). 

The standard recommendatíon in Africa ís to burn every four years. allowing for a rest 
of several rnonths befare the buro in order to accumulate fuel material to get a "fjerce" 
(Edwards, 1942), rapid aOO complete fire, capable 01 destroying bushes and ,mall trees up 
to 2 or 3 meters high. It should be pointad out that thi, practica implies a hígh normal 
intake of savanna pastures and a relatívely low selectívity of this vegetatíon by grazing 
animals. 

Blydenstein (1963) measurad the growth 01 a Trachypogon savanna in Venezuela alter 
burning at different times of the year. Differences were not too great, but he concluded 
that best growth i. obtainad when burning takas place at the eOO 01 the rainy ",ason in 
December. In practical terms of grazing management. burning at this time of the year 
allows for the use 01 the limitad regrowth 01 tne grasse. during the dry season. 
(Blydenstein, 1963, measurad growth 01 560 kg/ha lrom No.ember to February.) In 
Carimagua, Colombia, burning at the beginning of the dry season changad weight los ••• 
occurring lrom Novemb.r to January to weight gains, bUI losses for the rest of the dry 
se •• on (January to Mareh) could not be prevented (Paladine. et al., 1973). The .. result. 
are for only two years and do not give any indication of the effect of burning at this time 
of the year far consecutive years, since changes in morphology and phY5iology of the 
savannas are not eviden-t in the short term (Norman, 1963). 

MANAGEMENT OF THE TROPICAL SAVANNA DURING 
THE CRITICAL MONTHS 

By definition. tropical savannas should be described as native pastures, strongly seasonal 
in nature. Based on the severa dry period common to all savannas of tropical Ame..-ica, 
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Blydenstein (1972) cha,acte,ized them as semiarid and assigned most 01 their 
morphological and flo,istic characteristics to the severa moisture stress 01 the dry periodo 

The effects 01 the d,y period during the year on animal perlormance are 01 such 
importanCé that there are tropical savannas where. in normal years, animals woutd n01 
survive without sorne sort 01 supplementation during this period (Zemmelink, personal 
communication). To illustrate this point, Table 4 was assembled with a sampl. 01 tropical 
savannas from various parts 01 the world. Th.re are cases included in Table 4 wher. 
animals lost all the weíght gained during the wet season, In general terms, losses appear 
to be from 30 to 60 per cent. 

looking at this table. there would se_m to be a negative rel.tionship between losses 
during the dry period and gains during the wet period; and as expected, losses should be 
higher as stocking rate ¡ncreases. Because of variatíons in stocking rateo it is difficult to 
compare results Irom dillerent pl.ces. Furthermore. Smith (1966) found that the groator 
the weights of the animals at!he beginning of the wet season, the- greater the losses during 
the dry periodo 

Three factors should bo studied with relation to the dry period in arder to make some 
generalizations about its effects on animal productivi1y and to advance possible solutions: 
11) severity 01 losses and subsequent compensatory growth, (2) supplementation during 
the dry periocl. and (3) management of the savanna to minimize losses. There is not a 
great deal known about these factors in ralation to tropical savannas. 

Compensatory galns have been carefully determinad undar many different feeding and 
grazing conditions so that there can be no doubt as to the results obtained. In terms 01 
the productivíty of the savanna. it is important to determine to what extent an animal can 
lose weíght without impairing íts capacity to grow and reproduce. In northern Rhodesia, 
Smith and Hodnett 11962) measured the compensatory growth al animals grazing the 
Hyparrhenia "",d typical 01 this area. They were abl. to observe possible effects of animal 
age and leve! 01 restriction during 1he dry period in relation to gaio during the wet season 
on the same savanna. Their conclusion was that anirnals can recovar from 57 to 68 per 
cent of the dry period loss; that ¡s, rainy season gatns were superior by 570 to 6B04]rams 
per kilogram of weight lost during the dry periodo Compensation took place during 
the wet season. In a more productive type of savanna in Venezuela, Chicco et.1. (1972) 
found that unsupplemented animals during the dry period recovered all 01 the weight 
diffarence as compared with animals supplemented with 0.5 kglday of a mixture 
cootainiog 42.5 per ceot erude proteio. 

Forage during the dry periad can be deficient in quantity. qualítv or both. Experience 
obtained in Africa appears to indicate that dry searon shortage ís mainly a protein 
deficiency and that unless this deficiency is correctad. little can be expected fram energy 
supplementation (Smith. 1961,1962; Zemmelink. 1973). 
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In some interesting trials run in northern Rhadesia and Nigería, the possibility of 
conserving savanna grass either as hay or as standing hay (deferred grazing~ was investigated 
The results wera discouraging in all cases because hay in aither form was unable ro prevent 
weight losses during the drv periad (Smith, 1961; de leeuw, 1971). Only when urea was 
added ro the savanna hay did losses decrea ... Even mora interesting was another trial in 
Rhadesia (Smith, 1961 ~, in which continuous grazing of the savanna was compared to 
grazing in which different parts of the same area were cut for hay and fed during the drv 
soason. Half the animals r_ived two poonds of groundnut cake per head/day. Figure 1 
was taken from Smith (19611, as it clearly shows the effects of protein supplementation 
and the ineffectíveness of ronservatíon under savanna conditions. 

It would be incorrect to assume that a similar situation will be found in the savannas of 
tropical America, but the protein content of the grasses is low at sil times snd well below 
the requirements of the animal. during the dry periad (Cunha et al., 1971; French and 
Chaparro, 1960~. 

Table 5 was prepared based on information collected at Carimagua, particularly from 
a small cutting trial in which the effecto ware .tudied of burning and hand cutting on 
vield and ehamical composition of the savanna. The last line contains an average figure 
of many analyses of the savanna during the drv periodo 

looking at the problem of weight losses during the dry pefiad from a puroly biological 
$tandpoint, there seems lo be a need of supplementing Ihe diet with a nitrogenous element 
during thi. periad if the purpose j. to reduce or oliminate weight los .... By doing so, the 
animal. will not need lO recavar as much weight duríng the rainy season. Unfortunately, 
there is nO genaralízation known for these relationships, and thay must Iharefore be tested 
under all different ecological eonditions. 

For most of Ihe tropical savannas of the world, the use of urea represents ono of the 
few economicel and easy mean. of providing far protein shortage during the dry soason 
of the year (Piatarse, 1969). 

A great de"1 of literature is available on Ihe use of urea as a feed for ruminant., as 
well as its practical application for grazing animals. Soulh Alrican research has clarified 
the way in which it can be used and has pointed out SOrne of its practical limit.tion •. In 
thi. cont"xt,. long argument has baon 90ing on concerning the usefulne •• of adding a 
carbohvdrate source to aid the beneficial effects of urea (Hart el al., 1939; Bel! el al., 
1953; Belasco, 1954). This question has not baon totally answered .ince the actioo of 
carbohydrates does no! seem to be assoeiated wíth urea only but also with the type 01 
pasture used; In any case, it would appear that in sorne areas 01 savanna, a carbohydrate 
source i. not needed for urea to work (piater.e and Lesch, 19631. In other areas the use 
of carbohydrales hes been reduced lo very .mall quantities (Beoms, 1960; Winks). 

The interest in trying to reduce to a mínimum the amount of carbohydrate to be 
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Figure 1. Liveweight chang .. of unsupplemented and protein'supplernented animal. 
(taken from Smith, 1961 l. 

A = total area cut for hay; hay provided during dry season while graziog th.ír 
assigned plots 

B = 50% of th. area cut for hay 
e = area used for deferred grazing 
p = animal. receíved twO pounds of groundnut cake per doy 
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mixad wilh urea is nOI merelv of an academie and biochemical nature, but also one of 
vital economie importante fo, ils use as a drv periad supplement sinee the ea,bohydrate 
is the mast expensive portion 01 the mixture. Al present Colombian prices fo, an 
animal's dailv supplement eontaining 60 grams 01 urea would eost US$ 0.172, 0.092, 
0.052, or 0.012 if it also containad 1.0,0.5,0.25, or O kilograms of eorn. Because 01 the 
hí9h price of grajos on the world market, tropical countries are trying to use molasses as 
a carbohvdrate supplement. The use of molasses in savanna areas is often limitad because 
01 the high cost 01 t,ansportation Irom distant praducing areas, plus the faet tha! the 
priee of mola .... is also rlsing rapidly. Molasses Is .Iso preferrad because teehniques have 
been devetoped for ¡u use under field conditions in drum-lickers of simple construction 
(Moore, 1968). One possible solution could be lo look for substitutes which can be grown 
locally. Ca .. ava may have a place in this contexto 

There is no elear Indication of the minimum amounts of urea which should be fad. In 
• savanna 01 Heteropogon, Winks found a positive ,esponse to 56 grams 01 u,ea and 250 
gramo of molasses supplemenl per day. A higher level of urea (84 grams) had no addad 
eflael although some of the inlormation obtained suggestad that Shorthorn animals, 
adaptad to belter nutrilionallevels, also respondad lo higher levels 01 ufea supplem.ntation 
!han Brahmans. Also, Brahman x Sahiwal crosses neaded onlv 28 grams of urea per 
day. Although nonsupplemented animal, made eompensatory gains during the following 
rainy season. compensation was not complete. 

Supplementalion of the beef herd during Ihe dry season is a complex and many·sided 
problem. In the case of steers, the simplest of all groups in the herd, the level of decision 
requíred may not be more than balancing compensatory gaín against investment in 
supplemenl. BUI with !he breading herd, the problem is not so simple because the breeding 
season can be adjusted to the time 01 the year best for reproduetion bUI stíll good for calf 
growth. One can accept a certain de1.iree of weight loss of the cow as long as íts future 
reproduction ability is not ímpaired. In this way the supplernent given to the cow has to 
be balanced against the cow's own reproductive capacity (if supplementatíon prevents 
damagíng lo ... s}, the growlh 01 the laclating calf and the cow's capacity to rebreed. 

IMPORTANCE AND VALUE OF MANAGEMENT PRACTICES 
OF THE SAVANNA 

In the preceding pages an attempt has been made to giye a broad víew of the 
production capacity of the savannas of tropícal America. Because of lack of local 
information, data from Afríca had to be used much of the time. At this point, it is 
necessary to indieate the form in which these management practices can influence the 
production of the tropical savanna5. However. in doing so, twa additional factors should 
be kept in mind: (1) The nead to introduce "Iarge" changas of great significance in 
production and (2) the need to do this with a mínimum of capital investment. 
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If .oil lertility rather than climate i. the factor which determine, lhe praductivity 01-
the tropical savanno. 01 Ameriea, it would seem elear that with high enough lavel. 01 
fertilizer application. production could be as high as in areas with better sol!. This 
possibility was explorad by the I RI Research Institute in Cerradao $Oils of Br.zil (Quinn 
el al., 1970; Mott et al., 1967; Bisschoff et al., 19671 and is prasently being explorad by 
an extensive series 01 tr;als in the Cerradao of Minas Ger.;. (PIPAEMG, 1973) and other 
afeas of Brazi l. 

Although there have been large ¡ncreases in the world price of beef, prices of fertilizers 
have increased markedly also (Montes y ValOOs, 1974). Taking lhis situation into account, 
we feel that in order to pUl the needed changes into elfeet, other methads have to be 
found. 

The first que.tlon to be asked Is, "What can be aehleved by the applleatlon of classieal 
method. 01 manegement?" 

T o answer thi. que.tion, ",terence can be made to T able 1, whieh shows present level. 
01 productíon and possible improvements through increasing stocking rate (where 
possiblel. Productivity of troplc.1 savannas seem, to run between 10 to 30 kg 01 weight 
gain/ha/vear, In place, 01 low stoeking density, a well·planned increase in stoeking rate 
m.v bring an improvement of 20 to 30 per cent. 

Other management alternatives -such as rotational grazing, conservatlon as hay or 
deterred grazing- have been unable to produce any íncrease in production. Evan urea 
supplementation does not produce global ¡ncreases over tO per cent, altoough mueh more 
informatíon is needed far real quantification. Even jf overall increments of 50 per cent in 
produetion per hectare are aehieved, production would have increased only bV 10 to 15 
kg/ha. 

Whieh, Ihen, are lhe alternativas? 

The basic alternativa was racognllad in Austral~a sorne years ago (Norman, 1966) and 
is beginning to be recognized In Africa (de Leeuw. 1971) and even in those countries 
where researeh in systems of management of the savanna has been a tradition of many 

deeados (Bireh, 19721. 

The general conclusion can be expessed in toe foJlowing terms: In order to obtaln 
significant progress, it will be necessary to changa the vegetation of the savanna from 
lts native grass species ta otherS of h¡gher productiv,ty and feeding vaiuer which should 
also be capable ot persisting under prevalent eoological conditions. For the latosol 
savannas of tropical America, it means usíng species capable 01 withstanding low soíl 
pH .nd low phosphorus levels which would al$O maintain suffie;enl growth during Ihe 

dry season. 
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Fortunately f tropical savannas of America are rich in forage legumes adaptad to these 
eondition •. Among these plants, the genera Stylosanthe. offers grea! promi ••. Stylosanthes 
are found native from Me"ieo to Argentina. It would be highly advisable to take full 
advantage 01 theso foragelegumes. (CIAT, 1971, 1972, 1973). 

Po,sible levol, of production whieh can be roachad with I09umes are known for some 
environments. The experiment al Norman and Stewart (1964) demonstrates the great 
OO •• nees which can be obtained by the use 01 a tropicallegume. Table 6 wa. adaptad 
from the paper by Norman (1966) to illustrate thi. point. Another example i. contained 
in the experiment 01 Shaw and Mannetie (1970). where they obtained an increase in 
liveweight gain from 25 kglha in the native pastur. to 94 kglha when Stylosanthes humilis 
was íntroduced. This rose to 150 when the pasturas including S. humills received the 
following quantiti •• 01 f.rtililer over a seven-year period: 1,200 kg of superphoSl'hate, 
170 kg of potash, and one application 01 0.375 kg 01 sodium molybdate. 

Inereases in produetion are around 400 to 600 per eent. Comparing these changos with 
the maximum 50 per cent improvement which can possibly be expected in traditional 
management systems, it is easy to see where the majar changas will come from. 

There should be no need for more proof to concentrate research and development 
efforts in the introduction of more productive species. espec¡ally legumes, in the tropical 
savannas of America. 

The rate 01 progress to be achievad will be directly rel.ted to the identification and 
testing of thase species and, of course. to provision at local and national levels of the 
struetu .... whieh will permit the new technology to be used with economic.1 success. 
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T able 1, Productivity of • sample 01 savannas from America, Afrioa and Australia. 

Stocklng rate W.íght gain. kg 

location an¡mals!h. animal/year ha/ye.t Referenoe: 

Southern Rhodesia 
Heteropogon contortus, BorhriochJoa ,13 77 11 Kennan, 1969 
insculpta .20 66 13 

.24 64 15 
,31 62 19 

Zambia. dry savanna .12 74.0 B.9 Smith,l966 
.20 64,7 12,9 
.32 50.0 16.0 

~ ,74 33.6 24,9 

Zambia, drainage savanna 
Hyparrhenia fiJipendu/a, Heteropogon ,31 95,0 29.7 Smith,1966 
contortus, Setaria sphlJcelata, Cynodon .63 89.6 56.0 
(lactylon, ErsgrosUs spp. 1,25 78.4 98.0 

Nigeria and Northern Guinea, savanna 
Loudetia st'mplex, Trachypogon spicatuI. .42 21 1203 day.1 9 (203 doy,) de Leeuw, 1971 
Andro/Jogon asclnodis~ Monocymbium ,50 26 12 
ceresiiforme .62 24 16 

.83 19 15 
1.25 1 3 

Oueenstand, Australia 
Heteropogon rdticeus. H. contortus, ,25 37 9 Alexander. 1968 
Bothriochloa intermedia, Themeda aUltralis .41 25 11 



Table 1. (continued) 

Stockíng rate W. ... ' .. in. kg 

I.ocotlon animalslha anhnal/year ha/year R."unce 

Rodd's Bay. Central Coasta! Oueensland 
Heteropogon contortlJs, Crysopagofl .05 83 25 Shaw y Mannejte. 1970 
fallax, Eragfostis sp. .21 47 30 

Calabozo, Venezuela 
50% Paspalum pfil:atulumT 30% Leersia 118 tS monthsj ? Chiceo et al" 1972 

'"' 
hexandra. 20% SpoyoboJU$ indlcus and 

'" Panicum laxum 

Barioas. Venezuela 
90% Nativa pasture .21 225· 47 Corrales y González, 1973, b, 
83%" .. .23 230' 52 
62% .46 264' 120 
Paspalum plicatulum. Leers;a hexandra, 
Andropogon bicurnis. Trachypegon sp. 
Axonopu$ J.)urpussj 

Camnagua. Meta, Colombia 
Trac:hypogon lIestitus, Leptocoryphium .20 28 5 eIAT.1972 
lanawm, Pl:lspalum pectinatum, Axono- .35 38 12 ICA.1972 
pus puJcher, Andropogon sp. .50 2 1 

• Calcu!at1td from me data ,¡ven by the .tiJtnor 



Table 2. Weight gain of steers on tIle Trachypogon 
savanna of Carimagua, Colombia. 

1971·1972 
{no burning) 

1972·1973 
(with burning) 

0.20 

28.3 

92.0 

Stocking rate, steerslha 

0.35 0.50 

kg/animaUyear 

38.2 1.5 

94.0 74.0 

Adapted from CIAT,1972. 1973; !CA, 1972, 1973 

Table 3. Productivity of me nativo savanna at Carimagua with two systems 
of burning." 

AVt)rage veanv waight g¡:in 

Stocki ... per animal. kg 

rate Sequential 
II:Iinimallba One buming"'· buming*** 

0.20 92 119 

0.35 94 110 

0.60 74 78 

• Table taken from eIAT, 1973; ICA, 1973 

,.. Al! the ,¡\foa was bvrned in NOllomber. 1972. 

Advtltnt. uf sequential 
bufning 

kg/anima' % 

27 29 

16 17 

4 5 

nI' The aree. was divided by tireguard$ intQ eight plots 01 disked land &f'ld 0"0 plot burned 
at t'!ight different times throvg:hol.lt the vear, beginning November, 1972 and ending 
September.1973. 
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Table 4. Effect of the dry season on the body _ight of animal. on tropical savann ••. 

Welght toa during 
dry season as per~ Willght 

Stocklng """ Otv- _01......-1\1 1-
Location Mimals/b. of theyeer .... " kg/anim81 R_...,. 

Southern Rhooesia 
Heteropogt;ln CQntorws. 8()th~ .19 7 45 71 Kennan.1969 
rloehloa inscufpta .31 45 72 

.47 54 81 

~mbia. Dry savanna .12 7 22 21 Smith,l966 
.20 29 26 
.32 45 41 
.74 65 61 

Zambia, drainage savanna 
Hyparrhenie filip(ffldula~ H,ete-- .31 7 + 2 
ropogan cantartus, Seta"rls .63 El 9 
spahace/sta. Cynodon dactylon, 1.26 12 18 
Ersgrostls spp, 

Nigeria. northern Guinea savannas· 
Loudetia simpfex, Trachypogon .31 4·5 39 25 de Leeuw, 1971 
SPicatul, Andropogon B,cinod;s, .62 39 22 
Monocvmbium cere,iiforme ? 83 51 estimated 

Katherine. N. T" Australia 
Themeda austral/s, Sorghum plu- .5·0.08 8 54 60 Norman, 1966 
mO$um~ Chrysopogan fallal( and 
Sehilf)4t nervo$um 

Stcx:king rates of 0.62 8nd 0.31 reCiJived 58 kg of cottonseed/animal during the dry periad. F¡gUf$$ of th. third line were not given by de 
LQeuw, 1971 and are extra"olationll. 
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Table 4. (continuedl 

l.ocation 

Queensland, Australia· 
Heteropogon contortus, Hetew 
ropogon triticeus, Themeda 
l1ustralis, Bothriochloa in­
termedlB 

Carirnagua. Meta, Colombia 
Trachvpogon vestitus, Lepto­
coryphium 'lml1tum. P6SPalum 
pectinatum, Axono/Jus pufcher, 
Andropogo(f spp . 

.. Animals were supplemented for 77 days. 

Stoeking rate 
animalslha 

.25 
Al 

.20 

.35 

.SO 

Dry months 
of the v •• , 

8 

4 

Weígbt loss during 
d rv saason as. per· 
CGnt:age Di veerly 

9&in 

53 
88 

40 
37 
89 

Woight 
1 ... 

k;lan¡mal 

32 
53 

21 
25 
33 

Ilef ........ 

Alexander, 1968 

eIAT.1972 
ICA.1972 



Table 5. Crude protein content of the savann. at Carimagua. Colombia. 

Cutting Sume<! Savanna cut Oay$ of 
hefght $@Vilnn8 by hand growth 
(cm) (%1 (%¡ 

Trachypogon ven/tus 

10 10.5 10.3 28 

20 8.0 7.5 49 

35 6.4 5.B 79 

Whole saY8flna 

10 10.0 10.3 28 

20 7.5 7.0 49 

35 5.8 5.7 79 

50- 80 2.7 Dry period 

Table 6. Animal growth during the dry period in native pastures with varying level. 
of graa and legurnes. 

Pasturt compositíon Proteio con- Weight 
tentof p. gaio Period of 

Perenniel Ann-ual Srylosanthes tures at per weight 
. graos gnlS$ humilis begjnning of animal 9,ain 

1%1 1%1 1%) gra¡:ing(% ) Ika) I_ks) 

51,1 257 22.8 4.69 9 B 

9.9 45.4 44.7 7.00 45 20 

37.4 62.6 8.38 89 Z2 

Adapted from Norman. 1966 
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LEGUME-BASED IMPROVED TROPICAL PASTURES 

K. Santhirasegaram 

The legume is the backbone i.?f the anímal índustry in the temperate parts of the world, 
where ¡t produces the cheapest form of protein tor animals and nitrogen for the growth of 
the associated grasses, Whether the grass ¡s Lolium Or one of the many others, Trifolium 
(clover) and Medlcago (alfalfa) are atways present, Tropical pastures are also deficient in 
proteio. In 1953. Whyte et al. expressed pessimism on the prospects of animal productiún 
trom legume-based pasturas in the tropics. 

At about the same time. toe late Dr. J. Griffith Oavies. with characteristic British 
tenacity. WaS organiziog the now well·known CSIRO Div¡sion of Tropical Pasturas (now 
Agronomy) in Australia, Barely 20 years later, Dr. Oavies' successor, Dr. Huttan (19701. 
was able to state that "reliable tropical legumes and grasses are available as well as 
knowledge of their fertilization, management and productivlty." Another co-worker, Dr. 
Jones 11972), has written that "tropicallegumes hold a primary place in the development 
of pastures in the tropics." 

IDENTIEICATION OF THE CLlMATIC TYPES IN THE TROPICS 

The geographic boundaries of the tropícs are weH known. Within these, climatic and soí! 
conditions vary. There are a!so sorne areas bevond these latitudinalllmits where for some 
part of the year, ternperature \summer months of the subtropics) and rainta!! are -capable 
af supporting growth of tropical plant species. Thus, the following dimatic types of 
tropics may be identifjed: 
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1. Wet tropiC$ hava uniform higo temperatures and rainfall with forest vegetatíon in 
general. Soils are leached and acidic, generally residual or aHuvial; some are vulcanic or 
littoral. The wet tropics are mainly unexploited except for sorne extractíon of timber, 
cultivatíon of tree crups and grazing of cattle on ground vegetation under these crops. 
Proper management would ¡ncrease crop yield and permit animal production 
(Santhirasegaram, 1965). This tvpe of tropics covers approximately 10 per cent 01 the 
earth's land surface. Pasture growtl.l is almost continuous. promoting cOfltinuous animal 
growth. 

2. Monsoonal tropics have uniform hígh temperatures, but rainfall IS restricted with 
one or two dry per¡ods in the year. Regions with two dry periods {bimonsoonal) are 

almost similar to the wet tropics in effectlve growth of plant species, as the dry periods 
are not generally sufficient to cause severe shortage of animal feed. Such dry periods are 
of benefit to anima!s and facilitate seed harvesting of pasture species. In regions with one 
monsoon, the dry pe-riod may extend from nearlv three months up to oine months. With 
an ¡ncrease In the dry period, feed shortage becomes a limiting factor in anímal growth. 
Soils beco me less lcached as calcium content increases. 

Much of the world's cattle populatíon ¡s found in the moosoonal tropics. and mast of 
the area is cultivated for human food. Nearly al! of the tropical grass spedes in use also 
come from this area. The vegetation changes trom forest through savanna to grassland. 
dependíng on the length of the dry periodo The monsoonal tropics cover nearly 15 per 
ceot of the earth's tand surface, 

3. Dry tropics ¡oelude tropical deserts and surroundlog areas with a short rainy period, 
generally insufficient to support animal growth 00 pastures, even tor a short period of the 
yeaL 

4, Sea$Onal ttopics are usuaHy referred to as subtropics. They have high temperature 
and rainfall for varying periods (both decrease with an ¡ncrease in !atitude and altitude) 
during the summer mOflths. Soils are weakly acidic to alkaline wíth high calcíum contento 
Vegetation ¡s open woodlands to grasslands. Cropping is widespread with considerable 
utilization of natural and sown pastures. Seasonal tropícs OCCUPY nearly 5 per cent of the 
world's land surface. 

The wet. monsoonal and seasonal tropics which cover nearly a third of the wodd's land 
surface poS5eSS distinct potential for increased cattle production. The soils vary from 
alkaline littoral with high calcium to acidic continental with high aluminum in the cation 
complex. Mast tropical $oils are deficient in nitrogen and phosphorus, and many are 
deficient in sulfur. Deficiencies of other major and minar nutrjents are to be expected 
in manv types. There 15 a relationship between degree 01 nutrient deficiencies and 
amount of rainfall (past and/or presant) aod/or cantent of sand traetlon in the soi', 
malnly because of increased leaching. 
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PASTURE LEGUMES 

A great deal is generally known about grasses and their use in pastures, whereas the use 
of legumes is rather new; and except far one ar two instances le.y_ Macroptilium 
atropurpureum and Glycine wightiiL selection and/or breeding is unknown, However, 
the natural forms of many legumes are making valuable contributions to anímal production 
under many circumstance5. Sorne of the important members ¡nelude: 

1. Centrosema spp. are nativa to South America and adapted to the wet tropics. They 
are perennials. capable of toleratiog acidity and aluminum content, C. pubescens is widely 
used in the ald world as a caver crop under plantations. Its critical P and K contents are 
0.16 and 0.80 per cent in dry matter, respectively. The symbiotic Rhizobium requírement 
is.specific. Seed innoculation is unsatisfactory because of the presence of toxic substances 
in the seed coat, It is usually scrambling or twiníng, but is capable of spreading on the soi! 
surface wlth rooting at nodas. Flowering and seeding are spread across a perlod of time 
and pod shatte:ring is a disadvantage. Good seed yields under hand harvesting in monsoonal 
areas hava been obtained. Considerable genetic varíation exists. and breeding and selection 
are possible. 

2, Desmodium sPP. are of American orígin and range from short, prostrate types (D. 
tríf!orum) to tall, bushy types (D. dístvrtuml, and from perenni.ls (D. íntortum) to 
annuals. Thus, the genus is useful fram the wet to monomonsoonal and seasonal tropics. 
D. canum ís usad in Hawaii in assDciation with Oigitar;a decumbens. In Surinam, D. 
ovalifolium is used with Brachiaria decumbens. D. inrortum, a perennial, is tolerant to 
acidity and aluminum and is capable of growing in altitudes up to 2,000 meters, Its 
crítical P and K contents are 0.23 000'0.72 per cen!, respeetively. It requires Oesmodium· 
type Rhi~obium and is eapeble 01 scramblíng or spreading wíth rooting at nodes. 

Flowering is during a short period and seed harvestlog with machinery is possible with 
no shattering. There is wide genetic var¡ation. and sorne have high tannin contento 

D. uncinatum is almost similar in character to D. intortum but is less hardy. Crítical P 
ami K contents are 0.24 and 0.60 per cent, respectively. It may require a lime applícatíon 
in extreme cases. Rhizobium is specific as in other members of the genus. 

There are at least 20 species ¡n the genus with potential use for pastures. 

3. MacroptiUum sPp. are a genus of American origin, with annuals (M. lathyroides) and 
perennials (M. atropurpu,eum). The latter has been seleetad and bred ín Australia lo. 
siratro) for the monsoonal and seasonal tropic$, It is susceptible to fungus attack with 
severity increasing as watness ¡ncreases. Critical P and K contents are 0.24 and 0,75 par 
ceot, respectively. The Rhizobium requirement ls the cowpea type. It is capable of rooting 
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at nodes and scrambling. Flowering and pod shattering are factors to be improved by 
breeding and selection. This genus was lormerly referred to as Phaseolu$. 

4. Stylosanthes .pp. are another genus of American origin, with annual, (5. humilis) 
and perennial, (5. guyanensÍ$). It is a rathererect1jrowing type, and the perenoial develops 
a crown abaut 15 centimeters aboye soil surface under repestad grazíng. This is ao 
indication 01 lack 01 dormaocy aod olso resistanao to grazing. Tolerant to acidity and 
aluminum contents, it is definitely intolerant to alkaline soils, Low in P content, it is 
specífic in Rhizobium requirement. It flowers during the dry season, and harvesting ís 
possible with machines. Most cultiva .. shed the one ..... d.d pods on ripening. Large 
variatíon in genetics exists. with potential for selection and breeding, Many strains are 
susceptible to anthracnose. The annual, S. humílís; is wídely used in the monsoonal troplcs 
01 Australia with good results. Critical P and K contents are 0.17 and 0.90 por cent, 
respectively, with the cowpea-type Rhizobium. 

5. Glycine spp. are of African origino G. wightii, a parennial, ís used main'v in the 
seasonal tropics 01 Australia. It requires mildly acidic soil, IpH > 5.51. It i, slow to 
establish, possibfy because of slQW nodulation and symbiosis. Critical P and K COntents 
are 0.23 and 1.20 per cent, respectively. Flow.ring .nd seed production take place in a 
mort period, and mechanica! harvesting is possible. 

6. Lotononis spp. ¡nelude L. bainesii~ a perenniai of Afriean origin, which is capable of 
tolerating aluminum and is particular!y useful in light soils where It root5 at the nades 
with a growth habit resembling that 01 clovers. Its critical P and K contents are 0.17 and 
0.75 per cent, respectively. It is highly strain ,pecilic in regard to Rhizobium. 

7. Pueraria spp. include a perennial from Asia, P. phaseoloídes, which is wall sulted to 
the wet tropícs as a pioneer legume. I t usually grows as a scrambler but is capable of 
spreadíng with rooting at nodes. I t is generally used under plantations as a CQvar crop. It 
flowers for a long pertod of time, but the flowers are subject to fungus and bacteria! 
attacks in wet weather. Seed setting is low and podsshatter easily; therefore. mechanical 
harvesting is difficult. In areas with a marked dry season, goOO yíelds have been recorded 
when harvested by hand. There is considerable diversity of opínion as to its palatability; 
1t is suggested that palatability decreases with an ¡ncrease in precipitatíon. There is also 
sorne discrimination by Zebu~type animals. Genetic variation has not been reported, but 
the possibillty cannot be discounted. 

8. Other genera inelude hosts of pasture legumes which are being examined in 
different parts of the tropícs, some of wnich are Aeschynomene spp., Arachis spP., 
Oolicus ,pp., Indigol.ra spp., Leu .... na spp., Vign •• pp. and Zonia spp. 

lt m.y be noted that while tropical Alriea has provided the bulk 01 gra ... pecios, 
tropical Amerlca is rich in legumes. The genera Desmodiurn and Stylosanthes would 
provide sufficient species and cultivars necessary for nearly every ecological niche that 
could be encounter~ in the tropícs. 
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Nitrogen fixation by tropical legumes 

The amount of nitrogen lixed by the variou, legumes in use has nol been determined; 
however. some informatlon is avaílable to show that the rates are comparable to those 
f~xed by temperate types. Table I 5ummarízes sorne of the ¡nformation available, Bryan 
(1970) showed that apasture with 30 per cent legume content was almost equal to grass 
with 400 kg/ha application of nitrogan in terms of liveweight gain of animals, Jones 
(1972) demonstrated from various experiments that there is a linear relationship between 
d,y mat!e, yield 01 the legumes and the amount 01 nitrogen lixed by them. Norman (1970) 
showed that animal performance was linearly related to the content of legume herbage in 
lhe leed. 

In Uganda (Jones, (972), grain yield was superior from plots that had be.o previously 
under grassnegume pasture, as compare<! to those under graS$ only, lt must be poioted 
out. though. that under the high tropical temperatures and alternate wetting and drying 
of the soils. animal excreta are the main form of nítrogen returo from the legume to the 
soi!. There would be considerable 10$$ of nitrogen through volatilitation aro leaching. A 
steady supply under contlnuous grazing would be en efficient form of utilizing the 
legume nttrogen. Such a system of grazing is advocated by Jones ~personal communlcation) 
for th. persistence and growth 01 tropical legumes. 

Tabla 1. Amount of nitrogen fixed by tropicallegumes in different parts Df lhe wDrld. 

Utgumesp. Ar .. kg/ha/vear N Souree 

P. atropurpureum Australia 7().130 Jones et al., 
1967 

D. canum Hawa¡¡ 97 Wh i tney & Green. 
1969 

D. intorfum Hawai¡ 264 Wh ¡ tney 8« Green. 
1969 

D. intortum Hawai¡ 300 Whitney. 1970 

D. uncinatum Kenya 61-159 Thairu, 1972 

Sel.etion, establishment and fertitization of legume·based p.stures 

The key to success depends on the selection of legumes which are adapted to the 
environment 8nd which are capable of persisting under grazing with associated grasses. 
Most tropical soils, particularly In the wet equatoriaf regions, are acidic and many are 
high in aluminum content Santh¡rasegaram (974) has reviewed the existing Jnformatíon 
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and ,howed that tropical l"\lume, would not require Increased pH and !hat they are 
tolerant to aluminum, generalty encountered in mese soils. In calcareous soils. many 01 
!he l"\lumas will not grow sati,lactorily, but species are "vailable lar them too. G/yeine 
Wightíi. Leueaena leucocephala and Arachi. spp, are well adapted to those condition,. 

The selection of grasses to be associatoo wíth the legumes is also an important factor, 
It has been shown that erect-growing grasses will oot generally offer severe competition 
to the l"\lumas (Reye., 1974). Ha_ver, persistent swards 01 D. intortum and D. canum 
with Digita,i" deeumbens, a prostrate type wi!h grass rooting at nodes, have been 
maintained in Hawaii (Younge el al., 1964). Hera, the determining factor. appear to be 
grazing pressure and relative palatibility of the forage. 

It is well recognized that tropical grasses grow taster than legumes and are therefore 
potentially capable of sh_ding the latter. causing their elimin_tion lrom the sward. For 
this reason, Hutton (1970) suggested that it rnay be necessary to bread tropical grasses 
with slower growth rates. However, it must be pointed out that relative palatability of 
the grasses is better than the associated legumes under ffiost circumstances, particularly 
at the early steges of growth 01 the species. In the early life 01 the pasture, the amount 
01 nitrogen available to the gra .. trom the l"\lume would be a limiting factor for ils 
growth. Thus it would appear that undar grazing conditions the existing circumstances 
would be complementary rather than competitive. The improvement of the growth rate 
01 the l"\luma, r.ther than the retardation 01 that 01 the gra .. , appears to be the mor. 
logical approach. 

Tropicallegumes would requke less phosphorus and calcíum as compared w¡th their 
temperare counterparts, but they are characterístically high in their requírement of 

magnesium (Norris, 1959). Apart from requiring less P and Ca, tropicallegumes have the 
ability to extraet these two nutrients from soils which may be considered defícient in 
them. 

Legumes and grasses adapted to the acid tropical soils appear to be low in P content 
« 0.20 per ceot) and in many ínstances insufficient for the proper performance of the 
grating animals. Santhirasegaram et al. (19721 have shown that lar many species adapted 
to the ultisol in Pucallpa, Peru. an application of 100 kg/ha superphosphate would be 
optimal far establishment and early growth. When animals were grazed in such pastures, 
responseto theadded phosphate lasted for only six months (Echevarría and Santhiraseg_ram, 
1974); and an application of 500 kg/h_ superphosphate retarded the growth 01 animals 
during the same periodo 

Working in the dry monsoonal tropies 01 Australia, Rítson et al. (1971) racorded P 
content of 0.20 per cent on one occasion with HeteropQgon contortus and on three 
occasions with Stylosanthes humílis {out of 22 _00 20 determinations, respectively, in 
plots receíving 128 and 377 kg/ha/year superphosphate). 
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It is highly unlikely that the P content of these species could be increased to sufficient 
levels through the application af higher quantities af phosphate fertilizers, and it is even 

more questionable whether 5uch levels would be economical. It would appear that 

phosphorus fertilizer should be applied to keep plants al or aboye their critical 
requirements and that the further requirements af the animal should be met through 

mineral supplementation. 

The data of Echevarría and Santhirasegaram (1974) suggest that even applications of 
100 kg/ha superphosphate every six months would nol give a growth rate equal to that 
of animals supplemented with minerals. While it is possible that applications of 200 kg/ha 
superphosphate every six months can produce the same growth rate as mineral 
supplementation, the system would be uneconomical. Table 2 gives estimated costs and 
liveweight gains (LWG) to be expected from various combinations of phosphate fertilizer 
and direct mineral supplementation to the animal. 

Table 2. Liveweight gains and cost of production from Pueraria phaseoloídes/Hyparrhenía 
rufa pasture with different rates of superphosphate applieation to the soil and 
direet supplementation of mineral phosphate to yearling Nellore heifers stocked 
at 2.0 animals/ha.· 

LWG Cost of fert. Cost 01 supp. 
Treatment kg/ha/year (US$I IUS$I 

A. G rass + legume 120.2 0.00 0.00 

B. Grass + legume + 
100 kg/ha SP 159.0 10.00 0.00 

C. Grass + legume + 
mineral supp. 320.8 0.00 6.00 

D. Grass + legume + 
100 kg SP + m. Supp. 352.4 10.00 4.00 

E. Grass + legume + 
100 kg/6 months SP 230.8" 20.00 0.00 

F. Grass + legume + 
100 kg/6 months SP + 
mineral supp. 372.8 ... • .. 20.00 4.00 

G. Grass + legume + 
200 kg/6 months SP 438.0·* ... 40.00 0.00 

H. Grass + legu me + 
200 kg/6 months SP + 
mineral supp. 438.0 ...... * * 40.0 2.00 

Echevarr(a and Santhirasegaram. 1974 
Estlmated by doubling the LWG during the first six months of Treatment B 
Same as •• in Treatment O 
Estimating maximum dailv growTh raTe of Nellore heifers as 600 9 
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IUScenlS1 

6.3 

1.9 

4.0 

8.6 

6.4 

9.1 

9.6 



It would appear that the relationship between fertilization and LWG is curvilinear and 
an animal's response is soon limited by its capacity to grow. Further increase in LWG/ha 
could be achieved by increasing the stocking rateo It has already been established that 100 
kg/ha application of superphosphate is optimal for plant growth. Under grazing 
conditions, however, there may be so me further response to higher levels of phosphate 
application. It is suggested that applications of 100 kg/ha superphosphate every six months 
would be about the maximum required and perhaps even smaller quantities may be 
optimal. From the point of view of economics, there appear to be two factors: direct 
phosphate supplementations to the .animal and limited, but frequent fertilization to the 
plants. Under this phosphate regime, optimum stocking rate would produce maximum 
LWG/ha. 

Echevarria (personal communiciltion) has found evidence that Hyparrhenía rufa pasture 
(without legume) with direct supplementation of mineral phosphate to the animal produced 
318.6 kg/ha/year at a stocking rate 011.5 beasts/ha 01 yearling Nellore bull calves. Thus it 
may appear that supplementation of phosphorus alone is sufficient. It must, however, be 
pointed out that these experimental pastures are young (four years old), with a history of 
light grazing. Continued use at high stocking rate without fertilization would result in loss 
of pasture growth and gradual reduction in carrying capacity. This is the state of much of 
the pasture in the Pucallpa region of Peru. 

Thairu (1972) studied the decline in dry matter produced from grassonly and grass/ 
legume pasture during a four-year periodo The grass-only pasture produced only 25 per 
cent of the dry matter in the fourth year, as compared with the first year, while the 
grass-Iegume pasture declined to only 50 per cent. Similar results were obtained by Horrel 
(1964) with Pan;cum maxímum and P. maxímum/S. guyanensís pastures in Uganda. 

Carrying capacity af legume-based pastures 

Early work by Shaw (1961) in northeast Australia showed that on natural pastures, 
weaner steers reQuired 3.6 ha/head to reach slaughter weight at four to five years of age. 
Introduction of Stylosanthes humílís and molybdenized superphosphate reduced the 
area required per steer and age at slaughter to 0.8 to 1.2 ha and three years, respectively. 
Similarly, Norman (1968) in northern Australia showed that on natural grass pasture, 
animals lost weight even at 40 ha/beast. But when S. humi/ís was introduced and 
phosphate applied, animals reached slaughter weight at three years af age with only 1.2 

ha/beast. 

A iesco and Santhirasegaram (1974) recorded optimum stocking rates af 1.8 and 3.0 
Nellare-type yearling bull calves on H. rufa and H. rufa/S. guyanensís pastures, 
respectively. in Pucallpa. The real potential in these pastures was not realized beca use 
of inadequate phosphate nutritian af the cattle. They have further shawn that on 
legume-based pastures all cows were pregnant during the first three months after 

56 



introducing bulls; while in grass-only pastures, onlv 50 per cent of the cows were 
preg.nant even at the end of 12 months. 80th groups af cúws had access to mineral 
phosphat •• d libitum while the legume-based pastura received 100 kg/ha superphosphate 

at commencement. The poor fertility of cows in the grass-only pasture with ad libitum 
mineral phosphate may have been due to estrus, conception or retention problems, or 
a combination of these factors, This effect of grass-only herbage on cow fertility was 
observed by Koger et al. 119611 and was considerad lo be caused by lack of .,trus in 
young CQWS by Witt el al, (1958), 

In another observation, Santhirasegaram el al. (1972) showed that when S_ guvanensis 
was sown and 100 kg/ha superphosphate applied to H, rufa pasture, thedry matter 
content in the improved pasture was near!y 2.5 times greater compared to unimproved 
grass pasture. 

The experiment of Riesco and Santhirasegaram (1974) suggests that improved grassl 
legume pastura would carry three yearling bul! calves per hectare, The experiment of 
Echevarria and Sanlhirasegaram (19741 showed that at 2.0 yearling heilers per hectare, 
an annual LWG 01 355.4 kg could be recomed. In tnese experiments 3rümals were not 
receiving adequate amounts of phosphate. Furthermore, in the latter case, aVBllabte feed 
at alt times was high, sufficient to ¡ncrease the carrying capacity to three beasts/ha. Thus 
an annua! LWG 01 528,8 kg/ha could be achieved, The consumption 01 legume (P, 

pm.seoloidesl by Ihe Nellore hei!ers was very poor, 

With species such as S. guvanensis and C. pubescens, where consumption would be 
good, another 10 por cenl increase in LWG amounting lo 581 ,7 kg/ha CQuld be achieved, 
It is well known that male ca!ves would make at !east 10 per ceot bette.. growth than 
females, Thus an .stimated 640 kg/ha/vear LWG appears lo be the potenlial al legume­
based pastures ¡n the Pucallpa environment, with adequate phosphate fertilization to the 
plants and direct supplementation to the anímals. 

The unimproved grass·only pasture produced an average 01 130 kg/ha/year LWG from 
a number of experiments at Pucallpa. It must be stressed that the experimental pastures 
were al! less than five years old and are much more productiva than other grass pastures 
in the PucaUpa reg¡on, which are reported to carry less than one animal per hectare and 
produced less than 50 kg LWG per hectare per year_ 

The .stimated liveweight gain of 640 kg/ha/year is far below the 850 to 900 kg, which 
Nuthall and Whiteman (1972) consider attarnable under experimental conditions in the 
monsoonal and seasonal tropics of Australia. It must be pointed out that ¡n PucaHpa, 
animal growth is continuou$ with almost continuaus ¡)<Isture growth. Thus it is possible 
to double the stocking rate, double the calvíng rate, quadruple the growth rate and half 
the slaughter age of cattle by the introduction of a suitable legume, a10ng with applying 
adequate phosphatic fertilizer to the existing grass pastures and supplemeñting phosphate 
¡icks to the anímals in Pucanpa. No doubt similar potentialities await exp!oitation in 
other tropical regtons too. 
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GRAZING SYSTEMS 

Al! pasture ut¡¡¡zation experiments at Pucallpa are being conducted undar continuous 
or set stocking systems. Much has beeo written about grating systems in temperate 
environments. It ís genera!!y believed that with improved sown pastures, sophisticated 
grazing systems would permit higher stocking rates, "evefl though experiments on sown 
pastures have not confirmed these be! ¡efs. On presant evidence, lucerna excepted, the 
only surety attached to the adoption of most grazing management practices is the extra 
eost they ineur." íWilloughby, 19701. 

Th.r. are few, if any, .tudies on grating systems in the tropies. Walker (19681 comparad 
cont¡nuous versus mtatiooal grazing of unímproved natural pastures in Tanzania and 
concluded that at a high stocking rate, the latter is advantageous, 

Table 3. Anfmal productlvity from continuous and rotatíonal grazing at three stocfdng 
rates (Walker, 19681. 

ljveweight pin 
Stoeking rate Ikg/ha/yearl 
I_tslñ.l Continuous Rotational 

1.0 182 177 

1.2 192 177 

1.6 213 265 

It ¡s~ however, an accepted fact that in the tropics the primary concern should be to 
improve the pasture, which in many ins.tances. would result in a five- to tenfold ¡ncrease in 
productivity. Once this is achieved, the lower remunerative factor of grazing systems may 
be considered. ControUed grazing may help in reducíng selectivity bV animals and thus 
check undesirable speciesdominating pastures. Walker (19681 showed that erect-growing 
types 5uch as Panicum and Hyparrhenia spp, would persist under rotational grazíng. 
However, Jones Ipersona{ communication) is of the opinjon that rotatíonal graz¡ng. which 
causes severe defoliation. is detrimental to tropical legumes. 

As Íl.1 the temperate areas, farms are subdivided in the tfopics fos: various reasons, but 
mainly for stock handling and saving labor. It i5 be~ieved that in subdividing tarms. a 
compromise should be reached between pasture utilízation, stock management, labor 
efficiency and infrastructure investment; otherwíse, gains from one aspect wifl be offset 
by losses from others. 
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NITROGEN VERSUS LEGUME-BASED PASTURES 

It may be said generally that under optimum management, !ivcweight gaín from 
nitrogen-fertilízed pastures would be double that of Ieg:umc·based pastures jn any given 
environment. While growth rates of anjmals from both systems are almost equal. the 
higher productivity from nitrogen is obtained from higher stocking rates, The economícs 
of nitrogen-fertilízed grass: pastura for liveweight gains depends on the cost of nitragen 
and market valva of the beef produced, The general contlusion is that where the price 01 
liveweight is twice the cost 01 nítrogen, the system is at a break-even poínt. 

Liveweight galn ¡s. however, only one aspect 01 cattle ptoduction, Producing. raisfng 
ílnd maintaining breeding cows on the one hand and produclng to weaning age of fattening 
stock on the other are factors that are generally overlooked by those who attempt to 
evaluate the economics of beef production from these two pastura systems. NuthaU and 
Whiteman (972) made an extensi"" sludv 01 the possible economics 01 beel production 
from these two systems, where th. whole herd is considered (cow/call). They established 
Ihat wh ... e the grass/legume svstem could produce 350 kglhalyear LWG, th. break·even 
vield required with 100 kg/ha nitrogen applied to the pasture is 517 kg LWG; and al 400 
kg nitrogen the value would be 1,013 kg, The actual levels 01 LWG recorded in 
experiments at these two levels of nitrogen application are 360 and 923 kg. Thus. oniy 
at high levels of nitrogen application would the system be competitive with grass/legume 
pastures. 

From the paiot of vjew of fattening alone. the more recent techniques of staU feeding 
by-products of sugar cane and other tropical crops wiU be competitive compared to 
grass/nitragen pastures under grazing. If one may speculate. the tropics will produce 
weaners from grassJlegume pastures; and others will produce the beef from processed 
feed. where the digestion in the animal's rumen may be by·passed, 

In conclusion. nearly a third of tne world's land surface tS tropical with distinct 
potential for increased cattle production. Inclusion of a suitable legume with correction 
of mineral deficiencies io the nutritioo of plants and animals would help to accomplish 
this potentiaL Many of the tropical legumes now in use are of American origin, tolerant 
of soil acidity with low phosphorus content and requirements. They have to be selected 
and bred to incorporate desirable agronomic characteristics, such as improved growth 
rate, persisten ce under grazing and case of seed harvest. 

Even in their natural state. these legumes contríbute comparable quantitíes of nitrogan 
as do their temperate counterparts, having increased animal productívíty five--- to tenfold 
under simple grazing systems" At present. nitrogen fertjJjzation of grass pasturas rather 
than the use of legumes appears to be uneconomical and is beset with physiological 
problems in animals. 
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In the future, while breeding and weaner stocks are maintained and produced on 
fegume-based pastures. beefing animafs may wetl be raised in confínement 00 processed 
fe<lds. 

LlTERATURE CITED 

BAYAN. W. W. 1970. Tropical and sub-tropical forests and heaths.ln: Australlan Grasslands iR, Mi/ton 
Moare. Editod. 

ECHEVARRIA.M. and K. SANTHIRANSEGARAM. 1974. Liveweight gajn and fenitity of Nellore· 
tYpe heife" 9razing Pueril/la phaseoloides/HYP8rrl'lenia rufa pastures with phosphate 
fertiHzation and direct supplementatioo tI n press). 

HORREL, C. R. 1964. Effect of t'NO legumes on the Vie1d of unfertílized pastures at Serere. Ea$l 
African Agricultural Fórelltrv Journal 30; 94-96, 

HUTTON, E. M. 1970. Tropical Pasturas. Adv. Agron, 1 73. 

JONES, R. J, 1972. The place of legumes jn tropical pastures. Food aod Techoólogy Centre, Taiwan 
Technological Bullatin 9: 1-69. 

_. ____ , J. G. DAVIES and R, S, WAITE. 1967. The contribution of sorne tropical 
legumcs to pasture yields 01 dry mattar and nilfogen at Samford, southCáUG'rn Queensland. 
Ao'tralian Joumal of Experimental Agriculture and Animal Husbandry 7: 101-107, 

KOGER, M", W. G. BLUE, G. B. KllLlNGER, R. E.l. GREENE, H. C. HARRIS,J" M. MYERS, A" C. 
WARNICK and N. GAMMON. JI'. 1961, Beef production, soU and forage analvses, and economlc 
returns from eight pasture programs in North Central Florida. Agricultura! Experimental Station, 
University of Florida Technical 8ulletin 631: 1-76. 

NOAMAN, M. J. T. 1968. The performance of heef cattle on different sequences of Townsville luceme 
and native pa:sture at Katherine, N. T, Australian Journal of Experimental Agriculture and 
Animal Husbandry 8: 21·25. 

" 1970. Relationship between liyeweight gain of gr-8zing heef stoorS aod availabllity 
of Townsyjlle lucerna. Proceedings XI Internatlona! Gr8Ssland Congress. Australia 829·32, 

NORfUS, D. 0, 1959. The role of calcium and magn~¡um in the nutrltion of Rhizobium. Australian 
Jnuroal of Agricultural Research. la: 651-9tt 

NUTHALL, P. L. and p. e, WHITEMAN. 1912. A review 8nd economic Q'valuation of beef production 
1rom legume-ba$ed and nitrogen·fertilized tropical pastores. Jouroal of the Australian InstiluU! 
of Agricultora! Sdence 38: 100-108. 

REYES, C. 1974, Compatibilitv be1:ween sorne tropicallegumes and grasses. Universidad AmalÓOica 
Peruana. Iquitos iUnpublished thesisl. 

RIESGO, A" and K. SANTHIRASEGARAM. 1974. The effect of ~egumes and phosphat& on the growth 
rate and fertUity of beef cattle ¡n Pucallpa, Peru On press). 

RITSON, J, B" L. A, EDYE and p. J. ROBINSON. 1971. BOlaoical and chemical composítion of a 
Towns..,¡Ue tltylo-spear grass pasture in refatíon to conception rate 01 COWS. Australian Journal 
01 A¡,lriculturaf Research 22: 993·1007. 

60 



SANTH~RASEGARAM, K. 1965. Intercropping wtth cúconuts. Jaumal of the National Agricuftural 
Soc",1Y 01 Cevlon 1: 1-11, 

_________ . 1974. Management of legurne/grass pastures in a tropical rainforest ecosystem. 
Seminar 00 Soil Management and the Development Process in Tropical America. 

__ --,_.,.-____ • V, MORALES, L PINEDO aod J. DIEZ. 1912. lnterím report on pasture 
development in the Pucallpa region. FAQ-IVITA, Lima 1~134. 

SHAW, N. H. 1961. Increased beef production from TownsviUe lucerne (Stylosanthes $undaica TaubJ 
in me spear grass pastures of central coastal aueensland. Australian Journal of Agricultural 
R_eh 8: 325-34. 

THAIRU. O. M. 1912. The contribution of De,modium uncinatllm to the yield of Setaria $phaceJata. 
East African Agrícultural Forestry Journal37: 215·219. 

WALKER. B. 1968. Graz:¡ng experimenu: at Ukiriguru, Tanzanla. 11. Comparisons of rotational and 
contínuous grazing systems on natural pastures of hardpan soíls using an "extra-period Latin· 
SQUare change-o\fer deSlgn," East AfticáO Agncultural Forestl'y Journal 34: 23544, 

WHITNEY, S. A. 1970. Effects of harvs$ting intervaJ. height of cut and nitragar. fe.rtilization on the 
performance of Desmodium intortum mixtures in Hawaii, Proceedings XI International Grassland 
Congress. AustraHa 632.-6. 

_____ -:-___ and R. E. GREEN, 1969. Legume contributions to yields andcompositions of 
Desmodium spp. - Pangola gril$S mixtures. Agronomy Journal 61: 511-81. 

WHYTE, R. O., L. G. NI LSSON and H. C, TRUMBLE. 1953. FAO Agricultural Studies 21. 

WILLOUGH8Y. W. M. 1910. Grassland management. AustraHan grasslands iR. Miltor. Maore, Editor!. 
ANU Preu. 

WITT, H, G., A, C. WARNICK. M, KOGER and J. J. CUNHA, 1953. The effect of protein intake and 
alfalfa meal on reproductton ano gajns in beef COW$. Journal of Animal Science 11: 1211·15, 

YOUNGE, O. R., D. L. PLUCKNETT and P. p. ROTAR. 1964. Cultvre and yí~ld performance of 
De$modium inroftum ano D. !:anum in Hawaii, Hawsj¡ Agricultural Experi!'l"lental Station 
Technicsl Bulledn 59:28. 

61 





INFLUENCE OF MANAGEMENT PRACTICES ON PRODUCTIVITY 

H. H. Stonaker, Juan Salazar, D. H. Bushman, Juvenal Gómez, 
Jaime Vil/sr and Gustavo aserio * 

We agree with many that the human element. the person, is the most important single 
factor in explaining variations in the productivity of cattle enterprises slnce a man's in~ 
herent ability, his education~ his experierme and his reputation all contribute to the 
Pfocess ¡nvolved in making changes. We also agree upon the ¡mportance of the work of 
mose who are helping other people become bottor managers. 

Accordingly, we would like to proceed by adding a few particulars on ""ailable 
information and concepts, many of which are preliminary but which can help cattlemen 
by contributing to the storehouse 01 information on eattle production in tropical Latin 
America. a land of varied resources 8Ad opportunities. 

Research on management systems can provide guidelínes far the manager in finding 
valid prediction results for adequate appraisals in cattle operations relative to feeding, 
breeping, health, capital, use 01 land, labor and marketing. However, the individual 
manager 1S never free fram the likelihood that condítions on his farm invalidate or modífy 
the application of some practkes which are usually economicai for others. Farms, like 
!heir operators, are unique; thus, tria! and error or research activities are essential 
ingredients of farm operations, informal as they may be. 

Thus. systems of management are, in effect, the product of the unique characteristics 
of the manager interacting with hís own unique ecosystem, his farm. Lest we over­
emphasize individuatity. there are larga areas with characteristics in common. Far example, 
in the tropical savannas of the world, the breeds from India predominate. One also finds, 

* The work 01 Dr. N, S. Raun and Dr. Hemer80n Moneada in establíshing lhe herd $}'stem project and 
the contrib\ltions uf Dr. Joaquin Cortés and Mr. Jaime Faiardo to tbe Fondo project aré especially 
recocnmd. 
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particularly in improved pasturas, great stmilarity in the species and varieties of grasses, 
It has been said that just as tropical cattle come from India, the tropical grasses come 
from Africa and the tropical legumes from Latin Ameríca. Periodlc drought and seasonal 
monsoons, soil characteristics. and probtems of nutritían, health and genetics may be 
Vftry similar for large areas. These common characteristics give those of us working in 

international research and development programs reasonable assurance that there can 
likely be a broad use of many technological improvements. 

We know that conditions are currently critical for beef production, mainly because of 
a doubling of príces in the last two years. What may not have been historically an 
economically viable input may now produce good earnings on the investment. The market 
for 9000 management and new technology is and will continue to be bullish. Innovations 
of all types are expected to contríbute greatly to the process of change. How to undertake 
studies of herd management systems and apply the results has been a chatlenge to us 

here, Different approaches are needed to obtain the different results desired. If 
innovations such as the development of new legumes, vaccines, nutrients or breeds are 
required, the approach should be slight!y different from ínterrelating known biologica! 
ínputs into varying economic or ecological systems. 

The universities, experiment stations and private and pubiic research centers willlead 
in the development of innovations and in the creation and testing of new inputs, 
Operating farms may also contribute with new ¡nventíons 01" new breeds. or varieties. In 
contrasto innovation does not easily stem from model simulation based upon historlcal 
evldence. More Hkely lt will chart combinations of existing material s or conditions mat 
may carry the industry into new peaks of productivity, We would suggest that thase 
relationships are, in order of importance, as follows: 

Sources of innovation 

(2) 

/_(1=)=E=x=p=er=im=e=nt=st=at=i=on=~=,::!: 
Operating farms ~ -;; • (3) Research from 

Changing economic or 
ecological relationship$ 

/1) Model Simulatio, 

(2) Operating farms ~ ~::':'<=========::;:... 131 

seemingly unrelated 
areas 

Experiment stations 

The amount and kind of ¡nformation which can be gained fram each source would be 

as follows: 
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Formalizad experimentation. as on a government 
research farm 

Umits in one cattle experiment: Maximum 
isolated comparisons 

Operating farms 
Model simulation 

Main effects 
Interactions 

3 
7 
O 
O 

Minimum 

1 

O 
O 
O 

Effects of varyíng levels of input or 
activity as in regression statlstics Number of observations 

Operating farms 

Experiment stations 

Model simulation (completely dependent 
upon estimates from the preceding) 

100 to several 
thousand 

70 ± 

2 

2 

From changing economic relationships among know production inputs, ít seems to us 
that the model simulation method ¡5 the mast inclusive aid for making rapid decisions 
and predictions based on historiesl information. The traditional method would be 
observíng changas in operating farms as ind~pendent operators gradually adjust to 
changing times and conditíons. 

Ordinaríly with cattle, we would not expect a designed experiment to e-xceed ínforma~ 
tion on four types of variables at two inputs or about eight lots involved in characterizing 
major effects. Thus~ a 2 X 2 X 2 X 2 experiment could provide information on four maín 
effects and their interactions. Ttle great body af information continually being recycled 
by this type of research lead, to new information for solving ¡he unknown and lor 
creating new opportunities. 

Farm surveys and in-depth analyses of data from farms also bring out data comple­
mentary to those arising out of formal experiments. There are variables within the herd 
envíronment dealing mostly with differences in animal-to-animal production and the 
influence of age, genotype, castration, ¡noculation and a host of other manageme:nt 
¡nputs. Constant management and nutrition are des¡red. Large populations are often 
necessary far ascerta¡ning effects. The sire index in dairy breeding, for example, is cne 
01 the most híghly developed applications of this technique. 
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Concepts and their interrelationships may be clarified or utilizad to predict the effects 
of combinadons of old and new sítuations through mooel simulation exercises using 
present~day computer methodology. Model simulation ís basad on historical events. The 
ever-present worríes are the restrictions in deciding upon the data to be ¡ncludad and how 
reliable me basic input data are. 80th of these factors may greatly affect the regressions 
produced, 

An example 01 this kind 01 work is that conducted by an Oregon State University team 
in Venezuela (Miller and Halter, 1973). Using the bes! data available to them, predictions 
were made in Ulis study as to the effect of price control and government policies on the 
intensification of beef productlon, amount ot beef produced. etc., for the next 25 years. 

The Oragon-Venezuela study was based on ¡arm .urvey •. A different approach would 
be that of applying experimental results to the varying economic conditions 00 farms 
where they might be likely to occur, as was done in anothe, Venezuelan study. In this 
case, levels of nitrogen and different prices for nitrogen were used to predict effects on 
the ¡ncome on different·siled farms. Again. ¡f the basic inputs are faulty, the conclusions 
or predictions wíll be erroneous. 

as; 
In general we can classify the mannar in whích different inputs influence productíon 

1. Threshold inputs. For example, one needs to know the minimum levels for various 
requirements, such as the minimum needed to maintain an animal alive during a dry 
season ar to produce a calf. This is particularly interesting, for one more or iess 
bl¡ndly explores varjaus increments of input, not knowing whether one has under- or 
overinvested by a large or small margin in the inputs needed to produce the calf, 

2. Addit¡ve weight changes, In contrast, these are easy to study, for there can be an 
almost daily reading on degree of response to ¡nputs. An example of the additive 
nature af sorne product!on characteristics is weight gaio of a calf while nursing + 
weight gain after weaning = market weight. 

3. Multiplicative ¡"creases. The total product sold may be the product af the multipli· 
cative nature of ¡ncreases. For example, cattle raised X cattle weight X cattle grade 
X price ; gr055 product of th. cattle farm, 

Other features af the production process of intercst to cattlemen and other planners 
are the conceivable upper and lower 1 imits to the process and what kind of costs or 
condítions seem necessary to achieve these limtts, We have listad what saem to us to be 

presently acceptable average bíologicat and economic limits (Table 1). 
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Table 1 < Estímate<! biological and ecanomíc limíts in be.! production ¡US$). 

Uppet Itmiu; lowerUmits --------
Calving rate" 

Survival ibirthl 

(Breeding Uf slaughterJ 

Growth 

8 month$ to 2112 years 

Time tú market 
(about 454 I<gl 

Age al first calf 

Age at last calf 

Calving ¡nterval 

Cost or price por kg 

of Hve caltla 

tCost assumed tI) equal 

price over toog termi 

Labor costlO/hour 

Marketing cost 

Transportation costs 

S/mile/400 k9 

Shrlnkage 

Selling 

• Elevan-mQnth C<thJing inrerval 

109% 

99<100% 

100% 

363 k9 

1.82 kg/day 

10 months 

18 months 

20 years 

11 months 

$ '<32 

$ 4.00 

$ .13 í.áirplanei 

15% 

6% 

40% 

40% 

40% 

908 kg 

< 11 kg/day 

1 years 

4 years 

9 vean; 

2 1/2 years 

$ <10 

$04 

$, _002 ion toad 

2% 

The foregoing discussion summarizes how om various activities concerned with 
improving cattle production are managed and interrelate. This should give a general idea 
of what we may expect from given kinds of activ¡ties. At this poínt, we would like to 

review a short periad of activity here in Colombia {relative to surveys and research} 
undertaken at CIAT, with the essentia. collaboration and assistance of ICA and toe Fondo 
Ganadero (Meta). 

We will review sorne of the mformation we have becn able to accumulate recently in 
our collaborative activitics with ICA at Carímagua in the Llanos Orientales of Colombia 
and show how we might interpret these data so as to make broader generalizations for 
f¡eld applicatlon and productíon improvemen'ts. In add¡tion, we will refer to a study of 
Llanos cattle farms oonducted by a team of professionals and technicians ffom the 
Fondo Ganadero (Metal, ICA and CI AT. 
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SURVEY OF FONDO GANADERO FARMS IN THE LLANOS' 

AII farmers had cattta on lease from the fondo Ganadero. There were 19 farms on the 
southern s¡de of the Meta between Puerto López and Puerto Gaitán, There were 20 tarms 
in the Piedmont in the San Juan de Arama, Granada and San Martín-Acacías-Cumaral areas. 

Llanos cattle larm. are typically .mall (Bruonschweiler, 1972).00 an average they 
would market fewer than 12 head per farm per year. Only 8 per ceot 01 the cattle larm, 
in the Meta area would have 50 to 60 head 01 cattle to market annually, a gross product 
equivalent to. salary 01 Col$ 10,000 lo $ 15,000 per monlh. 

In the Fondo study, the inventaries would suggest an average extractlon rate far the 
Meta of about lOto 12 per cent per year. Thls would provida a gross cash annuai ¡ncome 
per family equivalent to about two laborers, or about Col$ 2,000 monthly, assuming 

!ittle or no out·of-pocket oosts for the cattle enterprise. 

Obviously at present there is little wealth being produced in this vast area for elther the 
country or the inhabitants. This lack of productivity ¡n such a large area provides an 
enormous challenge. 

The ra¡nfall aoJ temperatura are approximately the same tor all the areas: 1,800 
milJimeters rainfal1. unevenly distributed; altitude 150 to 300 meters; mean temperature 
26°C to 27°C. However, soH fertility is ev¡dently much higher in the Piedmont. Soil-plant 
survey. have been made by FAO (1964). 

The Fondo generally had three-year renewable teases with the cattlemen. The ¡ncrease 
in the value of the herd and in progeny were divided so that the cattlemen received 60 
par cent of the ¡ncrease. It seemed to be a favorable contraet; many farmers asked the 
Fondo jf more cattle were availabJe for lease or if friends or neighbors could obtain 
cattle. The consistent desire was for expansion because the farms were generally 
considered to be underpopulated and undergrazed. 

There were distinct differences, apparent to the visitor, between the Piedmont and 
Llanos areas that were revealed to sorne extent in the súrve'l. In the Piedmont, farms 
were much smaller but probably much more productive per nectare; and cattle and 
horses appeared to be in better conditlon. In working the cattle herds, the tarm owne-rs 
routinely cooperated in cattle work whereas in the llanos, mostly extra hired labor did 
the work. Actual differences in farm size probably reflect about the same capacity for 
cattle raising. 

* Stonake? t't al.. 1975 
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The number of Fondo cattle was about the same in the two areas, which ímplies a 
greater tendency to lease cattle in units of about thJs size. Almost without exception, 
there were few division fences. We saw little evidence of consistent vaccination or 
mineral feed¡ng programs being followed. Even though these were contraet requírements. 
our impression was that anything: requíríng cash outlay would be beyond the capacity 
of many of these farmers' management programs. 

Preliminary informatíon indicates a surprlsing simílarity in eow productív¡ty in the 
two areas. There are different breedtng seasons for the cattle even though bulls are not 
separated from the COM, Pemaps the most ímportant failure in the productíon cycle is 
due to the inabilíty of cows to rebreed whHe nursing calves. Thís narrows the focus on 
what has been the main research objectíve in herd systems at Carimagua-to ¡ncrease the 
call crop. 

Estimated a!}es 01 calves and fatuses (through palpation) indicated a marked breeding 
season in the tWQ areas. This was toward the end of the rainy season and early dry season 
in the Llanos but in the middle to late dry reason and eariy rainy season In the Piedmont. 
This will be cornmented upon later. 

We consider the most consistent and pertinent single piece of information from this 
study to be the extremely low percentage of nursing COW$ that were found to be 
pregnent. 

One can almost say axíomatically that wet cows do not breed in the Llanos. Mos! of 
the pregnant cows are dry; this, however, does not imply that aU dry cows are pregnant 
(Tabla 2). 

A calving rate of 40 per cent has often been índícated to be more or less typical of the 
llanos. However, on these farms one may deduce that it is probably hlgher. At least tor 
1972-1973, it was 55 per cent and 52 per cent, as .hQwn in Table 2. 

Trying to deduce total annua! production from one day's examination of a herd 
rCQuires combining elements fron"! two sources of intormation; namely, the number and 
estímated ages of calves and the number of COW5 found pregnant along with estimated 
age of fetuses. At least the following errors may enter into su eh calculations: biased errors 
in estimation of calf age and in the ages of the fetus and lack of information relativa to 
calf losses and abortion. It was hoped that these errors would be minimized lf one 
counted calves at the age of fjve months or more and fetuses estimated to be tWQ months 
or more of age, 



Table 2, Preliminary material from cooperative Fondo, ICA-CIAT Projec:u (1973). 

Contracts 

Years occupancy 

Owners in residence 

Hectares 

Canle {Fondo) 

Haifars and cows palpatad 

Total pregnant 

Annual estimated cahting rate 

Breeding $eQSon 

Piedmont 

20 

9.8 vears 

16 

456 
98 

999 

{

13% pregnlll1t 

43% 
87% open 

{

54% pUlgo,ot 

57% 

46%open 

36% 
56% 

Late february·May 

Met. 

19 

8.1 yeárs 

10 

1,816 

95 
787 

{ 

9% pregnant 

37% 

91% 0""0 

[

51 % pregnant 

63% 
49%open 

35% 

52% 

November January 

Far computing the calving rate on an annuat basis. we usad the following classfications 
of cows: 

Condition of the cow 

Open 
Pregnant under two months 
Pregnant two months and over 

Ory 

a 
d 

9 

Calving rate 
Number 01 calvings in one year 

= ---'t>·iumber ofCows ... _-

to six months 

b 
e 
h 

Nursing 
six months and 

over 

e 

b+e+g+2h+í 
a+b+c+d-+e-H+g+h'+í 

Total cow. and heífer. palpated = a + b + e + d +. + f + 9 + h + i 

Calve. duo in one vea' = 9 + h + í + b + e + h ~ b + e + 9 + 2h + i 
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The Ifh" group could produce two calves in Ofie year, and thus it is correet to eouot 
them twice

f 
wh ¡eh was done. 

While the palpation data were used lor cattle estimated to be two months' pregnant, 
it would not have made much difference il calves e,timated to be .Ix month. of a90 had 
!:leen substituted. The total count for the Llanos and Piedmont was approximately 140 
cows that were two monthsf pregnant versus 150 calves six months of age, giving about 
the same results as different data sources. 

Seasonali!y 01 breeding 

At this latitude and altitude wjth slíght variatioos in day length, jt is likely that 
seasonality in breeding will refleet a nutritional eyele. On irrigated pangola pastures in 
the .omewhat higher Valle del Cauca (1,000 meters versus 250 meters}, the seasonality 
of breeding is quíte reduced in comparlson with the two areas surveyed. This is indicated 
in Figure 1, basad on data from the Lucerna dairy herd at 8ugalagrande. The ratio of 
breeding in high versus low months lor Lucerna wa. 1.44; for the llanos, 12.60; and for 
!he Piedmont, 12.7. The month 01 most frequent breading wa. March for Lucerna, 
Oecamber for the Llanos, and May for the Piadmont, months of lowest breeding 
incldence were May, September and November, respectively IFig. 1,2 and 3). 

Fí,.t stllps towards ¡ncreasad c_lving ,ami in 1110 llanos 

Reviewing the Fondo data, we Ilnd that 

1. Wet (nursingl COW5 are nearly always open. 

2. Weaning pastures do not generaHy exist; thus, it is difficuit to shorten the nursing 
pe,IOO. 

3. Breeding is seasonal oven though bull. are always with the CQws. This seasonality is 
almost certainly nutritionaily induced. 

4. Financiallimitations or lack of conviction discourage farmers from buying minerals, 
salts and vaceinas. 

5, Hígher carrying capacity of better grass pastures has little ¡nfluence: on total ca!ving 
rates or on the seasonality of calving. 

Dur interpretation of these data wou!d be that the typical life cycle of the Llanos cow 
is something like !hat shown in Figure 4. 

71 



B 
E 
::J 

Z 

110 

90 

10 

50 

30 

10 

o 

1- r-

o 

o 

o 

I 

Braeding date 

r--

r-- r- ,- .- r-- r-;-

r- r-

11 III IV v VI VII VIII IX x XI XII 
Month 

Figure 1. Distribution as per 1,000 cows basad on 6,926 calvíng in the Lucerna herd 
(1966-19701. 
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Figure 2. Llanos conception dates estlmated from calf age and fetus age. 
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Figure 3. Piedmont conception dates estirnated from calf and fetus. aya. 

In eight ye.ars a typical cow produced four calves, Assuming minarais are usad, the first 
step toward low-cost changas would be a weaning program, This would shorten the ¡nter~ 
val between calvings, as also indicated in Figure 4. The cow would have an opportunity to 
wean six rather than tour calves, an ¡ncrease of 50 per ceo! in the ¡¡fetime production of 
the cow. 

Toe requirement would be a weaning pasture. The cost would be variable. One kilome­
ter of five·wire fence costs Col$ 4,000; and $ 800 per year for 25 calves produces a return 
in .... estment of 11 to 1. 

A second stop of intensification would be weaning al two months with supptementa, 
tion of calves to s¡x months of age (Fig, 4). We have estimated that the calf production of 
the typical cow would be doubled in this way. 

Thi .. assumption is based on the estimated value of a twa-month-old calf and the cast 
ef ra¡sing tnat calf to six months of age. The most important assumption 15 that it would 
mduce annual breedlng. 
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TY9ical of tbe Weanings!x W-aning two Se-

U .. '" ........ m~'" nutrition 

t975 $ummer ($) 
B, 

W,noor (W) 

1976 

W, 
C2. 

W a, a, B, s, .. _-_. 
1971 S W, 

c, e, e, 
w s, 

1978 S .-/ w, --_ .. ~ .. ~- W1 W, 

w,~ 
B, 

8, 
W e, 

1979 s ., e, w, w, 

e, 
w e, ¿Wz s, 

1980 S /" s, c, w, 

w,/ 
s, c, 

c, s, w 
W, 

1981 S S, e, 
w, s, 

w c .• s, W, 

lOO> S e, e, 
B, 

w, W, 
W 

1983 S C, 

s" 
w 

e, w, 

, .... s e" 
w, s" 

w, s, w" w e" 
1985 S Sale e, 

w, w" 
w, 

PrO!J\,lct,¡)O ratio' 1.00 1.50 2.00 2,75 

Note: e Cruvmg, . ~ Breedi"g, W = W'!Vimg 

Figore 4. ?roduction cVcl$ in (;OW~ 
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Estimating value of two-month-old calves: 

Three·year·old steer weighing 180·200 kg 
Les, pasture tor 27 months ($70/month) 

Value of nine-month-old weaner 

Additíonal grain cost for four months of feeding 
calves wean.d at two months (.75 kg/day at 
$ 4/kg; L ... $ 3/day X 120 days) 
Pastura and labor cost ($1/day) 
Approximate value of two·month-old calf 

Col$ 3,500 
-1,900 
_ ... _--

1,600 

- 360 
- 120 

$ 1,120 

For a 10Q·cow herd, the increase in weaning rates necessary to offset early weaning 
costs are indicated as follows: 

Nine·month Indívíd. Total To Individ. Heifers 
weaning No. value value sel! valIJe Sales to sel! 

40% 40 X 1,600 64,000 20 X 1,600 32,000 O 

50% 50 X 1,600 80,000 30 X 1,600 48,000 5 

60% 60 X 1,600 96,000 50 X 1,600 64,000 10 

Two-month 
weaning 

70% 70 X 900 63,000 50 X 1,120 56,000 15 
80% 80 X 900 72,000 60 X 1,120 67,200 20 
90% 90 X 900 81,000 70 X 1,120 78,400 25 

As can be sean, the feaslbility of e-arly weaning clearly relates to present calving rates 
and to the ca!ving rates that can be amicipated from early weaning. If the typical weaning 
rate is 50 per cent, an increase to 70 per cent by early weaning would give a somewhat 
greater gross income aboye feed and labor costs. A more important factor would be a great 
¡ncrease in the avaHability of hClfers for sale. Assuming 20 heifers are necessary to maintain 
herd size in a l00·cow herd, the sh¡ft would increase heifers available tor sale. 

Certainly, it gives validiw to experimenting with early weaning under Llanos: conditions. 
It would have the advantage of develQping a more specialized and intensitied use 01 the 
region for COWS, with less emphasis on growing steers. Little investment would be needed 
if calves were taken elsewhere for growing. 
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As indicated ín Figure 4, the ult¡mate management system far lncreastng cattle repro' 
duction in the Llanos would be to provide ample nutritíon throughout tne entire year, 
preferably with an improved pasture prógram. 

The present asplration is to adapt the legume system. particularly well known in Aus­
tralia, to the Colombian Llanos. Plans are to undertake this in the near future with a cow 
herd. TMere are Stylo •• ntb .. grazing trials under way at CIAT (1974); and al Ihe presenl 
time, there is a great deal of optimísm aoout the outcome. 

Other alternat¡ves: may exist as well. Irrigation could be developed in the Llanos, and 
presumably climatíc and soi1 factors are such that technically almost aoy level of pasture 
production is conceivable with indicated water and 5011 corrections. Biolog¡cally speaking, 
the abstacles do nOl seém to be insurmountable, but what would the economic implica­
tions be? 

THE PRELlMINARY IMPLlCATIONS OF THE ICA-CIAT HERD 

The early and currently operating slralegy in the ICA~·CIAT Herd Systems Projecl has 
beco to introduce, under the challenge of an inhospitable environment, a series of existing 
inputs to ¡ncrease beef productlon economically, The opportunity to study a wide ranga 
of interactions of inputs. has been provided. 

Wilh grade Zebu heifers purchased in the Carimagua area by ICA, elfecls 01 several 
variables on reproductíve rate, growth, mortality and disease, and total beef produced are 
being investigated. These variables are complete mineral supplement, improved molasses 
grass pasture and urea-molasses supplementation. 00 a hlerarchical basis. it will be possíble 
to studv the effects of early weaning and crossbrooding within the groups. Thus several 
variables in the project are concurrent!y belng examinad at two levels: the prevailing or 
existing level versus an estimated or ímproved level. 

Salt and mineral supplementation 

Complete mineral supplementation has becn proven to affeet reproduetíve capaeity 
markedly, íncreasing reproductive rates across a wide range of soil and climatic conditions. 
Tht prevailing questíon is why this minera! supplementation is not w¡dely used in the 
Llanos, Current indications are that pregnancy rates in first-calf herfers may be greatly 
increased by mineral supplementation (CIAT Annual Repon 19731. The effect on 
nursing cows is almost certaln to be less; ICA data indlcated that except for the North 
Cuast station at Montería, wet cows are not bred, even though thev receive minarais. 
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The increased reproduction of flrst·calf heífers alone will more than pay for mineral 
supplementatíon 01 the entire cow herd (Tables 3, 4 and 5). The mineral response in cows 
at Carímagua is not Vet known, but it will probably be less than in others because of 
other more I imiting stress factors for the nursing cow, 

An additional advantage is that these heifers reach a breeding we¡ght at least four 
months sooner than those that do not receíve mineral supplementation. 

tmproved pastures 

The effect of seasonality on the nutritive value of native and improved pastures 
(molasses grass) can be demonstrated in Figure 5, which ¡llustrates weight gains or losses 
during different seasons. At the end of one year, heifers on native pasture exclusively 
versus those exclusively on molasses grass were essentially equal in weight. The pregnancy 
rate was 80 per cent on molasses grass versus 70 per cent 00 natíve pasture during tour 
months 01 breedíng. By the end 01 eíght months 01 breedíng, the pregnancy rate was only 
slightly different for native pasture versus mofasses grass groups: 84 per cent versus 88 per 
cent (T abl. 2). 

Molasses grass pastures, as we now use them, wouid need to produce about 13 per cent 
additional calf crop to be economically reasible in comparison with native savanna, Our 

Table 3. Prelíminary results from ICA-CIAT Herd Systems Project (1912·19741-

Heifer Weight (kg¡ Percentage PI'Qgnan1 
Herd Doc. 73 Feb. 14 0.1.13 Feb. 14 

Native 307 316 63 66 

Savanna.wt 2 289 289 
31} 57}o 24 

SavanOfHalt 3 270 275 17 43 

Savanna-minerals 4 334 343 
68} 88 )84 70 

Savanna·minerals 5 332 335 71 79 

Savanna-molastes. grass< 
minerals 6 325 338 5S} 89}6 Savanna-mQlaliSe& grass- 60 
minerals 7 326 347 63 83 

Molasses grass...ffiinerals 8 328 333 
78}ao :}8 

Mol¡rues grass·minerafs 9 335 333 81 
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Table 4. Summary 01 salt and mineral consumption (kgl par cow at Carimagua (19731. 

Sol. onlv Satt - mineral mix· 

Herds 2 3 4 5 6 7 8 9 

8.9 6.6 13.4 17.0 182 28.8 25.2 27.0 270 
v L-".---J '--v--' '---v---' 

Avg consumption 9.6 17.6 27.0 27.2 

Cost/year {Col$i 9.65 70.48 108.00 108.80 

Salt 47°/0, dical;;ium phosphate 4 7010, Va;::.~ mineraf'S 6 % ; approximate cost Col$ 4 per kg, 5alt only. 
$lperkg 

first year of resuits lndicates that ít will be difficult to find an improved pasture for 
heifers that will be economically advantageous, It remains to be seén how cows under 
the stress of !actation will rebreed while grazing molasses grass, Seasonal variations in 
available nutrition. as measured by W€ight changes in heifers. are shown in Figure 5, 

While gaín data W€re not available from the Fondo tarms, better pastures, as indicated 
by heovior carrying capacíty, díd nol apprecíably íncrease tilo cal! crap (Table 21. 
Interestingly. the savanna and molasses grass appear to complement each other to some 
extent; for during the rainy season. ga¡ns wcre much higher on molasses grass. During 
the dry season, cattle on native pasture (savannas and wet lowland) gained whereas 
those on molasses gra.ss lost. The use of molasses grass during the rainy season and the 
wet lowland during the dry season appear to be promlsing systems, 

Thís brings up the question of how to reach an economical nutrltional threshold that 
permits rebreeding wet cows and lowers the age ot heifers at first calving. In the Herd 
Systems Project, we are attempting to attain this threshold immediately 

1. By shifting herds trom molasses grass to nativa savanna during the dry season 

2. By supplementing with urea and molasses during the drv season 

3. By conserving condítlon and weight of the cow for early rebreeding through early 
weaning at two months 

4, By using pasture legumes in the tuture tú supplement native and/or improved 

pasture 

We are hopeful that sorne oconomical combinatlon of these additions will permit a 
sustained annual birth rate in excess of 70 per cent. 
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Table 5, P,ojected return. f,om mineral supplementation in herd of 80 COW$ and 20 heifero, 

Herds 

Calf crop from 
heifers 

Ass1,.Imeo cal f 
crop from CQWS 

Total calves 

Value of calV€s at Col$1,600 
Incn~ase io cal f velue 

from minerals 
Salt or mineral C01it 

Increased valu9 of minerals 

Nét ¡ncrease from minerals 

• Nb::= number Qt birttl$ 

..... 2 3",. ,4 5".. ..... ~ .m_ .. m_ m_"'---., .... 8 9 ... v v ~ v 
% Nb* % Nbft % Nb* % Nb* 

50 10 84 17 86 17 88 18 

50 40 50 40 50 40 50 40 

50 57 57 68 

$ 80,000 $ 91 ,200 $ 91,200 $ 92,800 

$11,200 $ 11,200 $ 12,800 
$ 965 7,048 10,800 10,BOO 

6,083 9,835 9,835 

$ 5,11'l184%1 $ 1,365 (140f01 $ 2,965 1300101 
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Bull management 

Conditions for handling breeding bulls at Carimagua have been arrived at empirically. 
Bulls Wére used for two _ks, then rested for two _ks. One bull was used with 35 
cows. A ehin ball harness marking system was used, thus good indications 01 the number 
of heifers bred were obtained, Bulls were given a ration supplemented with cottonseed 
meal during the fi .. t four months of the year when much of the breeding took place. The 
bulls were also supplemented while being restad. Bull lertility testing is being used on 
!he ranch. 

Under commercial Llanos conditions, ít ís difficult to assess limítations in calf crops as 
related to the bulls. The animals are generally run together without respect to age or 
sex. Bull calves are not castratad, and ordinarily they are not marketed belore thra. 01 
four years 01 oge. Occasionally outsida bulls are purchased; thu, C0W5 are exposed to a 
number 01 bulls. 

In conelusion, it can be said that the problems 01 the Colombian Llanos are doubtlessly 
distinctive; but jf tt can be demonstrated that the thresholds tor increasing calving rates 
are: not excessively costly by current price standards, a tremendous ¡ncrease in productiv· 
ity 01 the area will lollow. 

It olready seem, evident that new disease·resistant legumes will have to be lound. These 
may be the key to low-eost beel production, but it is not certain that satislactory ones 
yet existo If not, there are other alternativas, possibly at greater costs, some 01 which 
have been mentioned here. Hopelully, a greater interchange 01 material and methodology 
with other areas of the tropical savannas will be forthcoming. If not, economic break· 
throughs in one location can stimulate similar approaches elsewhere. 

LlTERATURE CITED 

BRUNNSCHWE1LER, O. 1972. The Llanos frootier of Colombia. Lado American Studies CenteL 
Monography 9, Michigan State University, East Lansing, Michlgan. 

Centro Internacional de Agricultural Tropícal (CIAT). 1974. Annual Report, Cali, Colombia. 

Fondo Ganadero (Meta), 1912. Informe Anual. Villavicendo. Colombia. 

food and Agricultural Organ.ízarion (FAOL 1964. Reconocimiento edafológico de los Uanos Orienta­
les. Colombia, Tomo L Informe GeneraL Rome. 

M1LLER. S. and A. N. HALTéR. 1973. Systems p;irnulatio" and the Venezuela" cattle industry. Ameri­
can Joufl"ial ot Agricultura! Eoonomics, August. 

STONAKER, H, H., J, VIt .. LAR, G. OS0l'-110 8nd J. SALAZAR 1975, Oifferences among éat11e and 
farms as related to beef (;OW r~produétiQn in the Eastern Plai"s of Colombia tTo be publíshed 
in Tropical Animal Heahh and P..-oduction). 

81 





SUPPLEMENTATlON OF GRAZING CATTLE 

Beef produetion in many pan. of the world depends almost exclusively 00 lhe 
extensiva natural range lands found in the major beef producing countries. These areas 
are often unsuitable for purposes other than pastural use because factors such 35 

topography. poor soíl. and low or variable raín!all do not favor agricultural erop 
productioo under present eeonomic circumstances. 

Anima' proouction in 5uch environs ¡s, however. afteo seriously limited because 01 
deficiencies 01 essential nutrients in the pastures during various seasons of the year, Thus, 
íf thís vast source of tood for animal productíon js to be explojted fully, jt is of utmost 
importance that lhose deficíencies should tírst be identifíed. It ís of equal importance 
lhat supplementary leeding of rango animals should not be a haphazard procedure, as is 
often too case jn practica. In order to make full economic use of natural pastures. it is 
necessary to supplement only those nutrients whích have been shown to limít the 
performance 01 varíous classes of livestock during the different seasons 01 the year, 

The purpose 01 this paper js to summarize the mast important fíndings to emerge from 
more lhan 50 year. of ínvestigation into lhe problems of supplementary f.eding 01 grazing 
ruminants in southern Africa. 

CLlMATIC ANO PASTURAL CONOITIONS 

Approximately one third of the African continent consists of open grassland or savanna, 
Rainfall in these areas is strictly seasonal and very erratic. resulting in a prolonged and 
vari.ble dry seasan whích coincídes with the wínter period and whích normally lasts fmm 
May through October or even November in areas nearer the tropics. Periodic droughts, 
during which less than half the normal annual rainfall might fall. are not uncommon. 
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A characterístíc feature 01 the grazing in these areas js the almost complete absence 01 
naturallegumes. Therefore, cattle are almos! exelusívely dependent upon gra .. for theír 
nutrien! íntake, wíth the leaves or pods of traes formjng only a small fractían af the daily 
toOO intake in the bushveld areas. The nutritíve value of tne grass in a given area varíes 
consíderably from season to season. FoUowing the first rains, there is a rapid increase in 
the nutritiva valoo of !he grazing which enables animal. to gajn weight far four to ,Ix 
months of the year. With the onse! of the dry seasan and partieularly after the tirs! trosís 
in high-Iying area" the nutritive valoo of the grating d,ops precipitously, Thls va,iatlon 
in nutritive value is less marked in the warm and drier.low-Iying or so-called "sweet" 
g,assv&ld areas bu! Is very pronounced In !he highe,~ying or $o-caIIOO ·'sour" grassveld 
areas, where the annual precipitation generat1y exceeds 700 miHmeters. During the dry 
season cattle might Jose weight for six to eight months of the year. In the saur grassveid 
this 1055 can amoun! to 25 to 30 per cent of the maximum summer liveweight. Under 
these conditions, unsupplementOO animals show a net yearly weighl gain of only 40 to 
70 kilograms and ,aqulre six to ten years to reaeh a marketable weight. Mortality is high, 
and heifers invariably do not calve far!he firsl time until they are 31hto 4 years of age. 
Recalving percentages are poor and the average calving percentage in much 01 Africa ís 
less than 50 per cent. The final result Is an extremely poor rate 01 meat production with 
low average herd turnover rates, varying from 5 to 26 per cent tor the vartous countries 
in southern Africa. 

WINTER OR DRV SEASON SUPPLEMENTS 

PhO$phorus supplements 

Since 105s of weight during the dry saason is such an obvious cause of productiva and 
reproductive faHure, researeh work on supplementary feeding has been devated almost 
exctusívely to IDe question 01 win-rer weight 1005. Analysis and digestion experiments 
show that dry grassveld is sn exceptíonally poor source of available energy, protein, 
carotana, phosphorus and other elemenlS (du Toit e! al., 1940; van Wyk et al., 19551. 

lt was. however, the extreme deficiency of phosphorus in South Afrtcan soils and 
grasses and !he widespread incídence of botutism caused by cattte eating the bolleS af 
dead animals which 1ir5t stímulated interest in supplementary feeding in South Afrtca. 
In the now classical studies of Tneiler et al,. it was found that bone meal supplements 
too throughout the year not only prevented me occurrence of botutism but also resulted 
in improved growth rates, milk production, weaning weights and calving pareentages 
(Theiler et al., 1924). 

Only in recent times has it become obvious that there is in fact no liveweight response 
lo phosphorus fOO duríng the dy month, of the year when the animals are normally losing 
liveweight. This fact is elear not only from the original work of Theiler et al. (1924), but 
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T able 1. Average montll ... nd herbago analysi. on • dry matter basi. al M.tabeleland, 
Rhodesia from 1961 - 1968. 

Crude Eth&r eructe 
PfQteín axtract fiber N.F.E .... - c. p 

Novembel' 8.1 1.7 35.9 43.3 11.2 0.27 0.08 

December 6.4 2.0 34.1 45.0 12.5 0.25 0.13 

January 5.6 2.0 39.1 44.6 8.7 0.29 0.13 

Februarv 5.4 1.5 39.1 44.8 9.3 0.24 0.14 

March 3.9 1.6 40.0 45.9 8.6 0.25 0.09 
Apri¡ 3.3 1.7 38.6 47.3 91 .0.25 0.09 

Ma. 2.7 1.5 41.1 46.0 8.7 0.27 0.09 

June: 2.4 1.3 38.5 49.0 8.8 0.28 0.08 

Ju1v 2.3 1.7 37.8 49.1 9.1 0.32 0.06 

AugtJU 2.3 1.2 38.7 49.5 8.3 0.29 0.Q7 

S9:ptember 2.2 1.3 40.9 47.7 7.9 0.26 0.06 

October 2.8 1.2 40.0 47.6 8.4 0.31 0.06 

Nittogen·free el((l'act 
Source: Bemridge (1970) 

also all subsequent studies usíng phosphorus as the sole winter supplement confirm th is 
finding (Bisschop and du Toit, 1929; Murray et al.. 1936; Murray and Romyn, 1937; 
Kot •• , 1948; Rhodes, 1956; Skinner, 1963; Bisschop, 1964; Schur, 1968, Ward, 1968; 
van Schalkwyk and Lombard. 19681. 

Thus, in spite of the poor status of phosphorus in dry grassveld, it is obviousty not the 
primary limiting nutrient in wínter grazing. Under conditíons of maíntenance and 
submaintenance, sufficient phosphofUS of endogenous origin must reach the rumen so 
mat microbial digestion is in no way impaired by periodic deficiencies of phosphorus 
in the diet. 

Energy supplements 

Digestion 5tudies led early research workers to conclude that the digestible energy 
value of winter grassveld is so poor that it is almost valueless as a source of energy and 
mat it wou)d be futlle to supplement 5uch grazing with protein atona (Smuts and Marais. 
1940; Louw and van der Walh. 1943). This belief lad lo the widespre.d use 01 energy· 
rieh feeds-particularly maize grain and molasses-as winter supptements. Subsequent 
studies have, however, shown that such energy-rich but protem-defjcient feeds not only 
give poororeven negative responses in animal production (Rhodes, 1956; Verbeeck and van l 
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Table 2. Average weight change (kg) and total weight gaín (kg) 01 eattl. fed 
pho.phorus (PI supplements duríng differen! sea,ons of the year, 

Negati'le 
Period Season control 

January-March "Summer" + 35.2 

April·June "Winter" + 5.3 

July-$eptember "\Nintar" 29.8 

October-December "Sulllmar" + 45.7 

Initial weight (kg) 314.9 

Total weight galo (kgl + 58.3 

Souree: van Schalkwyk and Lomhard (1969) 

'Winter" 
p 

+ 41.6 

+ 18.1 

30.3 

+ 61.6 

307.7 

+ 91.8 

"Winter" & 
"Summer" "Summer" 

p p 

+ 61.8 + 57.1 

+ 14.1 + 6.8 

36.3 30.6 

+ 77.5 + 88.1 

305.4 311.8 

+ 116.8 + 121.4 

Chevallerio, 1958; van La Chevalleríe, 1965; van Niekerk el al .. 1968b; Winks el al., 1970; 
Nol and van N iekerk, 19701, bu! ¡hoy also dopress pastura imake by ¡he gr.zíng animal, 
(van la Chevalleríe, 1965; van Niekerk et al., 1968a; Nol and van Níekerk, 1970; Winks et 
al.,1970). 

This lack of response to energy-rlch feeds fad as sole supplements to winter grazing is 
attributable to the fact that such supplements encourage the proliferation of the fast­
growing sugar- and starch-digesting bacteria at the expense of the slower cellulose and 
lactic acid uti¡izers, which are deprjved of what little n¡tragen is available in the rumen 
iGilchrist and Schwartz. 1972). The result is a lowering 01 digestíbility, rate 01 passage 

Table 3. Effect 01 molasses and molasses plus urea supplements on líveweight and 
estimated pasture intake of cattle during 141·day period Ofl winter grassveld 
gradng. 

Molasses Mohosas 
Neptlve Mol8$SG$ &: urea {20:11 & UffUJ (10:1) 
control 10.9 kgldayl 10.9 kgld.yl 10.9 kg/dayl 

¡nitial w,nght {kg) 273.50 280.80 279.20 278.70 

Weight galo (k9) 37.00 - 41.70 - 22.20 0.20 

Grass intake {kg) 3.62 1.84 2.64 4.29 

Soul'ee: von La ChevaHcf1i!" (1965) 
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and íntake 01 the fibrous veld gr ...... Therefore, energy is clearly not the lirs! limiting 
nutrien! in dry gr.ssveld SO there i. Httle point jn using energy leeds such as maize grajn, 
molasses or malze sllage as wlnter supplements unless other more important nutrient 
deficiencias have first been corrected. 

Proteín and protein-energy supplements 

The crucial role of protein as the major límiting nutriant in winter grassveld was only 
fully appreciated by stock farmers once it was realized that urea can serve as a cheap and 
readily available source 01 protein. After the inítíal otudies showíng that urea could 
replace natural protein as a source of nitrogen (Murray and Rornyn. 1939; Smuts and 
Marais, 1940; Groenewald and van der Merwe, 1940). practical feedíng trials-first with 
urea-molasses mixtures and later with other rombinanons of urea-showed that winter 
weight lo .. could be signífícantly reducad by provídíng grazíng ruminanto wíth their 
mínimum crude protein requirements IBi.hop, 1957; Nel, 1960; Pieterse, 1967; Lourens, 
1968; .ao Niekerk et al., 1968a and b; Nel et al., 1910; Biohop aod Grobler, 1971; Topps. 
1971). Simultaneous work usíng more expensive natural protein sourees, such as eotton 
or groundnut oil cake and later fish meal, produced similar and sometimes superior resuits, 
particularly in the case of sheep (Murray et al., 1936; Rhadeo, 1956; Kemm and Caetzee, 
1967 and 1968; Bishop and Grobler, 1971). However, it was the low cast and free 
availability of urea and biuret as proteio sources which loo to me wídespread use of 
proteín winter supplements as a method of combating dry season weight 10$s in grazing 
cattle. 

An observation of great signlfícance to emerge tram these experiments was that NPN 
and proteio supplements greatly improved pastura intake and encouraged animals to 
consume even the mast unpal.t.ble gras ... (Bi.hop, 1957; Nel, 1960; van Niekerk et al., 

Table 4. Average li •• weight loss and U.k intake in caule supplemented with fish meal 
and ure. tick. durlng a five-mon1h perlad on winter gr ..... ld grazing. 

u ... " (150,\,) 
Maiu meat 1300,\,1 

Soft 140"'\'1 Fish moa! 140% 1 Booemnl* 1250,\,1 
Bo".m ... • 160°'\'1 Soft 1_,\,1 Sal. 130°'\'1 

Inidal weight Ikg) 291 291 291 

Weight loss (kg) 35 3 4 

Lick intake (kg/dayl 0.25 0.65 0.36 

Crude protejo intake 
Ig/doyl O 166 166 

Oegetatinized bone mea! 
Source: SlshOp and Grobhír (1971) 
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1968b; Nel et al., 1970; Winks et al., 1970). This linding is 01 great importanco because 
the use of such supplements, coupled with sufficiently high grazing pressures, makes it 
possible to fuliy exploit the va51 quantity of libraus and unpalatable grass which, at leasl 
in Africa, normally goes to waste and ís bumad during or at the end of each dry seasan. 
Although the practica of veld burning is sometimes warranted as a tool in veld manage­
ment, it invariably has ao adverse influence on the vígor of grass; and it remains a major 
cause of soil erosion in southern Africa. \t is, however, the tremendous waste of animal 
food which ultimately makes it difficult to justify this practice. 

As far as the grazing ruminant ln the sour and mixed grassveld areas is concerned, 
there can be ¡jttle doubt that proteín 15 the chiet limiting nutrient. Since a regular daily 
supply of ammonia is essential tor the normal functioníng of the cellulolytic micro­
organísms in the rumen, insuffícíent ammonia retards the actjvity and multiplication of 
these organisms. Dígestion of feed, rate of passage and feed intake are consequently 
impaired. Under these conditions, therefore, the grazíng animal not only suffers from a 
lack 01 protein but, as a result 01 this, also sulfers from a lack 01 energy. The lack of 
energy. although secondary to that of protein, plays a vital economic role since jt is more 
cxpensive to meet the grazing animal's energy requirements through supplementation 
than it 15 to supplement its much smaller protein requirements. Thus, by supplementing 
NPN or protein (in the presence of sufficicnt grass), it is possjble to overcome not only 
!he prímary proteJn deficiency, but it is also possible to meet all or practically aU the 
animal's energy requirements through increased intake of pastures. 

Although the reduction in dry season weight loss through proteio supplements is an 
important tinding, it is the influence of these supplements 00 reproductive performance 
that is of greatest ¡nterest to the stock farmer. An important outcome of al! the long­
term experiments on supplementary feeding has therefore beeo the considerable 
improvements in caiving and recalving percentages whích have been recordad to date 
(Souer, 1965; Sembridge, 1963; Elliott, 1964; Schur, 1968; Ward, 1968; Lesch et al., 
1969; Steenkamp, 1971). 

Taole 5. Eff.et of winter protein supplements 00 average liveweight and ca!ving 
peñOfmance of SU$SOx-type cows fed during three season. from 1958 - 1961. 

Negativ8 
control 

Winter weight lms {kg; 70.0 

Summer weight galn (kgj 86.8 

Calving percenta:ge fthree·vear 8\10) 63.3 

Calving percentage Hast two years) 57.0 

Average calf weaoing weigbt 153.4 

Average annuai mortality (0lo} 9.6 

• COUot'l$oed 011 cal((l1ed at rate 01 0.45-0.91 kg/day during wínter only 
Source: Bembridge (1963) 
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30.4 

51.8 

76.3 
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A problem which has still not been fully resolved is the role of energy fed together 
with or in addítion to protein as a supplement. Unfortunately, the results of many 
grazing experiments are confounded by the lack ot control over energy and protein 
intake which makes the interpretation of these results dífficult. Where the purpose of 
supplementary feeding is merely to get animals through the dry season as cheaply as 
poss¡ble and without excessive weight loss, the use of NPN or protein supplements 
wtthout additional energy (except that which serves as a earrier far NPN or that fraetjon 
of energy whích forms an inseparable part of any troe proteio) is invariably the most 
economic approach to follow. Experiments show that although additional energy does 
give an added response in liveweíght, thls response is aften smal! 50 that the added costs 
can seldom be justified in terms of economic returns (N el et al., 1970; du Pfessís and 
Ven ter , 1971}. The additional energy furthermore results In poorer utilization of the 
natural grazing (Nel et al., 1970). 

It is, however, important to point out that this conclusíon does not apply under aU 
condition5, Practical experience acquíred by farmers and the results of sorne unpubtished 
experiment station tríals show that in spite of NPN ar protein supplements, growing 
animals and lacta1ing beet cows are not always able to satisfy their greatly increased 
energy demands. This applies particularly to arcas such as the saur grassve!d wnere the 
nutritive value of grazing in winter is very poor. Under these conditions, protein 
supplements can be used to prevent weight loss dufing pregnancy; but during late 
pregnancy and particularly during lactation, it is essential to feed some form of 
additjonal energy 5uch as malze grain, maize silage or good·quality hay. Without such 

supplements, cows lose too much weight; and as a cansequence. reproduction suffers. 

Other supplements 

Chemical analysis of dry grassveld shows that it ís also deficient in other nutríents 
such as t}carotene, sodium and sulfur. Relatively littte research work has, however, been 
devoted to these and other possible ¡imiting nutríants. 

There is some evidence that anímals may require supplemental salt In sour and mixed 
grassveld areas (Murray et al.. 1936; du Toitet al.. 1940; Rhodes, 1956; Bisschop, 1964), 
but thís probably doe, not apply to the sweet grassveld areas (Skinner, 1964) and 
certainly not to areas with saline drinking water. Since salt is invariably used to control 
the intake of protein ar phosphorus supplements, this question is, in any case, of 
academic ¡nterest only, 

It is widely assumed that sulfur IS an essentíal ingredient of dry season supplements, 
particularly those ~ed on NPN. but few attempts have been made to test thís 
hypothesis wíth grazing animals, Evidence in support of the ínclusion of sulfur in dry 
season supplements for grazing cattle is therefore st¡lIlacking at this stage. 
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The crucial role 01 certain branched-chain fatty acids in promoting the activity of the 
cellulolytic bacteria in low~prote¡n diets has been dearly demonstrated by van Gylswyk 
(1970), In practice, however, the requirement for these nutrients is probably met by 
beioS derivad either directly from protein supplements (EI-Shazle, 19521 or indirectly 
from NPN·starch supplement. (Schwartz, 19681. 

Although llcarotene is deficient in dry grassveld for many months of the vear (du Toit 
et al., 1940; Skinner, 1963). attempts to demonstrate liveweight responses to vitamin A 
ín grazing animals have not met with success so far {Skinner, 1963; EHiott, 1964; Ward, 
1968; van SChalkwyk and Lesch, 19701. Thi. failure may, however, be due to the lack 01 
protein or other more limiting nutrients in the dieto In arder to evaluate the role of 
lJ-.::arotene, phosphorus Qr any other nutrient in winter grazing, research workers in the 
future must ensure that other major nutrient def¡ciencies nave first been alleviated. 

SUMMER SUPPLEMENTS 

Superficial1y, the problem of improving the low productivity in beef cattle in southern 
Africa appears to be a matter of preventin9 the severa weight losses characteristic of the 
dry season. However, even when pastures are at their best, weight gains on natural veld 
leave much to be desired (van As, 1972). Only recently have research workers started to 
pav attentíon to the question of improvíng summer weight gains through supplementary 
feeding. 

Pho",horus supploments 

In their original studies on phosphorus supplements of grazlng animals, Theiler et al. 
found that bone meal supplements fed throughout the year had a marked ¡nfluence on 
the productivíty of beef cows in terms of milk production and in numbers and weight 
of calves weaned. This finding led to the almost universal acceptance of phosphorus as 
a supplement for grazíng animal:; jn southern Africa. 

In practice, phosphorus supplements are fed mainly during the dry season when 
farmers are acutely aware of the need of sorne form of supplementarv feeding, Only in 
recent years has attention been focused Qn the fact that the benefits derived tram 
phosphorus supplementation are almost exclusively associated with the summer perlod 
when the animals are gainíng in [iveweight and when the phosphorus content of the 
pasture is at its best. This fact is reflected not only in the odgina! work by Theiler et al. 
(1924) but also in all subsequent work that has been published in southern Africa 
(Bisschop, 1964; Ward, 1968; Schur, 1968; van Schalkwyk et al., 1969). It is also 01 
interest to note that sheep on sour grassveld not only respond to phosphorus supplements 
(Kotze, 1948), but also that the response pattem-Le., a larga positive summer gain 
followed by an apparent negative response during the dry season-is identical 10 that 
observed in catt!e. 
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Table 6. Seasonal Ii_íght (kg) response to v •• r-round phosphorus supplementation in 
graling cattl •. 

Negativo 
Season control 

1st \/\linte'" 16.4 

1st summer + 97,7 

2nd winter 37.7 

2nd $ummer + 108.6 

3rd winter - 61,8 

Srd summer + 174.5 

Final Wt;Iight at 3Y..! vean 424.5 

• App!iéd by dosing mQnQsodium phosphate twice weekly 
Souree: St;hur (1968) 

PhosphOI'\íS* 
.t 3.6 g!doy 

18,6 

+ 119,1 

50,0 

+ 120,9 

69,1 

+ 187,3 

450,0 

It is therefore evident that phosphorus 1s an important and probably the major 
limiting nutriant in the diet of animals on natural pasture during the summer months in 
many areas ot southern Africa, This conclusion obviously does not appfy to those areas 
wnere no response to year-round phosphorus supplementation can be demonstrated. 

Protein supplements 

Chemical analysis of grassV'eld in many regions of southern Africa strongly suggests 
that proteín may be a further limiting nutrient during much of the summer grazing perlod 
when pastures are most nutritious, Several studíes with both sheep and cattle (Kreft, 1963 
and 1966; van Niekerk and Muir, 1970) fed either NPN or NPN-protein supplements 
faUed to illustrate any response during the early summer months. More recent 
experiments conducted by aredon et al. (1970 and 1972) with protein supplements 
produced small but signif¡cant improvements in summer weight gains. These results do 
not appear to be of economic s¡gnificance. Of ¡nterest, however, ís the tinding that the 
response to protein supplements sets in much earlier in autumn than is generally thought. 
TOere tS also some evldence to slJggest that animals respond to proteio supplements 
during exceptionally drv summers (Bishop, 1964; Sredon et al., 1970). 

Energy supplements 

The role of energy as a possible limiting nutríent in the diet of animais on summer 
pasture has besn examined in only a few experiments to date. Bredon et al. (1972) falled 
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Table 7. Comparíson of seasonal effect of urea Iicks O" Iiveweight (kg) and caro ... gain 
(kg) in grazing cattle from November. 1962 to February. 1965. 

Initial liveweíght 

Avg 5Ummer weight galo (1962-65, 

Av\) wintet weight 100s i19S2-65} 

Final carcass weight 

Source: Kreft (1966i 

Negativa 
control 

234.5 

135.9 

-43.2 

235.0 

Urea lick Urea Uck 
wintelr etnly winter &1 wmmer 

233.6 255.0 

131.8 135.0 

-22.7 -27.3 

253.2 256.8 

to measure significant differences in I iveweight between groups of cattJe fed isonitrogenous 
diets which v.ned in energy centent. On the other hand, Pieterse and Pr.ller (1965) 
produced statísticallv and economically significant results by feeding 1.5 kilograms maize 
graio per day to graling cattle on summer veld. There may also be a case for feeding extra 
energy to lactatíng cows which calve during lush spring grazing. Bíshop and KOI,e 
(1965) demonstraled that recalving percentages and weaning weights could be 
oonsiderably improved by feeding 2.75 kilograms of maíze graín per cow per day for a 
period of about two months following calving in spring. This response was attributed to 
an inadequate intake of energy by cows grazing lush. but short spring grassveld. 

SUPPLEMENTARY FEEDING PROCEDURES 

The following are the most important procedures that have been used to provide 
supplements to graz¡ng animals in southern Africa: 

Spraying of veld gr ..... 

One of the earliest attempts at supplementary feedlng and improving the intake of dry 
grassileld in South Afrlca consisted of spraying veld gr3ss in situ with mixtures of molasses 
and urea. The mixture used usually consists ot ten parts by weight of molasses, ten parts 
by weight of water and one part by weight of urea. The area of grass sprayed ís limited to 
what the animals will clean up in one day. 

This system is seldom apptíed today because it ís too laborious, because too much 
liquid is wasted on sparse grazing. and because it cannot be applíed mechanícally in 
inaccesible areas. Nevertheless, me method gives good results and 9000 veld utillzatíon, 
and it is a safe wav of supplementing urea. 
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Liquid supplements 

Wheel or drum feede", as described by Moore (19681 are commonly used-·particularly 
in ateas where molasses is cheap-to supplemcnt mixtures of urea aod molasses. The 
mixture used ¡s identical to that required for spraying veld gress as described aboye. 

Sometimes phosphoric acid is also added. Intake is controlled by increasing or decreasing 
the amount of water in relatlon to the other ingredients. This is a relatively safe method 
of feeding urea, and intake is readily controlled. Excessive molasses intake in relation to 
urea should be avoided, as this not only ¡ncreases costs but can also result in poor pastura 
uti¡ization. 

NPN block. 

Solid blocks based on molasses Of molasses by-products and contaíning 10 to 40 per 
cent urea or blurat, together with salt and a source of phosphorus, are used extensively in 
practice. This method of feeding is attractive to farmers because of íts easy applícation, 
Oisadvantages ¡nelude inability to regulate intake to the desired level. danger of toxicity 
where more than 10 per cent urea is used, and low energy value of the supptement in 
relation to its n¡trogen content. 

NPN tick. 

Dry mixtures 01 urea or biuret (10-25 per centl, salt (20-30 per cent), maize meal (25-
35 per contl and dicalcium phosphate (25 per con ti are widely used as supplement •. Such 
mixtures are more versatile than blocks since the intake of essential nutríents can be 
controlled by manipulating the ingredíents, Intake of toe lid< is regulated by varying the 
salt concentration of the mixture. Molasses (5·10 per cen!) is sometimes added to prevent 
losses due to wínd sínce the mixture is usually fed in halved 200·liter oil drums. A 
disadvantage of thís method of supplementary feeding is that it is more compticated than 
block supplements" T oxicity may also be a problem where urea 15 used as a SOurce of 
NPN_ 

Protein ticks 

Salt is often used to control the intake of o¡1 cakes or fish mea!. Salt (40·60 per centi· 
fish meal mixtures are particularly popular among sheep farmers in South Africa. Various 
oombinations of NPN. salt, phosphorus and one of the natural protein sources are also 
commonly usad. In such cases, oil cake or fish meal is used in the place of ma¡ze meal as 
an energy source and as a palatabífíty factor to encourage intake. 
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Poultry manure 

The use of broHer Of layer manure as a winter supplement is becoming increasingly 
common, Grazing cattle given free access to poultry manure will normally consume 
about 2 kilograms per day. It is ""Idom necessary to control the Imak. with salt. Poultry 
manure has the advantage of being cheap and safe. Because it is also a fairly good source 
of energy, it is often ideal for supplementing lactacting cows. Its dísadvantages ¡nelude 
spoilage during storage and excessive bulkiness which complicate feeding under extensive 
ranching conditions. 

[o all the aboye systems, the aim is to supplement grazing animals with 150 to 200 
grams of crude protejn IN x 6.25) and 6 grams phosphorus (P) tor maintenance purposes 
on dry winter grazing. The optimum level naturally depends on env¡ronmental conditions. 
lactatíng cows may requíre supplements of 400 grams crude protein and 12 grams 
phosphorus. This higher protejo requirement of lactating cows restricts the amount of 
NPN that can be usad in winter supplements for this class of animal Dfy and lactating 
cattte require 6 and 12 grams of supplemental phosphorus, respectively, during the 
summer grazing period. This is normally provided by mixtures of salt (50 per cent) and 
dicalcium phosphate (50 per cent). or salt (35 per cent) and bono meal (65 per cen!). 

In conclusion, experiments conducted with grazing animals in southern Africa during 
the past 50 years have succeeded in identifyin9 the major limiting nutrients in natural 
pastures during the various seasons of the year. By supplementing only those nutrients 
which are known to limit animal production, it has been demonstrated that it is 
possible to increase markedly the productivity of range animals while at the same time 
making better use ot available grazing. Such a system of strategic supplementation not 
only minimjzes supplementary feeding costs but also makes it possible to exp~oit this 
vast natural resource which without supplementation cannot be efficiently or fuHy 
uti!ized by grazing animals, 
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JJnV3 

GENETIC SYSTEMS FOR THE IMPROVEMENT OF PRODUCTION 
IN THE TROPICS 

Dieter Plasse 

The severe beef shortages ¡n the wortd market demand make it more and more essenttal 
to make full use of the vast troplca! savannas in Latin America for the production of meat. 

At present, !he level ot production in these areas is extremely low; Table 1 shows the 
estimated average values. Many factors contribute to this low level of productivity, and 
each one should be considered of importance if production is to be Increased and if the 
cattte ;ndustrv is to beco me a more profitable ente:rprise. It is rísky to establísh priorities 
tor the factors influencing production at the national level even though this may be the 
r¡ght course of action when dealing with specific zonas or individual ranches. 

At the prcsent time, the main problem seems to be of a soeioeconomlc nature, which 
can only be solved through a sound agricultural and ¡ivestock policy and through an 
extenslon service that can make goOO use of the results of research conducted within the 
country itselt. 80th the extension and research teams should be staffed by specialists in 
every field related to beef cattle. The fai!ure to integrate a team of technicians fram 
different fields as a result of professional je-alousy. pOlicíos: of professional societies or 
organizations. or the administration's reluctance (both at the government and university 
levels~ to understand this problem has been the maio reason for the failure to unite the 
efforts of 8gronomists, veterinarians, animal husbandrymen, economists, etc., for the 
integral evaluation and ¡mprovement of the catde jndustry, 

Too often, researchers do n01 leave theír laboratarles, and cattle growers do not visit 
the experiment stations; therefore, there is no contact between these two groups. AIso, 
many times researchers are consulted by agricultural pOlicy makers only after a cartain 
policy has failed, This is obvious in the agrarian reform programs, 
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Table 1. estima1ed value. af tIIelevel of production in the Latín American tropios. 

Ch.ractem.tic 

Calving peroontage 

Percentage 01 deaths to age of flrst serviC$ 

Weaning weight (7 months)·" 

Age st first calf 

Staughter age {males} 

S!aughter vveight 

Extractíon rata 

Present level 
of production 111 

35-60% 

10·25% 

12().150 kg 

3-4 vean 

3.5:1) years 

350450 kg 

B.15% 

,. Oces not indlcate toe rango of variatio" but the limits mat ¡"<:lude the means ot the ¡:.rincipal tones 
,.,. Systematlc W$aning is not ptacticed in most herds; but it 1$ a$$umed that on the average, natural 

W4Janing OCCIJt1 in thit pedod 01 time (seven months). 
Sourcas: Bauuf. 1968; Carrera; Estrada, 1966; HUI, 1967; Mavobre, 1966; Tundi5i, 1970. (UCV/FCV, 

onpubíished data). 

INTEGRAL IMPROVEMENT OF THE HERD 

Beef production is influenced by two maio groups of factors: toe genetic potantial of 
cattle and the environment in which productíon takes place (Fig. 1 L Genetic potential 
can be subdivided into additive and nonadditive potentíal; this subdivisíon is a result of 
the way in which the genes acto The environment ¡ncfudes aU those factors that are oot 
determíned by the genotype of the animal, such as climate, faed, diseases, management, 
factors ioherent to the animal such as age and sex, and the entíre complex of 
'SOCioeconomic factors., which are of utmost importance in Latin America, 

Influencing facto,:, OlJjectives 

Environment Producer: 
Maximum net ¡ncome 

~,m '"0'""''''/ 
~ ~. 

Genetic potential Natlonat economy; 
* Additive Reasonable prlC€s 

,. * Nonadditive for the consumer 

Figure 1. Influencing factors and objectivéS of beef production. 
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Far the cattle producer the main objective 01 production i, to obtain me híghest 
possible net income. From the standpoínt 01 the national economy, however, the main 
objective is tha avaílability 01 reasonably priced, good.quality products lor the consumero 

For that reason, the ímprovement 01 I¡vestock productivity should inelude all the !ields 
01 .gricultural and lívestoek scíence, and eaeh one should be 01 equal importanee. 11, lor 
instance, genetícists are able to produce anímals with inheritable traits for superior weight 
gains, these animals will also require bettar feed and an improved health and manageme"t 
program in arder to be able to express their genes in a better phenotype; that IS. in better 
production. If, 00 the contrary, an animal of an inferior genotype is placed in an improved 
environment at a high cost, production will not incre-ase as expected because the animal 
does not have the genotype that can protit from environmental level. 

Normally. the Latin American tropics have animals of low genetic potential in an 
unimproved envíronment. Higher levels of production will be possible only when the 
genotypes and the envirooment are improved simultaneously. Perhaps the highest 
biologicaUy feasible level will not be the mast economícal; and for this reason, breeding 
and environmental improvement must be bafanced at a level where maximum economíc 
returns can be obtained (Fig, 2). Therefore, it is important that researen,. extension and 
production improvement programs be economically oriented, 

This paper de.l. with genetle systems aimed at increaslng produetívity; it should not 
be forgotten that thay will have favorable results only when they beeome part 01 an 
integral development program for the herd. 

Breeding ... 4.---1 

t 
Gene pool 

Balance 

Envíronment~Gene pool: 

Maximum economic yield 

"'1 mproved level 

... Environmental improvel1'\ent 

_Original 1"",,1 (nativa} 

t 
Environment 

Figure 2, Sreeding and environmental improvement under different economic conditions. 
(Please read from bottom to top.) 
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BREEDING METHODS TO INCREASE PRODUCTIVITY 

There are two breeding methods: selection, whlch increases the additive potentíal, and 
crossing. which influences toe nonadditive potential. 

Characteristics to be considerad 

A low reproductíon efficiency and a deficiant growth rate demand the establishment 01 
a breeding program in order to improve these characteristics. Efforts should be channeled 
in this direction because the larger the number of traits ¡ncluded in a selection program, 
the less progress tha1 15 made with each one of them. 

At present, too mueh emphasis ;s placad on folkloric characterictics, which do nOl 
contributa anything to productívity, Recent emphasis on size per se is also harmful. tt 
is difficult 10 understand the (eason why cattle growers prefer to have cows that weigh 
600 kilograms and bull. that weigh 1,200 kilograms when the objective is to raise a 
sufficient numbar of steers under 9000 grazing conditions that weigh 450 kilograms. 
in two or three years. It has been proven in other ecological zones (although under 
different economic condítions) that cows of average size and werght are the most efficient 
producers (Cartwríght ot al., 1964; Singh et al., 1970; Long et al., 1971). 

The maio problem existing in tropical herds is their low reproductiva efficiency. This 
not only results in a low number of animals for market but also hinders aoy genetic 
progress. Low weaning weights and deficieot postweanlng growth result in slaughter 
animals af advanced age. These characteristics can be improved through se'ection and 
crossing, and the high mortality rates can be controlled primaríly through improved 
management practices and a sound health programo 

Selection 

When dlscussing the selection programs, differentiation should be made between males 
and females because. under the present conditions, different production characteristics 
should be taken into account, 

Females 

Theoretical and practical considerat¡ons lead to the conc!usion that it is advantageous 
to have al! normally developed heifers. free of genetic defects. served duríng the mating 
season when they are approximately two years o1d, AtI those that fail to conceive and 
those that have inferior offspring should be rejected. Those cows that have not conceived 
tor two consecutiva years and those that haya yearling calves with low weaning weights 
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should also be rejected. Thus, females should be selected fm high reproductive efficieney 
and good maternal ability, measured by the waaning waight of thei, calves. 

Bull. 

Replacement bulls must be seleeled for high reproductiva effie,eney and good 
postwaaning gajns. This last eharacteristic has a moderate heritability and can be easily 
ímproved 00 the sira's side. Conformation should not be emphasized because despite 
its commercial value, lt is not a 9000 indicator of the quality of the carcass-. In the 
tuture, where a high·quality carcass is demanded, this characteristic (which ís an 
inheritance index) should be: taken into consíderation in the male selection program. 

These selection systems are explalned in detail in another paper (PlasS€, 1969). 

Results 

The previously mentioned selection systems, aloog with 9000 management, haye given 
good resuJts in experiment stations and in private cattle operations. 

In a large herd in the tropics of Bolivia, reproductiva efficiency increased from less 
than 50 per cent to 89 per eent in eight yea" (Plasse el al., 1973cl. In tour private herds 
that were included in a research and extension project in Venezuela, the average calving 
percentage of 3.700 cows was 51 per cent befare the improvement program was begun, 
In the second year-after the establishment of a mating season, a management program. 
and the culling of those: females that failad to conceive-pregnancies reachad 62 per cent, 
whieh represented an improvement 0120 per cenl in one year (UCV IFCV, unpublíshed 
datal. 

In a selectíon program based on a production test In a 8rahman herd at La Cumaca 
Experiment Station in Venezuela, reproductive efficiency improved 46 per cent during 
the f¡rst five vean; of the program; the percentage of wcaned calves improved 68 per cent; 
preweaning growth improved 15 per cent and posl-vveaning growth, 22 per eenl ¡UCV I 
FCV. unpubHshed data). Progress was less in the following years, but there was a gradual 
¡ncrease in total production. 

Based on the data obtained in Venezuela, a model has been established for a herd of 
100 COWS, where improvement of productivíty per cow can be observed during the first 
five years of a selection and organized management program (Table 2). From this table 
ít can be deducted that through selection and good management, production can be 
doubled in any tropical herd in the first six years of improvement. 
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Table 2. Possíble íncrease in productivíty Ihrough selection and envlronmental improve­
ment for 100 cowo.* 

Characteristic: 

Pregnant c:ows (No'; 

Calves boro ahve (NoJ 

Weaning 

Animal" {No.} 

Weight/anirnal fkg) 

Total weight Ikg} 

Wéight!cow in herd ikgl 

Eighteen months 

Animals (No" 

Weíght/anima1 (kg) 

Total weight ik,gr 

Weight/cow in herd (kgi 

Production Iew' 
Seginning 

Year 1 

55 

52 

46 

14Q 

6,440 

64.4 

44 

230 
10,120 

End 

Yeat' 5 

75 

72 

68 

160 

10.S® 

108.8 

66 
280 

18,400 

184.8 

Index 

Ysar 1 = 100 

136 

138 

148 

114 

169 

169 

150 

122 

183 

183 

TMé parameter'S uscd weré obtained 10 experlmoént stations and in prívaw herds ,,'') Venezuela. The 
fo!lowing data were vsed III th!:' calculatíons: 

Abortions and stiUbirths (°/01 
Deaths untd weaf'ung (Ojal 
Deaths unu! 18 months (0/0) 

SoUf(;e: UCV/FCV (Unpubhshed data) 

Crossbreedíng 

Resulto 

Vear 1 

6 
'2 
'5 

Year 6 

4 
6 

9 

Whef'l 80$ tal/rus breeds (of European origin) are: crossed with 80S indicus breeds 
(Zebu native of India and PakistanL theiroffspring have a higher reproductive effkiency. 
viability and growth than the average purebred parents. This is known as heterosis, and 
the author considers that the inducement of heterosis is the main objective of cmssing in 
the latin American trop¡cs. 
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Table 3 summarizes the percentage of heterosls reported in crosses of Bos taurus x 80S 
indicus. A moderate ¡ncrease in several characteristics of production contributes to 
improved productivity of 20 to 40 per cent per cow. 

The maximum degree of heterosis in reproductivc effiClency, in maternal ability and in 
postweaning growth can be observed in Ft animals, Undoubtedly, the highest total 
productjvity is observad in Fl cows, but crossbreeding systems that take advantage of 
this fact are not functional under the conditions presently existing in the Latín American 
tropics. 

The only crossbreeding system known to induce adequate levels of heterosis through 
generations and known to be functional is rotational crossbreeding wíth two ar more 
breeds. 

In Latin Amerjca there are several experimental programs to test the crossbreeding 
systems and the available data related tú the first and, in sorne cases, to severa! generations. 
In a cfossbreedíng program among Criollo, Brahman and Santa Gertrudis breeds in Costa 
Rica (Peroz et al .• 1971). cows produced 22 per cent more kilograms of weaned calves 
whefl these were the offspring of bulls of another breed,as compared with purebreds. 

Published data of a crossbreeding program in Venezuela (Frómeta et aL, 1973; Borrotti 
et al., 1973; Plasse et al., 1973a and b) show that calves 1Ft! of Criollo cows and Brahman 
and Santa Gertrudis bulls and of Brahman cows and Charolais. Red Poli and Brown Swiss 
bull, have birth, weaning and 18-month weights 11,10 and 14 per cent higher, respective· 
Iy, than the average Criollo and Brahman purebred calves ¡Table 4). 

Table 3, Heterosis ín erosses between 80S taUftJS and 80S indicus 

Characteristic 

Reproductille efficiency 

Viability 

Preweaniog growth 

Postweaning growth 

USA 

Latín America 

Productivity per cow 

Hemrosis l0/o} 

± 10 

10·20 

20·30 

Sourees: Cundiff iH al., 1910, Cunha et dI., 1972; Plasse et al., 1913b" Muñoz and Marhfl, 1969; Perol 
$t al., 1971;Salaz31", 1971;Stonaker, 1971 
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Table 4. Adjusted weight average. of Criollo, Brahman and croubred 1F t } yearling calves 
at the e"""riment station in the Llanos (MAC-·UCV projects). 

Siro 

e 
B 

SG 
e 
B 

B 

eH 
RP 
as 
B 

Total 

Purebred 

Crossbred 

e 
CL 

Oam 

e 
e 
e 
el 
eL 
B 

B 

B 

B 
B 

e = 
Number of observatlons: 

Atbirth 1,208 
At ~an¡n9 1.119 
At 18 mOnths 958 

Bir'lh weight 
lItal 

26 

31 

31 

25 
29 
25 
28 
24 

21 
26 

27 

25.5 

28.3 (+11% 

Criollo ÁIO Limón 

CriollQ Llanero 

Brahmall 

Weaning weight 
ikal 

i205daysl 

153 

170 
175 
146 

173 

161 

173 

160 

172 

161 

165 

155 

166 (+10%1 

eH 
RP 
es = 

$our«: BOfSOtti et aL, 1913; Plas$C et al., 1973a; Ffómeta &t aL, 1973 

18-montb-weight 
(kgl 

208 

263 

256 
211 

253 
236 
256 
240 

262 

231 

243 

223 

2651+14%1 

Charolais 

Red Poli 

8rown Swl$s 

Unanalyzed data (MAC·UCV, unpublished data) from the same projeet indicate that 
calves of F¡ heifers ( % Zebu or % 80s taurus) weigh 16 per ceot more at weaoing aod 
11 per cent more at lB months as compared to purebreds (Brahman and Criollo). The 
crossbred heifers reach puberty at an age that is 9 per cent earlier than in purebreds 
(Linares et al., 1973b; Ordoñez et al., 19731. Unpublished data for 361 heifers and 272 
first-Iactating cows indicate that the advantage of the crossbreds over the purebreds (as 
regards conceptíonl is of 61 and 11 per cent, respectively. The percentage of heterosis 
fór pregnancy in Criollo x Brahman femal.s comparad to purebreds is estimated at 19 
per cent for heifers and al 91 per ceot for first-lactating cows. This advanlage in the 
reproductiva efficiency of first~lactating cows indicates that crossbreeding is the mast 
efficíent method lo solve the problem of low eonceplion rates, .specíally during the 
first laetatioo period (Linares et al., 19730; Plasse et al., 1972). 
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1I the data On the reproductivo e!fieiency 01 F, and pur"bred hei!e" and the weight 
01 their oflspring at weaning and at 18 months are usad to estimate weight production 
per cow in the herd, the following results are obtained: F, cows produce 33 per cent 
more kilograms of calves at weaning and 26 per ceot more at 18 months. However, the 
valvas are expected to be lower ior futura generations. 

Considerable improvement in reproductive efficiency was also observed in the materíal 
01 23,413 palpations corresponding to Criollo and Zebu cows and their erosses in a herd 
in the Bolivian tropies (Table 5). 

1I a small group of "selacted Criollo eows," raised under better breeding and 
management programs in comparíson to others, is excluded from !he discussion, me 
performance of the crossbred cows is 11 per cent higher as compared to tha! 01 lhe 
purebred (Plasse et al., 19730). In lhe same herd, lhe data corresponding to 15,838 
$leer carcasses (Table 6) showed tha! the crossbreds rendered 15 per cent more mea! 
lhan the pur"bred Criollo steers (Bau., et al., 1973). 

Data from Colombia (Salazar, 1971; Stooaker, 1971) related to the growth of Criollo 
x Zebu crosses confirm the results reported in Costa Rica, Venezuela and Bolivia, which 
indicate high percentages of heterosis, especially in postweaning growth and jn 
reproductive efficiency. 

Table 5. Percentage of pregnancy in Criollo and Zebu ~ows and their eros"'s at El Seni. 
Bolivia (adjusted averagesl. 

-Number 

X nonadjusted 

jf adjusted 

Selected Criollo COW5 

Commercial Criollo cows 

lA z"bu 

'h Zebu 

% Zebu 

Zebu 

Crossbreds vs. purebréds 
;excluding selected Criollo COWSI 

Soutce: Plasse st al., 1913c 
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Pf8{II1ancy (Dio) 

23.4'3 

75 

82 

95 
76 

80 
86 

80 
72 
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Tabte 6. Carca .. weight of Criollo stee,. and of c,osses wilh Zebu at El Beni, Bolivia 
(adjusted averages!. 

B,..d 

Number 

Age x (monms) 

x nonadjus ted 

x adiusted 

CriOllo 

lA Zebu 

1,1:: Zebu 

% Zebu 

Crossbred V$, Cnollo (O/ol 

SoUtce: 8auer f.!1 al • 1973 

Carcass weight 
¡kgl 

15.838 

48 

215 

230 

207 
220 
240 

238 

15 

The only data Pllblished to date on alternate cross¡ng (rotation of two breeds; between 
80S taurus and 80S indicus ter several generations wcre reported ín Florida (Botero et al., 
1973), and they show a percentage of heterosis for weaning weight per CQW in the herd 
of 34, 25 and 16 per cent for F I ' 3A and 5/8 cows, respectively. 

Beg¡nning 01 a crisscross breeding program 

Hare, tWQ alternatives for starting a program that will truly adjust to the conditions of 
the Latín American tropics will be d¡scussed. 

1, Many herds are made up of an indiscriminate mixture 01 genes 01 the Bos taurU$ and 
80S indicus breeds. lo this case the herd should be subdivided into one group where 
80S taurus predomina tes and into another where 80S índicus predominates; and 
bulls of the other breed should be usad in each group ot CQWS {Fig, 31. The heifers 
born in one herd can serve as replacements in the other. It would 00 advisable to 
have a third herd to produce bulls 01 the better adapted breed to be used in ane 
of the crossing herds. The other breed of bulls would haya to be purchased, 

2. The othe, alternative would be he,ds that have been upgraded lO Zebu (Fig. 4). 
Under these condítions, it is recommeoded to seleet 10 per cent af the best cows 
(herd 11) tor the proouction of Zebu búlls for crossbreeding and to buy the 80S 

taurus butls. The other 90 per ceot of the cows are subd¡vided at random ínto two 
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FOUNDATlON HERD 
1,000 crossbred cows lA x Bl 

HERD I 

500 cows 

predominantly Breed A 

x 

20 bulls Breed B 

t 
I 

5 replacement bulls/year 

Breed B 

I 
HERD 111 

50 cows Bread B 

2 bu lis Breed B 

Proouctíon: 20 bull calves 
Selection: 5 bul! calves 

HERD 11 

500 cows 

• predominantly Breed B 
Replacernent 

x 
lemales 

20 bulls B reed A I 

Buy 

5 Dulls Breed A eaeh yea, 

Figure 3, Beg¡nn1ng of a crisscross breedíng project in a herd 01 crossbred cows (breeds A 
aod 81. 
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HERD I 

900 cows 
for crisscross 

Subdivided at random 
into two herds 

la lb 

450 cows 

FOUNDATION HERD 
1,000cows 

Predominantly Breed A 

HERD 11 

100 elite cows 
x 

5 purchased bull. 
Breed A 

Production 01 40 bull calves 

Selection 

x 
20 bull, 
Breed B 

450cows 
x 

20 bull, 
Bre_d A 

4 replacements/year 

herd lb 

.Iaughter_d 

i Replacement 

heifers 

4 replacement bulls 

Breed B 

purchasedlyear 

i 

Figure 4. Beginning of a crisseross breeding program in a herd upgraded with Zebu. 
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groups, using 80S tauros bulls in one herd and 80S indicus in the other. The 
replacement hei!e .. will always be served by bulls that do not belong to the same 
breed as their sira. 

Selecting Ihe bree<! of !he bulf 

The 80S indicus breeds present no problems when decidíng whích to use because aaen 
one has advantages and disadvantages, but all 01 them adapt well to tha Latin American 
tropics. 

Nevertheless, me selection of 80S taurus bulls presents probtems. The data cited in this 
paper have proved clearly that tha Criollo breed is very useful in crossbreeding programs 
with 80S indicus; their adaptability to the tropical environment is a great advantage. 

Other bre.ds 01 80S tauros that are nol well adapted have been tested, a(ld they wíll 
continoe to be studied. 11 the 80s tauros bulls work well during the mating season and 
their hybrid olfspring are superior to the 80S indicus breeds, the problem 01 adaptability 
is only academic. The same will be trua once ao artificial insemination program basad 
on estrus synchronization has been developed. Noncriollo 80$ taurus bulls normally 
¡nvolve high costs, and it is hoped that in the future, functional and economical artificial 
inseminadon programs will be developed. 

F, bulls and !he ooncept of the gene pool 

In the future, in those areas where purebred 80S taurus bulls present too many 
problem" F, 80S tauros x 80s indicus bulls could be u,od. 1I this type 01 bulls­
representing severa' breeds that can contribute goOO characteristics- is used in a 
native population and then this populatíon is closed and placed under a strict selection 
program lor production characteristics (Fig. 5), jt should be possible to establish a 
population with favorable genes and with sorne degree of heterosis. 

This concept 01 establishing a gene pool and the selection from ít should be technicaUy 
reassessed under the conditions pfevailing in the Latin American tropics. Mast likely. 
these populations wíll lose sorne degree of heterosis as comparad to those resuJtjng from 
Cfossbreeding among purebreds, However, íf they produce more than purebred 80S 

indicus populations, this system will be iustffied. 

OUTLOOK 

The genetic methods discussed in this paper can be used in herds of a certain size and 
in cooperative agrarian reform programs (Plasse, 1973). 
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FOUNOATION 

COWS 

x 

1Ft bullsof 
I 

different bread. 

1 
Closed gene pool 

1 
Selectio~ 

for !n I 
production I 

Figure 5. Concept 01 me gene pool. 
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