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OBJECTIVES OF THE SEMINAR 

1. To explore the roles of beef cattle enterprises in the agricultura! and economic develo

ment of the lowland tropics 

2. To evaluate factors influencing the development of the beef cattle i ndustry in these 

areas 

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

4 . To establish the bases for interch;~nge of technology and information among institu

tions and individuals engaged in livestock and agricultura! development programs 

5. To assist CIAT and national agencies in establ ishing their own priorities for 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 

"They landed. They brought with them 
sorne new animals looking very much like 
deer but taller, and they sat on the backs 
of those animals, which made them very 
swift. 1 saw sorne of them cross the plains 
in less time than it would take the best 
courier to run across m y hall. " 

Papantzin in "Corazón de Jade" 
by Salvador de Madariaga 

THE HISTORY OF LIVESTOCK 

At the time of discovery, the inhabitants of the new world were completely ignorant 
of the domestic animals of our day. Dogs for hunting, llamas and other cameloids, wi}d 
turkeys and capybaras were the only animals referred to by histor ians as having sorne 
connection with lndian lite. Madariaga describes poetically what would have been the 
impression of the lndian princess Papantzin upon seeing horses for the first time. The 
Portuguese reporter from Cabral 's fleet, in his first letter to his king, was precise in 
describing what he had found in the new land. Referring to the Brazilian lndians, he 
wrote, "They do not plow the land nor raise animals nor are there cows, goats, ewes, 
chickens or any other animal accustomed to living with men." (Pero Vaz Caminha, 1500) . 



The most advanced American l ndians had a/ready developed agriculture to the point 

of having efficient irrigation systems, but they knew nothing about livestock keeping, 

except for the 1 ncas who had llama herds. 

The history of the introduction of domestic animals in Latin America is not precise 

and facts are mixed w ith legend. Dates and species are quoted by historians in a vague 
way. Surprisingly enough, the few head introduced in the different countries reproduced 

rap idly, and herds were counted by the thousands in the century following discovery. 
When Buenos A ires was rebuilt in 1580, after having been abandoned by its founders, 
the new inhabitants found wild cattle and horses roaming through the pampas. The early 
Brazilian historians were start/ed by the rate of growth of the colonists' herds. One of 
them, Gabriel Soares de Souza, described the behavior of the herds in Bahia in an original 
way : " They freshen every year and continue reproducing even when they get older; 
heifers are mated w ith the bul l when they are yearlings and give birth at two years of 
age, so in many cases we see calves suckling heifers who, in turn, are sucking their 

mothers; the same happens w ith mares, ewes and sows." 

Today, we wonder at and perhaps tend to doubt those records, even when they are 

supported by historical data. In the XV II century, horses were exported to Portugal, and 
the Spanish colonies were suppliers of hides to their mother country . Cattle were 
slaughtered in large numbers for the hides, the meat going to waste in the absence of 

consumers. Dried jerked meat was developed lateras an export item at the begin ning of 
the X VI 11 century. More recen t i y (1868) , the discovery of industrial refrigeration by 
Charles Tellier opened the world markets to Latin American beef. 

Thi s short historical sketch clearly shows the importance of livestock in the settlement 
of Latín America. The sparsely populated colonies had their vast natural pastures filled 
with herds of cattle and horses, managed by a few colonists and a decimated lndian 

population. Even though mining was the main attraction for the white man, there were 

so me cases when agriculture and cattle grazing developed considerably, and livestock 
populated immense regions of natural grassland and "consolidated the economic 
occupation of enormous areas in the hinterland," as Simonsen (1937) says when 
referring to Brazil. The same is also true for Argentina , Uruguay , Colombia, Venezuela, 

Mexico and many other countries. 

PATTERNS IN SOUTH AMER ICA 

Reading Roseveare's " The Grasslands of Latin America" ( 1948). we understand this 

histor ical development, and we can foresee that we will continue to depend on livestock 
for our well·being and economical growth. Natural grasslands predo minate in many 
parts of Lat in America, as for example the fine swards in the Argentine pampas, t he 
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coarse grasses in the Brazi lian cerrados and the Colombian and Venezuelan llanos. 

Grasslands provide forage for sheep and cameloids in the high páramos, where people 
breathe with difficulty . and sustain water buttaloes in the marshy flatlands of M a rajó 

l sland. 

FAO's (1971) map of South American soils shows how limited they are for modern 

agriculture. leaving the farmer the choice of forestry or livestock raising. 

Only 1 O per cent of the agricultura! areas are free of serious limitations for modern 

agriculture: 50 per cent have low fertility, 20 per cent lack water, 10 per cent have 
drainage problems and t he other 10 per cent are too steep. These l imitations are not 

so serious for extensive beef production, and the cerrados and the llanos may be put into 
production simply by applying elementary technological procedures. Even looking at 

the Argentine pampas or the lands of Uruguay, where the limitations for agricu lture are 
not so obvious, farmers' preferences are, by tradition or by natural inclination, for 

raising livestock. Campal's ( 1972) study of the Rio de la Plata basin indicates that 

raising livestock (beef and sheep) is the most common primary activity, using more 

than two thirds of the areas dedicated to agriculture and forestry . 

Areas recently opened in the humid tropics of the Amazon basin leave smal l hope for 

subsistence agriculture. 1 n these areas, the soil nutrients are retained only wh ile 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 may be livestock farming. Recent work by Falesi (personal 
communication, 1973) at the Inst ituto de Pesquisa Agropecuaria do Norte (IPEAN, 

Belem, Brazi l) indicates that even the humid forest plains of the Amazon region m ay 
have a future potential as pastures. Surprisin!jly, Falesi has found that fertility indexes 

are improving in soils covered by grass swards. This gives new hope for the areas that are 

now being opened and which may be saved from subsistence 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 sti ll leaves enough farm land to 
produce crops to feed its own growing population and to supplement pastures during dry 

periods or for intensive breeding and fattening systems. 

THE GAMA OF CLIMATIC CONDITIONS IN LATIN AMER ICA 

Latin America extends from 30° N to 55°5 . This, in combination with varied altitudes, 
gives rise to many kinds of climates. The largest land masses are found in the tropics, 
which have extreme variations in temperatures and rain cond itions and which present 
many problems for livestock raising. For each climate combination, it is neccssary to 
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develop an appropriate new technology . Only the tempera te areas of the southern tip 

of Latín 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. 

LIMITATIONS FOR LIVESTOCK PROOUCTION 

Early writers describe Latín America as a l ivestock paradise. Rapid animal populat ion 
growth could be explained by unlimited grazing areas free from parasites and diseases. 

Certainly, the increased frequency of new introductions, without any quarantine 
measures, brought diseases and parasites which added to those peculiar to tropical 

environments. In a certain way, we were fortunate to remain free of so many diseases 
and parasites which even today hinder animal industry in Africa and Asia. Modern 

writers are very optimistic and forecast subst antial increases in our indexes of productivity. 

In a recent series of lectures, Hutton (1972) states that "there is no reason why Venezuela 
cannot increase its cattle population from 8 to 24 million." We hear the same from many 

visitors from foreign lands. 

We ha ve to temper this optimism with real ity, recognizing the 1 imitations of our 

environment; creating the necessary research structure to tackle the problems; defintng 

extension activities, credit and marketing systems; and developing land tenure 
organizations to absorb the technology generated by this research. The example of 
countries where research has progressed more than in Latin Amer ica demonstrates that 

scienti fic results are not the final objective of the efforts made to improve 1 ivestock 

productivity. 

The Annual Report ( 1971 -1972) of CSI RO's tropical pastures division in Austra l ia 
stat es that only 4 per cent of the available natural tropical grasslands in Austra l ia has 
been adapted to the known technology and may be classified as improved pastures. 

What are our l imitations? Our historical background, as well as the land and climate, 
can help us define them. Historically, there is a tradition of extensive livestock raising. 
Owners of large tracts of land and numerous herds are not prone to accept changes. The 
sheer exploitation of natural resources is enough to maintain their level of income. 
Without exerting pressure against this socioeconomic background, research alone will 

not lead to changes in productivity. 

The level of soi l fertil ity and seasonal rainfall shortages are serious limitations. Forage 

production is low and is nota continuous process. Fast-growing forages become woody 
and fibrous rapidly; and during the long dry periods, l ivestock eat the reserves 

accumulated during the rainy season. 
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Mineral deficiences can be identified wherever we look for them; however, the extent 

and intensity of this limitation are st ill unknown in the greater part of the continent. 

To the disP.ases and pests brought in from the developed world, we add those of the 
tropical environment . Foot -and-mouth disease t akes a big toll , and the variability of the 

virus limits movement of breeding animals from one area to another. lts mere presence 

raises barriers against our products in the world markets. 

Rabies is widespread and continues as a permanent menace with the thousands of 

vampire bats living in caves in all mountainous areas. Farmers are so used to the presence 
of bats in these areas that they do not take into account the loss of blood and d iscomfort 
the bats' blood-sucking habits cause in their herds. 

Externa! parasites, especially t icks, are a permanent source of d iscomfort and reduction 

of animal vitality, even if we do not consider their secondary effects as vectors of 

hemoparasites. These, we know, exist and kili imported and weakened native animals, 
but production losses f rom this parasitizing have never been calculated precisely. 

The world would be surprised to know how much is lost to ticks. A note pub lished in 
the Australian Veterinary Journal (Vol. 44, p . 585, 1968) refers to est imates made at the 

Belmont Experimental Station, Oueensland of average losses of 166 ce of blood/ animal/ 
day. Other estimates range from 107 to 154 ce. Farmers in Lat in America and possibly all 
other tropical countries are so plagued by animal diseases that they are not impressed by 

those that do not kili promptly. This may explain why so little attention has been paid 

to the study of ticks. 

1 th ink this seminar would be a pr'oper forum to rai se the questions of research on 
ticks and to ask for an lnternational Center for Research on Tick Control to be established. 

1 do not see any subject more appropriate for an international center. We need basic, 

radical research no country is able to undertake alone. We need an international effort 
since no country has the sta ff to tackle all aspects of the problem nor to find solutions 

where nobody can see them now. Possibly through the knowledge gained from tick 

research, we might find solutions for controll ing many other pests that plague humans 

and animals in t he tropics. 

Reproductive diseases are widespread in La ti n America and the extent of their damage 
is not known. They also do not kili immediat ely ; and of these, only brucellosis prompted 
some action in testing and vaccination programs. 

UN-FAO (1961) made a study of the problems and potentials of livestock production 
in Latin America. The data on losses in Colombia caused by livestock diseases may be 

quoted here asan example of a genera l picture. 1 n 1958, losses in Colombia amounted to 
881 mili ion pesos and 1,140,000 deaths. T hese losses are presented as percentages 
(Table 1). 
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Table 1. Causes of livestock losses in Colombia, 1959. 

Foot-and·mou th disease 
Abortion 
Externa! parasites 
1 nternal parasi tes 
Tuberculosis 
Paratubercu losis 

Source: UN FAO, 1961 

Percentage 

17.0 
13.0 
35.0 
15.2 

1.8 
4.2 

Tropical diseases place a permanent limitation on possibilities of exchanging genetic 

material. Zebus, buffaloes, bantengs and wild antelopes are sources of potential genetic 
material either to improve the adaptability of 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) from 

Asia andA frica, where they are endemic. 

In this list of l imitations, the weakness of our research, teaching and extension 

instilutions should be included. Animal research has lagged behind agronomic research 
and up t o now on ly scratched the surface of the problems we have identified. Graduate 
teaching in animal sciences started justa few years ago, and the undergraduate programs 
have not emphasized production problems nor trained the men to salve them. 
Consequently, extension has not hada sound basis on which to develop. 

AVAILABLE RESOURCES 

The list of so many l imitations leaves us somewhat pessimistic as regards our l ivestock 
possibilities. Let us talk about our resources. The first of them is the vast amount of land 

with serious l imit ations for crop growing. Of the 20,559,000 square kilometers quoted by 
FAO as the tota l surface in Latín America, only 505,000 are considered permanent pastures, 

leaving large areas for development. 

The second important resource is the existent large animal population. This is based on 

FAO figures shown in Table 2. 
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Table 2. Latin American animal population, 1971 (millions) . 

Cattle 

Horses 

Swine 

Sheep 

Goats 

Water buffaloes 

Source: FAO Production Y earbook, 197 1 

248.5 

24.2 

103.2 

130.0 

39.5 

0. 1 

The Latín American animal population comprises a large and varied gene pool. In the 
past . we have tried to solve our problems by importing sorne mi raculous breed and in 

doing so have introduced numerous breeds of l ivestock . For cattle in Brazi l, we have 
established regular herd books for more than 16 breeds. In this century, we imported 
about 6,000 head of 1 ndian catt le and numerous other breeds of 8os taurus, adding new 
genes to those brought in colonial times. 

Recently, we have been reassessing the value o f the genetic material brought in by the 
co lonists. A number of papers (de Alba, 1955; Jordao, 1956; Domingues et al., 1959 ; and 
Bod isco et al., 1962. for exampl e) describe the virtues of the criollo breeds: Blanco 

orejinegro, Romo sinuano, Costeño con cuernos, Lechero del Valle del Cauca, San 

Martinero, Caracu, Mocho nacional, Curraleira, Malabar, etc. Many cr iollo breeds have 
disappeared because of indiscriminate crossing with European or lndian breeds. 

More recently, t he cattle gene pool has been enriched by the introduction of new 

breeds from the United States (Brahmans, Santa Gertrudis, etc.) and l taly (Chianina, 
Romagnola and March igiana) . 

The interaction of land resources and genetic resources with our socioeconomic 
conditions has det ermined our present levels of productivi ty, with which we are not 
satisfied. Let us have a look at th is situation by examining data publ ished in the past, 

which have probably not changed much to date. Tabl e 3 is a pool of information from 
many sources publ ished sin ce 1961 . lt represent s what has happened in the major cattle 
prod ucing countries; certainly the information may be ex trapolated to t he smaller 
producers. 
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Table 3. Indexes of cattle productivity; variation in Latin America. 

Rate of extraction (%) 7.2 26.5 
Average carcass weigh t ( kg) 164 220 
Beef per animal on hoof (kg) 13 50 
Beef per hectare of pasture (kg) 14 52 
Slaughter age (years) 4 5 
Adult mortality (%) 5 6 
Calf crop (%) 40 60 
Milk per cow (kg) 720 1920 

Taken from various sources 

lncome levels from livestock are also quite low. Reproduced in Table 4 are sorne of the 

few data published on the subject. The data come from Campal's (1972) work and were 

taken from the Rio de la Plata basin, one of the best livestock areas in Latin America. 

Tables 3 and 4 show low levels of productivi ty, and only the large farm areas expla in 
how 1 ivestock farmers subsist. On the other hand, total production is considerable in view 
of the mil lions of hectares and the millions of l ivestock animals in Latin America, even 
though productivity per annual unit and per hectare is low. 

Table 4. Value of livestock production per hectare used as pasture in the Rio de la Plata 
basin (U .S. dollars) . Prices in June, 1970. 

Wool 

Lamb 

M1lk 

Beef 

Total per ha 

Highest total 
per ha 

0.26 

0 .09 

25.83 

11 .89 

38.07 

Source: Campa l. 1972 

Lowest total 
per ha 

0.06 

0.05 

0.17 

2.12 

2.40 

8 

Average per 
product 

1.11 

0.40 

2.63 

6 .97 

Highest values per 
product 

4.49 

1.58 

25.83 

18.63 



Table 5. Livestock production in Latín America, 1971 . 

Beef 

Por k 

Lamb and goat meat 

Mil k 

Wool (unprocessed) 

Source : FAO Product ion Yearbook. 1971 

(Thousands of metric tons) 

6,472 

1,796 

4 78 

23,896 

322 

The last important resource to mention in th is paper is the genetic resource of the grass 

species. The tropical legume germplasm found in Latín America is st ill untapped by our 
researchers. Only those species studied by t he Australians have received general attention. 
Tropical legumes provide the means to red uce soi l fertility limitations, uneven rainfall 

distribution and protein scarcity for livestock feeding. The development of the potential 
of tropical legumes is considered by many scien tists of t he tropical belt of the world as 
the key to our livestock f eeding problems (CIAT Beef Cattle Program Review Team, 

1973; Granier, 1972; Hutton, 1972) . 

RECENT DEVELOPMENTS \N L\VESTOCK PRODUCT \ON 

Now that we have ta lked about resources, let us look at current performance and 
examine recent developments so that we may define what to do in the fu ture. What has 
happened to livestock production in Latín America in recent years? Have production 

and productivity increased? Are we feeding our people better? In a rP.cent paper, 
Jasiorowsky (1973) answers these quest ions. The fo llowing t ables compare Latín America 

with the rest of the world. 

Table 6 . Meat and milk production in Latin America and the world . 

1950 1970 
Average annual 
variation (%) 

Mea t . 1000 to ns: L. America 6,185 10,183 2.5 

World 46,19 1 97,526 3.8 

Mílk, 1000 tons : L. America 12,608 23 ,445 3.2 

World 256,302 398,4 98 2.2 

Source : Jasoorowskv . 1973 
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Table 7. Variations in per capita consumption of meat and milk in Latin America and the 
world. 

1950 1970 

Mea t. total (kg): Latin Amer ica 38.2 35.9 

World 18.5 26.2 

Mil k, total (kg): Latir. America 77.8 82.7 

World 103.3 107.0 

Source: Jasiorowsk y. _1973 

Total meat and milk production increased during the last years as shown in Table 6. 
For a continent with so much open space, the record is still a poor one, especially in meat 

production. 

Table 7 shows how we are changing our consumption of livestock products, without 
taking into account what is being exported. 

A small increase per capita availability of milk was registered, and certainly the 
decrease in meat consumption is higher than is shown, as exports were increased. Countr ies 

such as Argentina and Uruguay est ablished meatless days to increase their exporting 
capaci ty, lowering their per cap ita consumption. 

There is so much variation in per capita consumpt ion in Latin America that the statist ics 
given in Table 7 are meaningless in many cases. The high averages are produced by the 

extremely high levels of consumpt ion in Argentina and Uruguay. 

Productivity per animal varied as seen in Tabfe 8. Smalf improvements noted in many 
cases are only signs of better measurements of output or population. In this table the much 
better figures for milk production are surprising, and there is a large decrease in pork output 

per head, for which there is no plausible explanation. 

Table 8. Variation in production per animal. 

Beef (kgl 

lamb and goat meat (kg) 

Pork (kg) 

Milk lkgl 

Source: J asiorowsk v. 1973 

1950 

28.5 

2.7 

20.5 

77.8 

10 

1970 Variation (%) 

29.4 3.2 

2.7 o 
17.6 -14.1 

95.0 22.1 



SUGGESTED ITEMS FOR FURTHER CONSIDERATION 

We all admit that Latin America has an enormous potential for livestock production, 

but the data just shown may lead us to be discouraged because realization of the potential 
has not developed as expected . At this point, we should stop to think of sorne points 

which could be the key t o our future. 

First, let us look at our research; most research is not directed to the solution of 
previously defined problems. Nutrition and health limitations have been recognized as 
important, but we sti ll dedicate more time and energy to breeding experiments. We have 

a tend~ncy to study problems which are fashionable in the developed world . In Brazil, 
where mineral deficiencies are known, we have few results from research on mineral 
feeding; nevertheless, at the same time, stilbesterol implants were used in many 

experiments ata time when implants were forbidden by law in that country. 

This brings us to the first matter that should be given further consideration. We should 
orient our research to our problems and look for solutions applicable under our conditions. 

lt is useless to consider solutions leading to high investments if we do not have the capital , 

to huge amounts of fertilizers if we have to import them, and to sophisticated 

rnanagement practices if our field worker is illiterate. 

1 n the first place, we should consider research which is almost demonstrative in nature, 

using the knowledge already available in literature, but which has not yet been provento 
work under our conditions. This adaptive research should include simple management, 

feeding and health rules which, although they are not designed to prod uce big jumps in 

productivity, will make the difference we have been hoping for when applied to our 

millions and millions of hectares and heads of cattle. 

Mineral feeding, proper vaccinations, changing of breeding season and weaning age, 
providing supplements during the dry periods, improving water facilities, and improving 

pasture management will cert'ainly contribute to accomplishing the miracle. We need to 
determine which practices give the highest returns and then direct our limited extension 
capacity to make their use widespread, either as a package or singly. 

Our research system should define simple practices which will result in small increases 

in productivity, but when applied to large herds and areas wil l result in large production 
increases. Th is kind of research will be feasible and easily performed with the sma\1 , 

unprepared staff we have at our institutions. 

Research should also provide ways to convince people to use the results. Economic 
analyses of the resul ts and the demonstration of the economic feasibility o f the simple 

production systems devised by research wi ll give the extension worker the necessary 
weapons to combat the difficulties of his task . 
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This brings us to the second matter to be considered. More than research, we need 
extension work. Because producers do not make use o f available research results, we 

need different approaches f or technology transf erence in our countries. We have efficient 

vaccines against most of the important diseases, but field surveys show that they are little 

used. We know that phosphorus deficiency is widespread and that phosphorus 

supplementation increases productivity of livestock, but we still rely on bone meal as 

the source of this element. The amount of bone meal available shows phosphorus 

supplementation is still an uncommon practice. 

We should introduce these and other practices - such as those il lustrat ed here- through 
extensio n, t hereby increasing productivity. How to make farmers use these practices, 

though, is an important point for consideration if we want to fulfill the Latín American 

potential for livestock production. Should we direct our research capacity toward 
supporting the extension effort? Which actions are more effective: demonstra tions 

of packages or isolat ed practices, studies on rural farm management, subsidizing the 
implantation of pract ices as we used todo with vaccination campaigns? These are 

questions to be answered after pondering the problem of technology transference in 
livestock production in Latín America. 

1 n looking for other points to be considered, 1 think we should include studies on 
other species as sources for meat production. We have airead y introduced water buffaloes, 

and they look quite promising for areas under risk o f flooding, such as the lower Amazon 
Valley. The species may also be considered for other areas similar to the Bahía (Brazil), 
where studies favored the water buffalo as compared with Zebus for milk production. 

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

Last but not least is the study of our forage species. We have always looked abroad, 
rather than paying proper attention to our own resources in legumes and grasses. These 

species have a long history of adaptation to our environment, and they should be 
carefully scrutinized to discover t heir rea l potential under traditional pasture management. 
The cases of Stylosanthes and Siratro are good examples of how to get the most out of 

our own natural resources. 

1 n general we should think more about the rational use of 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 population. By introducing 

small increases in the indexes of product ivity and using more land, we will increase our 
l ivestock income and improve the level of nutrition of our people and the people of the 

world. 
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A LOOK AT THE FUTUR E OF TH E LI V ESTOCK INDUSTRY 

Livestock has always contributed to the development of Latin America . We can see how 

it has contributed to t he rap id occupation of our vast territory and how it provided food 
for the colonist and hides for various domestic uses and for ex port. 

1 n spit e of the low levels of productivity, 1 ivestock has been an important so urce of 
income in recent years; and in a few Latin American countries, it has provided high 
standards of nutrit ion for the people. 

For the future we sti ll have a great deal of untapped natural resources oriented for 

livestock production : the cerrados, the llanos, the savannas of Bolivar and the vast 

Amazon basin (CIAT, 1973). These wil l provide for large product ion increases. At the 

same time, scientists believe better technology wil l bring about large increases in 
prod uctivi ty. 

" The World Food Problem" (US President's Advisory Committee, 1967) estimates 

that foot·and·mouth disease reduces cattle production in South America by 25 per cent 
annually; this could be controlled if we put forth the necessary effort. The same source 

says "rabies reportedly kills more than one million cattle in Latin A merica each year." 
This disease may also be controlled with the new vaccines and methods to kili blood· 

sucking bats. 

Raun ( 1968), in reviewing the production potential of the Colombian Llanos Orien tales, 

ca lculates that the plains could produce as muchas 3.49 times more beef in the short run 

and 22.8 times in the long run if improved management practices were used and sorne 
improved pastures were established. These increments are within the economic reach of 

catt le producers. Using the same approach, Raun also gives estimates for all of Colombia . 
In the short run, the country could produce as muchas 2.72 times more beef and in the 

long run, 9.8 times more. 

A recent paper by Severo et al. ( 1973) indica tes that large in creases in productivity 

have already been accomplished under experimental cond itions in southern Brazil 

(Table 9) . 

In sorne of the projects accepted by international development banks for loans to the 
livestock industry in Braz il , it has been demonstrated that by introducing improved, viable 

technology, it was possible to raise calf crops to 70 to 75 per cent, increase our 
slaughtering rate to 21 to 22 per cent, lower slaughter age to three years, and increase 
beef production p~::r hectare to 120 k ilograms per year (Rocha and Aronovich, 1972) . 

These projections, with the exception of beef per hectare, agree closely with those 
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Table 9 . lncreases in productivity reached in Rio Grande do Sul under specified 
conditions. 

Calf crop (%) 
Weaning age (months) 

Age of slaughtering (years) 

Ex traction rate (%) 
Beef per hectare (kg) 

Net income per hectare (Cr$) 

Source; Severo et al., 1973 

From 

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 that defined the Brazi lian National Cattle Research Project (Table 1 O) 

after a detailed study of t he available information. 

l f we consider these projections to be val id fo r Latin America as a whole, we can 
visualize the livestock product ion potential of the continent. The realization of t his 

potential will contribute directly to agricultura! development of vast areas and 

consequently to better nutrition for the people of the world. lt is our task as researchers, 
extension workers, professors and other professionals to unite our efforts in order to 
make full use of this potential. We are fortunate to have C lA T contributing the ex pert ise 

of sorne of the world's best scientists to our effort. This meeting is CIAT in action, 
establishing communication between its scientists and its Latin American colleagues. This 
integration of efforts will lower our technological barriers; and in the near future, the 

projections of productivity indexes will beco me real ity . 

Table 1 O. lncreases in productivity expected in the Brazilian cattle research project. 

Present values Goals 

Slaughter rate (%) 11 ·12 20-22 

Reproduc tion rate (%) 40-50 70-80 
Slaughter age (years) 4·5 2.5·3.5 

Beef ~er hectare (kg) 20 40 
M il k production, per lactation (kg) 705 1450 
Mil k per ha/vear (kg) 200 11 00 
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NUTRIENT REOUIREMENTS FOR THE ESTABLISHMENT 
OF IMPROVED PASTURES 

R. K. Jones 

In evaluating the potential of a particular region for animal production, we must 

consider both the quantity and the quality of pasture available to the grazing animal 

throughout the year. Maximum animal production in a given environment, of course, 

can only be achieved if the product ion of adequat e-quality pasture is maximized. 

The quantity factor is usually influenced most strongly by rainfall (or more 

precisely , the durat ion of adequate soil moisture) and the soil nitrogen supply. ( In sorne 

cases, other plant nutrients such as phosphorus must be added to this list if they are 

extremely deficient.) Although we can man ipulate the quantity factor to sorne extent 

by introducing more product ive plants and by conserving fodder from one year or a part 

of the year for feeding out in another, thes.:J factors are generally much less important 

than water and nitrogen supply. 

The quality factor, on the other hand, is influenced mainly by the supply of nutrients 

from the soi l, act ing either directly on the chemical composition of the pasture or 

indirectly on its botanical composition. By correcting the nutrit ional problems of a soil , 

we can often encourage a legume to grow in a native grassland, thereby markedly 

changing the qual ity of the pasture. The fertilizer applied, of course, has a direct effect 
on the chemical composi t ion of both the grass and the legume, but sizable changes al so 

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

grasses. To sorne extent, direct mineral supplementation of an imals with nonprotein 

nitrogen, phosphorus and/ or su lfur can offset the effects of poor-quality pastures by 

overcoming deficiencies of particu lar nutrients or by increasing food intake and sometimes 

the efficiency of digestion of dry matter. The m ajor changes in animal liveweight 

production, however, are generally brought about by fertil izer effects on the botanical 
and chemical composition of the pasture. 
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To i llustrate so me of these points, 1 refer to the work of Edye et al. ( 1971), R itson et 

al. (1971) and others in northeastern Australia. Their starting point was an unfertil ized 

native grassland with sorne Townsville stylo (Stylosanthes humílís) with one cow to five 

or six hectares. The soils were known t o be deficient in phosphorus so they imposed three 
superphosphate treatments (0, 126, or 377 kg/ha/year) as well as two stocking rates (one 

cow to 1.2 ha and one to 2.4 ha) anda fodder conservation treatment. The effects, 

particularly of the superphosphate treatments, on the quantity and quality of the pasture 
were quite striking. Superphosphate increased both the yield of total dry matter and the 
nitrogen, phosphorus and sulfur contents of the legume, as well as the phosphorus and 

sulfur contents of the associated annual and perennial grasses. These effects were 
presumed to be responsible for the greatly increased 1 iveweight production and 

conception rate of the cows, and weaning weights of the calves. 

Provided that the technical knowledge is available, the extent to which the quantity 
and quality of pastures can be increased will depend largely on econo:nic factors. 

lmproving pastures means expenditure not only on seed and fertilizer, but also on clearing 
or perhaps poisoning of timber 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 such as tobacco and sugar cane. We often have to be satisfied with 

partial solutions when dealing with beef cattle on pastures. In Australia, the application 
of nitrogenous fertilizers in tropical grasslands is not economical except in special cases 

such as dairying; hence this paper emphasizes the nutritional value of the legume. 

In formulating a fertilizer program for the establishment of improved pastures. we 

must first obtain information on two main tapies; viz .• the nutrient status of the soils on 
which we wish to establish the pasture and the nutrient requirements of the various 
pasture species avai lable. 

THE NUTRIENT STATUS OF SOI LS 

A considerable amount of this type of investigation has been done in tropical Austral ia. 

A typical program is that described by l sbell and Gil lman (1973) and Jones (1973). 
References to other work are al so given (Andrew and Bryan, 1958; Teitzel and Bruce, 

1971 ). 

Soil morphology and chemistry 

The region is first mapped by a soil surveyor and the most important soi l or soils 

selected for detailed study. The morphology of these soils is described and any variat ions 
over the region are noted. Profile samples are then taken to encompass the range of 

variation encountered. After examining numerous profi les. lsbell and Gillman ( 1973). for 
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exampl e, finally sampled eight profiles toa depth of 2.5 meters from an area of grani tic 

sands estimated to cover 720,000 hectares. More intensive sampling can . of course. be 

done íf i t ís warranted. T o supp lemeRt these profile samples. a larger number of surface 

(0 to 10 cen t imeters) sa mpl es are usual ly collected. 

The soil samples are analyzed by standard methods for pH, organic carbon, total N. P. 

S, K . Cu and Zn, available P and exchangeable Na, K. Ca and Mg. Determinations of 

particle size and of the mineralogy of the clay f raction are also made. The variability of 

each of these parameters, bo th within t he sampling site (i . e .. d istances of 10 to 50 meters) 

and between si tes (up to 200 kilometers). is esti mated. This information is of great 

assistance when one wishes to extrapolate results from a limited number of f ie ld 

experimenta l sites to the area as a whole. 

The morphological and chemical description of the soil is essent ial background 

informat ion to subsequent studies using plants. I n some cases, it is possible to make a 

recommendation about t he fertilizer requirements of the soi l f rom this information 

alone; th is requires a knowledge of the relation between soi l parameter and plant growth. 

Glasshou se experimentation 

The next step is todo glasshouse experimentation on eight or ten samples of the 
surface soil from the area. Jones ( 1973) used fractional -factorial experiments, the factors 

being the presence or absence of each of t en p lant nutrients . lt is most importan t that 

all nutrients be t ested at th is stage, e ven if nut rients wh ich are probably not deficient 

have to be grouped for economy in experiment al treatments. Experiments using rates 

of important nutrien ts such as phosphorus can also be included in this phase to give 

informat ion on the shape of the response curve. As a test plant . it is desirable to use a 

species which is likely to be used in commercial pastures. We normally use apasture 

legu me since this is generally the key to the product ivity of the p lant/animal system. 

Glasshouse experimentat ion is reasonably fast and enables one to exper iment on a 

much larger number of so ils than can be handled in the field . l t is ideal for highl ighting 

trace-element def iciencies and for study ing the interactions of l ime with nutrients such 
as su lfur, molybdenum and zi nc. 

Field experimentarían 

The th ird and f inal step is to conf1rm the resu l ts of the so1l analyses and glasshouse 

exper imentat10n by doi:-~g f ield ex peri mental ion at a few sit es chosen to be representative 

of thr enwe area T he results o f the soil analyses and pot exper1ments are generally of 

great assis tance in d es1gning f ield experi ments . since they enab le the ex pe1 imenter to 

concen trate o n par t icular nutrients and to group others which have been found to be 

unimportant m to "miscellaneous" treatmen ts. 
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Sulfur and molybdenum are two nutrients, which in field experiments may give results 

in conflict with those from the glasshouse exper iments. 1 t is quite common for soils to 

respond to additions of sulfur in glasshouse experiments but to be nonresponsive in the 

field because of an accumulation of available sulfur at depths in the profile (Jones et al., 

1974). In sorne cases, however, the response to sulfur may be greater in the field because 

of leaching of sulfur from the root zone (lsbell , 1973). Responses to molybdenum in 

legume-based pastures may take longer to appear in field experiments than 111 glasshouse 

experiments because nitrogen, mineralized from the soil after cultivation, 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 often uscd to exa mine aspects such as r csponses to various rates 

and forms of fertili zer and leachrng of nutricnts ancllor correlatrng plant response w ith 

soil or plant analytical values. They have the advantage over glasshouse experimentatron 

in that they can be carried out under conditions srmi lar to those rn a commercral pasturrJ 

(e. g., with mínimum cultivation, without clearing of timber, and under the same 

environmental condi tions). 

NUTRIENT REOUIREMENTS OF 1HE PASTURE SPECIES 

Although all plants require supplies of the same essential nutrient elements, they may 

differ in their quantitative requrrements tor these nutrients anrl in their abilrty to to lerdtP 

particular soil conditions. The work of Andrew and Norris (1961) i llustrates this point 

well. They grew five tropical and tour temperate pasture legumes in a soil of pH 5.5 and 

added lime ata wide range of rates. All other nutrients were adequately supplied. Most 

of the tropical species were well nodulated in the absence of Irme and had dry matter 

yields i n excess of 40 per cent of their yreld with optimum lime odditrons. On the otller 

hand, the temperate species were either not nodulated or were poorly nodulated at zero 

lime and had dry matter yields less than 6 per cent of the maximum. The authors attrrbute 

the differences toa differential ability in extracting calcium from the soil. Having evolved 

in the wet tropics on soils of low base status, they consider that the tropical species 

selected for the experiment were better adapted to the low calcium supply than the 

temperate species selected. However, the differences are not solely tropical versus 

temperate species effects since they found that silver-leaf desmodium (0 . uncinatum) and 

white c lover (Trifolium repens) were somewhat intermediate in their response. Moreover, 

in recent unpubl ished work, Jones and Andrew have found l arge differences in toleran ce 

of a wide range of calcium x pH treatments within the tropical genus Sty/osanthes. 

Difterences between species in their tolerance to other nutrients of sorl factors have 

also been found with respect to low copper (Andrew and Thorne, 1962). low and hr!Jh 

phosphorus (Jones. unpublished), high manganese (Andrew and Hegarty . 1969). and 

hrgh aluminum (Andrew et al., 1973) . 
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Apart from nítrogen, the nutrient 1equirements of tropical grasses have received less 

attent1on than those of the legumes. Howeve1. Smith (unpublished) has done sorne 

111teresting work recently on cation interactions in a range of tropical grasses. He found 

that Green Panic (Panicum maximum var. Trichoglu me) , Rhodes grass (Chloris gayana) 

and Pangola grass (D¡gftaria decumbens) were able to accumulate sodium when potassium 

was in sho1 t supply and sodium was available. Thus, sodium tended to substitute for 

potassium when it was deficient. This characteristic was not present in the other six grasses 
stud ied. 

Clearly there 1s a great deal more to be learned about the nutnent requirements of 

tropical pasture species. 1 thmk it is also clear. however, that an understanding of these 

requirements can greatly assist in the select ion of species to plant in a given situation 

and in minimizing expenditure on fertil izers for the establishment and maintenance ot 

pastures. As pasture wo1 kers in the tropics are still actively engaged in collecting pasture 

plants from tropical Afr1ca and South America, it may well be fru itful tor them to pay 

more attent ion than in the past to collecting from spec1f ic soil situations. 

WAYS OF OVERCOMING NU TRIT IONAL PROBLEMS 

Once it has been established that a nutrient is required for the growth of a particular 

group of pasture species on a soi l, then it is a relatively simple matter to fertilize with 

the cheapest available form of that nutrient. Phosphorus is very deficient in many 

trop1cal soils and the choice of fertil izers is usual! y between a single and a more 

concentrated form of superphosphate. In using concentrated superphosphate, however, 

the possibility of sulfur deficiency must always be kept in mind (Jones et al., 1974). 

Dur ing the last f ive years, a rather unusual phosphatic fertil1zer has been developed to 

the pllot stage in Australia by R. J. Swaby (personal communication). lt is known as 

Biosuper and consists of an intimate mix ot tinely divided elemental sulfur (one part) 

and rock phosphate (five parts). During granulation, a small amount of water conta1ning 

the bactena Thiobacillus thio·oxidans is sprayed on the m1x. The fertil1zer can be sto1ed 

dry for up to six months, but when it is applied to the soil and becomes mo1st, the 
Th iobacillus slowly oxidizes the sulfur to sul turic acid, which acts on the rock phosphate, 

thus releasing soluble phosphates. 

The results to date 1ndicate that Biosuper is comparable to superphosphate as a source 

of P in t rop1cal areas w1th annual rainfalls in excess of about 1,000 milimeters. l t 1s, of 
course, a better source ot sulfur than superphosphate. Biosuper may well be the cheapest 

[Jhosphat1c fertil izer avallable to countries w1th their own rock phosphate supplies aml 

ltmlted manulactur1ng lacil1ties. 
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Lime or dolomite may be required on sorne tropical soils to modify the calcium and/or 

magnesium status, the pH or exchangeable aluminum levels of the soil. The appropriate 

rates of application, however, should be determined in the field with the pasture species 
to be used since, as mentioned previously , many of the tropical species are qu ite to lerant 

of low calcium/ high aluminum situations. 11 trace elements are required, they are 

normally mixed with the superphosphate. Care must be taken to ensure that the mixing 

is thorough to avoid problems of uneven distribution. This is particularly important when 

molybdenum compounds are added because o f 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 

lt is necessary to define what is understood by a native t ropical pasture and to establ ish 

certain limits to it in order to circumscribe its area and to determine, in one way or 

another, its characteristic conditions. Native tropical pastures are also known as tropical 

savannas; Blydenstein ( 1967) feels that the expression of savanna airead y implies 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-growing trees. A more 

dynamic definition of savanna must include the presence of grasses and their degree of 

suitability for livestock production above all. 

In Latin America, tropical savannas are found in Bol ivia, Brazil, Colombia, Guyana and 

Venezuela. 1 n the subtropics we find native pastures in Paraguay. 

In accordance with the previously establ ished definition, all tropical savannas are 

characterized by large land extensions dominated by native grass species and reduced 

amounts of trees. Trees, when present in the open savanna, are small and have twisted 

stems ( Rizzini, 1964; Ramia, 1967). There is no uniform type of savanna for all countries, 

not even within one country . Nevertheless, American tropical savannas have two 

characteristcs in common : (1) low soil fertility and (2) a marked seasonal dry period 

in sp ite of the rather high total yearly rainfall . 

1 t should be pointed out that in determining these two characteristics in common. the 

savanna was considered from the point of view of its value for animal production rather 

than for its ecological characteristics. 
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A fairly good quantity of work has been publ ished in relation to tropical savannas of 

America. Mention should be made of the work published by Blydenstein (1967) about 

Colombia; Ramia (1967), Bonazzi (1962), Comerma and Luque (1971), Blydenst ein 

(1971 ), and Fontana (1961 1 in regard to Venezuela; Riwni (1964) about the Brazilian 

Campos Cerrados of Minas Gerais; and Stevenson and Goodland (1966) about Guyana. 

All of them, however, are either of a purely ecological or descript ive nature. 

The lack of information and research on the productivity of tropical savannas of 

America makes it necessary to use information avai lable from Africa and Australia 

although at times their savannas fall more within the subtropics rather than the tropics. 

Of particular interest is the research conducted in South Africa and Rhodesia for more 

than 70 years. lnformation is also available from Zambia, Uganda, Tanzania and Nigeria. 

However, before analyzing this information and trymg to determme to what extent it 

applies to the savannas of tropical America, it is essent ial to determine their differences, 

wh ich in turn establ ishes the transference lim itat ions between the two types of conditions. 

In our opinion. there are three main differences between the tropical savannas of 

America and Africa : 

1. The vegetation of African savannas is regarded as subclimax, created by low rainfall 

and f ire from a clímax 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 it s or iginal bushy nature. In America there are large areas of tropical 

savanna in which short grasses appear to be the el imax vegetation. This vegetation was 

apparent ly caused by low soil fertility, which has also been maintained with the a id of 

fire . However, there are areas of t he Llanos of Venezuela ( Ramia, 1967; Comerma y Luque, 

1971) and Cerrados of Brazi l (Rizzini , 1964), where the bushy , xerophyte·type savanna 

is found ex tensively . The sa me reverting tendency towards bush and trees is found in 

these savannas. 

2. The great majon ty of grasses of the Afr ican savannas are well accepted by cattle 
during their period of active growth , whlle m the Amencan tropical savanna much of the 

speci es are not consumed by ca ttle at any time. This creates a great difference in the levels 

of pasture utilization from one caseto another. 

3. Afr ican savannas are h1ghly influP.nced by low rainfall . Rains fall durmg four to s1x 

months o f the year only, with a total of around 750 mil imeters; whereas in America the 

rainfa ll in the savanna is over 1,000 mil imeters and falls during seven to ten months of the 

year . 
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MANAGEMENT OF THE TROPICAL SAVANNAS 

Large amounts of literature are found in relation to the subtropical savannas of South 
Africa and Rhodesia, which bear sorne degree of similarity to the tropical savannas of 

the rest of Africa, in t hat sorne of the most common grass species, such as Heteropogon 
contortus and Hyparrhenia sp., are common to both. O ther factors in common are the 

low rainfall with long dry seasons and soil fert ili ty, which if not considered the best for 
crops, can maintain a useful grass cover for animal f eeding, 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 (197 1) on northern Nigeria and Crowder 
and Cheeda (1973) on West Africa are important contributions to the understanding of 
the problems of that region. 

Research information on 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 

savannas in Africa (Kennan et al., 1955; Plowes, 1955; West, 1958; Edwards, 1942; 

Naveh, 1966; and Kennan, 1969) : 

1. Adequate stock ing rate in relation to the production capacity of the savanna, tak ing 

into account seasonal variations 

2. Resting of the savanna pastures after heavy grazing to allow useful species to 

recover 

3. Weed control of bushy species and tree saplings 

A short discussion of each of these factors, with inferences concerning the application 

of each to American conditions, is worthwhi le. 

Stocking rate 

Table 1 present s all information available to the author in re lation to the animal 

productivity of savannas in America, Africa and Australia. Stocking rate has been 
included when available. lnvariab ly, an increase in stock ing rate produces a decrease 

in the gain per animal while per hectare gain increases. When very h igh stocking rates 
are reached , usefu l species tend to disappear and are replaced by others of less 
acceptability to cattle (Kennan, 1962) ; where bush and trees are predominant, their 
propagation is sti!T'ulated ( Kennan , 1969; West, 1958). Th is same tendency may possibly 
be found in areas of the Cerrado and Cerradao of Brazil (R izzini, 1964), in the 

Trachypogon savan nas of Venezuela (Ramia, 1967), and in sorne of the Rupunun i 
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savannas of Guyana (Goodland, 1966). On the other hand, there are areas of savanna 

in America, where the abuse of pastures dueto overgrazing stimulates the introduction 

of very short growing species such as Paspalum con¡ugatum and Axonopus compresus 
(personal observations in Carimagua, Colombia) and of Paspalum notatum (Grossman 

etal.,1966). 

Kennan ( 1969) points out that short-term weight gains should not be accepted as 

ind icative ot the productivity ot the savanna, particularly in relation to stocking rate, 

because it is not until the savanna is near the point of being overgrazed that the situation 

is retlected in animal gains. A proportionally similar etfect is found tn understocked areas 

of savannas with grasses well eaten by catt le, in which limited areas of overgrazing are 

formed. 1 n these cases, overgrazing symptoms and invasion ot the savanna by undesirable 
species are tound (Tainton, 1972) . 

After-grazing rest 

The South African grassland management philosophy ot rapid gra7ing, rest and per iodic 

burning ot 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 tairly uniform. 

When reference is made to African savannas of Heteropogon, Hyparrhenia, Cynodon, 

Digitaria, and other palatable species or even to American savannas of Paspalum 
plicatulum- such as those reported by Corrales and Gonzalez ( 1973) in Barinas or by 

Chicco et al., (1972) 10 Calabozo, Venezuela- this principie may apply , but tt is hard to 

visualize in savannas of Trachypogon of such low consumption by cattle that large 

differences in stocking rateare not reflected equally by differences in forage availabiltty 

(CIAT, 1972). 

lt is difficult to obtain really convincing evidence in favor of rotational grazing of the 

t ropical or subtropical savannas (which implies a per iodical rest), including South Afrtcan 

savannas. Asan example, Joubert ( 1971) found that a simple four ·camp system gave 

better results than a more sophisticated 27-camp rotational grazing system. In a 12·vear 

tnal in southern Rhod~sia (Kennan, 1969), continuous grazing produced more animal 

wetght ga in per hectare every year of the tria l. West ( 1952) had found something simtlar 

in another type of savanna in Rhodesia. 

Wtth moderate stocking rates, conttnuous graztng produced more animal weight gatn 

per hectare in northern Nigerta (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 

Jooked upon in terms of other secondary effects. 

Periodtc rest is apparently more related to the possibtlity of accumulating suf f icient 

grassy fuel for a good burn of the savanna for pet todically destroy ing 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 k ilograms of grass dry 

matter is needed for a t ire to be good enough to ki li bush and tree saplings. 

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

systems for Rhodesia; and even though he concludes that for their local condi tons rotational 
grazing is benefic ia!, he explains i t in terms of the need for weed control through f ire. 

Burning of the savanna 

The terms burning and savanna seem to be almost synonymous. Many authors have 
speculated about the role which fire has t aken in the formation of the savannas, and West 

(1969) refers to evidence of tire being used in Africa during the Stone Age 53,000 years 
ago. At that time, men apparently used tire, not for agricultura! but for hunting purposes; 

but in doing so, they aided in the formation of the savannas. Blydenst ein ( 1967) makes 

reference to the observations o f t he first Jesuit missionaries in the Colombian Llanos, 
which indicate that the present large savannas w ere already formed at that time. 
lndigenous people apparently burned the savannas every year to faci l itate hunting and 
to make walking through the grassy vegetat ion easier. 

One can argue extensively about beneficia! and detrimental effects of fire on soi l and 
vegetation, but the real fact is that under present extensive, totally extractive systems of 
product ion in t ropical savannas, f ire is the only management tool avai lable. lts use 

obviously should and does change in accordance with the ecological conditions of the 
area. 

Fire can fulfill two functions in the savanna: ( 1) 1 t can control bushy and ta ll weeds, 

and (2) it can destroy old and unpalatable grass tussocks which are remnan ts from graziríg, 
allowing young, more nutrit ious growth to come up. In Carimagua, Colombia, for instance, 

the Trachypogon savanna decreases in crude pro te in content from approximately 1 O per 
cent at 10 centimeters height to 2 to 3 per cent at 50 cent imeters or more (Table 5); and 

Cunha et al. (1971) found that Trachypogon savannas of Venezuela dropped in crude 
protei n content from 8.11 per cent at 15 days of growth (less t han 1 O centimeters high). 
to 5.66 per cent at 50 days, and t o 4 .66 per cent at 105 days of_growth. Cellulose 

digestibi lity of the same grasses dropped from 5 1.51 per cent, to 30.37 per cent, to 25.30 
per cent at 15, 60 and 105 days of growth. 

The figures cited ind icate immediately that the Trachy pogon savannas are of extremely 
poor nutrit ive val u e at any stage of growth above 15 days or 1 O centimeters, which 

explains the very frequent use of tire by the local farmers. 

Table 2 presents partial results of a trial in Carimagua, Colombia designed to measure 
the productivi ty of the Trachypogon savanna (CIAT, 1972, 1973; ICA 1972, 1973), 
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which would serve to illustrate the effect ot tire tor removing the uneaten grasses. Resu lts 
reter to two consecutive years ot grazing. The entire area was burned in July, 1971, tour 
months prior t o receiving the animals. Grazing started in November, 1971 when grass was 
35 centimeters high. The same area was burned the to llowing year; this time the animals 

remained in their paddocks; and tor this reason, half the area was burned 15 days after 
the other half. 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 large differences tound are not assoc iated w1th raintall, which was higher in 
197 1·1972. They can be explained on the basis that Trachypogon at 35 centimeters is 
already so low in nutritive value that animals have a difficult time selecting a diet 
sufficient tor good growth. In 1972, on the other hand, animals had access to very young 
regrowth , which was eaten as soon as it could be reached. In this case, higher gains in the 
lower stocking rates are associated with more area of young growth avai lable tor 
consumption . 

An additional treatment in the same tria! seems to indicate that a sequent ial burning 
system throughout the year may be more advantageous than burning the whole area a t 
one time (Table 3). lt burning is that important in this area, as preliminary results seem to 
indicate, 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 
materia l. 

In the case of fire being used to control taller weed species that decrease the available 
space for grass growth (West, 1969). the most important point to take into account will 
be the amount of uneaten residual grass left on the savanna and the size and density ot 
the bushes to be destroyed . Accumulation ot grassy material will depend on stocking rate 
and the length of rest given the savanna befare the burn. Rizzin i (1964) points out the 
existence ot bush and tree species in the Llanos of Venezuela with vegetative reproduction 
organs that grow underground, thus assuring their survival after a tire . The mechanism 
which has maintained the ecological balance between this species and grass species in the 
savannas is not known. 

Experiments in which the savanna has been protected from the action of fire tor 
severa! years indicate that many ot the present grass species of the savanna are remnants 
of an original herbaceous cover ot these areas, which has been maintained through the 
action of tire. A ser ies of experiments conducted at the Biological Station on a 
T rachy pogon savanna ot the Venezuela Llanos (B iydenstein 1962, 1963; and Eden, 1967) 
indicates that the prevalence of this genera is directly associated with recurrent tires. In 
those areas that were burned every year. T rachypogon predominated, wh ile Axonopus 
species increased after tour years of protection from fire. 

An interesting occurrence which appears to repeat itself under varied savanna 
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conditions is the complete destruction of many of the grass species as a result ot tire 

following several years of protection from it. l t would appear that as a result of 

accumulation of grass material at ground level (mostly dead leaves and stems). the 

reproductive organs of the plants - sexual and asexual - come up above ground level and 
are destroyed by tire (Eden, 1967; Aristeguieta and Medina, 1965; Van Rensburg, 1952). 
Kennan (1969) points out the destruction of Heteropogon and Themeda savannas in 

Africa as a result of animals pulling the plants completely out when grazing. This occurs 
after sorne years of protection from tire. 

When fuel material is suff icient, it is possible to burn t ropical savannas at any time of 

the year. Obviously, the burning operation is easier and more effective from the standpoint 
of destruction, when carried out during the dry months. All research done in A fr ica appears 
to indicate that burning should be done at the end of the dry season, just before the tirst 

effective rains. At this time, grasses are stil l dormant, but bushes and tree saplings are in 
active vegetative stage, so that tire removes the dry and useless grass material , but roots 
are saved and have enough reserves tor active growth when rain comes (West, 1958; Plowes, 

1955; Edwards, 1942; de Leeuw, 1971; Tainton, 1971; Naveh, 1966). 

The standard recommendation in Africa is to burn every tour years, allowing for a rest 
of several months before the burn in order to accumulate fuel material to get a "fierce" 

(Edwards, 1942). rapid and complete tire, capable of destroying bushes and sma ll trees up 

to 2 or 3 meters high. lt should be po inted out that this practice implies a high normal 
intake ot savanna pastures and a relatively low selectivity of this vegetation by grazing 

animals. 

Blydenstein (1963) measured the growth of a Trachypogon savanna in Venezuela after 

burning at different times of the year. Differences were not too great, but he concluded 

that best growth is obtained when burning takes place at the end of the rainy season in 
December. In practica! terms of grazing management, burning at this time of the year 

allows for the use of the limited regrowth of the grasses during the dry season . 

(Biydenstein, 1963, measured growth of 560 kg/ha from November to February .) In 
Carimagua, Colombia, burning at the beginning of the dry season changed weight losses 

occurring from November to January to weight gains, but losses for the rest of the dry 
season (January to March) could not be prevented (Paladines et al. , 1973) . These results 

are for only two years and do not give any indication ot the effect of burning at this time 
of the year for consecutive years, si nce changes in morphology and physiology of the 
savannas are not evident in the short ter m (Norman, 1963). 

MANAG EMENT OF T HE T ROPICAL SAVANNA DU RI NG 
THE CRI T ICA L MONTHS 

By definit ion, tropical savannas should be descr ibed as nat ive pastures, strongly seasonal 

in nature. Based on the severe dry period common to all savannas of t ropical America, 

31 



Blydenstein ( 1972) characterized them as semiarid and assigned most of their 

morphological and floristic characteristics to the severe moisture stress of the dry period. 

The effects of the dry period during the year on animal performance are of such 

importance that there are tropical savannas where, in normal years, animals would not 

survive without sorne sort of supplementation during this period (Zemmelink, personal 

communication). To illustrate this point, Table 4 was assembled with a sample of tropical 

savannas from various parts of the world. There are cases included in Table 4 where 

animals lost all the weight gained during the wet season. In general terms, losses appear 

to be from 30 to 60 per cent. 

Looking at this table, there would seem to be a negative relationship between losses 
during the dry period and gains during the wet period; and as expected, losses should be 
higher as stocking rate increases. Because of variations in stocking rate, it is difficult to 

compare results from different places. Furthermore, Smith (1966) found that the greater 
the weights of the animals at the beginning of the wet season , the greater the losses during 

the dry period . 

Three factors should be studied with relation to the dry period in order to make sorne 
generalizations about its effects on animal productivity and to advance possible solutions: 
( 1) severity of losses and subsequent compensatory growth, (2) supplementation during 
the dry period, and (3) management of the savanna to minimize losses. There is nota 
great deal known abou~ these factors in relation to tropical savannas. 

Compensatory gains have been carefully determined under many different feeding and 

grazing conditions so that there can be no doubt asto the results obtained . In terms of 

the productivity of the savanna, it is important to determine to what extent an animal can 
lose weight without impairing its capacity to grow and reproduce. In northern Rhodesia, 

Smith and Hodnett ( 1962) meas u red the compensatory growth of animals grazing the 
Hyparrhenia veld typ1cal of this area. They were able to observe possible effects of animal 
age and level of restriction during the dry period in relation to gain during the wet season 
on the same savanna. Their conclusion was that animals can recover from 57 to 68 per 
cent of the dry period loss; that is, rainy season gains were superior by 570 to 680 grams 
per ki logram of weight lost during the dry period. Compensation took place during 

the wet season. In a more productive type of savanna in Venezuela, Chicco et al. (1972) 
found that unsupplemented animals during the dry period recovered all of the weight 
difference as compared with animals supplemented with 0.5 kg/ day of a mixture 

containing 42.5 per cent crude protein. 

Forage during the dry period can be deficient in quantity, quality or both . Experience 
obtained in Africa appears to indicate that dry season shortage is mainly a protein 

deficiency and that unless this deficiency is corrected, little can be expected from energy 
supplementation (Smith, 1961, 1962; Zemmelink, 1973). 
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In some interesting trials run in northern Rhodesia and Nigeria, the possibility of 
conserving savanna grass either as hay oras standing hay (deferred grazing) was investigated. 
The results were discouraging in all cases because hay in either form was unable to prevent 
weight losses during the dry period (Smith, 1961; de Leeuw, 1971 ). Only when urea was 
added to the savanna hay did losses decrease. Even more interesting was another trial in 
Rhodesia (Smith, 1961), in wh ich 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 dry 
season. Half the animals received two pounds of groundnut cake per head/day. Figure 1 
was taken from Smith ( 1961 ), as it clearly shows the effects of pro te in supplementation 
and the ineffectiveness of conservation under savanna conditions. 

lt 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 all times and well below 
the requirements of the animals during the dry period (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 effects were studied of burn ing and hand cutting on 
yield and chemical composition of the savanna. The last line contains an average figure 
of many analyses of the savanna during the dry period . 

Look ing at the problem of weight losses during the dry period from a purely biological 
standpoint, there seems to be a need of supplementing the diet with a nitrogenous element 
during this period if the purpose is to reduce or eliminate weight losses. By doing so, the 
animals will not need to recover as much weight during the rainy season. Unfortunately, 
there is no generalization known for these relationships, and they must therefore be tested 
under all different ecological conditions. 

For most of the tropical savannas of the world , the use of urea represents one of the 
few economical and easy means of providing for protein shortage during the dry season 
of the year (Pieterse, 1969). 

A great deal of literatura is avai lable on the use of urea as a feed for ruminants, as 
well as its practica! application for grazing animals. South African research has clarified 
the way in which it can be used and has pointed out sorne of its practicallimitat ions. In 
this context, a long argument has been going on concerning the usefulness of adding a 
carbohydrate source to aid the beneficia! effects of urea (Hart et al., 1939; Bell et al., 
.1953; Belasco, 1954). This question has not been totally answered since the action of 
carbohydrates does not seem to be associated with urea only but also with the type of 
pasture used. In any case, it would appear that in sorne areas of savanna , a carbohydrate 
source is not needed for urea to work (Pieterse and Lesch, 1963). In other areas the use 
of carbohydrates has been reduced to very small quantities (Beams, 1960; Winks). 

The interest in trying to reduce to a mínimum the amount of carbohydrate to be 
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Figure 1. Liveweight changes of unsupplemented and protein-supplemented animals 
(taken from Smith, 1961). 

A = total area cut for hay; hay provided during dry season while grazing their 
assigned plots 

B = 50% of the area cut for hay 
e = area used for deferred grazing 
p = animals received two pounds of groundnut cake per day 
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mixed with urea is not merely of an academic and biochemical nature, but also one of 
vital economic importance for its use as a dry period supplement since the carbohydrate 

is the most expensive portian of the mixture. At present Colombian prices for an 
animal's daily supplement containing 60 grams of urea would cost US$ 0.172, 0.092, 
0.052, or 0.012 if it also contained 1.0, 0.5, 0.25, or O kilograms of corn. Because of the 
high price of grains on the world market, tropical countries are trying to use molasses as 
a carbohydrate supplement. The use of molasses in savanna areas is often limited because 
of the high cost of transportation from distant producing areas, plus the fact that the 
price of molasses is al so rising rapidly. Molasses is also preferred beca use techniques have 
been developed for its use under field conditions in drum· lickers of simple construction 
(Moore, 1968). One possible solution could be to look for substitutes which can be grown 
locally. Cassava may have a place in this context. 

There is no clear indication of the mínimum amounts of urea which should be fed. In 
a savanna of Heteropogon, Winks found a positive response to 56 grams of urea and 250 
grams of molasses supplement per day. A higher level of urea (84 grams) had no added 
effect although sorne of the information obtained suggested that Shorthorn animals, 
adapted to better nutritional levels, also responded to higher levels of urea supplementation 
than Brahmans. Also, Brahman x Sahiwal crosses needed only 28 grams of urea per 
day. Although nonsupplemented animals made compensatory gains during the following 
rainy season, compensation was not complete. 

Supplementation of the beef herd during the 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 
required may not be more than balancing compensatory gain against investment in 
supplement. But with the breeding herd, the problem is not so simple because the breeding 
season can be adjusted to the time of the year best for reproduction but still good for calf 
growth. One can accept a certain deg.ree of weight loss of the cow as long as its future 
reproduction ability is not impaired. In this way the supplement given to the cow has to 
be balanced against the cow's own reproductive capacity (if supplementation prevents 
damaging losses), the growth of the lactating calf and the cow's capacity to rebreed. 

IMPORTANCE ANO VALUE OF MANAGEMENT PRACTICES 
OF THE SAVANNA 

In the preceding pages an attempt has been made to give a bread view of the 
production capacity of the savannas of tropical America. Because of lack ot local 
information, data from A frica had to be used much of the time. At this point, it is 
necessary to indicate the form in which these management practices can influence the 
production of the tropical savannas. However, in doing so, two additional factors should 
be kept in mind : ( 1) The need to introduce " large" changes of great sign ificance in 
production and (2) the need todo this with a mínimum of capital investment. 
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lt soil tertility rather than climate is the factor which determines the productivity of

the tropical savannas of America, it would seem clear that with high enough levels of 
fertilizer application, production could be as h igh as in areas with better soil. This 
possibility was explored by the 1 R 1 Research lnstitute in Cerradao soils of Brazil (Quinn 

et al., 1970; Mott et al., 1967 ; Bisschoff et al., 1967) and is presently being explored by 

an extensive series of trials in the Cerradao of Minas Gerais (PIPAEMG, 1973) and other 
areas of Brazil. 

A lthough there have been large increases in the world price of beef, prices of fertil izers 
have increased markedly also (Montes y Valdés, 1974). Taking this situation into account, 

we feel that in order to put the needed changes into effect, other methods have to be 
found . 

The first question to be asked is, "What can be achieved by the application of classical 
methods of management?" 

To answer this question, referencE: can be made to Table 1, which shows present levels 
of production and possible improvements through increasing stocking rate (where 

possible}. Productivity of tropical savannas seems to run between 1 O to 30 kg of weight 
gain/ ha/year. In places of low stocking densitv. a well·planned increase :n stocking rate 
may bring an improvement of 20 to 30 per cent. 

Other management alternatives - such as rotational grazing, conservation as hay or 

deterred grazing- have been unable to produce any increase in production . Even urea 
supplementation does not produce global increases over 1 O per cent, although much more 
information is needed for real quantification. Even if overall increments of 50 per cent in 
production per hectare are achieved, product ion would have increased only by 1 Oto 15 

kg/ha. 

Which, then, are the alternatives? 

The basic alternative was recognized in Austral ia sorne years ago (Norman, 1966) and 

is beginning to be recognized in A frica (de Leeuw, 1971) and even in those countries 
where research in systems of management of the savanna has been a tradition of many 
d.ecades (Birch, 1972). 

The general conclusion can be expessed in the following terms: In arder to obtain 

significant progress. it wil l be necessary to change the vegetation of the savanna from 
its native grass species to others of h igher product ivity and feeding value, which should 
also be capable of persisting under prevalent ecological conditions. Fo r the latoso! 
savannas of tropical America, it means using species capable of withstanding low soil 
pH and low phosphorus levels which would also maintain suffic ient growth during the 

dry season. 
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Fortunately, tropical savannas of America are rich in forage legumes adapted to these 
conditions. Among these plants, the genera Stylosanthes offers great promise. Stylosanthes 
are found native from Mex ico to Argentina. lt would be highly advisable to take full 

advantage of these forage legumes. (CIAT, 1971, 1972, 1973). 

Possible levels of production which can be reached w ith legumes are known for some 
environments. The experiment of Norman and Stewart ( 1964) demonstrates the great 
advances which can be obtained by the use of a tropical legume. Table 6 was adapted 
from the paper by Norman (1966) to illustrate th is point. Another example is contained 

in the experiment of Shaw and Mannetje (1970), where they obtained an increase in 
liveweight gain from 25 kg/ha in the native pasture to 94 kg/ha when Sty/osanthes humilis 
was introduced. This rose to 150 when the pastures includ ing S. humilis received the 

following quantities of ferti lizer over a seven-year period : 1,200 kg of superphosphate, 

170 kg of potash, and one application of 0.375 kg of sodium molybdate. 

lncreases in production are around 400 to 600 per cent. Comparing these changes with 

the maximum 50 per cent improvement which can possibly be expected in traditional 

management systems, it is easy to see where the major changes will come from. 

There should be no need for more proof to concentrate research and development 

efforts in the introduction of more productive species, especially legumes, in the tropical 

savannas of America. 

The rate of progress to be achieveo will be d irectly related to the identification and 
testing of these species and, of course, to provision at local and national levels of the 

structure which will permit the new technology to be used with economic:al success. 
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Table l . Productivity of a sample of savannas from America, A frica and Australia. 

Stocking rate 
Weight gain, kg 

Location animals/ha animal/year ha/year Reference 

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

.24 64 15 

.31 62 19 

Zambia, dry savanna .12 74.0 8.9 Smith, 1966 
.20 64.7 12.9 
.32 50.0 16.0 w .74 33.6 24.9 co 

Zambia, drainage savanna 
Hyparrhenia filipendu/a, Heteropogon .31 95.0 29.7 Smith, 1966 
contortus, Setaria sphacelata, Cynodon .63 89.6 56.0 
dacrylon, Eragrosris spp. 1.25 78.4 98.0 

Nigeria and Northern Guinea, savanna 
Loudetia simp/ex, Trachypogon spicatus, .42 21 1203 daysl 9 1203 daysl de Leeuw, 1971 
Andropogon ascinodis, Monocymbium .50 26 

.. 12 
ceresiiforme .62 24 .. 16 

.83 19 .. 15 
1.25 1 

.. 3 

Queensland, Australia 
Hereropogon triticeus, H. contortus, .25 37 9 Alexander, 1968 
Bothriochloa intermedia, Themeda ausrralis .41 25 11 



Table 1. (continued) 

Stocking rate 
Weight gain, kg 

Location animals/ ha animal/year ha/ year Reference 

Rodd's Bay. Central Coastal Oueensland 
Heteropogon contortus, Crysopogon .05 83 25 Shaw y Mannejte, 1970 
fal/ax, Eragrostis sp. .21 47 30 

Calabozo, Venezuela 
50% Paspa/um p/icatulum, 30% Leersia ? 118 (8 months) ? Chicco et al. , 1972 

w hexandra, 20% Sporobolus indicus and 
(O Panicum laxum 

Bar inas, Venezuela 
90% Native pasture . 21 225* 47 Corrales y González, 1973, b . 
83% .. .. .23 230* 52 
62% .. .. 

.46 264* 120 
Paspalum p/icatulum, L eersia hexandra, 
Andropogon bicurnis, Trachypogon sp. 
Axonopus purpussi 

Carimagua. Meta, Colombia 
Trachypogon vestitus, Leptocoryphium .20 28 5 CIAT, 1972 
/anatum, Paspa/um pect inatum, Axono- .35 38 12 JCA, 1972 
pus pu/cher, Andropogon sp. .50 2 1 

Calculated from the data given by the author 



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

1971-1972 
(no burning) 

1972-1973 
(with burning) 

0.20 

28.3 

92.0 

Stocking rate, steers/ha 

0.35 0.50 

kg/animal/year 

38.2 1.5 

94.0 74.0 

Adaptad from CIAT,1972, 1973; ICA, 1972, 1973 

Table 3 . Productivity of the native savanna at Carimagua with two systems 
of burning.* 

Average yearly weight gain 

Stocking 
per animal, kg 

rate Sequential 
animal/ha One buming** buming••• 

0.20 92 119 

0.35 94 110 

0.50 74 78 

• T able taken from CIAT, 1973; ICA, 1973 

All the area was burned in November, 1972. 

Advantage of sequential 
burning 

kg/animal % 

27 29 

16 17 

4 5 

The area was divided by fireguards into eight plots of disked land and one plot burned 
at eight different times throughout the year, beginning November, 1972 and ending 
September, 1973. 
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Table 4. Effect of the dry season on the body weight of animals on tropical savannas. 

Weight loss during 
dry season as per- Weight 

Stocking rate Dry months centage of yearly loss 
Location animals/ha of the year gain kg/animal Reference 

Southern Rhodesia 
Heteropogon contortus, 8oth- .19 7 45 71 Kennan, 1969 
riochloa inscu/pta .31 45 72 

.47 54 81 

Zambia, Dry savanna .12 7 22 21 Smith, 1966 
.20 29 26 
.32 45 41 
.74 65 61 

Zambia, drainage savanna 
Hyparrhenía filipendula, Hete- .31 7 - + 2 
ropogon contortus, Setaria .63 6 9 
spahace/ata, Cynodon dactylon, 1.25 12 18 
Eragrostis spp. 

Nigeria , northern Guinea savannas* 
Loudetia simplex, Trachypogon .31 4-5 39 25 de Leeuw, 1971 
spicatus, Andropogon ascinodis, .62 39 22 
Monocymbium ceresiiforme ? 83 51 estimated 

Katherine, N. T., Australia 
Themeda australis, Sorghum plu· .5-0.08 8 54 50 Norman, 1966 
mosum, Chrysopogon fallax and 
Sehima nervosum 

• Stocking rates of 0. 62 and 0.31 received 58 kg of cottonseed/ animal during the dry period. Figures of the third line were not given by de 
Leeuw, 1971 and are extrapolations. 
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Table 4 . (continued) 

Location 

Oueensland, Australia • 
Heteropogon contortus, Hete
ropogon triticeus, Themeda 
australis. Bothriochloa in · 
termedia 

Carimagua. Meta, Colombia 
Trachypogon vestitus, Lepra· 
coryphium lanatum, Paspalum 
pectinatum, Axonopus pulcher, 
Andropogon spp. 

• Anímals were supplemented for 77 days. 

Stocking rate 
animals/ha 

.25 

.41 

.20 

.35 

.50 

Ory months 
of the vear 

8 

4 

Weight loss during 
dry season as per· 
centage of yearly 

gain 

53 
68 

40 
37 
89 

Weight 
loss 

kg/animal 

32 
53 

21 
25 
33 

Reference 

Alexander, 1968 

CIAT, 1972 
ICA, 1972 



Table 5 . Crude protein content of the savanna at Carimagua, Colombia. 

Cutting Burned Savanna cu t Days of 
height savanna by hand grow th 
(cm) (% ) (% ¡ 

Trachypogon vest itus 

10 10.5 10.3 28 

20 B.O 7.5 49 

35 6 .4 5.8 79 

Whole savanna 

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 levels 
of grass and legumes. 

Pasture composition Prote in con- Weight 
tent of pas- gain Period of 

Perennial Annual S t ylosanthes tures at per weight 
grass grass humilis beginning of animal gain 
(% ) (% ) (% ) grazing (% ) (kg ) (weeks) 

51.1 25. 7 22.8 4.69 9 8 

9 .9 45.4 44.7 7.00 45 20 

37.4 62.6 8.38 89 22 

Adap ted from Norman . 1966 

43 



LITERATUR E CITED 

ALEXANDER, G. l. 1968. Beef cattle studies in the dry tropocs. Oueensland Agricul oural Journal 94 
(5): 298-306. 

ARISTEGUI ET A, L. and E. MEDINA. 1965. Protección y quema de la sabana llanera. Boletín dP. la 
Sociedad Venezolana de Ciencias Naturales 26 11 09) · 129-139. 

BEAMS, R. M. 1960. The supplementation of low-quality hay and pasture woth molasses and molasses
urea mixtures. Proceedings of the Australian Society of Animal Production 3 : 86-92. 

BELASCO, l. J. 1954. New nitrogen leed compounds tor ruminants - a laboratory evaluation. Journal 
of Animal Science 13: 601 -610. 

BELL. M. C., W. D. GALLUP and C. K. WHITEHAIR. 1953. Value of urea nitrogen in rations 
contaoning dofferent carbohydrate feeds. Journal of Animal Scoence 12: 787-797. 

BIRCH, E . B. 1972. Why so little progress with improved pastures? Proceedongs of the Grassland 
Society of South Africa 7: 56-60. 

BISSCHOFF, W. V . A., L . R . OUINN, G. O. MOTT and G. L. da ROCHA. 1967. Supplemental feeding 
of steers on pasture with protein-energy supplements. IR 1 Research Insto tute Bullet in 35. 

BL YDENSTEIN, J. 1962. La sabana de Trachypogo n del Alto Llano. Boletín de la Socoedad Venezolana 
de Ciencoas Naturales 23 11021 : 129-206. 

_________ -- · 1963. Cambios en la vegetación después de protección con t ra el fuego. Boletín 
de la Sociedad Venezolana de Ciencias Naturales 23 ( 103) : 233-244 . 

_________ - · 1967. T ropical savanna vege tation of the Llanos of Colombia. Ecology 48 111: 

1-15. 

_______ _ _ _ - · 1971. Recursos forrajeros de Venezuela. Organización de las Naciones Unidas 
para la Agricu l tura y la Alimentación. AGP: PFC/ 19 . Rome (Mimeographedl. 

_ _ _ ______ - · 1972 a. Developing range management in Latín America. Journal of Range 

Management 25 (11: 7-9. 

__ _ ______ - · 1972 b. El clima y los pastizales de América del Sur . Turroalba 22 131 : 258-262. 

BONAZZI, A. 1962. Consoderaciones sobre algunos fenómenos de sucesión de formaciones vegetales en 
los Llanos de Venezuela. Acta Científica Venezolana 13 131 : 96 -100. 

BOOYSEN, P. de V. 1972. Pastoral productivity and intensificatoon. Proceedongs of the Grassland 
Society of South Africa. 7 : 51-55. 

Centro Internacional de Agricultura Tropical (CIATI . 1971 . Annual Report . Cali, Colombia. 

______ _ _ __ . 1972. Annual Report. Cali, Colombia. 

- · 1973. Informe Anual. Cali, Colombia (In pressl. 

CHICCO, C. F ., J. RIOS, V . BODISCO andA. LOPEZ . 1972. Frecuencoa de suplementación con 
concentrado de bovinos en sabanas t ropicales. 11 Congreso Mundial de Alimentacoón Animal 
5 : 247-252. 

COMER~~A. J. A. and M. O. LUOUE. 1971. Los principales suelos y paisajes del Estado de Apure . 
Agronomía Tropical 21 151 : 379-396. 

44 



Commonwealth Scientific and Industrial Research Organisation \CSIRO) . 1969. Lands o f Adelaida
AIIigator area, Northern Territory. Australia. Land Research Series No. 25. 

CORRALES, F . and H . GONZALEZ. 1973. Introducción al estudio del ecosistema sabana y su manejo 
en suelos pesados de Apure y Barinas. In : R. Sosa, H. Welcker y R . Salom, Editores. Ganadería 
en los Trópicos. Asociación Venezolana de Criadores de Ganado Cebú: 1: 451-492. Caracas, 
Venezuela. 

CROWDER, L . V . and H . R. CHEEDA. 1973. Forage and Fodder Crops in West Africa. Personal copy 
of the author (Mimeographed). 

CUNHA, E. P. CABELLO and C. F. CH ICCO. 1971. Composición química y digestibilidad in vitro 
del Trachypogon sp. Agronomía Tropical X X 1 (3): 183-193. 

de LEEUW, P. N. 1971. The prospects of livestock production in the northern Guinea zone savannas. 
Samaru Agricultura\ Newsletter 13 (6): 124-133. 

EDEN, M. J. 1967. The effect of changing tire conditions on the vegetat ion of the Estación Biológica 
de los Llanos, Calabozo. Boletín de la Sociedad Venezolana de Ciencias Naturales 27 (111): 
104-113. 

EDWARDS, D. C. 1942. Grass-burning. Empire Journal of Experimental Agriculture 10: 219-231 . 

FONTANA, H. 1961 . Las sabanas de Venezuela. In : Ingeniería Agronómica. Venezuela 6 : 7-11 . 

FRENCH, M. H . and L. M. CHAPARRO . 1960. Contribución al estudio de la composic ión química de 
los pastos en Venezuela durante la estación seca. Agronomía Tropical 1 O {2 ): 57-69. 

GOODL AND, R . 1966. On the savanna vegetation of Calabozo, Venezuela and Rupunani, British 
Guiana. Bolet in de la Sociedad Venezolana de Ciencias Naturales 26 111 0 ): 341 -359. 

GROSSMAN, J., S. ARNOVICH andE. do C. B. CAMPELLO. 1966. Grasslands of Brazil. Proceedings 
of the 1 X 1 nternational Grassland Congress 9: 39-4 7. 

HART, E. B., G. BOHSTEDT, H . J. DEADBALD and N. L. WEGNER . 1939. The utilization of simple 
nitrogenous compounds as urea and ammonium bicarbonate by growing calves. Journal of Dairy 
Science 22 (1 0 ): 785-798. 

Insti tuto Colombiano Agropecuario (ICA). 1972. Informe Anual. Bogotá, Co lombia. 

__ _ _ _ _ _____ 1973. Informe Anual . Bogotá, Colombia. 

JOUBERT, J . G. V. 1971. A preliminary comparison of two grazing systems on the Standveld of the 
West Coast. Proceedings of the Grassland Society of South A frica 6 : 78-81 . 

KENNAN , T. C. D., R . R . STAPLES andO. WEST. 1955. Veld management in Southern Rhodesia. 
The Rhodesia Agricultura\ Journal 52 (5): 4 -21 . 

____ ____ _ _ _ 1962. Veld management in the semi-in tensive, semi-extensive and extensive 
farming are as of Southern Rhodesia . Proceed ings of the First 1 nterdepartamental Conference of 
Pas ture Workers. Bulawayo, Salisbury , Rhodesia. 

_____ ___ _ -· 1969. A review of research into the cattle -grass relationship in Rhodesia. 
Proceedin~s of the Veld Management Conference. Bul awayo, Salisbury, Rhodesia. 

MONTES, G_ andA. VALDES. 1974. Estudio sobre el mercado de fertilizantes fosfatados en Colombia. 
C!AT (Unpublished reportl. 

MOORE, B . E. 1968. New idea for a lick feeder . Oueensland Agricultura\ Journa\94 (7): 402-405. 

45 



MOTT. G. 0., L . R. OUINN, W. V . A . BISSCHOFF and G. l. da ROCHA. 1967. Molasses asan energy 
• supplement for Zebu steers grazing nitrogen-fertilized and unfertilized colonial guinea grass 

pasture. IRI Research lnstitute Bulletin 36. 

NAVEH, Z. 1966. Range research and development in the dry tropics with special reference to East 
A frica. Herbage Abstracts 36 (2): 77-85. 

NORMAN, M . J . T . 1963. The pattern of dry matter and nutrient content changes in native pastures at 
Katherine, N . T. Australian Journal of Experimental Agriculture and Animal Husbandry 3 (9) 
119-124. 

and G. A. STEWART . 1964. lnvestigations on the feeding of beef cattle in the 
Katherine Regían. N . T. Journal o f the Australian lnstitute of Agricultura! Science 30 (1): 

39-46. 

---------- 1966. Katherine Research Station 1956-64: A review of published work. 
Division of Land Research Technical Paper No. 28. CSIRO . Australia. 

PALADINES, 0 ., E. ALARCON, J. HIL TON , J. M. SPAIN, B. GROF and R . PEREZ. 1974. 
Devel opment of a pasture program in the tropical savanna of Colombia. Presented for 
publ ication in the Proceedings of the XII l nternational Grassland Congress. Moscow. 

PI ETERSE, P. J S and S. F . LESCH 1963. The effect of urea on the nitrogen metabolism of 
steers fed on poor qual ity veld hay. Proceed ings of the South African Society al An1mal 
Production 2: 49-52. 

---------· 1969. Urea in winter rations for cattle. In : M . H. Briggs, Editor . Urea as a 
Protein Supp fement . Pergamon Press. 1969. 

PIPAEMG. 1973. Programa 1ntegrado de pesqu1sas agropecuarias do Estado de Minas Gerais. 
Programa de Bovinos. Pesquisas em endamento de Pastagens e nutricao de ru m1antes. Belo 
Horizonte, Minas Gerais, Brazil. 

PLOWES, D . C. H. 1955. Veld burning- how, why and when . The Rhadesia Agricultura! Journal 
52: 380-394. 

QUINN. L . R .. G. O. MOTT. W. V. A . BISSCHOFF and L. M . M . de FREITAS . 1970. Praduction ol 
beel fram win ter vs. summer n1trogen fertllized colonial Gumea grass (Panicum maximum) 
pastures m Brazil. Proceedings of the XI lnternational Grassland Congress 11 : 832-835. 

RAMIA, M. 1967. Tipos de sabanas en los Llanos de Venezuela. Boletín de la Soc iedad Venezolana 
de C1enc1as Naturales 27 ( 112) . 264-288. 

RIZZIN I , C. T . 1964 . Contibut;ao ao conhec1mento e aproveitamento dos Cerrados de M1nas Gera1s. 
Ministerio de Agricultura-Recuperacao do Cerrado. Servicio de Información Agricola. Río de 
Janeiro. Brazil. 

ROBERTS, B. R . 1969. T he multicamp controversy - a search for evidence. Proceedings of the Veld 
Management Conference. Bulawayo, Salisbury, Rhodesia. 

SHAW. N. H . and L. t MANNET JE . 1970. Studies on a spear grass pasture in Central Coastal Oueensland. 
The effect of lertillzer, stockmg rate, and oversowing wi th Stylosanthes humi/is on beef 
production and botanical compositian. Trop1cal Grasslands 4 (1 ): 43-56. 

SMIT H, C. A . 1961 . The utii1Zat10n of Hyparrhenia veld for the nutnllon of cattle in the dry season 
11 . Veld hay compared w1th in s1tu grazing al the mature forage, and elfects of feed1ng 
supplementary nllrogen. Journal of Agricultura! Science 57 (3) : 311 -317. 

46 



_________ - · 1962. T he uti li zation of Hyparrhenia veld for the nutri t ion of cattle in the dry 
season. 111 . Studies on the digestibili ty of the produce of mature veld and veld hay, and the effect 
of feeding supplementary pro te in and urea. Journal of Agricu l tura! Science 58 (2): 173-178. 

____ ___ _ __ and G. E. HO D NETT. 1962. Compensatory growth of cattle on the natural 
grasslands of Northern Rhodesia. Na tu re 195 (4844 ) : 919-920. 

_________ - · 1966. Studies on the Hyparrhenia veld of Zambia. VIl. The effects of cattle 
grazing veld and Dambo at different stock ing rates. Journal of A gricultura! Science 66 ( 1 l : 49-56. 

STEVENSON, G . C. 1949. Notes on the grazing lands of British Guiana. T rop ical A griculture XXV I 
(7-12) : 103-106. 

TAl NTON , N . M. 1971. An analysis of the objectives of res t ing grassveld. Proceed ings of the Grassland 
Society of South A fr ica 6: 50·54. 

________ _ -· 1972. The relative contribution o f overstocking and selective grazing t o the 
degenaration of tal l grassveld in Natal. Proceedings of the Grassland Society of South A frica. 
7: 39-43. 

VAN RENSBURG , H . J . 1952. Grass burning experiments on the Masima River Stock Farm, Southern 
Highlands, Tanganyika . The East African Agricultura! Journal 17: 119-129. 

WAL TER, H. 1968. El problema de la sabana . I nvest igaciones ecofisiológicas en el A frica Sur 
Occidental en comparación con las condiciones existentes en Venezuela. Bolet ín de la 
Sociedad Venezolana de Ciencias Naturales 53: 123-144. 

WEBB. L . J . 1966. An ecological comparison of forested · fringe grassland habita! in Eastern Australia 
and Eas tern Brazil . Proceedings I X ln ternational Grassland Congress 9 : 32 1-330. 

WEST, O. 1952. Grassland Research Station . Pasture Section: Annual Report for year ended 1951. 
Rhodesian Agricu l tura! Journal 49 (5) : 293-302. 

___________ 1958. Bush encroachment, veld burning and grazing management. Rhodesian 

Agricultura! Journal 55: 407-425. 

__ 1969. Fi re : i ts eifect on the ecology o t vegetat ion in Rhodesia and its appl ica 
tion in grazing mangement. Proceedings of the veld management conference . Bulawayo , Sal ís· 
bury, Rhodesia. 

WINKS. L . Research into dry season nutrition of cattle at "Swan 's Lagoon." (Mimeographed). 

ZEMME LI NK, G. Utilization of peor quality roughages in the Northern Gu1nea Savanna Zone. Paper 
presented at the l nternational Symposium on Animal Product ion in the Tropics. Un iversi ty 
of lbadan , Nigeria. 

47 





LEGUME-BASED IMPROVED TROPICAL PASTURES 

K. Santhirasegaram 

The legume is the backbone C?f the animal industry in the temperate parts of the world, 

where it produces the cheapest form of protein for animals and nitrogen for the growth of 

the associated grasses. Whether t he grass is Lolium or one of t he many others, Trifolium 
(clover) and Medicago (alfalfa) are always present. Tropical past ures are also deficient in 

protein. 1 n 1953. Whyte et al. expressed pessimism on the prospects of animal product ion 
from legume·based pastures in the tropics. 

At about the same time, t he late Dr. J. Gri f fith Davies, w ith characteristic British 

tenacity, was organ izing the now well-known CSI RO D ivision of Tropical Pastures (now 

Agronomy) in Australia. Barely 20 years later, Dr. Davies' successor, Dr. Hutton (1970). 

was able to state that "reliable tropical legumes and grasses are available as well as 

knowledge of their fertilization. management and productivity." Another co-worker, Dr. 

Jones ( 19721. has written that "tropical legumes hold a primary place in the development 

of pastures in the tropics." 

IDENTI FICATION OF THE CLIMATIC TYPES IN THE TROP ICS 

The geographic boundaries of the tropics are well known. Within these, climatic and soil 

conditions vary. There are also sorne areas beyond these lat itudinal limits where for sorne 

part of the year, temperature (summer months of t he subtropics) and rainfall are capable 
of supporting growth of tropical plant species. Thus, the following climatic types of 

tropics may be identified : 
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1. Wet tropics have uniform high temperatures and rainfall with forest vegetation in 

general. Soils are leached and acidic, generally residual or alluvial ; sorne are volcanic or 

littoral. The wet tropics are mainly unexploited except for sorne extraction of timber, 

cultivation of tree crops and grazing of catt le on ground vegetation under these crops. 

Proper management would increase crop yield and permit animal production 

(Santhirasegaram, 1965). This type of tropics covers approximateJy 10 per cent of the 

earth's land surface. Pasture growth is almost continuous, promoting continuous an imal 
growth. 

2. Monsoonal tropics have uniform high temperatures, but rainfall is restr icted with 
one or two dry per iods in the year. Regions with two d ry periods (bimonsoonal) are 

almost similar to the wet tropics in effective 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 animals and faciJitate seed harvesting of pasture species. 1 n regions with one 

monsoon, the dry period may extend from nearly three months up to nine months. With 

an increase in the dry period, feed shortage becomes a limiting factor in animal growth. 

Soils become less leached as calcium content increases. 

Much of the world's catt le population is found in the monsoonal tropics, and most of 

the area is cul t ivat ed for human food. Nearly all of t he tropical grass species in use also 

come from this area. The vegetation changes from forest through savanna to grassland, 

depending on the length of the dry period. The monsoonal tropics cover nearly 15 per 

cent of the earth's land surface. 

3. Dry tropics include tropical deserts and surrounding areas with a short rainy period, 

generally insufficient to support animal growth on pastures, even for a short period of the 

year. 

4. Seasonal tropics are usually referred to as subtropics. They have high temperature 

and rainfall for varying periods (both decrease with an increase in latitude and altitude) 

during the summer months. Soils are weakly acidic to alkaline with high calcium content. 

Vegetation is open woodlands to grasslands. Cropping is widesptead with considerable 

util ization of natural and sown pastures. Seasonal tropics occupy nearly 5 per cent of the 

world's land surface. 

The wet, monsoonal and seasonal tropics which cover nearly a third of the world's land 

surface possess dist inct potential fo r increased cattle procluction . The soils vary from 
alkaline l ittoral with high calcium to acidic continental with high aluminum in the cation 
complex. Most tropical so ils are deficient in nitrogen and phosphorus, and many are 

deficient in sulfur. Deficiencies of other majar and minar nutrients are to be expected 
in many types. There is a relationship between degree of nutrient deficiencies and 

amount of rainfall (past and/ or present) and/ or content of sand fraction in the soil, 

mainly 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 for one or two instances (e.g. Macroptilium 

a·rropurpureum and Glycine wightii), selection and/ or breeding is unknown. However, 

the natural forms of many legumes are making val uable contribut ions to animal production 

under many circumstances. Sorne of the important m embers include: 

l . Centrosema spp. are native to South America and adapted to the wet tropics. They 

are perennials. capable of tolerating acidity and aluminum content . C. pubescens is widely 

used in the old world as a cover crop under plantations. lts critica! P and K co ntents are 

0.16 and 0.80 per cent i n dry matter, respectively. The symbiotic Rhizob ium requirement 

is.specific. Seed innoculation is unsatistactory because of the presence of toxic substances 

in the seed coat. lt is usually scrambl ing or twining, but is capable of spreading on the soil 

surface with rooting at nades. Flowering and seeding are spread across a period of time 

and pod shattering is a disadvantage. Good seed yields under hand harvesting in monsoonal 

areas have been obtained . Considerable genetic variation exists, and breeding and selection 

are possible. 

2. Desmodium spp. are of American origin and range from short, prostrate types (0. 

trif!oruml total l. bushy types (0. distortum), and from perennials. (0. intortum) to 

annuals. Thus, the genus is useful from the wet to monomonsoonal and seasonal t ropics. 

D. canum is used in Hawaii in association with Digitaria decumbens. In Surinam, D. 

ovalifolium is used with Brachiaria decumbens. D. intortum, a perennial, is tolerant to 

acidity and aluminum and is capable of growing in altitudes up to 2,000 meters. lts 

critica! P and K contents are 0 .23 and·O. 72 per cent, respectively . l t requires Oesmodium
type Rhizob ium and is capable of scrambling or spreading with rooting at nades. 

Flowering is during a short period and seed harvesting with machinery is possible with 

no shattering. There is wide genetic variation, and sorne have high tannin content. 

D. uncinatum is almost similar in character to D. intortum but is less hardy . Critica! P 

and K contents are 0.24 and 0 .60 per cent, respectively . l t may require a lime application 
in extreme cases. Rhizobiu m is specific as in other members of the genus. 

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

3. Macroptilium spp. are a genus of American origin , w i th annuals (M. lathyroides) and 
perennials (M. atropurpureum). The latter has been selected and bred in Australia (cv 

siratro) for the monsoonal and seasonal tropics. lt is susceptible to fungus attack with 

severity increasing as wetness increases. Critica! P and K contents are 0.24 and 0.75 per 

cent, respect ively . The Rhizob ium requirement is the cowpea type. l t is capable of root ing 

51 



at nodes and scrambling. Flowering and pod shattering are factors to be improved by 
breeding and selection. This genus was formerly referred to as Phaseolus. 

4. Stylosanthes spp. are another genus of American origin, with annuals (S. humilis) 
and perennials (S. guyanensis). lt is a rather erect-growing type, and the perennial develops 

a crown about 15 centimeters above soil surface under repeated grazing. This is an 
indication of lack of dormancy and also resistance to grazing. Tolerant to acidity and 
aluminum contents, it is definitely intolerant to alkaline soi ls. Low in P content, it is 
specific in Rhizobium requirement. lt flowers during the dry season, and harvesting is 

possible with machines. Most cultivars shed the one-seeded pods on ripening. Large 
variation in genetics exists, with potential for selection and breeding. Many strains are 
susceptible to anthracnose. The annual, S. humilis, is w idely used in the monsoonal tropics 
of Australia with good results. Critica! P and K contents are 0 .17 and 0 .90 per cent, 
respectively, with the cowpea-type Rhizobium. 

5. Glycine spp. are of African origin. G. wightii, a perennial, is used mainly in the 
seasonal tropics of Australia. lt requires mildly acidic soils (pH > 5.5). lt is slow to 
establish, possibly because of slow nodulation and symbiosis. Critica! P and K contents 
are 0.23 and 1.20 per cent, respective! y. Flowering and seed production take place in a 

short period, and mechanical harvesting is possible. 

6. Lotononis spp. include L. bainesii, a perennial of African origin, which is capable of 
tolerating aluminum and is particular/y useful in Jight soils where it roots at the nodes 

with a growth habit resembling that of clovers. lts critica! P and K contents are 0 .17 and 
0.75 per cent, respectively. lt is highly strain specific in regard to Rhizobium. 

7. Pueraria spp. include a perennial from Asia, P. phaseoloides, which is well suited to 
the wet tropics as a p ioneer legume. lt usually grows as a scrambler but is capable of 

spreading with rooting at nodes. lt is general ly used under plantations as a cover crop. lt 
flowers for a long period of time, but the flowers are subject to fungus and bacteria! 

attacks in wet weather. Seed setting is low and pods shatter easily; therefore, mechanical 
harvesting is ditficult. In areas with a marked dry season, good yields have been recorded 
when harvested by hand. There is considerable diversity of opinion asto its palatability; 
it is suggested that palatabil ity decreases with an increase in precipitation. There is al so 
sorne discrímination by Zebu-type animals. Genetic variation has not been reported, but 
the possibility cannot be discounted. 

8. Other genera include hosts ot pasture legumes which are being examined in 
ditterent parts of the tropics, sorne of which are Aeschynomene spp., Arachis spp., 
Dolicus spp., lndigofera spp., Leucaena spp., Vigna spp. and Zonia spp. 

lt may be noted that while tropical A frica has provided the bulk of grass species, 
tropical America is rich in legumes. The genera Desmodium and Stylosanthes would 
provide sufficient species and cultivars necessary for nearly every ecological niche that 

could be encountered in the tropics. 
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Nitrogen fixation by tropical legumes 

The amount of nitrogen fixed by the various legumes in use has not been determined; 
however, sorne information is available to show that the rat es are comparable to those 

fixed by temperate types. Table 1 summarizes sorne of the informat ion available. Bryan 

( 1970) showed that a pasture with 30 per cent legume content was al most equal to grass 
with 400 kg/ha appl ication of nitrogen in terms of liveweight gain of animals. Jones 

(1972) demonstrated from various experiments that there is a l inear relationship between 

dry matter yield of the legumes and the amount o f nitrogen fixed by them. Norman (1970) 
showed that animal performance was linearly related to the content of legume herbage in 

the feed. 

In Uganda (Jones, 1972), grain yield was superior from plots that had been previously 
under grass/legume pasture, as compared to those under grass only. lt must be pointed 
out, though, that under the high tropical t emperatures and al ternate wetting and drying 
of t he soils, an imal excreta are the main form of nitrogen return from the legume to the 

soil. There would be considerable loss of nitrogen through volatilization and leachi ng. A 
steady supply under continuous grazing would be an efficient form of utilizing the 
legume nitrogen. Such a system of grazing is advocated by Jones (personal communicat ion ) 

for the persistence and growth of tropical legumes. 

Table 1. Amount of n itrogen fixed by tropicallegumes in different parts of the world . 

legume sp. Area kg/ha/year N So urce 

P. atropurpureum Australi¡¡ 70·130 Jones et al., 
1967 

D. can u m Hawaii 97 Whi tney & Green, 
1969 

D. intortum Hawaii 264 Whitney & Green, 
1969 

D. intortum Hawaii 300 Whitnev, 1970 

D. uncinatum Kenya 6 1·159 Thairu, 1972 

Selection, establishment and fertilization of legume-based pastures 

T he key to success depends on the selection of legumes which are adapted to the 
environment and which are capable of persisti ng under grazi ng with associat ed grasses. 
Most tropical soils, part icularly in the wet equatorial regions, are acidic and many are 
high in aluminum content. Santhirasegaram (1974) has reviewed the ex isting information 
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and showed that tropical legumes would not require increased pH and that they are 
tolerant to aluminum, generally encountered in these soils. In calcareous soils, many of 

the legumes will not grow satisfactorily, but species are available for them too . Glycine 

wightii, Leucaena /eucocephala and Arachis spp. are well adapted to these conditions. 

The selection of grasses to be associated with the legumes is also an important factor. 
lt has been shown that erect-growing grasses will not generally offer severe competition 

to the legumes (Reyes, 1974). However, persistent swards of D. intortum and D. canum 
With Digitaria decumbens, a prostrate type with grass rooting at nodes, have been 

maintained in Hawaii (Younge et al., 1964). Here, the determining factors appear to be 
grazing pressure and relative palatibility of the forage. 

lt is well recognized that tropical grasses grow faster than legumes and are therefore 
potentially capable of shading the latter, causing their elimination from the sward. For 

this reason, Hutton ( 1970) suggested that it may be necessary to breed 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 most circumstances, particularly 
at the early stages of growth of the species. In the early lite of the pasture, the amount 

of nitrogen available to the grass from the legume would be a límiting factor for its 
growth. Thus it would appear that under grazing conditions the existing circumstances 
would be complementary rather than competitive. The improvement of the growth rate 

of the legume, rather than the retardation of that of the grass, appears to be the more 

logical approach. 

Tropical legumes would require less phosphorus and calcium as compared with their 

temperate counterparts, but they are characteristically high in their requirement of 
magnesium (Norris, 1959). Apart from requiring less P and Ca, tropical legumes have the 
ability to extract these two nutrients from soils which may be considered deficient in 

them. 

Legumes and grasses adapted to the acid tropical soils appear to be low in P content 
(< 0.20 per cent) and in many instances insufficient i'or the proper performance of the 
grazing animals. Santhirasegaram et al. (1972) have shown that for many species adapted 
to the ultisol in Pucallpa, Peru, an application of 100 kg/ ha superphosphate would be 

optimal for establishment and early growth. When animals were grazed in such pastures, 
response to the added phosphate !asted for only six months (Echevarrla and Santhirasegaram, 

1974); andan application ot 500 kg/ ha superphosphate retarded the growth of animals 

duríng the same period. 

Working in the dry monsoonal tropics of Australia, Ritson et al. ( 1971) recorded P 
content of 0.20 per cent on one occasion with Heteropogon contortus and on three 
occasions with Sty/osanthes hu milis (out of 22 and 20 determinations, respective! y , in 
plots receiving 126 and 377 kg/ha/year superphosphate) . 
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lt is highly unlikely that the P content of these species cou ld be increased to sufficient 
levels through the application of higher quant ities of phosphate fertilizers, and it is even 
more questionable whether such levels would be economical. lt would appear that 
phosphorus fertilizar should be applied to keep plants at or above their critica\ 
requirements and that the further requirements of 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 not 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 rateas mineral 
supplementation, the system would be uneconomical. Table 2 gives estimated costs and 
liveweight gains (LWG) to be expected from various combinations of phosphate fertilizar 
and direct mineral supplementation to the animal. 

Table 2. liveweight gains and cost of production from Pueraría phaseo!oides/ Hyparrhenia 
rufa pasture with different rates of superphosphate application to the soil and 
direct supplementation of mineral phosphate to yearling Nellore heifers s.tocked 
at 2.0 animals/ha." 

LWG Cost of fert. Cost of supp. 
Treatment kg/ha/year (US$1 (US$1 

A. Grass + 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 + 
1 00 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 + legume + 
200 kg/6 months SP + 
mineral supp. 438.0* ••• 40.0 2 .00 

Echevarri a and Santhírasegaram, 1974 
Estimated by doubling the LWG during the fir st six months of Treatment B 
Same as • • i n Treatme nt O 
Estimati ng maximum daoly growth rate of Nellore heifers as 600 g 
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Cost/kg 
LWG 

(US cents) 

6 .3 

1.9 

4 .0 

8 .6 

6.4 

9.1 

9 .6 



lt 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 rate. lt has already been established that 100 
kg/ha application of superphosphate is optimal for plant growth. Under grazing 

conditions, however, there may be sorne further response to higher levels of phosphate 

application. 1 t 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 tertilization to the 

plants. Under this phosphate regime, optimum stocking rate would produce maximum 

LWG/ ha. 

Echevarría (personal communication) has found evidence that Hyparrhenia rufa pasture 

(withou t legume) with direct supplementation of mineral phosphate to the animal produced 

318.6 kg/ha/year ata stocking rate of 1.5 beasts/ ha of yearling Nellore bull calves. Thus it 

may appear that supplementat1on of phosphorus alone is sufficient. lt 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 ferti l ization 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 grass only and grass/ 

legume pasture during a four-year period. The grass-only pasture produced only 25 per 
cent of t he dry matter in the fourth year, as compared with the first year, while the 

grass-legume pasture declined to only 50 per cent. Similar results were obta ined by Horrel 

(1964) w ith Panicum maximum and P. maximum/S. guyanensis pastures in Uganda. 

Carrying capaci ty of 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 tour to five years of age. 

1 ntroduct ion o f Stylosanthes hu milis and molybdenized superphosphate reduced the 
area requ ired 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. humilis was introduced and 

phosphate applied, animals reached slaughter weight at three years of age Wlth on ly 1.2 
ha/beast. 

R iesco and Santhirasegaram ( 1974) recorded optimum stock ing rates of 1.8 and 3.0 
Nellore-type yearling bull calves on H. rufa and H. rufa!S. guyanensis pastures, 

respectively, in Pucallpa. The real potential in these pastures was not realized because 

ot inadequate phosphate nutrition or the cattle. They have turther shown that on 

legume-based pastures all cows were pregnant dUI ing the first th1 ee months dfter 
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introducing bulls; while in grass-only pastures, only 50 per cent of the cows were 

pregnant even at the end ot 12 months. 8oth groups of cows had access to mineral 
phosphate ad libitum while the legume-based pasture received 100 kg/ ha superphosphate 

at commencement. The poor fertility ot 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 Kog~r et al. ( 1961) and was considered to be caused by lack of estrus in 

young cows by Witt et al. (1958). 

1 n another observation, Santh irasegaram et al. ( 1972) showed that when S. guyanensis 

was sown and 100 kg/ ha superphosphate applied to H. rufa pasture, the dry matter 

content in the improved pasture was nearly 2.5 times greater compared to unimproved 

grass pasture. 

The experiment of Riesco and Santhirasegaram ( 1974) suggests that improved grass/ 

legume pasture would carry three yearl ing bull calves per hectare. The experiment of 

Echevarría and Santhirasegaram ( 1974) showed that at 2.0 yearling heifers per hectare, 

an annual LWG of 355.4 kg could be recorded. In these experiments animals were not 
receiving adequate amounts of phosphate. Furthermore, in the latter case, available feed 

at all times was high, suff icient to increase the carrying capacity to three beasts/ha. Thus 

an annual LWG of 528.8 kg/ ha could be achieved. The consumption of legume (P. 
phaseo/oides) by the Nellore heifers was very poor. 

With species such as S. guyanensis and C. pubescens, where consumption would be 

good, another 10 per cent increase in LWG amoun ting to 581.7 kg/ ha could be achieved. 

lt is well known that mal e calves would make at least 1 O per cent better growth than 

females. Thus an estimated 640 kg/ ha/ year LWG appears to be the potential of legume

based pastures in the Pucallpa environm ent, with adequate phosphate fertilization to the 

plants and direct supplementation to the animals. 

The unimproved grass-only pasture produced an average of 130 kg/ ha/ year LWG from 

a number of experiments at Pucallpa. lt must be stressed that the experimental pastures 

were all less than five years old and are much more productive than other grass pastures 

in the Pucallpa region, which are reported to carry less than one animal per hectare and 

produced less than 50 kg LWG per hectare per year. 

The estimated liveweight gain of 640 kg/ ha/ year is far below the 850 to 900 kg, which 

Nuthall and Whiteman (1972) consider attainable under experimental conditions in the 
monsoonal and seasonal tropics ot Australia . lt must be pointed out that in Pucallpa, 

ani mal growth is continuous with almost continuous pasture growth. Thus it is possible 
to double the stocking rate, double the calving rate, quadruple the growth rate and half 

the slaughter age of C3ttle by the introduction of a suitable legume, along with applying 
adequate phosphatic tertil izer to the existing grass pastures and supplementing phosphate 

l icks to the animals in Pucallpa. No doubt similar potentialities await exploitation in 

other tropical regions too. 
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GRAZ ING SYSTEMS 

All pasture utilization experiments at Pucallpa are being conducted under continuous 

or set stocking syst ems. Much has been wr itten about grazing systems in temperat e 

environments. lt is generally believed that with improved sown pastures, soph isticated 

grazing systems would permit higher stocking rates, "even though experiments on sown 

pastures have not confirmed these bel iefs. On present evidence, lucerne excepted, the 

only surety attached to t he adoption of most grazing management practices is the extra 

cost they incur." (Willoughby, 1970). 

There are f ew, if any, studies on grazing systems in the tropics. Walker (1968) compared 

continuous versus rotational grazing of unimproved natural pastures in Tanzania and 

concluded that at a high stocking rat e, the latter is advantageous. 

Table 3 . Animal productivity from continuous and rotational grazing at three stocking 
rates (Walker, 1968). 

Liveweight gain 
Stocking rate (kg/ha/year) 
(beasts/ ha) Continuous Rotational 

1.0 182 177 

1.2 192 177 

1.6 213 265 

l t is, however, an accepted fact that in the tropics the primary concern should be to 

improve the pasture, which in many instances would result in a five- to tenfold increase in 

productivity . Once this is ach ieved, the lower remunerat ive factor of grazing systems m ay 

be considered. Controlled grazing may help in reducing se lectivity by animals and thus 

check undesirable species dominating pastures. Walker ( 1968) showed that erect -growing 
types such as Panicum and Hyparrhenia spp . would persist under rotational grazing. 

However, Jones (personal communication) is of the o pinion t hat rotational grazing, which 

causes severe defoliation, is detri mental to tropical legumes. 

As in the temperate areas, farms are subdiv ided in the tropics for various reasons, but 

main ly for stock hand ling and saving labor. lt is believed that in subdividing farms, a 

compromise should be reached between pasture ut i lization, stock management, labor 
efficiency and infrastructure investment; o therwise, gains from one aspect will be offset 

by losses from others. 
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NITROGEN VERSUS LEGU ME-BASED PASTURES 

lt may be said generally that under optimum management, liveweight gain from 

nitrogen-fertil ized pastures would be double that of legume-based pastures in any given 

environment. While growth rates of animals from both systems are almost equal, the 

higher productivity from nitrogen is obtained from higher stocking rates. The economics 

of nitrogen-fertilized grass pasture for liveweight gains depends on the cost of nitrogen 

and market value of the beef produced. The general conclusion is that where the price of 

liveweight is twice the cost of nitrogen, the system is ata break-even point. 

Liveweight gain is, however, only one aspect of cattle production. Producing, raising 

and maintaining breeding cows on the one hand and producing to weaning age of fattening 

stock on the other are facto rs that are generally overlooked by those who attempt to 

evaluate the economics of beef production from these two pasture systems. Nuthall and 

Whiteman ( 19721 made an extensive study of the possible economics of beef production 

from these two systems, where the whole herd is considered (cow/ calfl. They established 

that where the grass/ legume system could produce 350 kg/ ha/year LWG, the break-even 

yield required with 100 kg/ ha nitrogen applied to the pasture is 517 kg LWG; and at 400 

kg nitrogen the value would be 1,013 kg. The actual levels of LWG recorded in 

experiments at these two levels of nitrogen application are 360 and 923 kg. Thus, only 
at high levels of nitrogen applicatíon would the system be competitive with grass/ legume 

pastures. 

From the point of view of fattening alone, the more recent techniques of stall feeding 

by-products of sugar cane and other tropical crops will be competitive compared to 

grass/nitrogen pastures under grazing . lf one may speculate, the tropics will produce 

weaners trom grass/ legume pastures; and others wi 11 produce the beef from processed 

feed, where the digestion in the animal 's rumen may be by-passed. 

1 n conclusion, nearly a third of the world's land surface is tropical with d istinct 

potential for increased cattle production . lnclusion of a suitable legume with correction 

of mineral deficiencies in the nutrition 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, persistence under grazing and ease of seed harvest. 

E ven in their natural state, these legumes contribute comparable quantities of nitrogen 
as do their temperate counterparts, having increased animal productivity five ·· to tenfold 

under simple grazing systems. At present, nitrogen fertilization of grass pastures 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 
legume-based pastures, beefing animals may well be raised in confinement on processed 
feeds. 
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INFLUENCE OF MANAGEMENT PRACTICES ON PRODUCTIVITY 

/ 

H. H. Stonaker, Juan Salazar, D. H. Bushman, Juvenal Gómez, 
Jaime Vi/lar and Gustavo Osario • 

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 since a man's in· 
herent ability , his education, his experience and his reputat ion all contribute to the 

process involved in making changes. We also agree upon the importance of the work of 
t.hose who are helping other people become better managers. 

Accordingly, we would like to proceed by adding a few part iculars on avai lable 
information and concepts, many of which are preliminary but which can help cat t lemen 

by contributing to the storehouse of information on cattle production in tropical Lat in 
America, a land of varied resources and opportunities. 

· Research on management systems can provide guidelines for the manager in f inding 
val id pred iction results for adequate appraisals in cattle operations relative to f eeding, 

breeding, health , capital, use of land, labor and marketing. However, the individual 
manager is never free from the likelihood that conditions on his farm invalidate or modi fy 

the application of sorne practices which are usually economical for others. Farms, l ike 
their operators, are unique; thus, trial and error o r 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 interact ing with his own unique ecosystem, his farm . Lest we over 
emphasize ind ividuality, there are large areas with characteristics in common. For example, 
in the tropical savannas of the world , t he breeds from India predominate. One also finds, 

* Tbe w ork o f Dr. N . S. Raun and Dr. Hemerso n Mo n eada in establishing t he h e rd sys tem pro ject and 
lhe contributio n s of Dr. J oaqu ín Cortés and Mr. Jaim e Fajardo to t he F ondo projec t are especially 
recognized . 
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particularly in improved pastures, great similarity in the species and varieties of grasses. 

lt has been said that justas tropical cattle come from 1 ndia , the tropical grasses come 

from A frica and the tropical legumes from Latín America . Periodic drought and seasonal 
monsoons, soil characteristics, and problems of nutrition , health and genetics may be 
very 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 critica! for beef production, mainly because of 

a doubling of prices in the last two years. What may not have been historically an 
economical ly viable input may now produce good earnings on the investment. The market 
for good management and new technology is and will continue to be bullish. lnnovations 
of all types are expected to contribute greatly to the process of change. How to undertake 
studies of herd management systems and apply the results has been a challenge to us 

here. D ifferent approaches are needed to obtain the different results desired . lf 
innovations such as the development of new legumes, vaccines, nutrients or breeds are 
required, the approach should be slightly ditferent from interrelating known biological 

inputs into varying economic or ecological systems. 

The universities, experiment sta tions and prívate and public research centers will lead 

in the development of innovations and in the creation and testing of new inputs. 

Operating farms may also contribute with new inventions or new breeds or varieties. In 
contrast, innovation does not easily stem from model simulation based upon historical 
evidence. More likely it will chart combinations of existing materials or conditions that 

may carry the industry into new peaks of productivity . We would suggest that these 

relationships are, in order of importance, as follows: 

Sources of innovation /1 Exp.,;m•nt "";on' 

(2) Operating farms ~ -~=========::!:: (3) Research from 

Changing economic or 
ecological relationships 

/!._' 1 Mod" ,;mulot;o' 

(2) Operating farms ~========:; (3l 

seemingly unrelated 

are as 

Experiment stations 

The amount and kind of information which can be gained from each source would be 

as follows: 
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f ormalized experimentation, as o n a government 
research farm 

Limits in one cattle experiment : Maximum 

isolated comparisons 

Mín imum 

Operating farms 

Model simulation 

Main eftects 

1 nteractions 

3 
7 
o 
o 

1 

o 
o 
o 

Effects of varying level s ot input or 

activity as in regression st atist ics Number of observations 

Operating farms 

Ex periment stations 

Model simulation (completely dependent 
upon estimates from t he preceding) 

100 to severa! 

thousand 
70 ± 

2 

2 

From changing economic relationships among know production inputs, it seems to us 

that the model simulation method is the most inclusive aid for making rapid decisions 

and predictions based on historical information . The t radit ional method would be 

observing changes in operating farms as ind'!pendent operators gradually adjust to 

changing t imes and condi t ions. 

Ordinari ly with cattle, we would not expect a designed exper iment to exceed informa

tion on t our 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 inform ation on tour main 

effects and their i nteract ions. The great body of information conti nually being recycled 

by this t ype of research leads to new informat ion for solving the unknown and for 
creating new opportunities. 

Farm surveys and in-depth analyses of dat a from f arms also bring out data comple
mentary to those arising out of formal experiments. There are variables within the herd 

environment dealing mostly with d ifferences in ani mal -to-animal production and the 

influence of age, genotype, castrat ion, inoculation anda host of other management 

inputs . Constant management and nutrit ion are desired . Large populations are o ften 
necessary for ascertaining effects. The si re index in dairy breeding, for example, is one 

of the most highly developed applications of th is technique. 
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Concepts and their interrelationships may be clarified or utifized to predict the effects 

of combinations of old and new situations through model simulation exercises using 

present -day computer methodology _ Model simulation is based on historical events_ The 

ever-present worries are the restrictions in deciding upon the data to be included and how 

reliable the basic input data are_ 8oth of these factors may greatly affect the regress ions 

produced . 

An example of this kind of work is that conducted by an Oregon State University team 

in Venezuela (Miller and Halter, 1973) _ Usi ng the best data available to them, predict ions 

were made in this study asto the eftect of price control and government policies on the 

intensification of beef production, amount of beef produced, etc ., for the next 25 years. 

The Oregon-Venezuela study was based on farm surveys_ A different approach would 

be that of applying experimental results to the varyi ng economic conditions on farms 

where they might be likely to occur, as was done in another Venezuelan study. In this 

case, levels of nitrogen and difterent prices for nitrogen were used to predict eftects on 

the income on different-s ized farms. Again, if the basic inputs are faulty, the conclusions 

or predictions wiiJ be erroneous. 

as: 

In general we can classify the manner in which different inputs influence production 

1. Threshold inputs_ For example, one needs to know the mínimum levels for various 

requirements, such as the mínimum needed to maintain an animal alive during a dry 

season or to produce a calf. This is particularly interesting, for one more or less 

blindly explores various increments of input, not knowing whether one has under- or 

overinvested by a large or smarr margin in the inputs needed to produce the calf. 

2. Additive weight changes_ In contrast, these are easy to study, for there can be an 
almost daily reading on degree of response to inputs. An example of the additive 
nature of sorne production characteristics is weight gain of a calf while nursing + 
wcight gain after weaning = marke t weight . 

3_ Multiplicati ve increases. The total product sold may be the product of the multipl i

cative nature of increases. For example, cattle raised X cattle weight X cattle grade 

X pr ice = gross product of the cattle farm. 

Other features of the production process of interest to cattlemen and other planners 

are the conceivable upper and lower l imits to the process and what kind of costs or 

conditions seem necessary to achieve these limits. We have listed what seem to us to be 

presently acceptable average biological and economic limits (Table 1 )_ 
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Table l . Estimated biological and economic limits in beef production (US$ 1. 

Calving rate • 

Survival (birth) 

(Breeding or slaughter} 

Growth 

8 months to 2 112 years 

Tome to market 

(abOut 454 kg) 

Age at forst calf 

Age at last cal f 

Calving onterval 

Cost or price per kg 

of live cattle 

(Cost assumed to equal 

price over long term) 

Labor costsfhour 

Marketing cost 

T ransportation cos ts 

Sfmilef400 kg 

Shrínkage 

Sellong 

• Eleven-month calving interval 

Upper limits 

109% 

99100% 

100% 

363 kg 

1 .82 kglday 

10 months 

18 months 

20 years 

11 months 

S 1.32 

$ 4 .00 

S .13 (airplane) 

15% 

6% 

Lower limits 

40% 

40% 

40% 

90.8 kg 

.11 kgfday 

7 years 

4 years 

9 years 

2 1/2 years 

$ .10 

S .04 

S .002 (on foot) 

The foregoing d iscussion summarizes how our various activities concerned with 

improving cattle production are managed and interrelate. This should give a general idea 
of what we may expect f rom given kinds of activities. At this point, we would like to 

review a short period of activity here in Colombia (relative to sutveys and research) 

undertaken at CIAT, with the essential collaboration and assistance of ICA and the Fondo 
Ganadero (Meta) . 

We will review sorne of the informat10n we have been able to accumulate recently in 

our collaborative activittes with ICA at Carimagua in the Llanos Orientales of Colombia 
and show how we might interpret these data so asto make broader generalizations for 

field application and production improvements. In addition, we will refer toa study of 

Llanos cattle farms conducted by a team of professionals and technicians from the 
Fondo Ganadero (Metal. ICA and CIAT. 
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SUR VEY OF FONDO GANAD ERO FAR MS IN THE LLANOS* 

All farmers had cattle on lease f rom the Fondo Ganadero. There were 19 tarms on the 

southern side of the Meta between Puer to López and Puerto Gaitán . There were 20 farms 

in the Piedmont in the San Juan de Arama, Granada and San Martín·Acacías-Cumaral areas. 

Llanos cattle farms are typically small (Brunnschweiler, 1972) . On an average they 

would market fewer than 12 head per farm per year. Only 8 per cent of the cattle tarms 

in the Meta area would have 50 to 60 head ot cattle to market annually. a gross p roduct 

equivalent toa salary of Col$ 10,000 to $ 15,000 per month. 

1 n the Fondo study. the inventaries would suggest an average extraction rate for the 

Meta of about 1 O to 12 per cent per year. This would provide a gross cash annual income 

per family equivalent to about two laborers, or abou t Col$ 2,000 monthly. assuming 

little or no out-of-pocket costs for the cattle enterprise . 

Obviously at present there is little wealth being produced in this vast area for either the 

country or the inhabitan ts. This lack of productivity in such a large area provides an 

enormous challenge. 

The raintall and temperature are approximately the same for all the areas: 1,800 
millimeters rainfall, unevenly distributed; altitude 150 to 300 meters; mean temperature 

26° C to 27°C. However, soil fertility is evident ly much higher in the Piedmont. Soil -plant 

surveys have been m a de by FAO ( 1964). 

The Fondo generally had three-year renewable leases with the cattlemen. The increase 

in the value of the herd and in progeny were divided so that the cattlemen received 60 

per cent of the increase. 1 t seemed to be a favorable contract; many farmers asked the 
Fondo if more cattle were available for lease or if triends or neighbors could obtain 

cattle. The consistent desire was for expansion beca use the farms were generally 
considered to be underpopulated and undergrazed. 

There were distinct difterences, apparen t to the visitar, between the Piedmont and 

Llanos areas that were revealed to some extent in the survey. In the Piedmont, farms 

were much smaller but probably much more productive per hectare; and cattle and 

horses appeared to be in better condition. In working the cattle herds. the farm owners 

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. 

* Stunakor •·t al., 1975 
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The number of Fondo cattle was about the same in the two areas, which implies a 

greater tendency to lease cattle in units of about this size. Almost without exception, 

there were few division fences. We saw l ittle evid ence of consistent vaccination or 

mineral feed ing programs being fol lowed . Even though these were contract requirements, 

our impression was that anything requiring cash outlay would be beyond the capacity 

of many of these farmers' management programs. 

Prelim inary information indicates a surprising similarity in cow productivity in the 

two areas. There are di fferent breeding seasons for the catt le even though bull s are not 

separated from the cows. Perhaps the most important tai lure in the production cycle is 

dueto the inability of cows to rebreed while nursing calves. l'his narrows the focus on 

what has been the main research objective in herd systems at Carimagua-to increase the 
calf crop. 

Estimated ages of calves and fetuses (through palpation ) indicated a marked breeding 

season in the two areas. This was toward the end of the rainy scason and early dry season 

in the Llanos but in the m iddle to late dry season and early ra iny season in the Piedmont. 
This will be commented upon later. 

We consider the most consistent and pertinent single p iece of information from th is 

study to be the extremely low percentage of nursing cows that were found to be 

pregnant. 

One can almost say axiom atical ly that wet cows do not breed in the Llanos. Most of 

the pregnant cows are dry ; this, however. does not imply that al l d ry cows are pregnant 

(Table 2). 

A calving rate ot 40 per cent has otten been indicated to be more or less typical of the 

Llanos. However, on these farms one may deduce that it is probably h igher . At least for 

1972·1973, i t was 55 per cent and 52 per cent , as shown in Table 2 . 

Trying to deduce total annual production f rom one day's examination of a herd 

requires combining elements from two sources of in formation; namely. the number and 

estimat ed ages of calves and the number of cows f ound pregnant along with estimated 

age of fetuses. A t least the following errors may en ter into such calculat ions : biased errors 

in est imat ion of cal t age and in the ages of the tetus and lack of information relative t o 

calf losses and abortion. 1 t was hoped tha t these errors would be minimized if one 

counted calves at the age of f ive months or more and fe tuses estimated to be two months 

or more of age. 
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Table 2. Preliminary material from cooperative Fondo, ICA- CIAT Projects (1973). 

Contracts 

Years occupancy 

Owners tn residence 

Hect ares 

Cattle (Fondo) 

Heifers and cows palpated 

Nursong 

Dry 

T otal pregnan t 

Annual estomated calving ra te 

Breedong season 

Piedmont 

20 

9.8 years 

16 

456 

98 

999 

{

13% pregnant 

43% 

87% open 

{

54% pregnant 

57% 

46% open 

36% 

55% 

Late February ·May 

Meta 

19 

8 7 years 

10 

1.816 

95 

787 

{ 

9% pregnant 

37% 

9 1%open 

{

51 % p regnant 

63% 

49% open 

35% 

52% 

November ·January 

For computing the calving rate on an annual basis, we used the following classficat10ns 

of cows: 

Condition of the cow 

Open 

Pregnant under two months 

Pregnant two months and over 

Dry 

a 

d 
g 

to six months 

b 

e 
h 

Nursing 

b + e + g +- 2h + i 

six months and 
o ver 

e 

Ci!lving rate 
Number of calvings in one year 

Number of cows a+b +c+d+e+t+g+h-+i 

Total cows and heifers palpated = a+ b +e + d +-e + f + g + h + i 

Calves due in one year - g + h + i + b +e + h = b +e + g + 2h + i 

70 



The "h" group could produce two calves in one year, and thus it is correct to count 

them twice, which was done. 

While the palpation data were used for cattle estimated to be two months' pregnant, 

it would not have made much difference if calves estimated to be six months o f age had 

been substituted. The total count for the Llanos and Piedmont was approximately 140 
cows that were two months' pregnant versus 150 calves six months of age , giving about 

the same results as different dat a sources . 

Seasonality of breeding 

At this latitude and altitude with slight var iat ions in day \ength , it is \ikely that 
seasonal ity in breeding wi ll ref\ect a nutritional cycle. On irrigated pangola pastures in 

the somewhat higher Valle del Cauca ( 1 ,000 meters versus 250 meters), the seasonal ity 
of breeding is quite reduced in comparison with the two areas surveyed. Th is is indicated 
in Figure 1, based on data from the Lucerna dairy herd at Bugalagrande. The ratio of 

breed ing in high versus low months for lucerna was 1.44; for the Llanos, 12.60; and tor 
the Piedmont, 12.7. The month of most frequent breeding was March for Lucerna, 

December tor the Llanos, and May for the Piedmont, months of lowest breeding 
incidence were May , September and November, respective ly (Fig. 1, 2 and 3) . 

First steps towards increased calving rates in the Llanos 

Reviewing the Fondo data, we find that 

1. Wet (nursing) cows are nearly always open . 

2 . Wean ing pastures do not generally exist; thus, it is difficult t o shorten the nursing 

period . 

3. Breeding is seasonal even though bulls are always w ith the cows . This seasonali ty is 
almost certainly nutritionally induced . 

4. Financia! limitations or lack of conviction discourage farmers from buying minerals, 
satt s and vaccines. 

5. Higher carry ing capaci ty o f better grass pastures has litt le influence on t otal calving 

rates or on the seasonality of calving. 

Our interpretation of these data would be that the typical life cycle of the Llanos cow 
is something like that shown in Figure 4. 
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Figure 1. Distribution as per 1,000 cows based on 6,926 calvi ng in the Lucerna herd 
( 1 966·- 1 970) . 
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Figure 2. Llanos conception dates est imated from calf age and fe tus age . 
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Figure 3. Piedmont conception dates estimated from calf and fetus aye . 

1 n eight years a typical cow produced four calves. Assumi ng m inerals are u sed, the f irst 

step toward low-cost changes would be a weaning program. Th is would shorten the ínter· 

val between calvings, as also i ndicated in Figure 4 . The cow would have an opportunity to 

wean six rather than four calves, an increase of 50 per cent in the lifetime product ion of 
the COW. 

The requirement would be a weaning pasture. The cost would be variable. One kilome· 

ter of five·wire f ence costs Col$ 4,000; and $ 800 per year for 25 calves produces a return 

investmen t o f 11 t o l . 

A second step of intensification would be weaning at two months with supplementa· 

tion of calves to six months of age (Fig. 4). We have estimated that the calf production of 

the typical cow would be doubled in t his way . 

Thi~ assumption is based on the esti mated va lue of a two-month-o ld cal f and the cost 

c f raisi ng that calf to six months of age. T he most important assumption is that it wou ld 

induce annual breeding. 
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Typioal of the Weaning six Weaning two 8etter 
llanos months months nutrition 

1975 Summer (S) 
B, 

Wonter (W) e, 

1976 S B¡ 

w, 
e, 

w B, B, B, 8, 

1977 S 

w e, e, e, a. 
......-=--w, w, WJ 1978 S 

w,/7 

8 ¡ 

a, 
w B, 

1979 S B¡ e, w. 

w e, 
1980 S 

c. 
w 

W¡ a, 

1981 S a., 

as 

w e, w, 

1982 S Cs 

a. 
w. 

w 
1983 S s. c. 

a,o 

w c. w. 

1984 S CIO 
a, 

w 
B,, w,o 

e, 

1985 S Sale c. 

w,, w, 
w. 

Producuon rat1o: 1.00 1.50 2.00 2.75 

Note: C Calv•ng, B Breedmg, w Weanmg 

figure 4. Productlon cycles 1n cows 
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Estimating value of two-month -o ld calves: 

Three·year-old steer weigh ing 180·200 kg 
Less pasture for 27 months ($70/ month) 

Value of n ine-month·old weaner 

Addit ional grain cost for tour months of f eeding 

calves weaned at two months ( .75 kg/ day at 

$ 4/ kg; i .e. , $ 3/ day X 120 days) 

Pasture and labor cost ($1 / day) 

Approximate val ue of two-month·old calf 

Col$ 3,500 

-1,900 

1,600 

- 360 

- 120 

$ 1 ' 120 

For a 100-cow herd, the increase in w ean ing ra tes necessary to offset early w eaning 

costs are indicated as foll ows : 

Nine-month lndivid. Total To lndivid . He ifers 
weaning No . value value sell value Sales to sel l 

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 seen, the feasib ility of ear ly weani ng clearly relates to present ca lving rates 

and to the calving rates that can be ant ici pated from early weaning. 1 f the typical weaning 
rate is 50 per cent, an increase to 70 per cent by early weaning would give a somewhat 
greater gross income above feed and labor costs . A more important factor would be a great 

increase in the avai lability of he1fers for sale. Assuming 20 heifers are necessary to maintain 

herd size in a 100-cow herd, the shift would increase heifers avai labl e for sale. 

Certa inly, it gives validity to experimenting with ear ly weaning under Llanos cond itions. 

lt would have the advantage of developing a m o re specialized and intensi fied use of the 

region for cows, with less emphasis on growing steers. L i ttle investm ent would be needed 

if calves were taken elsewhere for growing. 
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As indicated in Figure 4, the ultimate management system for increasing cattle repro

duction in the Llanos would be to provide ample nutrition throughout the entire year, 
preferably with an improved pasture program. 

The present aspiration 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 . There are Stylosanthes grazing trials under way at CIAT {1 974). and at the present 

time, there is a great deal of optimism about the outcome. 

Other alternatives may existas well. lrr igation could be developed in the Llanos, and 

presumabl y climatic and soil factors are such that technically almost any level of pasture 

production is conceivable with indicated water and soil corrections. Biologically speaking, 

the obstacles do not seem to be insurmountable, but what would the economic implica

tions be? 

THE PRELIMINARY IMPLICATIONS OF THE ICA -CIAT HERD 

The early and currently operating strategy in the ICA- CIAT Herd Systems Project has 

been to introduce, under the challenge of an inhospitable environment, a series of existing 

inputs to increase beef production economically . The opportunity to study a w ide range 

of mteractions of inputs has been provided . 

With grade Zebu heifers purchased in the Carimagua area by ICA, effects of several 

variables on reproductive rate, growth, mortality and disease, and total beef produced are 

being investigated. These variables are complete m ineral supplement, improved molasses 

grass pasture and urea-molasses supplementation . On a hierarchical basis, it will be possible 

to study the effects of early weaning and crossbreeding within the groups. Thus several 

variables in the project are concurrently being examined at two levels : the prevailing or 
existing level versus an estimated or improved level. 

Sal t and mineral supplementat ion 

Complete mineral supplementation has been proven to affect reproductive capacity 

markedly, increasing reproduct ive rates across a wide range of soil and climatic conditions. 

ThE. prevailing question is why th is mineral supplementation is not widely used in the 

Llanos. Current indications are that pregnancy rates in first-calf heifers may be greatly 

increased by mineral supplementation {CIAT Annual Report 1973) . The effect on 
nursing cows is almost certain to be less; ICA data indicated that except for the North 

Coast station at Montería, wet cows are not bred , even though they receive minerals. 
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The increased reproduction of f irst-calf heifers a lone wil l more than pay for minera l 
supplementation of the en t ire cow herd (Tables 3, 4 and 5). The mineral response in cows 
at Carimagua is not yet known, but it wi ll probably be less than in others because of 
other more limiting st ress factors for the nursing cow. 

An additional advant age is that these heifers reach a breeding weight at least four 
months sooner than those that do not receive mineral supplementat ion . 

lmproved pastures 

The effect of seasonality on the nutritíve va lue of native and improved pastures 
{molasses grass) can be demonstrated in Figure 5, which illustrates weigh t gains or losses 
during different seasons. At the end of one year, heifers on native pasture exclusively 
versus those exclusively on molasses grass were essent ially equal in weight. The pregnancy 
rate was 80 per cent on molasses grass versus 70 per cent on native pasture during fou r 
months of breeding. By the end of eight months of breeding, the pregnancy rate was only 
slíghtly different for native pasture versus molasses grass groups: 84 per cent versus 88 per 
cent (Tab!e 2). 

Molasses grass pastures, as we now use them , would need to produce about 13 per cent 
additional calf crop to be econom ically feasible in comparison with native savanna. Our 

Table 3. Prelímínary results from ICA- CIAT Herd Systems Project (1972-1974). 

Heifer \Neight lkgl Percentage Pregnant 
Herd Dec. 73 Feb. 74 Oct . 73 Feb. 74 

Native 307 316 63 66 

Savanna-salt 2 289 289 
31 } 57 } 0 24 

Savanna-sal t 3 270 275 17 43 

Savanna-minerals 4 334 343 68} "] .. 70 
Savanna-minerals 5 332 335 71 79 

Savanna-molasses grass-
minerals 6 325 338 "} 89] 

Savanna-molasses grass- 60 86 
minerals 7 326 347 63 83 

Molasses grass-minerals 8 328 333 '"} 86] 
80 88 

Molasses grass-minerals 9 335 333 8 1 89 
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Table 4 . Summary of salt and mineral consumption (kg) per cow at Carimagua ( 1973). 

Salt only Salt - mineral m ix• 

Herds 2 3 4 5 6 7 8 9 

8.9 6 .6 13.4 17.0 18.2 28.8 25 2 27.0 27.0 
~ ~ 1.-y---J 

Avg consumption 9.6 176 27 .0 27.2 

Cost/year (Col$) 9.65 70.48 108.00 108.80 

• Sa l t 4 70/o. dicalcium phosph ate 470/o. trace mtnerals 6°/o; approximate cost Col$ 4 per kg, salt only 

$ 1 per kg 

first year of resul ts indicates that it w ill be difficult to find an 1rnproved pasture for 

heifers that will be econornically advantageous. lt rernains to be seen how cows under 

the st ress of lactation wi ll rebreed while grazing rnol asses grass. Seasonal variations in 

avai lable nut rition , as rneasured by weight changes in heifers, are shown in Figure 5. 

While gain data were not available frorn the Fondo farrns , better pastures, as indicated 

by heavier carrying capacity. did not appreciably increase the calf crop (Table 2). 

lnterestingly, the savanna and molasses grass appear to complernent each other to sorne 

extent; for during the rainy season. gains were rnuch higher on rnolasses grass. During 

the dry season , cattle on native pasture (savannas and wet lowland) gained whereas 

those on rno lasses grass lost. T he use of rnolasses grass during the rainy season and the 

wet lowland during the dry season appear to be prornising systerns. 

This brings up the question of how to reach an econornical nutritional threshold that 

perrnits rebreeding wet cows and lowers the age of heifers at first calving. In the Herd 

Systems Projec.t, we are atternpting to attain this threshold irnrnediately 

1. By shifting herds frorn rnolasses grass to native savanna during the dry season 

2. By supplernenting with urea and rnolasses during the dry season 

3. By conserving condition and weight of the cow for early rebreeding through early 

weaning at two rnonths 

4. By using pasture legurnes in the f uture to supplernent native and/ or irnproved 

pasture 

We are hopeful that sorne econornical cornbmation of these additions will perrnit a 

sustained annual birth rate in excess of 70 per cent. 
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Table 5. Projected returns from mineral supplementation in herd of 80 cows and 20 heifers. 

Herds 

Calf crop lrom 
heifers 

Assumed calf 
crop from cows 

Total calves 

Value of calves at Col$ 1 ,600 
In crease in cal 1 value 

from minerals 
Salt or mineral cost 
lncreased value of minerals 

Net increase trom minerals 

• Nb = nurnber of btrths 

2 34 ~~ 

o/o Nb* % Nb* o/o Nb* % Nb* 

50 10 84 17 86 17 88 18 

50 40 50 40 50 40 50 40 - - -
50 57 57 58 

S 80.000 $ 91 ,200 S 91,200 $ 92,800 

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

6 ,083 9 ,835 9,835 

$ 5,1 1 7 (840/o\ S 1,365 (1 40/o) $ 2,965 (300/o) 
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Bull management 

Conditions tor handling breedi ng bu li s at Carimagua have been arrived at empirically. 
Bulls were used tor two weeks, then rested tor two weeks. One bull was used with 35 
cows. A chin ball harness marking system was used, thus good i'ldications ot the number 
oi heiiers bred were obtained. Bu lis were given a ration supplemented with cottonseed 
meal during the tirst tour months of the year when mut:h of the breeding took place. The 
bulls were also supplemented whil e being rested. Bul l tertil ity testing is being used on 
the ranch. 

Under commercial Llanos conditions, it is difticu lt to assess limitations in calt crops as 
related to the bulls. The animals are generally run together without respect to age or 
sex. Bull calves are not castrated, and ordinaril y they are not marketed betore three of 
tour years of age. Occasionally outside bulls are purchased; thus cows are exposed toa 
number ot bulls. 

In concl usion, it can be said that the problems ot the Colombian Ll anos are doubtless ly 
distinctive; but it it can be demonstrated that the thresholds tor increasing calving rates 
are not excessively costly by current price standards, a tremendous increase in productiv
ity ot the area will fol low. 

lt already seems evident that new disease-resistant legumes wi ll have to be found . These 
may be the key to low-cost beef production, but it is not certain that sat isfactory ones 
yet exist. lt not, there are other alternatives, possibly at greater costs, sorne of which 
have been mentioned here. Hopefull y, a greater interchange ot material and methodology 
with other areas of the tropical savannas will be forthcoming. lt not , economic break
throughs in one location can stimu late similar approaches e lsewhere. 
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SUPPLEMENTATION OF GRAZING CATTLE 

B.D.H. van Niekerk 

Beef production in many parts of t he world depends almost exclusive! y on the 

extensive natural range lands found in the major beef producing countries. These areas 

are often unsuitable for purposes other than pastura! use because factors such as 

topography, poor soils and low or variable rainfall do not favor agricultura! crop 

production under present economic circumstances. 

Animal production in such environs is, however, often seriously limited because of 

deficiencies of essential nutrients in the pastures during various seasons of the year. Thus, 
if this vast source of food for animal production is to be exploi ted fully, it is of utmost 
importance that these deficiencies should first be identified. lt is of equal importance 
that supplementary feeding of range animals should not be a haphazard procedure, as is 
often the case in practice . In order to make ful l economic use of natura\ pastures, i t is 

necessary to supplement only those nutrients which have been shown to limit the 
performance of various classes of livest ock during the different seasons of t he year. 

The purpose of this paper is to summari ze the most important findings to emerge from 
more than 50 years of investigation into the problems of supplementary feeding of grazing 
ruminants in southern Africa. 

CLI MATI C ANO PASTURAL COND IT IONS 

Approximately one third of the African continent consist s of open grassland or savanna. 

Rainfall in these area¡ is strictly seasonal and very errat ic, resu lting in a prolonged and 

variable dry season which coincides with the winter period and which normally lasts from 
May through October or even November in areas nearer t he tropics. Periodic droughts, 
during which less than half the normal annual ra infall might fall , are not uncommon. 
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A characteristic feature of the grazi ng in these are as is the al most complete absence of 

natural legumes. Therefore, cattle are almost exclusive/y dependent upon grass for their 
nutrien t intake, with the leaves or pods of trees forming only a small fraction of the daily 

food intake in the bushveld areas. The nutritive value of the grass in a given area varíes 
considerably from season to season. Following the first rains, there is a rapid increase in 

the nutritive value of the grazing which enables animals to gain weight for tour to six 
months of the year. With the onset of the dry season and particular/y after the first trosts 

in high·lying areas, the nutritive value of the grazing drops precipitously. This variation 

in nutritive value is less marked in the warm and drier, low-lying or so-called "sweet" 
grassveld areas but is very pronounced in the higher-lying or so-called ·'sour" grassveld 

areas, where the annual precipitation generally exceeds 700 milimeters . During the dry 
season cattle might lose weight for six to eight months of the year. In the sour grassveld 
this loss can amount to 25 to 30 per cent of the maximum summer liveweight. Under 

these conditions, unsupplemented animals show a net yearly weight gain of only 40 to 
70 kilograms and require six to ten years to reach a marketable weight. Mortality is high, 
and heifers invariably do not calve for the first time until they are 3 1h to 4 years of age. 

Recalving percentages are poor and the average calving percentage in much of Africa is 
less than 50 per cent. The final result is an extreme/y poor rate of meat production with 

low average herd turnover rates, varying from 5 to 26 per cent for the various countries 
in southern Africa. 

WINTER OR ORY SEASON SUPPLEMENTS 

Phosphorus supplements 

Since loss of weight during the dry season is such an obvious cause of productive and 

reproductive failure, research work on supplementary feeding has been devoted almost 
exclusive /y to the question of winter weight loss. Analysis and digestion experiments 

show that dry grassveld is an exceptionally poor source of avai lable energy, protein, 

carotene, phosphorus and other elements (du Toit et al.. 1940; van Wyk et al., 1955) . 

lt was, however, the extreme deficiency of phosphorus in South African soils and 

grasses and the widespread incidence of botulism caused by cattle eating the bones of 
dead animals which first stimulated interest in supplementary feeding in South Africa . 
In the now classical studies of Theiler et al., it was found that bone meal supplements 
fed throughout the year not only prevented the occurrence of botulism but also resulted 

in improved growth rates, milk production , weaning weights and calving percentages 

(Theiler et al., 1924). 

Only in recent times has it become obvious that there is in fact no liveweight response 
to phosphorus fed during the dy months of the year when the animals are normal/y losing 

liveweight. This fact is clear not only from the original work of Theiler et al. (1924). but 
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Table 1. Average month-end herbage analysis on a dry matter basis at Matabeleland, 
Rhodesia from 1961 - 1968. 

Crude Ether Crude 
protein extract fiber N .F .E.• Ash Ca p 

November 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 
February 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 
April 3 .3 1.7 38.6 47.3 9 .1 0.25 0 .09 
May 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 

July 2.3 1.7 37.8 49 .1 9 .1 0 .32 0 .06 

August 2.3 1.2 38.7 49 .5 8 .3 0 .29 0.07 
September 2.2 1.3 40.9 4 7.7 7.9 0 .26 0 .06 
October 2.8 1.2 40.0 4 7.6 8 .4 0 .31 0.06 

N itrogen~free extract 
Source: Bemridge ( 1 970) 

also all subsequent studies using phosphorus as the sole winter supp lement confirm this 
finding (Bisschop and du Toit, 1929; Murray et al., 1936; Murray and Romyn , 1937; 
Kotze, 1948; Rhodes, 1956; Skinner, 1963; Bisschop, 1964; Schur, 1968, Ward, 1968; 
van Schalkwyk and Lombard, 1969). 

Thus, in spite of the poor status of phosphorus in dry grassve ld, it is obviously not the 
primary 1 imiting nutrient in winter grazing. Under cond itions of maintenance and 

submaintenance, sufficient phosphorus of endogenous origin must reach the rumen so 

that microbial digestion is in no way impaired by periodic deficiencies of phosphorus 
in the diet. 

Energy supplements 

Digestion studies led early research workers to conclude that the digest ible energy 
value of winter grassveld is so poor that it is almost valueless as a source of energy and 
that it would be futile to supplement such grazi ng with protein alone (Smuts and Marais, 
1940; Louw and van der Wath , 1943). This belief led to the widespread use of energy~ 

rich feeds- particularly maize grain and molasses-as winter supplements. Subsequent 
studies have, however, shown that such energy -rich but protein -deficient feeds not only 

give poor oreven negative responses in animal production (Rhodes, 1956; Verbeeck and von L 
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Table 2. Average weight change {kg) and total weight gain {kg) of cattle fed 
phosphorus {P) supplements during different seasons of the year. 

Negativa 
Period Season control 

January -March " Summer·· + 35.2 

Aprii -June 'Winter " + 5 .3 

July-September 'Winter" 29.8 

October-December "Summer " + 45.7 

lnitial weight (kg} 3 14 .9 

Total wetght gain (kg} + 56 .3 

Source: van Schalkwyk and Lombard ( 1969) 

'Winter" 
p 

+ 41 .6 

+ 18.1 

30.3 

+ 616 

307.7 

+ 91 .8 

'Winter·· & 

" Summer" " Summer" 
p p 

+ 6 1.6 + 57 1 

+ 14.1 + 6 .8 

36 .3 30.6 

+ 77.5 + 88 1 

305.4 31 1.8 

+ 116.8 + 121.4 

Chevallerie, 1958; von La Chevallerie, 1965; van N1ekerk et al., 1968b; Winks et al., 1970; 
Nel and van Niekerk, 1970) , but they also depress pasture intake by the grazing animals 
(von La Chevallerie, 1965; van Niekerk et al., 1968a; Nel and van Niekerk , 1970; Winks et 
al. , 1970) . 

This lack of response to energy-rich feeds fed as sole supplements to winter grazing is 

attribu table to the fact that su eh supplements encourage the proliferation of the fast · 
growing sugar- and starch-digesting bacter ia at the expense of the slower cellulose and 
lactic acid utilizers, which are deprived of what little nitrogen is available in the rumen 
(Gilchrist and Schwartz, 1972). The result is a lowering of digestibili ty, rate of passage 

Table 3 . Effect of mclasses and molasses plus urea supplements on liveweight and 
estimated pasture intake of cattle during 141-day period on winter grassveld 
grazing. 

Molasses Molasses 
Negative Molasses & urea (20 :1} &urea(10: 1} 
control (0.9 kg/ day) (0.9 kg/day) (0.9 kg/day) 

lntt1al weight (kg} 273.50 280.80 279.20 278.70 

Wetght gain (kg) 37 .00 -41 .70 - 22.20 0 .20 

Grass intake (kgl 3.62 184 2.64 4 .29 

Source : von L a Chevallene ( 1965) 
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and intake of the fibrous veld grasses. Therefore, energy is clearly not the first limiting 
nutrient in dry grassveld so there is little point in using energy feeds such as maize grain, 
molasses or maize silage as w inter supplements unless other more important nutrient 
deficiencies have first been corrected. 

Protein and protein-energy supplements 

The crucial role of protein as the major lfmiting nutrient 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 of protein. After the initial studies showing that urea could 
replace natural protein as a source of nitrogen (Murray and Romyn, 1939; Smuts and 
Marais, 1940; Groenewald and van der Merwe, 1940). practica! feeding trials-first with 
urea-molasses mixtures and later with other combinations of urea-showed that winter 

weight loss could be sign ificantly reduced by providing grazing ruminants w ith thei r 
minimum crude protein requirements (Bishop, 1957; Nel , 1960; Pieterse, 1967; Lourens, 
1968; van Niekerk et al., 1968a and b; Nel et al., 1970; Bishop and Grobler, 1971; Topps, 
1971 ). Simultaneous work using more expensive natural protein sources, such as cotton 
or groundnut oil cake and later fish meal, produced simi lar and sometimes superior results, 
particularly in the case of sheep (Murray et al., 1936; Ahodes, 1956; Kemm and Coetzee, 
1967 and 1968; Bishop and Grobler, 1971 ). However, it was the low cost and f ree 
availability of urea and biuret as protein sources which led to the widespread use of 
protein winter supplements as a method of combating dry season weight loss in grazing 
cattle. 

An observation of great significance to emerge from these experiments was that NPN 
and protein supplements greatly improved pasture intake and encouraged animals to 
consume even the most unpalatable grasses (Bishop, 1957; Nel , 1960; van Niekerk et al., 

Table 4. Average liveweight loss and lick intake in cattle supplernented with fish meal 
and urea licks during a five-month period on winter grassveld grazing. 

Salt 
Bonemeal• 

lnitial weight (kgl 

Weight loss (kgl 

lick intake (kg/dayl 

Crude protein intake 
(g/dayl 

• Oegelatinized bone meal 
Source: B ishop and Grobler (1970 

291 

35 

0 .25 

o 

(400/ol 
(600/ol 
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U re. (150/ol 
Maize me.l (300/ol 

Fish meal (400/ol Bone meal• (25° /o l 
Salt (600/ol Salt (30°/ol 

291 291 

3 4 

0 .65 0 .36 

166 166 



1968b; Nel et al., 1970; Winks et al., 1970). This finding is of great importance because 
the use of such supplements, coupled with sufficiently high grazing pressures, makes it 

possible to fully exploit the vast quantity of fibrous and unpalatable grass which, at least 
in Africa, normally goes to waste and is burned during or at the end of each dry season. 

Although the practice of veld burning is sometimes warranted as a tool in veld manage

ment, it invariably has an adverse influence on the vigor of grass; and it remains a majar 
cause of soil erosion in southern A frica. lt is, however, the tremendous waste of animal 
food which vltimately makes it difficult to justify this practice. 

As far as the grazing ruminant in the sour and mixed_ grassveld areas is concerned, 
there can be little doubt that protein is the chief l1miting nutrient. Since a regular daily 
supply of ammonia is essential for the normal functioning of the cellulolyt ic micro

organisms in the rumen, insufficient ammonia retards the activity and multiplication of 
these organisms. D igestion of feed, rate of passage and feed intake are consequently 

impaired. Under these conditions, therefore, the grazing animal not only suffers from a 
lack of protein but, as a result of this, also suffers from a lack of energy . The lack of 

energy, although secondary to that of protein, plays a vital economic role since it is more 

expensive to meet the grazing animal's energy requirements through supplementation 
than it is to supplement its much smaller protein requirements. Thus, by supplementing 

NPN or protein (in the presence of sufficient grass), it is possible to overcome not only 
the primary protein deficiency , but it is also possible to meet all or practically all the 

animal's energy requirements through increased intake of pastures. 

Although the reduction in dry season weight loss through protein supplements is an 

important f inding, it is the influence of these supplements on reproductive performance 

that is o f greatest interest to the stock farmer. An important outcome of all the long
term experi ments on supplementary feeding has therefore been the considerabl e 

improvements in calving and recalving percentages which have been recorded to date 
(Bouer, 1965; Bembridge, 1963; Elliott, 1964; Schur, 1968; Ward, 1968; Lesch et al., 

1969; Steenkamp, 1971). 

Table 5. Effect of winter protein supplements on average liveweight and calving 
performance of Sussex-type cows fed during three seasons from 1958- 1961 . 

Negativa 
control 

Winter weight loss (kg) 70.0 

Summer weight gain (kg) 86.8 

Calving percentage (three-year avg) 63.3 

Calving percentage (last two years) 57.0 

Average calf weaning weight 153.4 

Average annual mortality (O/o) 9 .6 

• Cottonseed oll cake fed at rate of 0.45-0.91 kg/day during won ter only 
Source: Bembridge ( 1963) 
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51.8 

76.3 
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A prob lern which has still not been fully resolved is the role of energy f ed together 

with or in addition to proteín as a supplernent . U nfortunately, the resul ts of rnany 

grazing experirnents are confo unded by the lack of control over energy and prote in 

intake which rnakes the interpretation of these results difficu lt . Where the purpose of 

supplernentary feeding is rnerely to get anirnals through t he dry season as chea ply as 

possib le and wi thout excessive weight loss, the use of NPN or protein supplernents 

without additional energy (except that w hich serves as a carrier for NPN or that f raction 

of energy which forrns an inseparable part of any true protein) is i nvariably the rnost 
econornic approach to fo llow. Experi rnents show that although additional energy does 

give an added response in liveweight, th is response is often srnal l so that t he added costs 
can seldorn be justified in terrns of econornic returns (Nel et al., 1970; du Plessis and 

Venter, 1971 ). The additional energy furtherrnore resu l ts in poorer utilization of the 

natural grazing (Nel et al., 1970). 

lt is, however, irnportant to point out that t h is conclus·lon does not apply under all 

conditions. Practica! exper ience acquired by f arrners and the results of sorne unpubl ished 

experi rnent station trials show that in sp ite of NPN or protei n supplernents, growing 

anirnals and lactati ng beef cows are not always able t o satisfy their greatly increased 

energy dernands. Th is appl ies particular! y to areas such as the sour grassveld where the 

nutritive value of grazing in w inter is very poor . Under these conditions, protein 

supplernents can be used to prevent weight loss during pregnancy ; but during late 

pregnancy and parti cularly during lactation, it is essent ial to feed sorne forrn of 

additional energy such as rnaize grain, rnaize silage or good·quality hay. Wíthout such 

suppl ernents, cows lose too rnuch weight; and as a consequence, reproduction suffers . 

Other supplernents 

Chernical analysis of dry grassveld shows that it is also defic ient in other nutrients 

such as {karotene, sodiurn and sulfur. Relatively little research work has, however , been 

devoted to these and other possible l irni ti ng nutrients. 

There is sorne evidence that anirnals rnay require supplernental salt in sou r and rn ixed 

grassveld areas (Murray et al., 1936; du Toit et al., 1940; Rhodes, 1956; Bisschop, 1964), 

but this probably does not apply to the sweet grassveld areas (Skinner, 1964) and 
certai n ly not to areas with saline drinking water. Since salt is invariably used to control 

the intake of protein or phosphorus supplernents, this question is, in any case, of 

acadernic interest only . 

lt is widely assurned that sulfur is an essential ingredient of dry season supplernents, 

particularly those ~ased on NPN, but few attempts have been rnade to test this 

hypothesis with grazing anirnals. Evidence in support of the inclusion of su lfur in dry 

season supplernents for grazing cattle is therefore still lacking at this stage. 
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The crucia l ro le of certain branched-chain fatty acids in promoting t he activity of the 

cellu lolytic bacteria in low-protein diets has been clearly demonstrated by van Gylswyk 

(1970). In practice, however, the requirement for these nutrients is probably met by 

being derived either directly f rom protein supplements (EI -Shaz/e, 1952) or indirectiy 

from NPN-starch supplements (Schwartz, 1968). 

Although {3-carotene is deficient in dry grassveld tor many months of the year (du Toit 

et al ., 1940; Skinner, 1963), attempts to demonstrate liveweight responses to vitaminA 

in grazing an imals have not met w ith success so fa r {Skinner, 1963; Elliott, 1964; Ward, 

1968; van Schalkwyk and Lesch, 1970) . Th is failure may , however, be dueto the lack of 

prot ein or other more limiting nutrients in the diet. In order to evaluate the role of 

{3-carotene, phosphorus or any other nutrient in winter grazing, research workers in the 

future must ensure that other majar nutrient deficiencies have first been alleviated. 

SUMMER SUPP L EMENTS 

Superficially, t he problem of improving the low productivity in beef cattle in southern 

Africa appears to be a matter of preventing the severe weight losses character istic 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 

pay attention to the question of improving summer weight gains through supplem entary 

f eeding. 

Phospho rus supplements 

In their o riginal studies on phosphorus supplements of grazing animals, Theiler et al. 

found that bone meal supplements fed throughout the year had a marked influence on 

the productivity of beef cows in terms of milk production and in numbers and weight 

of cal ves weaned. This finding led to the almost universal acceptance of phosphorus as 

a supplement for grazing animals in southern A frica. 

1 n pract ice, phosphorus supplements are f ed mainly during the dry season when 

farmers are acutely aware of the need of sorne form of supplementary feeding. Only in 

recen t years has attention been focused on the fact that the benefits derived from 

phosphorus supplementat ion are almost excl usively associated with the summer period 

when the animals are gaining in liveweight and when the phosphorus content of the 

pasture is at i ts best . This fact is reflected not only in the origi nal work by Thei ler et al. 

(1924) but also in all subsequent work that has been published in southern A frica 

(Bisschop, 1964; Ward, 1968; Schur, 1968; van Schalkwyk et al., 1969) . l t is also of 
interest to note that sheep on sour grassveld not only respond to phosphorus supplements 
(Kotze, 1948) , but also that the response pattern-i.e., a large positive summer gain 
f ol lowed by an apparent negative response during the dry season- is identical to that 

observed in cattle. 
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Table 6 . Seasonal liveweight (kg) response to year-round phosphorus supplementation in 
grazing cattle. 

Negative 
Season control 

1st winter 16.4 

1st summer + 97.7 

2nd winter 37.7 

2nd summer + 108.6 

3rd winter - 61 .8 

3rd summer + 174.5 

Final weight at 3% years 424.5 

• App l ied by dosing monosodium phosphate twice weekly 
Source : Schur ( 1968) 

Phosphorus• 
at 3 .6 g/day 

18.6 

+ 119.1 

50.0 

+ 120.9 

69.1 

+ 187.3 

450.0 

lt is therefore evident that phosphorus is an important and probably the major 

limiting nutrient in the diet of animals on natural pasture during the summer months in 
many areas of southern A f rica. This conclusion obviously does not apply to those areas 
where no response to year-round phosphorus supplementation can be demonstrated. 

Protein supplements 

Chemical analysis of grassveld in many regions of southern A frica strongly suggests 
that protein may be a further limiting nutrient during much of the summer grazing period 

when pastures are most nutritious. Several studi es w ith both sheep and cattle (Kreft, 1963 
and 1966; van N iekerk and Muir, 1970) fed either NPN or NPN -protein supplements 

failed to i llustrate any response during the early summer months. More recent 

experiments conducted by Bredon et al. ( 1970 and 1972) with protein supplements 

produced small but significant improvements in summer weight gains. These results do 
not appear to be of economic sign ificance. Of interest , however, is the find ing that the 
response to protein supplements sets in much earlier in autumn than is generally thought. 
There is also sorne evidence to suggest that animals respond to protein supplements 
during exceptional ly dry summers (Bishop, 1964; Bredon et al., 1970) . 

Energy supplements 

The role of energy as a possible limiting nutrient in the d iet of animals on summer 
pasture has been examined in only a few experiments to date. Bredon et al . (1972) failed 
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Table 7 . Comparison of seasonal effect of urea licks on liveweight (kg) and carcass gain 
(kg) in grazing cattle from November, 1962 to February , 1965. 

lnitial liveweight 

Avg summer weight gain (1962-65) 

Avg winter weight loss (1962-65) 

Final carcass weight 

Source: K reft { 1966) 

Negativa 
control 

234.5 

135.9 

- 43.2 

235.0 

Urea lick 
winter only 

233.6 

131 .8 

- 22.7 

253.2 

Urea lick 
winter & summer 

255.0 

135.0 

- 27.3 

256.8 

to measure significant differences in l iveweight between groups of cattle fed isonitrogenous 
diets which varied in energy content. On the other hand, Pie terse and Preller ( 1965) 

produced statistically and economically significant results by feeding 1.5 kilograms maize 
grain per day to grazing cattle on summer veld. There may also be a case for feeding extra 
energy to lactating cows which calve during lush spring grazing. Bishop and Kotze 

( 1965) demonstrated that recalving percentages and weaning weights could be 
considerably improved by feeding 2.75 kilograms of maize grain 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 . 

SUPPLEMENT ARY F EEDI NG PROCEDU RES 

The following are the most important procedures that have been used to provide 

supplements to grazing animals in southern Africa : 

Spraying of veld grasses 

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

This system is seldom applied today because it is too laborious, because too much 
liquid is wasted on sparse grazing, and because it cannot be applied mechanically in 
inaccesible areas. Nevertheless, the method gives good results and good veld utilization, 

and it is a safe way of supplementing urea. 
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Liquid supplement s 

Wheel or drum feeders as described by Moore ( 1968) are commonly used- particularly 
in areas where molasses is cheap - to supplement mixtures of urea and molasses. The 

mixture used is identical to that required for spraying veld grass as described above. 
Sometimes phosphoric acid is also added . lntake is control led by increasing or decreasing 
the amount of water in re\ation 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 t his not only increases costs but can also resu\t in poor pasture 
utilizat ion. 

NPN blocks 

Solid b locks based on molasses or molasses by ·products and containing 10 to 40 per 
cent urea or biuret , together with salt anda source of phosphorus, are used extensively in 
practice. This method of feeding is attractive to farmers because of its easy application. 
Disadvantages include inabi lity t o regulate in take to t he desired level, danger of toxicity 
where more than 1 O per cent urea is used, and low energy value of the supplement in 
relation to its n itrogen content. 

NPN licks 

Dry mixtures of urea or biuret ( 10-25 per cent), salt (20-30 per cent), maize meal (25 · 
35 per cent) and dicalcium phosphate (25 per cent ) are widely used as supplements. Such 
mixtures are more versati le than blocks since the intake of essential nu trients can be 
controlled by manipu\at ing the ingredients. lntake ot the \ick is regulated by varying the 
salt concentration of the mixture . Molasses (5·1 O per cent) is sometimes added to prevent 
losses due to wind s ince the mixture is usually ted in halved 200 -liter oil drums. A 
disadvantage of this me thod of supplementary feeding is that it is more complicated than 
block suppleménts. Toxicity may also be a problem where urea is used as a source of 
NPN. 

Protein lic ks 

Salt is often used to control t he intake of oil cakes o r fish meal. Salt (40-60 per cent)
fish meal mixtures are particularly popular among sheep farmers in South Africa. Various 
combinations of NPN , salt, phosphorus and one of the natura l protein sources are also 
commonly used. In such cases, oi l cake or fish meal is used in the place of maize meal as 

an energy source andas a palatability factor to encourage intake. 

93 



Poultry mam~re 

The use of broiler or layer manure as a winter supplement is becoming increasingly 

common. Grazing cattle given free access to poultry manure will normally consume 
about 2 ki lograms per day. lt is seldom necessary to control the intake with sal t. 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. lts disadvantages include 

spoilage during storage and excessive bulkiness which complicate feeding under extensive 

ranching conditions. 

In all the above systems, the aim is to supplement grazing animals with 150 to 200 

grams o f crude protein (N x 6 .25) and 6 grams phosphorus (P) for maintenance purposes 

on dry winter grazing. The optimum level naturally depends on environmental conditions. 

Lactating cows may require supplements of 400 grams crude protein and 12 grams 

phosphorus. This higher protein requirement of lactating cows restricts the amount of 

NPN that can be used in w inter supplements for this class of animal Dry and lactating 

cattle requ ire 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 bone meal (65 per cent) . 

In conclusion, experiments conduc ted with grazing animals in southern A frica during 

the past 50 years have succeeded in identifying 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 i t is 

possible to increase markedly the productivity of range animals while at t he same time 

making better use of available grazing . Such a system of strategic supplementation not 

on ly minimizes supplementary feeding costs but also makes it possible to exploit this 

vast natural resource which without supplementation cannot be efficiently or fully 

utilized by grazing animals. 
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GENETIC SYSTEMS FOR THE IMPROVEMENT OF PRODUCTION 
IN THE TROPICS 

Dieter P/asse 

The severe beef shortages in the world market demand make it more and more essential 

to make full use of t he vast tropical savannas in Latin America f or the production of meat. 

A t present, t he level o f production in t hese areas is extremely low; Table 1 shows t he 

estimated average values. Many factors contri bu teto t h is low level o f productivity, and 

each one sho uld be considered of importance if production is to be increased and if t he 

catt le industry is t o become a more profitable enterprise. l t is r isky to establish priorit ies 

for the factors inf luencing product ion at the nat ional level even though t his may be the 

right course of action w hen dealing with specific zones or individual ranches. 

At the present t ime, the main problem seems to be of a socioeconomic nature, which 

can only be sol ved through a sound agricultura! and 1 ivestock po i icy and through an 

extension service t hat can make good use of the resu lt s of research conducted within the 

country itsel f. 8 oth the extension and research teams should be staffed by specia l ists in 

every field related to beef cattle. The failure to integrat e a team of techn icians trom 

different fie lds as a resul t of professional jealousy, polic ies of professional societies or 
organizat ions, or t he administration's reluctance (both at the government and universi ty 
levels) to understand this problem has been the main reason for the failure t o unite t he 

efforts of agronomists, veterinarians, animal h usband rymen, economists, etc.,,for the 
integral evaluat ion and improvement of the catt le ind ustry . 

Too often, researchers do not leave their laboratories, and cattle growers do not vis it 

the experiment stations; t herefore, there is no contact between these two groups. A lso, 
many t imes researchers are consulted by agr icultura! policy makers on ly after a certain 

policy has failed. Th is is obvious in the agrarian reform programs . 
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Table 1. Estimated values of the level of production in the Latin American tropics. 

Characteristic 

Calving percentage 

Percentage of deaths to age of fi rst service 

Weaning weight ( 7 months) .. 

Age at firs t calf 

Slaughter age (males) 

Slaughter weight 

Extraction rate 

Present level 
of product ion* 

35-60% 

10-25% 

120-150 kg 

3-4 years 

3.5-"5 years 

350-450 kg 

8-15% 

• Ooes not indicate the range of variation but the l imits that include the means of the principal zones 
• • Systematic weaning is not practicad in most herds; but it is assumed that on the average, natu ral 

weaning occurs in th is period of time (seven months). 

Sources: Bauer, 1968 ; Carrera; E str ada, 1966; Hill, 1967 ; Mayobre, 1966; Tundisi, 1970. (UCV / FCV, 
unpublished data) . 

INTEGRAL IMPROVEMENT OF THE HERD 

Beef production is influenced by two main groups of factors: the genetic potential of 
cattle and the envíronment in which production takes place (Fig. 1) . Genetic poten t i al 

can be subdivided into additive and nonadditive poten ti al; this subdivision is a result of 
the way in which the genes act. The environment includes all those factors that are not 
determined by the genotype of the animal, such as climate, feed, diseases, management, 
factors inherent to the animal such as age and sex, and the entire complex of 
socioeconomic factors, which are of utmost importance in Latín America . 

lnfluencing factors 

Environment 

Ot:ijectives 

Producer: 
Maxi mum net income 

>BEEF PRODUCTION( 
Genetic potential National economy: 

* Additive Reasonable prices 

* * Nonadditive for the consumer 

Figure 1. lnfluencing factors and ob ject ives ot beef production. 
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For the cattle producer the main objective of production is to obtain the highest 
possible net income. From the standpoint of the national economy, however, the main 
objective is the availability of reasonably priced , good-qual ity products for the consumer. 

For that reason, the improvement of livestock productivity should include all the fields 
of agricultura! and livestock science, and each one should be of equal importance. lf, for 
instance, geneticists are able to produce animals with inheritable t raits for superior weight 
gains, these animals will also require better feed andan improved health and management 
program in order to be able to express their genes in a better phenotype; that is, in better 
production. lf, on the contrary, an animal of an inferior genotype is placed in an improved 
environment ata high cost, production will not increase as expected because the animal 
does not have the genotype that can profit from environmental level. 

Normally, the Latín American tropics have animals of low genetic potential in an 
unimproved environment. Higher levels of production will be possible only when the 
genotypes and the environment are improved simultaneously. Perhaps the highest 
biologically feasible level will not be the most economical ; and for this reason, breeding 
and environmental improvement must be balanced ata level where maximum economic 
returns can be obtained (Fig. 2). Therefore, it is important that research, extension and 
production improvement programs be economically oriented. 

This paper deals with genetic systerns aimed at increasing productivity ; it should not 
be forgotten that they will have favorable results only when they become part of an 
integral development program for the herd. 

Breeding 41114f---

t 
Gene pool 

Balance 

Environment-Gene pool: 

Maximum economic yield 

-+lmproved level 

... Environmental improvement 

-Original level (native) 

t 
Environment 

Figure 2 . Breeding 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, which increases the additive potential, and 

crossing, which influences the nonadditive potential. 

Characteristics to be considered 

A low reproduction efficiency anda deficient growth rate demand the establishment of 
a breeding program in order to improve these characteristics. Efforts should be channeled 

in t his d irection because t he larger the number of traits included in a select ion program, 
the less progress that is made with each one of them. 

At present, too much emphasis is p laced on folkloric characterictics, which do not 
contribute anything to productivity. Recent emphasis on size per seis also harmful. lt 

is difficul t t o underst and the reason why catt le growers prefer to have cows that weigh 
600 kilograms and bulls that weigh 1,200 kilograms when the objective is to raise a 
sufficient number of steers under good grazing conditions that weigh 450 kilograms 

in t wo or three years. 1 t has been proven in other ecological zones (although under 
different economic conditions) that cows of average size and weight are the most efficient 
producers (Cartwright et al., 1964; Singh et al., 1970; Long et al., 1971). 

The main problem existing in trop ical herds is their low reproductive efficiency. This 
not only results in a low number of animals for market but also hinders any genetic 

progress. Low weaning weights and deficient postweaning growth result in slaughter 
animals of advanced age. These characteristics can be improved through selection and 

crossing, and the high mort ality rates can be controlled primarily through improved 

management practices and a sound health program. 

Selection 

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

Fe males 

Theoretical and practica! considerations lead to the conclusion that it is advantageous 
to have all normally developed heifers, free of genetic defects, served during the mating 
season when they are approximately two years old. All those that fail to conceive and 
those that have inferior offspring should be rejected . Those cows that have not conceived 
for two consecutive years and those that have yearl ing calves with low weaning weights 
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should also be rejected. Thus, females should be selected for high reproductive efficiency 

and good maternal ability, measured by the weaning weight of their calves. 

Bu lis 

Replacement bulls must be selected for high reproductive efficiency and good 

postweaning gains. This last characteristic has a moderate heritability and can be easily 
improved on the sire's side. Conformation should not be emphasized because despite 

its commercial value, it is nota good indicator of the quali ty of t he carcass. In the 

future, where a high-quality carcass is demanded, this characteristic (which is an 

inheritance index) should be taken into consideration in the male selection program. 

These selection systems are explained in detail in another paper (Piasse, 1969). 

Results 

The previously mentioned selection systems , along w ith good management, have given 

good results in experiment stations and in private cattle operations. 

In a large herd in the tropics of Bol ivia, reproductive eff iciency increased from less 
than 50 per cent to 89 per cent in eight years (Piasse et al., 1973c). 1 n four 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 before the improvement program was begun. 
In the second year-after the establishment of a mating season, a management program, 
and the culling of those femal es that failed to conceive- pregnancies reached 62 per cent, 

which represented an improvement of 20 per cent in one year (UCV / FCV. unpublished 

data ). 

1 n a selection program based on a production test in a Brahman herd at L a Cumaca 
Experiment Station in Venezuela, reproducti ve efficiency improved 46 per cent during 

the first five years of t~e program; the percentage of weaned calves improved 68 per cent; 
preweaning growth improved 15 per cent and post -weaning growth, 22 per cent (UCV 1 
FCV, unpublished data). Progress was less in the following years, but there was a gradual 
increase in total production . 

Based on the data obtained in Venezuela, a model has been established for a herd o f 
100 cows, where improvement of productivity per cow can be observed during the f irst 
five years of a se lection and organized management program (Tabl e 2) . From this table 

it can be deducted that through selection and good management, production can be 
doubled in any tropical herd in the f i rst six years of improvement . 
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Table 2 . Possible increase in productiv ity through selection and environmental improve
ment for 100 cows. • 

Ch aracterist ic 

Pregnant cows (No.) 

Calves born altve (No.) 

Weaning 

Antmals (No.) 

Weigh t/an imal 1 kg) 

Total wetght (kg) 

Weigh t/cow in herd (kg) 

Eighteen months 

Animals (No.) 

Wetght/antmal (kg) 

Total wetght (kg) 

Weight/cow tn herd (kg) 

Production 

Beginning 

Year 1 

55 

52 

46 
140 

6,440 

64 .4 

44 

230 
10,120 

101 .2 

level 

End 

Year 5 

75 

72 

68 
160 

10,880 

108.8 

66 
280 

18,480 

184.8 

lndex 

Year 1 = 100 

136 

138 

148 

114 

169 

169 

150 
122 
183 

183 

The parame ters uscd were obtained in experiment stations and in private herds m Venezuela. The 
following data were usad on the calculatoons : 

Abortoon s and sti l lbirths ( 0/o) 

Deaths unul weanong (0/ol 

Deaths unto l 18 months (0/ol 

Source: UCV/ FCV (Unpubloshocl dat a) 

Crossbreeding 

Results 

Year 1 

6 
12 
15 

Year 5 

4 

6 
9 

When 8os taurus breeds (of European origin) are crossed with 8os indicus breeds 
(Zebu native of 1 ndia and Pakistan), their offspring have a higher reproductive efficiency, 
viability and growth than the average purebred parents. This is known as heterosis, and 
the author considers that the inducement o f heterosis is the main objective of crossing in 
the Latín American t ropics. 
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Table 3 summarizes the percentage of heterosis reported in crosses of 8os taurus x 8os 
indicus. A moderate increase in several characteristics of production contributes to 
improved productivity of 20 to 40 per cent per cow. 

The maximum degree of heterosis in reproductive efficiency, in maternal abi l it y and in 

postweaning growth can be observed in F1 animals. Undoubtedly, the highest total 
productivity is observed in F1 cows, but crossbreeding systems that take advantage of 

th is fact are not f unctional 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 with two or more 

breeds. 

In Latín America there are several experimental programs to test the crossbreeding 
systems and the available data related t o the first and, in sorne cases, to several generations. 

In a crossbreeding 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 
when 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; Borsotti 
et al. , 1 973; Plasse et al., 1 973a and b) show that calves ( F 1) of Criollo cows and Brahman 

and Santa Gertrudis bulls and of Brahman cows and Charolais, Red Poli and Brown Swiss 
bu lis have birth, weaning and 18-month weights 11 , 1 O and 14 per cent higher, respective· 

ly, than the average Criollo and Brahman purebred calves (Table 4) . 

Table 3. Heterosis in crosses between 8 os taurus and 8 os indicus 

Characteristic 

Reproductive efficiency 

Viabil oty 

Preweaning growth 

Postweaning growth 

USA 

Latin America 

Productivity per cow 

Heterosis (Ofol 

10-20 

+? 
8-20 

± 10 

10-20 

20-30 

Sources: Cundoff e t al.. 1970; Cunha et al ., 1972 ; Pl asse et al.. 1973b ; Mui\oz and Mart on. 1969; Peroz 
et al ., 1971 ; Salazar , 1971;Stonaker , 197 1 
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Table 4 . Adjusted weight averages of Criollo, Brahman and crossbred (F 1 ) yearling calves 
at the experiment station in the Llanos (MAC- UCV projects) . 

Weaning weight 
Birth weight (kg) 18-month-weight 

Si re Dam (kg) 1205 days) (kg) 

e e 26 153 208 

8 e 31 170 263 

SG e 31 175 256 

e eL 25 146 211 

8 eL 29 173 253 

8 8 25 161 236 
eH 8 28 173 258 

RP 8 24 160 240 

8S 8 27 172 262 

8 8 26 161 237 

Total 27 165 243 

Purebred 25.5 155 223 
erossbred 28.3 t+11 % 166 t+10%1 255 1+ 14% 1 

e Cr iollo R io Limón CH Charolais 

CL Criollo Llanero RP Red Poli 

8 Brahman BS Brown Swiss 

Number of observa tions: 

A t b i rth 1 ,208 

At wean ing 1, 119 

At 18 months 958 

Source: Borsotti et al ., 19 73; Plasse et al ., 1973a; Frómeta et al., 1973 

Unanalyzed data (MAC-UCV , unpublished data) from the same project indicate that 
calves of F1 heifers (% Zebu or % 8os taurus) weigh 16 per cent more at weaning and 
11 per cent more at 18 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., 1973) . Unpublished data for 381 heifers and 272 
first ·lactating cows indicate that the advantage of the crossbreds over the purebreds (as 
regards conception) is of 61 and 11 per cent, respectively. The percentage of heterosis 
for pregnancy in Criollo x Brahman females compared to purebreds is estimated at 19 
per cent for heifers and at 91 per cent for first-lactating cows. This advantage in the 

reproductive efficiency of first-lactating cows indicates that crossbreeding is the most 
efficient method to solve the problem of low conception rates , especially during the 
first lactation period (Linares et al., 1973a; Plasse et al., 1972) . 
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lf the data on the reproductive efficiency of F1 and purebred heifers and the weight 
of their offspring at weaning and at 18 months are used to estímate weight production 
per cow in the herd, the following results are obtained : F1 cows produce 33 per cent 
more kilograms of calves at weaning and 26 per cent more at 18 months. However, the 
values are expected to be lower for future generations. 

Considerable improvement in reproductive efficiency was also observed in the material 
of 23,413 palpations corresponding to Criollo and Zebu cows and their crosses in a herd 
in the Sol ivian tropics (Table 5) . 

lf a small group of "selected Crio llo cows," raised under better breed ing and 
management programs in comparison to others, is excluded from the discussion, the 
performance of the crossbred cows is 11 per cent higher as compared to that of the 
purebred (Piasse et al., 1973c) . In the same herd, the data correspond ing to 15,838 
steer carcasses (Table 6) showed that the crossbreds rendered 15 per cent more meat 
than the purebred Criollo steers (Bauer et al., 1973). 

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

Table 5. Percentage of pregnancy in Criollo and Zebu cows and their crosses at El Beni, 
Bolivia (adjusted averages). 

Bnted 

Number 

x nonadjusted 

x adjusted 

Selected Criollo cows 

Commercial Criollo cows 
1.4 Zebu 

lh Zebu 

% Zebu 

Zebu 

Crossbreds vs. purebreds 
(excluding selected Criollo cowsl 

Source: Plasse e t al. . 1973c 
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Pregnancy (Ofol 

23.413 

75 

82 

95 

76 

80 
86 

e o 
72 

11 



Table 6 . Carcass weight of Criollo steers and of crosses with Zebu at El Beni, Bolivia 
(adjusted averages) . 

Breed 

Number 

Age x (months) 

x nonadjusted 

x adjusted 

Criollo 

lj,j Zebu 

1h Zebu 

% Zebu 

Crossbred vs. Crtollo (OJo) 

Source: Bauer et al ., 1973 

Carcass weight 
(kg) 

15,838 

48 

215 

230 

207 

220 

240 
238 

15 

The only data published to date on alternate crossing (rotation of two breeds) between 

8os taurus and 8os indicus for several generations were reported in Florida (Botero et al. , 

1973). and they show a percentage of heterosis for weaning weight per cow in the herd 

of 34, 25 and 16 per cent for F 1 , 3f,i and 5
/IS cows, respectively. 

Beginning of a crisscross breeding program 

Here, two alternat ives for starting a program that will truly adjust to the conditions of 

the Latin American tropics will be discussed. 

1. M any herds are made up of an indiscrimi nate mixture of genes of the 8os taurus and 

8os indicus breeds . In this case the herd shoulo be subdivided into one group where 

8os taurus predominates and into another where 8os indicus predominates; and 

bulls of the other breed should be used in each group of cows (Fig. 3) . The heifers 

b orn in one herd can serve as replacements in the other. lt would be advisable to 

have a third herd t o produce bulls of the better adapted breed to be used in one 
of the crossing herds. The other breed of bulls would have to be purchased. 

2. The other alternative would be herds that have been upgraded to Zebu (F ig. 4 ). 
Under these conditions, it is recommended to select 1 O per cent of the best cows 

(herd 11) for the production of Zebu bulls for crossbreeding and to buy the 8os 
taurus bulls. The other 90 per cent of the cows are subdivided at random into two 
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HERD 1 

500 cows 

predominant ly Breed A 

X 

20 bulls Breed B 

t 
5 replacement bulls/ year 

Breed B 

t 
HERD 111 

FOUNDATION HERD 
1,000 crossbred cows (A x B) 

Replacement 

fe males 

HE RD 11 

500 cows 

predominantly Breed B 

X 

20 bulls Breed A 

Bu y 
50 cows Breed B 

2 bulls Breed B 
5 ~ulls Breed A each year 

Production : 20 bull calves 
Selection: 5 bull calves 

Figore 3. Beginr.;ng of a crisscross breed ing project in a herd of crpssb red cows (breeds A 
a;-o e' 
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HERD 1 

900 cows 

for crisscross 
Subdivided at random 

into two herds 

la lb 

FOUNDATION HERD 
1,000 cows 

Predominantly Breed A 

450 cows 450 cows 

HERD 11 

100 elite cows 

X 

5 purchased bul ls 

Breed A 

Production of 40 bull calves 

Selection 

~36 
X 

20 bulls 

Breed B 

X 

20 bulls 
Breed A 

4 replacements/year 

herd l b 

slaughtered 

1 
Replacement 

heifers 

4 replacement bulls 

Breed B 

purchased/ year 

Figure 4. Beginning of a crisscross breeding program in a herd upgraded with Zebu . 
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groups, using 8os taurus bulls in one herd and 8os indicus in the other. The 

replacement heifers w i ll always be served by bulls that do not belong to the same 
breed as their si re. 

Selecting the breed of the bull 

The 8os indicus breeds present no problems when deciding which to use because each 

one has advantages and disadvantages, but all of them adapt well to the Latín American 
tropics. 

Nevertheless, the selection of 8os taurus bulls presents problems. The data ci ted in this 

paper have proved clearly that the Criollo breed is very useful in crossbreeding programs 

with 8os indicus; their adaptability to the tropical environment is a great advantage. 

Other breeds of 8os taurus that are not well adapted have been tested , and they w ill 

continue to be studied. lf the 8os taurus bulls work well during the mating season and 

their hybrid offspring are superior to the 8os indicus breeds, the problem of adaptability 
is only academ ic. The same w ill be true once an art if icial insemination program based 

on estrus synchronization has been developed. Noncriollo 8os taurus bulls normally 
involve high cost s, and it is hoped that in the future , functional and economical art ificial 

insemination programs will be developed. 

F1 bulls and the concept of the gene pool 

In the future, in those areas where purebred 8 os taurus bulls present t oo many 
problems, F1 8os taurus x 8os indicus bulls could be used. lf this type of bulls

representing severa! breeds that can contribute good characteristics- is used in a 
native population and then this population is closed and placed under a st rict selection 

program for production characterist ics (Fig. 5). i t should be possible to establish a 
population wi th favorable genes and w ith sorne degree of heterosis . 

This concept of establishing a gene pool and the selection from it should be technically 
reassessed under the conditions prevai l ing in the Latín American tropics. Most likely, 
these populations will lose sorne degree of heterosis as compared to those resulting from 
crossbreeding among purebreds. However, i f they produce more than purebred 8os 
indicus populat ions, this system will be justified. 

OUT LOO K 

The genetic methods discussed in this paper can be used in herds of a certain size and 
in cooperat ive agrarian reform programs (Piasse, 1973) . 
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Figure 5. Concept of the gene pool. 
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X 
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different breeds 
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l 
Selection 
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Selection and crossbreeding should be combined in order to obtain maxi mum results in 
a breeding program. These methods should all be associated with different aspects of 
environmental improvement. lf this is accomplished, the results summarized in this paper 
could bring about an increase in productivity of over 20 per cent per year in the first 
stage of improvement. This means that the tropical areas of Lat in America could make 
a considerable contribution to the solution of the problems caused by beef shortages in 
the world and, through more efficient production, to the improvement of the living 
standards of their own populations. 
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ANIMAL HEAL TH HAZARDS IN DEVELOPING NEW 
BEEF CATTLE PRODUCTION AREAS 

Eric Wells 

Betore talking about specific hazards in developing new beef cattle production areas, 1 
want to put the subject in context. First , the wording infers that there is a need to develop 

new beet cattle production areas. 1 have no doubt there is such a need, and 1 equally believe 
in the necessity for planned colonization and not exploitation. Animal health forms part 

of this planning, inextricably mixed w ith nutrition, breeding, management and economics. 

Veterinarians, therefore, have to be part of a team working towards a common end. This 
grouping ot discip lines eliminates the argumE;nts which can arise concerning the spheres of 

influence ot ditterent discipl ines on the agricultura! scene; or i f there are arguments, the 

commodity approach helps to solve them quick ly . 

1 think t hat veter inarians gain in another w ay. 1 think that the commodity team 

approach makes us reassess the contribution that a veteri narian ca n make towards 
developing livestock industries. Furthermore, we can assess whether veterinary schools in 

the wocld are teach ing the attitudes and skills relating to animal d isease necessary for a 
veterinarian to .contr ibute toan animal commodity t eam. Most schools teach clinical 

medicine; that is, there is an emphasis on the individual animal. In a commodity team 

approach, however, we need an appreciation of ecology and epidemiology. That is, we 
need an appreciation of all the factors which contribute to the presence or absence of 

disease in an animal population . The two animal health subjects chosen tor this seminar 

ref lect this attitude. 

The kind of animal health hazard that 1 am going to talk about will relate to pathogenic 
agents and not to nutrition . Protein deficiency, mineral deficiencies or toxicities are 
clearly hazards in themselves. 1 am sure that they have been or will be dealt with elsewhere 
in this seminar. Here we merely confirm in passing that the importance of any single 
pathogen can be influenced by the nutritional status of the animal. 
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1 want to approach the subject in general terms but then, wherever possible, 1 want 

to draw examples from our own work in the Llanos Or ientales of Colombia. In the Llanos 

we collaborate with the Department of Veterinary Science of the Insti tuto Colombiano 

Agropecuario (ICA) . Since we cannot separate human and animal disease, we also 

collaborate c losely with the 1 nternational Center for Medical Research and T raining, 

Tulane Un iversi t y, based at the Universidad del Valle, Cal i ( ICMRT). 

The d evelopment of new beef production areas infers that ei ther cattle are bei ng t aken 

into virgin areas for the first time, or addition is being made toan already existing, 

undermanaged, sparse population. In either case, we are taking cattle and people into 

an area where an ecological equi li brium probably exists. For good or for bad, we are 

disturbing this equilibrium in one of two ways: F irst, man or his animals may intrude on 

existing harmless transmission cycles and become infected by an organism which to them 

is pathogenic. Second, man or his animals may bring organisms with them. These may 

infect the soil and form reservoirs of infection in wild animals, or the int roduced cattle 

themselves may form reservoirs of infection for others. 

In the f irst case, the most dramatic example in the world probably re lates to the tsetse 

fly-trypanosome-wild animal balance in immense areas of savanna country in A frica . 

Ecologically, the balance is beautiful to see and study. Then clumsy man enters the scene 

with his c lumsy domestic animals. The tsetse species that exist in these savanna si tuations 

feed on these new hosts. The trypanosomes they transmit are pathogenic to ca ttle and 

someti mes toman himself. In this extreme case, man has to wi thdraw, leaving large areas 

of land unused. At the ICA/ CI A T station at Carimagua in the Colombian Llanos, we are 

finding examples of biological cycles into which we may intrude. Two 1 want to mention 

relate more to human than to ani mal disease. 

The first one is again a trypanosomiasis problem. We have been culturing the blood of 

the wi ld animals we have captured and passing the cultures toa Ph .D. student at ICMRT. 

Among many positive trypanosome cultures, two trypanosome species have been revealed 

which are infect ive toman. One is the pathogenic Trypanosoma cruzi, the cause of 
Chagas' disease; the other is the nonpathogenic T. rangeli. For both, the natural cycle 

in the Car imagua area appears to be between reduviid bugs and the common oppossum 

(Didelphis marsupialis). The likelihood of human infection at Carimagua is small or 

nonexistent as long as present standards of cleanliness are maintained. We certainly need 

to know, however, that we are living in an endemic Chagas' disease area. 

The second example is echinococcus. So fa r, we have found 25 per cent of the common 

agouti (Cunicu/us paca), a large rodent, infected with echinococcus cysts. We are 

currently investigating the species to deter mi ne whether it is one known to be infective 

to man. Echinococcus spp. are tapeworms normal! y infecting carnivores. The eggs are 

passed out in the teces, and livestock and wi ld animals can be infected from contaminated 

grazing or water. In these intermediate hosts, the echinococcus takes the form of multiple 

cysts. The carnivore is rein fected when it feeds on the secondary host and ingests the 
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cysts. Mancan be involved as a " dead·end" intermediate host through fecal contamination 

on his hands and not washing before he eats. Likewise he could be infected from 

contaminated water or from soiled vegetables. The potential of an echinococcus problem 

can be seen from figures avai lable from elsewhere in South Amer ica. 1 n 1962, for example, 
the Argentinians reported 229 human cases. They also reported 484,075 domestic ani mal 

carcasses rejected in slaughterhouses for this cause. 

One important vector of disease that we have looked k>r at Célfimagua but have so far 

fa i led to find is the common vampire bat (Desmodus rotundus) . Bat-transmitted rabies is 
a dramatic cause of cattle deaths in sorne areas o f South America. Death rates of up ro 50 
per cent have been recorded in sorne herds. The presence or absence Q.f this creature-should 

certainly be.known in any area to be developed . In experimental situations, at least, the 

_vampire bat is alse il vector of Trypanosoma evansi, a trypanosome which can be the cause 
of periodic epidemics associated with high mortality in the horse population. 

These are sufficioeot examples to illustrate the first way in which we may upset an 

ecological balance. We will now consider the second way ; that is, examples of cattle 

bringing new organisms with t(lem to the area. One notable example is the spreading 

throughout the world of the tick Boophi/us microplus. According to Hoogstraal , this 

tick originated in Asia as a parasite of wild bovidae, domestic animals and deer. Man's 
interest in Zebu cattle has been the means of the tick's spreading in vast regions of the 

world. The principal areas have been Austral ia, New Guinea, South Africa, Central and 
South America. The parasite causes losses not only because it is a blood-sucking parasite, 

but also because it transmits diseases. We have this problem of disease transmission in 

South America. The most important group are the so-called tick-borne hemoparasitic 

infections; i.e., Babesia bigemina, Babesia argentina and Anap/asma margina/e. The basic 

points concerning the epidemiology of these infections are well known. For the sake of 

completeness, however, 1 will give a brief description and then descr ibe what can happen 

after cattle from an endemic situation colonize a new area. 

The two Babesia spp. are tick transmitted , particularly by Boophilus microplus, the 
most common cattle tick in South America. The infection can pass through the egg from 

one generation of tick to the next. Anap/asma margina/e can be transmitted by sorne 
t icks although recent attempts to transmit it using Boophilus microp/us have failed. 
Noncyclical transmission by various genera and species of biting flies does occur however. 

Common to both the Babesia spp. and to Anaplasma is the fact that calves on good 
nutrition can survive infections and acquire an immunity which extends into adult lite. 
This immunity can be enhanced by subsequent ínfectíons. The immunity is characterized 
by a few organisms remaining in the blood of the immune animal ; the animal therefore 
remains a carrier of infection . On the other hand, an animal first obtaining infection as 
an adult will most probably die without therapy. 

lf a herd from an endemic area, where all calves are infected and the adults are immune, 
is taken to a tick-free area, a dangerous situation can arise. The intensity of grazing may 
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pr ove inadequatc to maintain the tick population . All subsequent calves may not be 

infected with Babesia, necessary for acquiring immunity; therefore , a population of high ly 

suscepti ble adul t an imals may evolve. 

Fata l ities could ther efore occur from babesiosis if susceptible animals from this hcrd 

are moved back to an endemic area. L ikewrse, fatal i ti es could occur if another herd moved 

in from an endemic area, giving sufficrent popu latron density to maintain a permanent 

ti ck populat ion and thus restare tr ansmission cycles. What happens with anaplasmosis 

cannot be so clcarly projected IJecause of the current cloub t concerning the means of 

transmission. 

1 had one trilumatic t~x perience in Af rica with d eaths occurrrng from tick borne d isease 

on a large scale rn a situation where we colonizt!d an empty area of country. This was an 

areél rn Uganda, north of Kampala, whrch had br:en clcared of tsetse. The tsetse had 

111vaded the aren sorne ten years previously. Bilsed o n probabi lit y, we d ecided that if we 

stockPd the area to capilci ty as quickly ¡¡~ possible. then the tick population would 

quickly es tabltsh toa level where transmissro n cycles would resume with hardly a break. 

In thilt situatron we w ere not only d eal rng wrth anaplilsmosrs and babesios is but also 

with two other trck ·borne d tSCilSP.S as well: East Coast Fever (Thei/eria parva in fectio n) 

and heartwater (Rickettsia rumrmantium). We were wrong rn our supposi tion. lt took 

three years for transmrssron cyctcs to resume, by which trme there were many susceptr ble 

antmals. We had a shor t period of months when t here was al most 100 per cent mortal ity 
in two ;md three-year-old animals. 

Si mi lar Ciltastr ophcs ha ve pr• haps airead y happened tn Colombia. The Jesu tts, for 

example. too k hcrds ot cattle to their car l '{ mtssron set tlements in the Llanos at the end 

ot the 16th ct,rnury. Although the herd ~ flou rtshed and multiplred when f rrst introduced, 

there rs sorne rndrcatr on of larc¡e herds being completely destroyed by disease later. T hat 

th is w as babesrosrs can only be conjecture based on available evrdence. More solrd 

informat1on is currently ilvailable. The few herds in the Colombran Lldnos, for which we 

have readrngs on rmmune statu~ iud~¡ed by complement fixation , ind rcate d ifferent levels 

of t ransm1SS1on in drffcrent locoltties. Thrs needs to be looked at in detail. We may alreauy 

possess the ingredients lor tragecly. 

1 would lr ke to ment ion two other si tuations at the ICA/CIAT station in Carimagua. 

One is the apparent ly recent introduction of " nuches" (Dermatobia hominis infection) 

rnto the area, probably by infected cattle. The rncrdence of infection in sorne groups of 

cattle under ICA/CIAT exper imentation is being noted . The increi:lsing incidence based on 

certain specif rc grazing areas within the Carimagua tarm could be explained by recen t 

rntroductron ol the parasite and slow colonizatron. 

My last example is a potential srtuatron. We have noticed at Carimagua that the 

para mphístome fluk e is present . Th is comparatrvely nonpathogenic fluke inhabiting thP 

rumen grves us an importan! warning. l t frequently has the same ín ter mediate snaíl host 
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as the more pathogenic fluke Fasciola hepatica; therefore, cattle infected with fascioliasis 

introduced to Carimagua could possibly establish infection . 

1 think that these are enough examples. Let me just summarize what 1 have said. 1 have 
favored the commodity team approach to agricultura! research and in this case specifically 
to beef. 1 have indicated that participating veterinarians need to be epidemiologists and not 
primarily clinicians. 1 have discussed two principal ways in which the equilibrium of an 
undeveloped area of land can be disturbed by the introduction of man and his cattle. 1 
have given examples mainly from our own collaborative work in Colombia. 

How a veterinary service meets this challenge is an interesting study in logistics. Clearly, 
a commodity team-including its animal health input-has to be in an area long befare 

cattle arrive. 

1 hope 1 have been controversia! enough to stimulate discussion. 1 am always aware that 
my experience has been mainly African and not South American . 1 look forward to hearing 
the comments and experiences of others. 
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INFLUENCE OF POPULATION DENSITY ON ANIMAL HEAL TH 

Carlos Pijoan and Pedro Solana 

Because of the increase in human population, it has become necessary to intensify 

animal production ; this intensification, however, implies a larger concentration of animals 
per unit of land. 

In order to illustrate health problems related to animal concentration, we believe it is 

useful to analyze first the systems nature uses to control w ild animal populations. 

Natural control of these populations appears to be exerted through exogenous and 
endogenous factors . Among the externa! factors we f ind ( 1) climate, wh ich mainly 

affect s insect control; (2) predators which control all animal populations; (3) feed, which 
is important because it is the most limiting factor in population growth; and (4) diseases, 
which exert cont rol not only over wild populations but also over domestic ones. For 
instance, on Cyprus l sland the combined number of sheep and goats reaches approximately 
500,000; and although there have been variations in the ratios per species, every t ime 

these populations go above this figure, an epidemic occurs, reducing the population to 
the natural ceiling level (Schwabe, 1969) . 

The majority of wild populations exert control over their own populations for 
ecological reasons and for self·preservation . F ish bowl trials show this kind o f control. 
lf the adult fish population is f requently reduced, young fish are allowed to grow; but 

if adults are not taken out , young fish are exterminated by cannibalism, thus maintaining 

a constant population in the f ish bowl. 

Under natural conditions, the t erritorial and hierarchical systems maintain const ant 
populations by limiting the number of animals reproduced . Occasionally, weak adults 
must migrate. Population is l imited either by controlling the number of adults reproduced 

123 



or by limiting the number of brrths per cou ple (Wynne-Edwards, 1965). In insects, this 

control is exer ted occasronally by genetic mutat ions in the populat ion. An example is the 

case of the locust m igration i n A fr ica, w hich occurs w hen t he sedentary locust population 

undergoes a genet ic mutat ion . The new nomadic locust (migratory phase) is much more 

active. 

Thus, we can see that all wild populatrons maintam a certain number within the 

lrmrtatrons of their habitat . In other words, they establish a cei l ing population; that is. 

the number of anim als that can survive m a given environment. 

We believe tha t i f we allow a given bovine po pulat ion to establish its own cei l ing 

populatron density wrthm a given area, the number would be inferior to what is consrdered 

commercially vrable for an extensive operatron, not to say for an intensive one. 

Man has already been able to deal wrth sorne of the aforementioned factors limitmg 

populatron growth better than others. Endogenous factors are generally controlled by 

not allowmg the free maung of animals or the ntual frghts between males; however. this 

control rs not always exerted. Such was the case of "peligüey" lambs, a species wi t h llttle 

wool, well adapted to the troprcs. When these animals were raised on fam ily farms. severa! 

males stayed with the females. Thís srtuatron has changed now that these anrmals are 

under mtensive operatronal systems on our rnstrtute's experimental farm. 

In regard to exogenous factors, clímate rs lrmrtmg. For mstance, when European mdk 

producrng bovíne breeds are mtroduced to the troprcs, they are affected by temperature 

and humrdíty . Predators do not usually constltute a problem. nevertheless. only one 

example will suffice to demonstrate the care that must be taken not to produce an 

ecologrcal imbalance . In northern Mexico, coyotes caused great losses in the calf herds 

so rt was decíded to ellmrnate a great number of these predators. Thrs, 111 turn. brought 

about a populatíon explosion of hares and other wrld rodents that competed with the 
cattle for forage. 

As regards the establlshed constrarnts of nutntronal reqUirements, we shall mention 

here only a few examplcs related to overgra11119. Overgrazing favors not only the 

predomínance of annual grasses in the pastUI e lands, but i t can al so produce genetic 

mutatrons in the improved pastures submrtted to great ecological stress (Prmentel, 1968). 
Another problem is that the majority of drsease5 rncrease when ammals graze on protem 

defrcrent pastures (Schwabe, 1969). For these reasons, rt rs rmportant that only optrmal 

stockmg densities be kept rn each area. 

Next. we have health problems. lt rs QUite obvrous that placrng greater stockmg rates 

wrthrn smaller areas wlll increase the incrdence of many drseases because there is greater 
possrhllrty of contact among the populatron. thereby facrlr tatrng transmr~sron of 

drseases. 
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Many factors, not all of which are well understood, regulate the epidem ic spread of a 

disease. One of the most important is that of social distance (Schwabe, 1969), the term 

used to descr ibe the frequency of contact between animals - especial ly among those of 

different ages-since this is when the transmission of diseases increases. 

However, not every disease is intensified in the same way . Sporad1c d1seases that 

present signs of being of exogenous origin will intensify or not , according to the 

transmission pattern w ithin the herd . Endem ic diseases will probably m a1ntam a constan! 

level unless new anim als are introduced into the herd smce the population 1s under a 

state of immunity to those d1seases. On the other hand, in the case o f ep1demic diseases, 

when the number of affected animals is above that ex pected, the diseases will probably 

intensify upon increasing the possibilit ies of t ransmiss10n . Vertical disease transmission 

(mother to son) will not be intensified, but horizontal transmission (between members 

of a population) will intensify or not , according to the transmiss10n mechan1sm. 

When the disease is transm itted by direct contact among the members of the populat10n 

(e.g., dermatomycosis), 1t is almost certain that there will be a considerable 1ncrease in the 

incidence of the same. Disease transmission vía the respiratory tract wil l probably increase 

when the members of a population f ind themselves 1n closer contact. Nevertheless, the 

degree of intensificat ion o f these diseases will vary from region to region accordmg to the 

degree of humidity since 1n th is case transmiSSIOn 1s dependen! upon aerosol em1ssion or 

d1scharge and the characteristics of the latter have cons1derable variat10ns caused by 
extrinsic factors such as the relative environmental humidity. 

In vector ·transmitted diseascs, the possibilities for intensification are less predictable 

since there are two main variables involved: One is the dynamics of the ammal population 

available to the vector; the other is the dynam 1cs of the vector populat10ns. Th is process 

was clear ly observed in Mex ico during the recent outbreak of Venezuelan equme 

encephalomyelitis (VEE). There was a greater degree of mtensity in those places where 

there was a large, susceptible horse population and where at the same t1me the climat1c 

cond1tions lavo red large populations of the vector mosqui toes . The disease was not 

present 1n the regions of Yucatán and Oumtana Roo desplte the ex1stence of adequate 

ecological and population conditions, perhaps because the horses had already been 

exposed to the d isease so there was a considerably h1gh immunity m the population. 

On the other hand, 1n regions such as San LUis Potosi and northern Tamaulipas, wh1ch 
have a dryer climate, considerable damage was caused by the d1sease because of the fact 

that ramfall was heavier than normal that year and also because of the greater susceptibil· 
ity of the horse populat ion. In geographic areas at altitudes over 2,000 meters above sea 

level, no outbreaks of the d1seasc were expected since the trad1t1onal vectors are not 

found there . However, mosqUitoes that were not believed to be vectors did transm1t the 

d1sease, producing a few outbreaks. Therefo1e, we can s11e that the mtensity of the 

d1sease depends not only on the host populalion but al so on that of thc vector. 
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Consideration should also be given to the fact that in situations where there are no 
vectors, sorne of these diseases are kept in animal reservoirs. Such seems to be the case 
with rodents and birds in connection wi th equine encephalomyelitis (Downs et al., 
1962). This is also the case of vampire bats in relation to rabies in bovines. However, 
under conditions in which the vector population is constant or has a periodic 

fluctuation every year, it is possible that an increase in number of animals per hectare 
will facilitate disease transmission. 

Another interesting example of the interaction of the host population and its vectors 
is found in the case of myxomatosis of rabbits, introduced in Australia and New Zealand. 
In Australia, it caused 98 per cent mortality during the first year, but mortality decreased 
yearly until the sixth year when it reached a level of 25 per cent (Pimentel, 1968) . This 
decrease was probably caused by two factors: On the one hand, less resistant strains of 
the virus were selected because the mosquito vectors only feed on live animals and so the 
strains that took a longer time in kill ing the animal hada better chance of transmitting 
themselves. On the other hand, rabbits developed greater resistance to the agent. Thus, we 
can see that within a stable population of hosts and vectors, an epidemic disease rapidly 
becomes endemic and establishes a clímax within that ecosystem. There was less mortality 
in New Zealand because of the lack of vectors (Schwabe, 1969) . 

lt could be argued that eliminating the vector in these cases is enough to eliminate the 
disease, independent of the animal concentration. Th is has been achieved when there is 
only one vector and when the cycle of the vector in the animal is long. Such is the case of 
the ticks B. annulatus or B. microplus in regard to piroplasmosis. Yet many of these 
diseases have different vectors including mosquitoes, and control is virtually impossible, 
which is the case of anaplasmosis. 

Another serious problem to be faced when moving into intensiva production systems 
is the outbreak of new diseases . Two cases will i llustrate this. In Mongolia , where there is 
a low animal population per hectare and where nomadic herd systems prevail, tubt!rculosis 
is rarely found. However, during recent years, tuberculosis has increased simultaneously 
with the introduction of the system of confining herds. Without a doubt tuberculosis is 
more common all over the world in cattle under confinement than under extensiva 
operations. The increase in concentration of bovine populations in order to intensify 
productivity per hectare will most probably be accompanied with increases in the incideno 
of this disease unless specific measures are taken to prevent it. 

The second case is found in the United States, where the practice of concentrating 
animals in small lots has brought about respiratory problems caused by three viruses: 
infectious bovine rhinotracheitis (IBA). bovine viral diarrhea (BVD) or mucosal disease, 
and parainfluenza 3 (PI -3) (Baker, personal communication) . These viruses are 
practically unknown in tropical America, but it is probable that they exist at low levels 
in the populations. This is the case in Mexico, where the IBA virus has been detected in 
cattle under extensiva systems and to a greater extent in those under confinement (Martell , 
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personal communication). The level of this disease could increase considerably upon 
concentrating population densities, thereby facilitating transmission. 

Certain diseases are dosel y related to others. Such is the case of fascioliasis and liver 
necrosis in lambs and verminous pneumonia, influenza and cholera in sw ine. Expected 
increases in a disease because of population density may result in unexpected increase 
in another. 

The possibility of finding new diseases as a result of a change in the environment 
should also be considered. These new diseases, whose presence was not caused by a 
population increase, will find greater transmission facilities. 

The reduction of social distance, in addition to increased contact among animals, 
produces an increase in the "stress" of the herd which , as is well known, weakens the 
animal, thus allowing agents that are usually commensal to become pathogenic (e.g., 
Pasteurella, Bordetella) . This is dueto the interaction between the host and the 
environment and the interaction between the ageot and the host. These diseases are not 
new, but they can produce serious losses unless control is exerted. 

In tropical climates the serious problem of wild reservoirs of diseases should be taken 
into consideration because this makes disease control tremendously difficult. 1 have 
already mentioned that equine encephalomyelitis seems to have reservoirs in birds and 
rodents (Hammond, 1942*; Batalla, personal communication) . Another example is 
malignant catarrhal fever in cattle, which is asymptomatically carried by wildebeest and 
lambs (de Kock and Neitz, 1950). 

Many diseases affecting cattle in the tropics are found in a state of ecological balance 
in the wild fauna; this is what Soviet authors call a state of nidus. In addition to thosc 
mentioned previously, disease transmission from the wild fauna to the domesticated 
population depends on the wild population, on the vector population (insects, birds, 
rodents, etc.), and logically, on the dornestic animal population . Transmission of diseases 
increases when any one of the previously mentioned populations increases, provided that 
the other two remain stable. 

lncrease of diseases under intensive management systems has already been observed. In 
England, this has been the reason for the higher incidence of foot rot, Johne's disease, 

mycotic abortions, infertility, photosensitivity, mineral deficiencies and parasitosis (Gould, 
1966). Other authors have found that in animals under strict confinement, an increase 
occurs in traumatic reticulitis, parasitosis and plant poisoning (Ekesbo, 1966). In Mexico, 
the change from extensive to intensive systems in poultry brought about increases of 
diseases, mainly respiratory, and al so led to the outbreak of diseases that had not been 
previously detected, such as Gumboro disease. Likewise, a considerable increase in swine 

diseases, such as cholera and contagious gastroenteritis, has been observed upon changing 
from an extensive family operation toan industrial intensive system. 1 t has been our 

• The complete reference was not supplied b y the a u tho r (Editor's n ote) . 
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experience that an increase in the number of animals per unit of land brings about a 

considerable increase in diseases. These diseases have become so epidemic that their 

solution has been based upon protection of the whole population rather than individual 
treatment of the sick animals. 

An increase in bovine population per un it of land is usually caused by the introduction 

of new animals into the herd. Problems arise because animals of one region are immune to 

many of the diseases prevailing in that area. E ven without artificial immunity, a herd 

establishes a cyclic resistance at the population level. Upon introduction, new animals 
become infected with local diseases, frequently to a greater degree than local animals. 
These new animals might become infected by agents that have not been previously 

detected since because of infections in utero or injections applied to young animals, they 
become established in the original herd as tolerated (immune tolerance) or subclinic 
infections. A good example of this is the original research on piroplasmosis carried out 
by Salmon. • He observed that those animals that lived in affected areas rarely had the 
disease; and if they did , it was of a chronic nature. On the other hand, where there were 

no vectors during the winter, animals living at the geographic boundaries ot the disease 

had serious cyclic outbreaks of the disease every spring. 

Another unavoidable problem accompanying population increase is the contact among 

different age groups of animals. This is a source of many serious infections in young 

animals (e.g., poultry mycoplasmosis) and streptococci in young school children. Th is 
problem arose in intensive poultry farming in Mexico, and solutions were not reached 
until different age groups were segregated in different tarms and an "all in -all out" 

technique was used. This consisted in having all animals taken out after each fatten ing 

or egg-laying cycle ended; then the place was disinfected and the new cycle introduced. 

We have briefly sketched the muhiple problems related to population increases, we 

shall now mention sorne solutions. In general terms, two solutions have been proposed to 

keep an animal population free of disease. The first is to produce specific pathogen free 

(SPF) animals. This has given good results in the poultry industry in the United States 

and in the swi ne industry in England . The second solution is to produce populations 

immune to the diseases prevailing in the region . 

1 t is our opinion that the second solution is more feasible for producing good results in 
tropical environments. In the first place, the cost of producing and maintaining SPF 
animals is very high, mainly because of the installations needed. SPF animals require 
confinement in installations with the least possible externa! contact, for bovines in tropical 

dimates, this is nearly impossible. lt is also necessary to have skilled personnel who 

understand the need of desinfecting boots, overalls, etc. The other problem would be the 
wild reservoirs that are beyond control ; these conditions would produce a totally 

vulnerable SPF population, which would be suicida!. 

• The complete reference was not supplied by the author (Edltor's note). 
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lt is more logical and easier to establish herd immunity. In wild populations, herd 
immunity is, in many cases, brought about by the constant presence of an infection 

affecting younger animals which are usual! y much more resistan t to diseases. 1 n these 

populations, herd immunity depends on many factors, such as degree of concentration, 
population migration and contact with outside animals. The greater the contact between 

immune and vulnerable animals, the greater herd immunity will be. 

This rule is also applicable to domestic populations. Here herd immunity is achieved 

through regular vaccination for al l diseases prevailing in the region . trying to vaccinate 
animals atan early age (around three to tour months) . Animals must be separated 

according to age, in homogenous groups, in which an adequate immunization level has 
been achieved. Anthelmintic treatments and periodic antitick baths or spraying are 

useful in shortening the cycles of many diseases because of the reduction of the vector 

populations. 

We will finish by stressing the concept that in extensive cattle operations, we must not 

be concerned so much with the medica! treatment of individual animals but must strive 

toward total herd immunity since only an adequate level of immunity will allow us to 

move from extensive to intensive cattle operations under tropical conditions. 
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INTENSIVE CATTLE FEEDING UNDER GRAZING SYSTEMS 

Gustavo Cubillos, K arel Vohnout and Carlos Jiménez 

The problem of the availability of high-quality protein has been aggravated by the 
constantly growing ~opulation of the world. One solution líes in the increased production 
of beef. Because of the abundance of adequate resources for cattle raising, the tropics 
have a great potential for reaching this goal. 

The fattening of cattle for meat production is the final stage in a complex process 
involving various biological, as well as socioeconomic factors, which should be studied in 
order to obtain integrated production systems that can be adapted to the different 
conditions found in the tropics. An animal production system must consider the various 
aspects affecting it, including the animal s physiological response to its environment. In 
addition to feeding, this environment includes genetic potential , health and general 
management factors. 

Beef production is only one means of utilizing resources that man cannot consume 
directly. This is nota simple process since, in addition to the factors already mentioned, 
the animals come from various sources and have belonged to different owners prior to 
the final fattening stage. 

In order to contribute to the formulation of forage feeding systems and to determine 
the potential of these systems for tropical conditions, research work relevant to the 
fattening stage will be discussed. 

GRASS AS A COMPONENT OF T HE SYSTEM 

Grass is the most abundant and the least expensive source of cattle feed. However, 
there are several factors af fecting its production and quality, which we will discuss 
briefly. 
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The tropical zones of America are quite variable ecologically. Rainfall distribution 
determines grass growth toa great extent, thus affecting the yielding potential of a zone. 
Figures 1 and 2 present the variations in the grass growth rate in the hum id and dry 
tropics. Figures vary according to the region and the species but generally follow the 

tendency described. 

In a production system based on pastures, the seasonality of grass production will 
cause variations in the quantity and quality of cattle feed. Even in regions where there is 
abundant rainfall, grass growth is seasonally reduced, thus atfecting the availability of 
feed . These variations can reduce growth rates to 20 to 30 per cent of the maximum 
yields. 

The growth rate of grass is nota synonym for feed availability since this also depends 
on the grazing pressure exerted on the pasture. For this reason, especially in those areas 
with a well-defined dry season, grass availability during the critica! season f ixes the yield 
that can be obtained per unit area. As production is intensified, it is necessary to utilize 
the resources available to the an imal more efficiently and to search for alternative sources 
of feed for periods of low grass production . At the same time, forage utilization should be 
improved during the ra iny season. 

Some alternat ive solutions would be 

1. The utilization of low or more humid areas for grass production during the dry 
season and the etficient use of the forage produced 

2. The irrigation of part of the pastures during the dry season (not always feasible or 

economical) 

3. The conservation of surplus forage produced at the beginning of the rainy season 
(involves improvement in pasture management during the rainy season in order to 
increase the availability of forage for conservation) 

4. The production of standing hay . a practice also known as deferred grazing 

5. The production of supplementary crops to be used as feed during the dry season 

6. The feeding of concentrates or supplementary feeds based on locally available 

products or by·products 

Any of the aforementioned solutions may be a total or partial approach , depending 
upon the region and the economics of production; they should always be considered in 
terms of the efficiency of the utilization of available resources. 
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There are severa! factors in grazing that affect animal production . lt has been said that 

grass availability varies during the year and that the number of animals found on one 

farm is relativel y constant. Therefore, it is important to know to what extent forage 

availability affects the production of the individual animal . Figure 3 shows the results 

obtained in tropical and temperate zones in relation to stocking rate and cattle weight 

gains (Aipizar and Vohnout, 1963; Cubillos and Mott, 1968). 

Pastures in temperate zones produce more weight gains in animals at similar stocking 

rates; production is also greater at higher stocking rates. This indicates better-quality 

pastures in these zones. Figure 4 shows the per hectare yie lds obtained with the same 

pastures. In accordance with the work presented by Mott (1960) , maximum production 

per unit area was obtained at levels where individual production decreased. This is an 

important aspect in regard to the efficiency of a cattle operation since maximum 

biological production does not always lead to maximum economic production (Bryant 

et al., 1965). This has been confirmed for tropical conditions in recent work conducted 

in the humid tropics of Costa Rica (Ettinger, 1972; Jiménez , 1974; Vohnout, 1973). 

The aforementioned figures show that under grazing conditions, the maximum 

individual production in the tropics would be approximately 0.70 kilograms per animal 

per day. Data from temperate zones (Bryant et al., 1965; Cubillos and Mott, 1969; Hull 

et al. , 1965) show similar increases for relatively long grazing periods. In contrast, increases 

of 1 kilogram per day, obtained with Holstein steers on pastures of rye grass (Lo/ium 

perenne L.) and red clover (Trifolium pratense L.). show that the maximum gains are high 

and similar to those obtained in confinement (lsidor, 1973). 

This shows that under adequate management conditions, pastures can constitute the 

total diet for cattle. However, because of uncontrollable factors, the quality of the forage 

is variable, which means that the nutritive value of the grass varíes, as does the level of 

productivity. 

Protein content can be a majar limiting factor because of its direct effect on the animal 
and its indirect effect through the microbial activity of the rumen (Hungate, 1966). For 

this reason , n itrogen fertilization of pastures befare the onset of the dry season increases 

both pasture protein content and daily weight gains of steers on guinea grass (Panicum 
maximum) (Mott et al. , 1969) . However, as a result of the animal's compensatory growth, 
this advantage disappears during the next rainy season . Consequently , this alternative 

should be considered only when animals are to be sent to t he market at the end of the 

dry season. 

Fundamentally, nitrogen fertilization during the rainy season means an increase in the 

amount of available forage . This should be associated with an increase in stocking rate 

and in the efficiency ot pasture utilization. Nevertheless, fertilization with nitrogen at the 
beginning of the rainy season may increase the rate of forage growth more, making the 

pasture management problem more difficult. Furthermore, forage quality during the dry 
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season may substantially decrease in species commonly used in the tropics, such as 
Hyparrhenia rufa (Biue and Tergas, 1969; Vohnout, 1973). 

FEEDING SUPP L EMENTARY TO GRAZING 

The seasonality of grass production has led to a search for alternative feed sources for 

the dry season. The tropics have a series of resources that can be used for cattle. Among 
them are molasses, sugar cane bagasse and leaves, reject bananas, cacao hulls, coffee pulp, 

etc. Table 1 shows the amounts of molasses and sugar cane bagasse that could be used for 
cattle today. These are not permanent resources since their market prices can rise and they 
will no longer be available for cattle feeding . Since the maximum utilization of available 

resources is sought, results obtained with feeding supplementary to gra1ing are presented. 
Bananas have been u sed as an example, but this appl ication m ay be similar to other 

products or by-products. 

Experience with supplementation under grazing conditions at Turrialba (Jiménez, 

1974; Rulz, 1973; Vohnout, 1973) shows several important factors, such as the 

relationship between stocking rate and the effect of supplementing with reject bananas 
(Fig. 5) . With a low stocking rate and no supplementation, the maximum daily weight 
gain of heifers on guinea grass was 0 .7 16 kilograms. At these stocking rates , the effect of 

supplementation was nil; but as grazing pressure increased, forage availability per animal 
decreased, resulting in lower weight gains. Under these conditions, supplcmentation with 

bananas increased animal weight gains. Thus, an increase in stocking rate from 250 to 
500 kilograms of liveweight per hectare may result in slight variations in the daily 

Table 1. Approximate annual production of molasses and sugar cane bagasse in some 
Latin American countries ( 1969- 1970) . * 

Millions of tons 

Country Molasses Bagasse 

Argentina 0.43 2 67 

Brazil 3 .01 18.81 

Cuba 2.56 16.00 

Colombia 0.62 3.90 

Costa Rica 0.08 o 50 

Ecuador 0.36 2.25 

Mexico 1.20 7.50 

Peru 0 .32 2 .00 

Oominican Republic 0.32 2 .0 1 

Based on sugar cane production data publishcd IJY FAO. Production Yearbook , 1970 
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increase; but as the stocking rate increases, the effect of supplementation is stronger. At 
rates of 1,500 kilograms, supplementation with 1 O kilograms of bananas produces weight 
gains that are practically double those obtained without supplementation . 

An "additive" effect takes place; that is, the energy or prote in of the supplement is 
added to that of the grass. This effect ís greater when grazing pressure is high because 
forage availability per animal decreases substantially at these levels. Figure 6 shows the 
additive effect of supplementation with bananas in heifers on guinea grass at different 
stocking rates. At low stocking rates, the weight gain was low; however, as the rate 
increased, the gain produced by supplementation wi th bananas was greater. 

Figure 7 shows the eftect ot substitution on weight gain in supplementation with 
bananas; that is, the replacement of forage with bananas. As the stocking rate decreases
that is, when the grazing pressure decreases-the substitutive effect inc reases. As grazing 
pressure increases, the possibi lity of replacing forage with bananas decreases, thereby 
lessening the substitutive effect. 

Figure 8 shows the effect of banana consumption on the weight gain of heifers at 
different stocking rates. At low grazing pressures, an imal performance is not affected by 
the level of banana consumption . As a result of the substitutive effect, the weight gain 
per animal is simi lar at any level of banana intake. However, when grazing pressure 
increases, animal response increases in relation to the greater intake. This impl ies that 
the contribution ot grass to the animal' S maintenance is less and less. Maximum 
consumption of supplements under grazing is lower than under confinement, where 
consumption of bananas on a d ry basis has reached up to 5 per cent of the liveweight 
(lsidor, 1973) . Simi lar results have been obtained with molasses, where animals confined 
for short periods increased their consumption of molasses, as compared with those 
receiving supplementation while grazing (Vohnout e t al., 1973a and b) . 

As production is intensified, o utput per unit area should be assessed (Hutton, 1970). 
This is the reflection of individual animal response and the number of an imals per unit 
area (Mott, 1960) . Figure 9 shows how stock ing rate and supplementation with bananas 
affect beef production on guinea grass. As the stocking rate increases, so does production 
per hectare, up to a maxi mum of approximately 1,000 kilograms of liveweight per 
hectare. Then this gradually decreases up to a stocking rate of 2,500 kilograms of 
liveweight per hectare, where production is ni l. However, the effect of supplementation 
is a very impo rtant aspect. Figure 9 also shows that production curves have a less
pronounced decline with higher banana intake. Fo r example, at limited levels of banana 
consumption (2.5 kg/day/animal). production per hectare increases from 2.0 to 2 .2 
kg/ha/day; and maximum in creases are obtained at stock ing rates of 1,300 kilograms of 
liveweight per hectare. Similarly. the curves are al te red by the increase in banana intake, 
which results in greater production per unit area. 

This means that when sufficient grass is available, stocking rates should be increased if 
supplementation levels are raised; that is, if productivity per hectare is to be increased . 
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When a constant stocking rate is maintained and bananas are supplied, the substitutive 
effects of bananas-as opposed to grass-consumption are increased, which means a loss of 
the least expensive resource, forage. 

In the formulation of feeding systems, this relationship becomes important if grass 
production is seasonal since it is possible to increase supplementation as forage 
availabillity decreases and still maintain high production per unit area. 

THE FUTURE OF INTENSIVE SYSTEMS 

In the future, intensive feeding systems should be based upon the use of resources such 
as grass or agro-industrial by-products, as available. Cattle wi ll continue to be the means 
that transforms them into high -quality protein. 

Results obtained in the humid tropics show that it is possible to increase yield per unit 
area, supplementing pasture with local waste products or with other products not used 
effectively. Research must continue to develop feeding systems based upon the use of 
available products as alternatives to correct forage shortages during the critica! periods. In 
any case, the utilization of forage resources should be the basic element in the increase of 
yield per unit area. 

Deferred grazing during critica! periods seems to be inefficient if Hyparrhen ia rufa is 
used because of the rapid decrease in its protein content, as shown by work done in the 
monsoon area of Costa Rica (Biue, 1969; Tergas et al., 1971). In view of the large areas 
covered with this grass, protein supplementation of animals during this period should be 
considered. For these areas, it is necessary to study the use of better quality species that 
will retain their nutritive value during the dry season. Forage conservation under pastoral 
systems is unlikely at present because of the expenses involved and the losses entailed. 
Hutchinson's work (1971) shows that in production systems for grazing animals, it is 
important to consider the efficiency of the utilization of energy provided by the 
consumption of either fresh or conserved forage. 

One important aspect that is sometimes overlooked is the physiological capacity of the 
animal to utilize its own reserves. Under tropical conditions, the possibilities should be 
studied of submitting animals to nutritional stress during a period of their 1 ives so that 
there will be compensatory growth later. However, in order for this compensation to occur 
it is necessary to have high-qual ity grasses or adequate supplements. 

lt is nota simple matter to determine which is the most adequate production system. 
The fattening phase is just one stage within a system, and it is not always easy to define 
clearly which animal is the beet producer. There are instances when the animal is the 
by-productor co-product of mil k production . Al so, sin ce animals to be fattened have been 
submitted to different treatments, their potential for producing an adequatE carcass may 
be affected by nutrition, as well as by other factors (Baker, 1966) . In any case, forage 
must constitute the basic feed, and the most adequate fattening system would be the 
result of the efficient utilization of resources th roughout the year. 
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li\ITENSIVE BEEF FATTENING SYSTEMS FOR THE TROPICS 

T. R. Prestan 

Not so long ago, it was accepted that there was no place in the humid tropics for 

intensive cattle fattening systems. The argument was that such procedures were extremely 

costly in terms of feed requirements and fixed overheads and could not compete with 

simple feeding on pasture, which is still considered to be the cheapest feed resource in the 

humid tropics. 

However, in the last two years this situation has changed. Not only is there increasing 
interest in the possibillty of intensive fattening in tropical countries, but it has been 

demonstrated tha t there are intensive teeding systems w hich are economically feasib le. 
An even more important consideration is t hat in the 1 ight of recent developments the 

potential for intensive fattening in the tropics promises to be greater than anywhere else 
in the world. One can even predict a situation when the major beef producers in the world 

of tomorrow will be found in the humid tropics. 

To some extent, the place of in tensive feeding in the tropics can be better understood 
by considering some of the constraints to beef production in these regions. One of the 

most important factors is the seasonality of rainfall, which results in a marked disparity 
in natural pasture production between the rainy season and the dry season. The exact 

relationship of these two per iods differs slightly accord ing to region, but in general the 

situation is somewhat similar to that presented in Figure 1. In certain regions, temperatures 
in the dry, w inter season may fall to the point of l imiting plant growth to some extent, but 

in general, the major constraint is water. lf an imal production systems are based on the 

natural availability of pasture growth , the stocking ra tes must be adjusted to the levels of 

herbage production in the dry season . This, in fact, is the traditional method in much of 

tropical America, usually resulting in stocking rates expressed in terms of hectares per 

animal rather than animals per hectare. 
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Figure 1. The availability of pasture in the tropics according to season. 
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One approach to intensification is to adjust the stocking rate according to the rainy 

season, so asto utilize the available pasture to the maximum, and then to provide 

supplementary feeding in the dry season so that the same stocking rate can be maintained 
throughout the year. This kind of. feeding system will be discussed later. 

Another important consideration is to examine the econom ics of cattle fattening in 

relation to present financia! constraint s, principally the high cost of feed ingredients and 
the high interest rates on money invested in livestock . Taking Mexico asan example, the 

present interest rate on bank loans for l ivestock is 12 per cent yearly. lf the animal 
purchased for fattening costs US$ 0.80/kg liveweight and weighs 300 kilograms, then the 
interest rate per month is US$ 2.40. lf the rate of gain is 1 kg/ day, this is equivalent to 

a cost of US$ 0.08/kg of gain. lf, however, the rate of gain is only 0 .5 kiiogram daily, 
then the interest cost per unit gain is US$ 0.16 . 1 n Mexico, the sale value of 1 iveweight is 

US$ 0.80/kg; thus the interest cost between 0.5 and 1 ki logram daily liveweight gain is 
equivalent to 20 and 10 per cent, respectively, of the final sale value of the liveweight 

produced. 

The other important factor in relation to the use of supplementary feed for fattening 

is the relationslhip between feed conversion rate and profitability. From 50 t o 70 per 
cent of the total cost of fattening is accounted for by the cost of the feed . lt is therefore 

imperative that the feed conversion rate be kept as low as possible in order to minimize 
the feed cost of liveweight gain . Since there is a close relationship between the rate of 

liveweight gain and the feed conversion rate, this is yet another argument in 9..1pport of 

maximizing the rate of liveweight gain per animal. As will be shown later, this is most 

easily achieved under conditions of confinement feeding. 

The final consideration to justify increasing intensification in cattle fattening is carcass 
quality. When systems of fattening are extensive and the product is mainly for local 

markets, carcass quality is of little importance. At the present time, however, beef is an 
important basic commodity on world markets and is in ever-increasing demand; therefore, 

prices are constantly rising. There are many advantages that accrue from applying the 

concept of exporting high-quality cut s at relatively high prices and consuming the second

quality cuts locally at reduced prices made possible by the exportation of the best cuts. lf 
we accept the fact that there is an enormous potential for beef production in tropical 

America, it is equally obvious that a considerable part of such production should logically 
be directed at the export market as a means of earning foreign exchange. 

Under these circumstances, carcass quality becomes important. Since sale and transport 

costs are based on weight, obviously the higher the unit value of the weight that is sold, 
the lower (proportionately) the overhead costs of the selling operation are_ In this context, 
quality is an important constraint for any livestock fattening operation that intends to 
export; and the only way to control quality efficiently is by confinement feeding. 

On the one hand, the greater control which is possible in the feedlot allows better selec
tion at time of slaughter. On the other hand, conditions of intensive feeding with h igh 
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rates of liveweight gaín are conducive to improved carcass quality in terms of reducing the 

age at slaughter and decreasing the relative proportion of bone and inedible components 

in the carcass. There is also the argument that beef from intensively fattened cattle have a 

greater proportion of intramuscular fat and is thus of better eating quality. However, this 

trait is considered to be less important than youth and percentage of lean meat, which are 

the main prerequisi tes for most importing markets- at least tor those in Europe. 

PASTURE 

The problem of the seasonality of pasture production has been mentioned in the 

introduction . lt is also re levant to consider other constraints to fattening on pasture so 

that the advantages of confinement feeding can be better appreciated. The main 

problem is the interaction which occurs between productivity per animal and pasture 

util ization. The data presented in Figures 2 and 3 describe this interaction, which is 
basical ly the incompatibility between productivity per unit area and productivity per 

animal. 

1 n pasture uti l ization, investment and operational costs are expressed per unit area, 

whereas the costs of cattle fattening are a function of the individual animal. As stocking 

rate increases, productivity per hectare increases; and as a result , so does return on 

costs invested in the pasture. However, at the same time there is a decrease in productivity 
per animal and therefore in the retu rn on the investment in the animal itself. 

The physical condition of the animal at the start of fattening on pasture is another 

important factor since rate of liveweight gain on pasture is negatively related to the 
initial condition as a result of the effects of compensatory growth. 1 n other words, with 

grazing systems it is impossible to have maximum productivity per animal and at the 

same time maxi mum productivity per unit area. This does not mean that there is no 

place for fattening on pasture, but simply that this interaction is an important constraint 

on this syst em and one which does not apply under conditions of confinement feeding, 

where f eed is transported to the animals. 

CEREAL GRA INS 

The principal feed used in intensive fattening of cattle in North America and Europe is 

cereal grain. Many of the intensive feedlots set up in the last decade in Central and South 
America have al so u sed the same principie, but only rarely have they been profitable. 1 n 

fact , d isused feedlots in Mexico outnumber those sti ll operative, which is evidence of the 

economic weakness of th is particular system. One reason for the failure of this feeding 

method has been the combination of high prices for cereal grains, low beef prices on local 

markets, and genetic unsuitability of the cattle employed . lt has been well documented 

that Zebu-type cattle, which are predom inant in tropical America, are at least 20 per cent 

152 



... 
C11 w 

Subsequent to low energy 

8 .. 

e;, 
~ 300 

/o 
.. 

.S:: o 
~ Forage consumed Uveweight 

~ 
11 

o o 
o 
~ 
...J 200 

·" Carcass 
e ... 

<.:) (~X X 

100 

3 6 9 12 

Source: Hull et al. , 1965 

Subsequent to medium energy 

F orage consumed o 
----------0 

Liveweight 

o 

o~ 
o 

~ X-
Carcass 

- x 

3 6 9 12 

Animals/ha 

4 ,000 

3,000 

2,000 

1,000 

-i 
S 
!!!. 

~ 
<§ 
§ 
e: 
~ e: 
~ 
-;o 
"' S. 
o 
~ 

Figure 2. The effect of stocking rate on productivity per hectare in response to previous periods of low or medium energy intake . 
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inferior in feed conversion to the improved European breeds, wh ich are the basis of 

intensive fattening in North America and Europe. 

Besides these strictly economic considerations, there are other more pressing reasons 
why grains should not be used as a basis of intensive feeding systems in tropical America. 

One of these is the relationship between the expanding human population and available 

teed supplies and the important ro le that cereal grains play in human nutrition . In this 

respect, there is direct competition between man and cattle for the same food; and all 

the predictions indicate that thi s competition is l ikely to intensify, particularly within 

the developing countries. Still another factor is the high cost of cereal grains on world 

markets, which places an even greater premium on the efficiency of l ivew eight gain and 

feed conversion if profits are to be made with these raw materials. 

Finally, the most important reason of all is the relatively low productivity of cereal 

grains in the humid tropics as compared w ith other crops more adapted to these regions 

ecologicall y. The comparisons set out in Table 1 show that what might be considered 

as unconventional crops in terms of cattle feeding-namely, cassava and sugar cane-are 

much more productive in the tropics than cereal grains are. 

Part of these yield differences represents direct climatic effects . For example, it has 

been shown that sugar cane, as well as o ther tropical grasses, possesses a more efficient 

enzyme system for converting solar energy into carbohydrate than the typical 

temperature crops have (Hatch and Slack, 1966) . Another factor is the greater degree 

of technology requ ired to achieve high productiv ity with cereal grains and the fact 

that lack of this technology is a major constraint in the developing tropical countries. 

Taken in general, the above arguments are weighty enough to discount the use of 

cereal grains as the basis of cattle fatten ing in the tropics. At the most, their application 

must be confined t o supplementary usage only. 

FORAG E CROPS 

Maize and sorghum 

In tropical Africa it has been established that economically feasible feedlot systems can 

be based on ensi led maize forage, supplemented with molasses/urea, maize milling by

products and minimal amounts (less than 5 per cent) of pro te in supplement (Creek, 1972). 
The feeding prob lems with th is system are minimal and the pri ncipal constraints are of 

an agronomic nature, associated with crop estebl ishment and development. Conventional 

forage sorghum is another possibility although research in progress (Preston , unpublished 
data) indicates that the sweet (or sugar) sorghums offer much more potential. 
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Tab le 1. Yields of total digestible nutrients (TON) from carbohydrate crops in selected 
tropical countries. 

Maize Sorghum Cassava De rinded whole Final Dry 
grain grain tubers sugar cane molasses bagasse 

TON hon/ha) (ton/ha) 

Peru 1.28 1.36 2.07 21 .8 3 62 12.80 

Ethiopia o 88 o 56 21.6 3 .59 12 70 

Uganda 0.88 0 .88 0.66 13.8 2.29 8. 13 

Taiwan 1.82 1.26 2.88 11 .0 1.83 6 48 

Ecuador 040 10.4 1.73 6 13 

Jamaica 0.96 0.40 10 .4 1 73 6 13 

~~1exico 0.96 2.00 9.4 1.56 5 54 

Indo a 0.80 0 .40 2.35 7.2 1.20 4. 1 

Kenya 3.44 0.64 1.17 7.0 1 16 4.12 

Source : FAO, 1969 and Pogden, 1972 

Sugar cane 

Man agement prob lem s involved in.growing both maize and sorghum increase in severity 

as rainf all increases (e. g., in excess o f 2,000 mm/ year). a constrain t appl icable to almost 

all annual crops in the humid tropics. In these situations, perennial crops such as sugar 

cane have considerable advant ages. A nother impor tant factor is t hat harvest time, a 

crit ica! constraint for mai ze and sorghum, is extreme ly fl exible for sugar cane since its 

nutritive va lue var íes little between 6 and 24 m onths of growth. The sucrose content 
changes, but th is is compensated fo r by an inverse relationship in concentration of its 

const i tuent monosaccharides, bot h of which are equally available to the animal. 

Agro-industrial by-products 

Often overlooked sources o f feed f or intensive fattening are the by-products from crops 

which are processed to supply ed ible foods and/ o r indust rial raw m ater ials. Sorne o f the 

prod uct s wh1ch have potenti al i n this respect are set out in Table 2, together wi th the 

forage crops w hich offer the most poten tia l as a basis fo r intensive finishing programs. 
Almost all of these are extrcmely low in prot ein; and as a resu lt , there is a greater 

req ui rement for protein in order to make balanced rations f rom such ingredients. 
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Table 2 . Feeds which can be used as the basis* for confinement finishing in tropical 
Ame rica. 

Feed resource 

Forages 

Maize 

Sweet sorghum 

Whole sugar cane 

Whole sugar cane 

By -producrs 

Final molasses 
• 

Cirrus and pineapple pu lp 

Brewers' grains 

• OefmPd as beong able to supply more than 50 per cent of the ratoon drv matter 

Processing 

Silage 

Silage 

Oerinding 

Grinding 

Non e 

Silage 

Silage 

Unfortunately, the availability of protein supplements is even more limited than cereal 

grains, and protein is more important than energy in terms of competition between 

animal and man. Thus, the only feasible procedure is to balance such feeds with simple 

nitrogen compounds (NPN) which, al though suitable for rumen microbial growth, have no 
value in the human diet . 1 n most cases the deficiency is such that the required rate of 

addition is from 50 t o 70 per cent o f the total diet nitrogen . Such high levels of NPN 

supplementation are never needed for commercial fattening systems in the temperate 

countries. 

Final molasses, the principal by-product from sugar cane, is also different in composition 

from conventional feeds given to ruminants because of its high soluble sugar content. This 

provides yet a further constraint on the efficient use of this teed in animal production 

systems. 

FEEDING SYSTEMS 

Confinement o r sem iconfinement 

The decision asto which of these two approaches shou ld be adopted will depend upon 

the overall policy in a given situation. For example, if the aim is to establish a feeding 
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system to be applied only duri ng the dry season, d irect grazing being the favored procedu re 

during the rainy season, it would not be economical to construct a full confinement 

feedlot, as it would only be in use for six months of the year. In this situation, intensive 

feeding in semiconfinement, combined with periods of restricted grazing, is a more 
logical approach. 

The facilit ies required for th is kind of fattening are extremely simple. Since the system 

is used only in the dry season, there is no problern about disposal of manure or bui ld-up 

of mud caused by excessive rains; thus, a simple enclosure is all that is required . In this 

kind of plan the aim is to ha\ the animal harvest its own forage ; and by controlling the 

number of hours spent grazing, stocking rate can be maintained at the same level as 
during the rainy season, with f ull access to grazing. Restricted grazing for sorne three 

to five hours daily can be expected to supply 20 per cent of the total dry matter needs 

of the animal , the remainder being given in the form of a supplement according to the 

kind of raw mater ials that are available. 

Full confinement applies to these situations where the objective is not to take advantage 

of summer grazing, but rather to grow crops specifically for utilization under feedlot 

conditions. The design of this kind of confinement unit is critica!, as it is necessary for it 

to be workable during the period of heavy rai nfall in spring and summer. The typica l 

feedlot pattern based on North American experience is not appropriate under such 

conditions, and systems of housing making use of partially slatted floors, associated with 

removal of manure in liquid f orm, have been found to be much more appropriate. 

Fattening on final molasses 

The experimental work leading to the use of final molasses as the major energy source 

in an intensive fattening system was carried out in Cuba. The development of the system 

and the constraints associated with the use of this material have been reviewed in detail 

elsewhere (Prestan, 1972). Therefore, only the major factors associated with th is feeding 
system will be summarized here_ 

The successful use of fi nal molasses at high levels in cattle fattening requires an 

understanding of t he following factors: (a) molasses is a liquid and thus has no roughage 

characteristics in contrast to other carbohydrate feeds, such as cereal grai ns and forages; 
(b) it contains less than 1 per cent nitrogen , almost all of which m ust be considered as 

nonprotein nitrogen; (e) it is a good source of calcium and of trace elements but is h ighly 

deficient in phosphorus and sodi um; (d) the carbohydrate fraction is found ent irely in 
the form of highly soluble sugars, which give rise to quite different patterns of rumen 

ferment ation, as compared with either starch or the structural carbohydrates. To feed 
molasses to fattening cattle successfully, it is necessary t o understand the need for and 

the effect of specific supplements; namely , roughage, protein, minerals and nonsugar 

carbohydrates. 
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Roughage 

The role o f roughage in molasses feed ing is primarily to ensure ef fi cient func t ioning of 

the rumen. For example, if the rate of emptying the rumen is slowed down because of lack 

of rumen motility, there is a reduction in voluntary intake. A related. secondary ef fect is 

an atypical pattern of rumen fermentat ion, characterized by high levels of butyrate and 

low levels o f propionate. This, in turn, can give r ise to a metabolic disorder known as 

mol asses toxici ty, which in i t s f inal form causes cerebro -cortical necrosis. 

Desirable attributes ot a roughage to be used w ith liquid molasses are therefore (a) that 

it should have an adequate physical effect on the rumen wall and (b) that it should be 

sufficient ly palatable to be consumed in the minimum amounts needed to maintain 
normal rumen function . T his m inimum amount will depend upon the physical 

characterist ics of the roughage, thus both of these factors are in terrelated . Sorne effects 

caused by roughage are summarized in T ables 3 and 4 . 

Elimination o f roughage f rom the ration gave r ise to 100 per cent toxicity , whereas a 
forage t hat was adequate in the freshly chopped stat e became inadequate after dehydrat ion 

and grinding. In Table 4, the poorer results obtained with maize stover reflect , not so much 

its lack of roughage characteristics, but the fact that it was not ea ten in sufficient 

quantities. 

Experience indicates that the most suitable roughages for th is system are stolon iferous 

grasses, such as pan gola and African star grass, given either in the fresh state oras hay. 

Table 3. Effect of artificial roughage on voluntary intake o f molasses and total diet by 
young bulls (basal diet was ad libitum molasses, protein supplement and the 
respective f orage sources) . 

Perón and Preston ( 1971) 

Molasses (kg DM/day) 

Total die t DM (kg/dav l 

Losada and Preston ( 1972) 

Molasses (kg DM/day) 

Total diet DM (kg/day) 

No forage 

2 .3 2 

2 .68 

1.53 

1.8 1 
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Plast ic 
roughage 

3.17 

3 .53 

Fresh 
forage 

4 .92 

5 .64 

1.9 1 

2.38 

Dried, 
ground 
forage 

1.32 

2.04 



Table 4 . liveweight gain and incidence of molasses toxicity in cattle (Zebu and Criollo) 
given high levels of molasses/ urea and different sources of forage . 

No. of animals 

lnitial weight (kg) 

Days of feed • 

Daily gain (kg) 

Molasses toxicity (O/o) 

Deaths 

S1ck' • 

• Period of adaptat1on 
• • Recovered subsequently 

Maize 
stover 

200 

274 

29 

0.510 

2.0 

5.5 

Source: Losada and Pre,ton. 1974 (Unpubl ished data) 

Bar ley 
straw 

200 

284 

29 

0.710 

2.0 

0.5 

Maize 
silage 

2.000 

275 

29 

o 910 

2.0 

25 

Freshly cut forage sorghum appears to be particularly undesirable as a forage source 
because of the apparently high incidence of bloat associated with this particu lar feed. The 

reason why this particular metabolic disorder would be associated w1th forage sorghum is 

not known. The problem disappears when the forage is dried and given as hay, which 

would suggest that sorne factor in the fresh juices is responsible for causing the bloat. 

Nitrogen supplementation 

Bearing in mind the excellent medium for the growth of rumen microorganisms offered 

by the high sugar content of moldsses, it is obv1ously more economical to take maximum 

advantage of rumen microbial synthesis from simple nitrogen compounds to supply the 

major amino acid needs of t he animal. In this respect, it is necessary to balance the 
digestible carbohydrate in the molasses with the simplest fo rm of nitrogen that can be 

used by microorganisms; namely, a source of ammonia, which is most conveniently 

provided by urea. 

Both on the basis of theoretical considerations and practica! experience, the optimum 

level appears to be between 2 and 3 per cent of urea in final molasses of 80° Brix 

concentratíon. Because the extent of microbial protein production in the rumen is a 

function of energy supply and because anaerobic termentations are relatively inefficient, 

it is to be expect ed that a source ot amino acids in addition to those produced by rumen 

microorganisms will be needed to cover the overall amino acid needs for intensive 

fatterni ng. 
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With an average molasses intake of 2 .5 per cent of liveweight, the diet carbohyd rate 

that is fermentable in the rumen will be suffic ient to supply 60 per cent of total protein 

requirements as microbial protein according to the theoretical conversion rates for this 

process in a molasses·based diet, estimated in vivo by Ramírez and Kowalczyk ( 1971 ). 

Supplementary dietary protein would therefore need to be suppl ied to the extent of 40 

per cent of total needs. Moreover, th is should be " protected" or i nsol uble protein to 

avoid its being degraded upon passage througr. the rumen . Confirmation of this 

hypothes is is provided by the data given in Figure 4. 

The experiment was carried out with a typica l molasses·fattening ration , except that 

the composition of the nitrogen tracti on, over and above that present in the fo rage and 

molasses, was varied between 100 per cent urea nitrogen and 100 per cent tish me al 

nitrogen, the latter bei ng considered a naturally insoluble prote in because ot the heat 

treatment received in its processing . In view of the much greater cost ot tish meal as 

compared with urea n itrogen , the economic opt imum ís closer to 20 per cent fish meal 

nitrogen; i.e., the equivalent of 4 per cent tish meal in the diet dry matter. A similar 

t rial was carried out wi th yeast protein (Toru/opsis candida) by Preston and Muñoz 

(1971). The nature of the response curve (Fig. 5) was broadly similar t o that obta ined 

with fish meal, the only ditterence being that a greater total amount of protein was 
needed to reach maxi mum anim al performance, a finding possibly related t o the lower 
leve l of sulfur amino acids in this particular protein source. 

The import ance of the insolubility of the supplementary protein is emphasized by 

results from an experiment (Table 5), where the supplementary protein f or a molasses/ 

urea diet was supplied by ei ther solvent -extracted rapeseed meal, fish meal ora mixture 

of the t wo (Prest on and Molina, 1972) . 

Anima\ performance on the rapeseed ration was no better than that expected f rom 

urea alone and less than half that recorded on t he fish meal diet. The rapeseed meal was 

found to be 80 per cent soluble in rumen fluid and therefore likely to be degraded 

rapidly by rumen organisms. Subsequent trials have shown that expeller rapeseed meal , 

which is less sol uble because of the heating received in the extraction process, is more 

suitabl e as a protein supplement for molasses/urea diets (Doneter, 1973, personal 

commun ication) . 

The importance of the solubility of the protein source seems to be a function ot its 

level in the di et. Thus, Redferne ( 1972, personal communication) obtained good resu lts 

with a m ixture ot maize germ and cottonseed meal in a molasses-based fattening diet; but 

in this case no urea was given , and all the supplementary nitrogen carne f rom protein. 

Similarly, Prestan (1973, unpublished data) found that gains of 0 .9 kg/day cou ld be 

obtained trom a diet of 60 per cent molasses, 20 per cent forage and 20 per cent whole 

cottonseed . Again, at th is level of supplementary protein (no urea was given) , a relat ively 

soluble sour ce was acceptable. 
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Table 5. Rapeseed meal as a supplement to molasses-urea diets for crossbred Brahman 
bu lis. 

Fish meal and 
rapeseed Rapeseed 

Fish meal* (50:50)** meal*** 

lnitial weight (kg) 135.6 133.6 134.8 

Final weight (kg) 208.48 184.6b 166.0c 

Daily gain (kg) 0 .858 0.59b 0.36c 

Conversion (Mcal ME/kg gain) 11.4c 13.8b 20.88 

abe= Means without letter in common d i ffer at p < 0 .05. 

Basal diet of ad libitum molasses (with 2°/o urea) , fresh forage ( 1 .5°/o of LW daily), and minerals, 
plus 450 g fish meal dail y 

Basal plus 200 g fish meal and 392 g rapeseed meal 

Basal plus 785 g rapeseed meal 

Source : Prestan and Molina, 1972 

Other data, relevant to the general hypothesis requirements for supplementary 
"protected" protein, refer to programming or phase feeding (Table 6) . Supplying the 
protein at higher levels during the first month supported _better animal performance 
and more efficient use of both the molasses and the protein. In sorne respects, such 
findings could be interpreted as indicating a period of adaptation to urea utilization . 
However, agreement is with Burroughs et al. ( 1970) that the impl ied adaptation is 

more likely to be related to the energy components of the diet, for which there is 
adequate documentation (Turner and Hodgetts, 1955; Marty and Sutherland, 1970) , 

and that this, in turn, affects microbial growth in view of the energy-limiting nature 
of this process (Hungate , 1966) . 

Feed intake always increases after the transition period, thus providing for greater 
microbial synthesis, thereby reducing the requirement for supplementary protein. 
There is also the fact that protein requirement relative to energy decreases on feed 
with time because of the changing composition of the tissue being laid down . 

Nonsugar carbohydrates 

lt has been shown that the pattern of rumen fermentat ion on molasses-based diets is 
characterized by abnormally high levels of butyrate and low levels of propionate (Table 
7). Su eh a situation could lead to low voluntary intakes and to decreased effic iency of 
energy utilization for fattening. Addition of a source of starch toa molasses-based rat ion 
would theoretically be expected to increase propionate levels; and in fact , this 
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Table 6 . Effect of programming the protein supplement supply for Holstein x Brahman 
bulls given ad libitum molasses-urea and restricted grazing. 

Number of bu lis 

Liveweight (kg) 

lnitial 

Final 

Daily gain 

Conversion ( kg/ kg gain) 

Molasses 

Fish meal 

Mean daily intake of fish meal (kg) 

Source: Morciego et al. . 1972 

Allowance o f fish meal in successive months (g) 

300: 172:57:57 400:57:57:57 

700 700 

270 262 

345 330 

0 .581 0 .641 

9 .640 8 .800 

0 .275 0 .231 

0 .160 0 .148 

Table 7. Molar compos1t1on of the volati le fat1y acids (V FA) in rumen liquor from cattle 
given high levels of molasses compared with values from the literature for more 
conventional diets. 

Class and Molar proportions (O/o) 
number Total VFA 

of animals Diet meq/liter) Acetic Propionic Butyric Others 

Dairy cows 

2 Pasture 131 -148 65-67 18 -19 11 ·12 34 

High-grain 148 58 20-21 15·16 4-5 

8 High -molasses 114 36 24 29 10 

Fattening cattle 

2 Alfalfa hay 107 74 18·19 7-8 

5 High-grain 115 39 40 21 

8 High-molasses 143 31 19 41 9 

Weaned calves 

4 High-grain 115 50 37 13 

8 High-molasses 96 28 20 37 14 

Source: Marty and Prestan , 1970 
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hypothesis has been proven experimental/y in dairy cows (Table 8) . Although conclusive 
data are lacking for such effects on the rumen fermentation pattern in fattening bulls, 

there is evidence that supplementary starch has a nonadditive (i.e. , stimulatory) effect 

on animal performance. A linear improvement in voluntary feed intake, liveweight 
gain and feed conversion to added maize grain was reported by Prestan et al. ( 1973) for 
Zebu bulls fattened on a molasses-based ration in Mauri tius (Fig. 6) . A curvilinear 

response with increases in maize bran (including the germ) in a molasses ration was 
observed by Redferne (1972) in Kenya (Fig. 7) . 

Since in the early phase of supplementation with cereal grains the response appears to 

be in excess of the substitut ion val ue of the meta bol izable energy of the starch so urce 

(there is also an increase in voluntary intake), it will usual/y be economical to include 
sorne cereal grain (or grain by-product) at low levels in a molasses-based ration , despite 

the higher price of the energy supplied by the cereal grain or by -product in comparison 
to that found in molasses. There is also the addcd advantage that inclusion of 

sorne grain product appears to give protection against molasses toxicity since th is 
syndrome al so seems to be caused by low levels of propionate production (Losada and 

Prestan, 1973). 

lnput-output data for fattening with molasses 

There can be no one formula or combination of ingredients applicable to all the varied 
situations where molasses is produced . For each particular region, input·output studies 
must be carried out in order to determine the most economical combination of inputs. 
The information given in the preceding part of this section aims to provide a guidel ine as 

to the nature of the responses te be expected , but it can be no substitute for experimental 
data using the actual raw materials available . 

Table 8 . The effect on rumen fermentation of substituting maize with molasses in a low
forage diet given to dairy cows. 

Maize (as percentage of diet DM) 

63.8 42.25 20.45 0.61 

VFA, molar (Ofo) 

Acetic 57.4 56.8 55.8 51.9 

Propionic 29.3 23.9 19.9 18.0 

Butyric 10.7 17.4 21.1 25.8 

Valeric 0 .6 1.2 2.6 3.7 

BJood ketone bodies (mg/ 100 mi) 4 .6 3 .9 4.9 7.0 

Source: Clark . 197 1 
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In 1970 to 1971, the program of fattening with molasses in Cuba was based on f ish 

meal as the only supplement to the basal diet of molasses/ urea, minerals and forage. The 

data in Tables 9 and 1 O refer to the input·output relationship obtained with these 

ingredients in a commercial 10,000·head feedlot andina series of dry season fatten ing 
units employing the restricted grazing system. For the feedlot . comparative figures are 

given for the previous year when more conventional feeding systems were in operation, 
based on ad libitum forage supplemented with smaller quantities of concentrates and 

molasses. The information is self-i:!xplanatory, but it is relevant to draw attention to the 

considerably greater production which was one consequence of changing to the high 

molasses·low forage program. This simply reflects the considerable logistics problem 
involved in trying to cut and transport large amounts of green forage and how much 

easier it is to move liquid molasses. 

The high mortal ity and emergency slaughter figures in the first year of the molasses 

program also merit sorne explanation. In part, they reflect management difficulties which 

are bound to arise when making a radical change in feeding systems. Nevertheless, it 
should also be pointed out that despite the greater losses, the overall economics of high 
molasses feed remained attractive si nce , in terms of all the majar inputs-i.e., animals, 
labor machinery-feed output was considerably increased , inclusive of the losses. 

There were no important differences in input·output relationships between the restricted 
grazing and the feediot systems. In fact health problems were considerably reduced in the 
former, probably reflecting a better control over the forage input, since the animal under 
free·grazing conditions can more effectively select this portian of its diet . 

Sugar cane 

The concept of using sugar caneas a direct source of animal feed arase frorn a new 

technology developed in Canada by Miller and Tilby (See Dion , 1973) . They invented 

a machine which splits the sugar cane stalk, scoops out and grinds the pith containing 

the sugars and discards t he two strips of rind (Table 11 ). The coarsely ground pith is 

a creamy white, palatable feed that has the consistency of wet sawdust. l t is readily 
eaten by cattle and is an excellent energy source for intensive beef production 
(Table 12). 

Yet a furttler possibility is t o use ground whole sugar cane including the rind. Simple 
machines for this process have been developed both in Brazil and Mexico. No reliable 
data for animals are yet avai lable for this process although preliminary observations are 
encouraging (Prestan et al., 1974). From the economic point of view, this system 
requires much less investrolent so it should be particularly suitable for use at the small 
farm level (Tables 13 to 15 and Fig. 8). 
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Table 9. lnput-output data (January to June inclusive) for fattening bulls on molasses
based diets (1970 and 1971), as compared with forage-based diets (1969) in a 
10,000-head capacity feedlot. 

Total dai ly LW gain (kg) in the feedlot 

Daily LW gain (kg) per 

Bull 

Worker 

Tractor 

Conversion (kg/kg LW gain) 

Forage 

Molasses 

Urea 

Caneen trates 

Fish meal 

Minerals 

DM 

Mortality (Ofo) 

Emergency slaughter (Ofo) 

Forage-based 

1969 

3,724 

0.43 

14.30 

85.60 

34 .70 

3 .1 0 

0 .23 

3 .84 

15.40 

0.10 

0.40 

Source: Muñoz et al., 1970; Muñoz , 1971 (Unpub l ished data) 

Molasses-based 

1970 1971 

8,295 13,797 

0.88 0.89 

51 .80 82.20 

420 282 

11 .90 10.30 

10.00 962 

0.32 0 .31 

---
0.41 0.41 

0.13 0 .10 

10.80 9.82 

1.00 0.2 1 

3.04 1.31 

Table 1 O. lnput-output data for fattening bu lis given ad libitum molasses/ urea and 
restricted grazing and fish me al supplementation (3,500 bu lis in 11 units). * 

Mean of 
Best unit all units Worst unit 

Daily LW gain (kg) 1.04 0 .83 0.74 

Convers ion ( kg feed/kg gain) 

Molasses 5.90 9.10 14.70 

Fish meal 0.32 0.45 0.54 

Urea 0.19 0.29 0.47 

Mortal ity (Ofo) 0.00 0.38 1.33 

Emergency slaughter (0 /o) 0.00 0.44 1.33 

• Mean initial and final weight s were 313 and 403 kg; breeds were Brahman and Holstein x Brahman . 
Source: Morciego et al. , 1970 
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Table 11 . Derinding of sugar cane for animal feeding. 

rf-
1 Cane tops 

1 
1 
1 (300/o) 

L--

Whole sugar cane ( 1 QQOfo) 

--¡-
Animal feed* 

P. :;¡: Id . l 1th and sugar ennded 
can e s tal k) 1 

1550/o) 

1 

1 

_j 

+ Rind 

(15°/o) 

8oth components combined can supply total diet needs for readily fermen table carbohydrate and 
roughage. 

Source: Pogden , 1972 

Table 12 . Average values (and range) for composition of derinded can e stalk alone and 
with the tops included. 

DM (0/o) 

Composition of DM (O/o) 

N X 6 .25 

Cellulose 

Total sugars 

Digestibility of DM (O/o) 

Source: Pogden, 1972 

Derinded 
cane stalk 

30 (27 to 31 ) 

1 .9 ( 1 to 2 .5 ) 

18 115 to 20) 

50 (40 to 63) 

70 168 to 73) 
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Derinded 
cane stalk plus tops 

32 (30 to 33) 

3 .0 11.8 to 4 .21 

24 (2 1 to 38) 

43 140 to 48) 

69 168 to 71) 



Table 13. Technical coefficients of two sugar cane processing machines for cattle feeding. 

lnvestment (US$} 

Laborers (No.) 

Productivity (ton/h r) 

Electric power (KWH/ ton} 

Waste (O/o} 

Leaf 

Rind 

• Model C4, Canadian Cane Equipment, Barbados 

Derinding machine• 

37,000 

3 

3.93 

7.82 

4 

14 

Table 14. Sugar cane processing for cattle feeding (US$). 

Feedlot capacity (No.) 

lnvestm ent 

Ground cane 1 ton/yearl 

Processing cost 

Per ton of product (fresh bagasse) 

Per ton of product {dry bagasse) 

Percentage as: 

1 nterest and amortization in 1 O years 
( 12°/o yearly l 

Electric power 

Labor 

Maintenance 

Derinding machine 

1,600 

37,000 

14,244 

1.33 

4 .44 

40.4 

14 .7 

33.0 

11.9 
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Mili 

4 .00 

7 

0.56 

7.00 

Mili 

1,600 

3 ,200 

11 ,680 

1.35 

4.50 

3.4 

13.0 

82.6 

1.0 
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Table 15. Cost of processed cane (US$). 

Derinding machina Mili 

Price of sugar cane in stal ks 7.01 7.01 

Price of sugar cane including tops 4 .91 4.91 

Cost of the product (fresh bagasse ) 5.99 4 .91 

Processing cost (fresh bagasse) 1.33 1.35 

Total cost (fresh bagasse) 7.32 6.26 

Total cost (dry bagasse) 24.41 20.87 

Total cost including mechanization • 26.73 23.19 

• F ork l1ft and pallet system 

The development work on derinded sugar cane has been carried out exclusively in 

Barbados and mainly with Holstein st eers. by ·products of the local dairy industry. The 

research facilities available did not all ow comprehensive evauation of the different 
inputs associated wi th this feeding method. Neverthe less, certain dietary variables have 

been studied; and in general, the results obtained indicate that in many respects similar 

constraints apply t o derinded sugar cane, as well asto final molasses when used as the 

major component in a fatteni ng program (Donefer et al., 1973). 

Forage 

Although derinded can e obviously has better roughage characteristics than 1 iquid 

molasses, animal performance seems to be improved by incorporating additional forage 

in the form of the cane tops (Table 16) . As with molasses, supplementary forage seems 

to exert its major effect in increasing voluntary intake and as a result, rate of liveweight 

gain; but there is a slight reduction in the eff iciency of feed conversion. The ratio of 

tops to derinded cane was fixed as that normally found in whole sugar cane . l t is not 

known if slightly narrower rations-i.e., a lower proportion of tops- might not be more 

benefic ia l. 

Cereal grains 

Two carbohydrate supplements, maize grain and molasses, were added to rat ions based 

on derinded whole sugar cane (T able 17). Both supplements, which were supplied at the 
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Table 16. Derinded sugar can e as the basis for intensive feeding of Holstein steers. * 

No. of calves 

Liveweight (kg) 

lnitial 
Final 
Daily gain 

Feed intake (kg/day) 

De ri n ded can e s tal k 
Cane tops 
Derinded who le cane 
Protein supplement 
Total OM 

Conversion (kg OM/ kg gain) 

Derinded cane stalk 

Alone 

12 

105 
257 

0 .59 

12.8 

12.8 
1.1 
4.72 

8 .0 

Plus tops 

13 

102 
27 1 

0 .66 

10.9 
4.3 

15.2 
1 .1 
5 .63 

8.5 

lmprovement because of 
cane t ops (Ofo ) 

12 

19 

19 

-6 

• 1 t was con sede red that m this tnal the liveweight gain s were lower than wou'd normally be expected 
because of the use of imma tu re cane and effect of f tood1ng on can e quallty . 

Source: James, 1973 

rate o f 1 per cent o f l iveweight daily , brought about consistent increases in vo luntary 

intake and in l ivew eight gain . Maize i ncreased gain by more than 25 per cent, and there 

was also an important improvement in feed conversi on (11 per cent on an average). 

Molasses increased gain by a lesser amount (about 9 per cent) and caused a deterioration 

in feed conversion. Data are not available on rumen fermentation on derinded sugar cane, 

but it is probable t hat it w i ll show the same constraints as on molasses- i.e. , propionate 

product ion will be l imiting- since the benefi cia! e ffects of added maize grain are of the 

same magnitude on both feeds. 

The level of maize supplementation in these trials was high (32 per cent o f the diet 

DM) and would not be economical in most cases. l t is probable that smaller amounts 

would be more appropriate since it can be expected that the response curve to maize 

supplementation wi ll be curvi l inear, with the greatest effect being observed in the ear ly 

phase of substitution. 

Pro t e in 

In all the trials reported w i th derinded cane, urea was added to supply f rom 50 to 60 

per cent of the total n itrogen requirements. However, the absolute quant it ies of pro tein/ 
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Table 1 7 . Effect of added ( 1% of LW) maize or final molasses on performance of Holstein 
steers fattened on a basal diet of derinded sugar cane. 

lmprovemen t over control (0/ol 

Control * Molasses Maize 

lnitial wt 1 kg) 

Trial 1 308 

Trial 2 322 

Trial 3 380 

Final wt ( kg) 

Trial 1 459 

Trial 2 407 

Trial 3 426 

Mean daily gain (kgl 

Trial 1 0 .99 9 27 

Trial 2 0.95 13 24 

Trial 3 1.02 3 32 

DM intake (OJo LWI 

Trial 1 2.40 29 17 

Trial 2 2 .47 14 11 

Trial 3 2.47 7 4 

Feed conversion (kg OM /kg gainl 

Tria l 1 9.1 - 16 8 

Trial 2 10.1 0.0 11 

Trial 3 9.9 - 15 15 

· Control diet was ( 0 / o DM bas1s) . der'1nded cane stalk, 52 ; canc tops, 28 ; protein/ m incral/vi tamm sup · 
p lomP.nt, 20. 

Source: James. 1973 

nitrogen in t he diet were higher t han those used in the work done with molasses in Cuba. 
This might account for the apparent absence of response to fish meal in comparison 
wi th t he more soluble rapeseed meal (Table 18). Further trials are needed with more 
critica ! levels of protein before defi nitive conclusions can be made on t h is aspect. 
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Table 18. The effect of the type of protein supplement on the performance of Holstein 
steers fed a basal diet of derinded sugar cane. * 

Liveweight ( kg) 

l nitial 

Final 

Daily gain 

Feed conversion ( DM 

intake/gain) 

Fish meal 

146 

303 

0 .90 

8 .3 

Fish meal/ 
rapeseed 

148 

308 

0 .91 

8.5 

Rapeseed 

147 

309 

0 .91 

8.7 

The d iets were (OM basis, 0 /o) : derinded can e plus tops, 60 ; prote in supplement, 12 ; and maize grain 
or molasses, 27, for the fish meal diet ; and d erinded cane plus tops, 54 ; protein supp lement, 19; and 
maize or molasses, 27 , for the rapeseed meal diet ; the mixed-protein diet was intermediate in propor
tions o f the two protein sources. 

Source: James, 1973 

Ensiling 

One disadvantage of using derinded sugar caneas animal feed is that because of its high 
moisture and sugar content, it ferments quickly so that it must be processed and fed daily . 
A similar problem exists with the feeding of whole crop maize, and this has been solved 
by ensiling the material. In this form maize stores easily and is well accepted by cattle. 
Unfortunately, the ensi ling process appears to be much less suitable for derinded cane. The 
data in Table 19 show that when fresh derinded cane is replaced by the ensiled material, 
there is a serious fall·off in animal performance; that is, in gain and feed conversion. This 
effect can be related in great part to depression in voluntary intake of the en si led material 
and to reduced efficiency of its utilization. 8 oth these effects can be corrected by addition 
of either molasses or maize . The rate of gain on ensiled derinded cane plus energy 
supplement was comparable to that on fresh unsupplemented material. Nevertheless, both 
gain and intake remained below the levels reached when these energy supplements were 
added to fresh derinded cane. 

lnput-output data for a feedlot using derinded sugar cane 

Available data are summarized in Table 20. Caution must be used in interpreting this 
information since only limiten numbers of animals were involved and the same group did 
not continue throughout the full feeding period . The overall level of performance is 
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Table 19. The effect of ensiling derinded whole sugar cane on the performance of Hols-
tei n steers. 

Derinded whole sugar cane 

No supp. Molasses Maize No supp. Molasses Maize 

fFresh) (Ensiled) 

No. of steers 8 8 8 8 7 8 

No. of days 95 95 95 42 95 95 

Liveweight (kg l 

lnitial 322 310 336 290 325 325 

Final 407 405 440 304 408 415 

Daily gain 0 .89 1.00 1.09 0 .31 0.87 0.94 

Feed intake 1 kg DMfday) 

Derinded whole cane 7.45 5.86 5.31 4.45 4.45 3.22 

Protein supplement 1.54 1.54 1.59 1.45 1.54 1.54 

Energy supplement 2.8 1 3.09 2.86 3.04 

Conversion fkg DM /kg 

gain l 10.1 10.1 9 .1 18.8 10.1 8.2 

Source: James. 1973 

similar to that recorded on molasses-based rations. lt should be remembered that the 
breed used was Canadian Holstein. Lim ited observations on Zebu steers (James, 1973) 
indicate that average gains on similar rations were 18 per cent poorer than for Holstein. 

Processing costs 

Estimates are given in Tables 13 to 15 of the cost of processing sugar cane by derinding 
and simple grinding, based on measured productivity and power consumption in the two 
systems. The costs of a typical finishing system are derived in Table 21 , and the projected 
economics for Mexican conditions for a 1 ,600-head capacity feedlot using der inded cane 
are given in Table 22. Expected animal performance is set at 0.8 kg/day. Confirmation of 
these projections wi 11 be possible when trials now in progress have been completed 
(Preston et al., 1974). 
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Table 20. lnput-output data for fattening Holstein steers given diets based on derinded 
whole sugar cane. * 

Days in feedlot 

Liveweight (kg) 

lni t ial 

Final 

Daily gain 

Feed intake (kg) 

Derinded can e stal k 

Cane tops 

Protein supplement 

Total 

Conversion rate 1 kg DM/kg gain) 

446 

102 

459 

0.80 

Asfed Ory matter 

5,620 1,713 

2,300 854 

676 598 

3 ,165 

8.87 

Thcse relationships are calculated from data in Tables 18 and 19. The in fonnation relates to 13 an i~ 

mals over the tirst part o f the g rowth curve to 271 kg ; and only 6 animals from 308 lo 459 kg~ Per~ 

formance from 271 to 308 kg was assumed to be a 1 the average rate for the range 308 lo 459 kg . 

Table21. lntensive fattening ration based o n sugar cane. 

U S$ 

(0/o) Derinded Ground 

Sugar cane (dry basis) 78.33 26 .73 23. 19 

Final molasses 8.68 40.00 

Urea 2 .95 136.00 

Wa1er 2 .2 1 

Maize 7.83 104.00 

Minerals 1.00 100.00 

Cost ($/ ton) 37 .57 34.79 

Feed cost ($/ kg gain) 0 .338 0.313 
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Table 22. Theeconomicsof intensivefattening inconfinementwith sugarcane ( 1,600head). 

lnvestmen t 

Feedlots/managemen t 

Equipment lor molasses/urea 

Werght scales 

Other equrpment 

Operating costs • 

lnterest and amortilatron ( 16°/o) 

Labor 13 cowboys) 

Main te nance ( 50/ol 

lnterest on cattle ( 120/ol 

Other cos ts (electncrty. ve terinary services, 

vaccines , etc .) 

Cost per kg of gain • • 

Opera ti on 

Feed ing 

Losses (0_50fo deaths. 0.50/o slaughterl 

Total 

Value of gains ($/ kg)' • • 

128,000 

2.833 

2.000 

1,000 

22,752 

3,942 

6 ,692 

37,2 10 

5,000 

o 155 

o 338 

00107 

0.600 

0 .88 

US$ 

133,833 

75.596 

The mach1nery used to feP.d the cattl e •s the sam e used for rnechan 1zed sugar cane management. 
Assuming a gam of O 80 k y / day 
Ptus thc vnlu e of manu re 
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APPLYING TECHNOLOGY AT THE LEVEL OF THE 
FARMER ANO THE CATTLEMAN 

Ramón Claverán Alonso 

Economist Theodore Schultz ( 1965) maintained that the farmer who works the soil 

justas his forebears did cannot produce much food, no matter how rich his land is or how 

hard he works, and that any country depending on this traditional kind of agriculture wi l l 

inevitably be a poor country. 1 f he is r ight, modern technology and the necessary inputs 

for its correct application at the level of the farmer and the cattleman represent the major 

limiting factors in agriculture and livestock production . 

In regard to those problems involved in the process of applying technology, 1 have 

sorne suggestions and possible solutions. 1 will first define, however briefly, the factors 

affecting production and their average status in t rop ical Latin American countr ies. 

FACTORS AFFECTI NG PROOUCTION 

The land avai labl e for cattle raisi ng is abundant but unfortunately of poor qual ity. lt 

has been a tradition, handed down since colonial times, to use marginal or semimarginal 

lands for animal production. Such lands are deemed inadequate for growing crops 

because of their poor quality , topography and accessibility. For years, beef production 
has been looked upon as a "stepchild" of the other branches of agricultura! production 

although this situation natural ly vari es from one country to another. 

Nevertheless, during the last few decades, significant changes have come about, 

probably caused by increases in milk and meat prices - both nationally and internationally

and technological and economic problems involved in grain and f iber production. During 

the 50's in Mexico, for instance, beef production was ·replaced by cotton crops in many 

dry , unirrigat ed tropical lands. When cotton prices went down on the international 
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markets, cattle raising returned to these lands. At present , the trend has been reversed 

once more as cotton prices have climbed rapidly during the last year. A similar 

phenomenon has occurred in northern Mexico with alfalfa destined for dairy cattle 
feeding and cotton crops in irrigated lands. 

Landholding systems have also been an obstacle in the development of t he cattle 
industry. In many Latin American countries, summer pasture lands have been traditional!y 

hefd in huge estates by absentee landlords and placed in the hands of administrators who 

have been reluctant to incorporate progressive innovations. Obviously, serious socio

economic problems have arisen. lt is not surprising, therefore, that a large number of 

developing countries have placed their hopes in agrarian reform programs. 

Most countries where agrarian reform has been tried have not attained a significant 

level of efficiency in animal production. The only possible exception might be the Cuban 

experience, about which 1 unfortunately do not have sufficient information. The major 
causes for this, as seen by Edmundo Flores { 1972), are (a) the inefficient application of 

the reform laws, (b) the mistaking of mere administrative and technical improvements for 

real agrarian reform, and (e) the conception of reform as though its objectives and the 

processes for achieving them could be identical for all countries, regardless of their cultural 

heritage and their economic and political idiosyncrasies. 

Capital , an essential input for the development of the cattle industry in the tropics, has 

not been available in the past. Financia! aid, through official banks and national 

development institutes, has been scarce likewise and its effects on the total economic 

balance of the country hardly visible. 

Prívate banks, on the other hand, hadan ancestral fear of investments in animal 

production and crops and therefore concentrated their funds in industry and commerce. 

Prívate lending institutions limited their investments in loans for agriculture and cattle 
raising to those enterprises capable of guaranteeing repayment and therefore not to the 

ones in greater need. Because of the risks involved, this policy is understandable 

-al though not socially justifiabfe- from a financia! point of view. GeneraiJy speaking, 

this si tuation still exists in sorne of our countries, but it has improved in the last decades . 

Today the percentage of capital investments in cattle raising and agriculture is still 
mini mal in relation to other activities, but there is a greater volume of such investments 

in the prívate sector than formerly . 

In the last 15 years, severa! international financing agencies have been created. Sorne of 
these are the lnternational Bank for Reconstruction and Development (1 BRD) , the 
lnteramerican Development Bank (IDB) , the U.S . Agency for lnternational Development 

(USAID), and the World Bank Association for lnternational Development, dedicated to 

financing low-income enterprises in developing countries. 
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The World Bank has become the most important international f inancing agency for 

animal production . The bank made its first investment in égricultural production in 

1948, and 15 years ago it began operating in this continent by granting f inancia! ass istance 

to Uruguay . Since then, its investments in agricultura! deve lopment in Latin America have 

increased at such a rate that today they amount to severa\ hundred mi\lion dol\ars. 

Mexico has been granted tour loans totaling $ 275 million, destined for both national 

and regional cattle raising programs in definite ecological areas. Financia! aid programs 

have been designed and carr ied out for both re latively developed commercial ventures 

and low-income l ivestock f armers. These programs cover the whole range of production, 

from primitive methods to different stages of industrial ization. 

T he lnteramerican Development Bank and the Agency for lnternational Development 

have allocated funds amounting to $ 93.5 mi Ilion for aid to low-income producers. These 

loans representa thi rd of the program's total investment; as customary, the remaining 

two thirds are contributed by the government, prívate national banks and the producers 

themselves. 

The financing system currently used in Mexico is common in Latin America, and most 

of usare familiar with it. 1 have gone into it in detai l in order to point out that financing 

for the development of the cattle indusuy is no longer a bottleneck situation. lnternational 

aid agencies often assert that the major limiting f actor at present is not the availability of 

financia ! resources, but the identif ication of viable regional development projects at the 

business leve l. 

In identifying a sound development project, severa! factors must be taken into 

consideration. Sorne of these are ecological characteristics, adequate infrastructure, 

services, land-holding systems, the organization of the producers, the ~cial situation, 

etc. At the end, the producers' actual technological levels should be defined, the means 

for improving these levels should be calculated, and appraisals of how fast new techniques 

can be absorbed should be made so that results begin to show. 

The know-how of the cattle producer is a less tangible form of capital than machinery, 

livestock or bank accounts; and yet it is often the only capital remaining to him when 

everything else has been lost. This subjective aspect of capital ranges from the empirical 

methods of traditional cattle raising to the most soph isticated modern techniques, either 
those the cattleman already has or those that are or should be avai lable to him as just one 

more production input. 

Labor is usual! y abundant in tropical Latín America. Unfortunately , however, most 

laborers are not sufficiently ski lled since school ing is alarmingly inadequate and illiteracy 

is widespread. In those ecological environments where animal production is the most 

convenient or the only po~sible use of the land , social problems become more serious 

because cattle raising displaces labor, especially in extensive or semi -intensive management. 
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Workers must then be relocated until the great industrialization process foreseen by 
experts comes to the area-if indeed it ever does. 

Other important material inputs, such as machinery, ferti lizers, insecticides, etc., have 

ceased to be a majar problem even in those countries which do not produce them 

themselves. These inputs are scarce in our countries only when there are scarcities on the 

international market, as is now the case for fuel and fertilizers . 

FLOW OF TECHNOLOGY 

1 n theory, the flow of technology should reach farmers and cattlemen through the 

agrarian extension programs of the countries' departments of agriculture . lt is no secret, 

however, that these programs (with rare exceptions) have not worked efficiently. This is 

especially true of ofticial programs for the cattle mdustry because they generally suffer 

from· serious budget limitations and adequately trained personnel ; unfortunately, even the 

motivation to make these programs work is often sorely lacking . lf there are cases in Latín 

America where the situation is different from what 1 have described, 1 apologize for my 

ignorance. 

Official agricultura! extension programs, because of the poor state they were in , did 

not represent sound investment risks for international financing agencies or for the 

country 's banking institutions or subsidiary agencies, who in the long run would be 

responsible for recovering or losing the invested funds. The banks were fully aware that 

technology was a basic complement for capital and that the recovery or loss of fixed and 

capital assets depended on it. Thus. mechanisms had to be created to provide the funds, 

diagnose the need for and establ ish priorities among the possible investments, program 

the process of repayment, define the profits to be obtained and decide whether the 

investment was financially sound. These mechanisms must be capable of checking and 

watch ing over the actual carrying out of the investments and, above all, have sufficient 

capacity to provide the technical assistance necessary through every stage of the process. 

As a result of thi s, a new type of Latín American technician has appeared and increased 

in numbers in recent years. He spends most of his time on financ ia! matters and techn ical 

counseling but has sorne time for promoting programs and making personal contacts. 

Under this system, rather complex technical structures have emerged. One example is 

the Mexican Guarantee Fund (Fondo de Garantía de México) , which has more than 450 

technicians around the country, as well as specialists on regional and national affairs, 

training and demonstration programs, a public information service, etc. About ayear ago, 
this technical assistance complex began to coordinate efforts with the government's 

extension system. 

Official banks have similar technical structures in regard to number and organization of 
their technicians. Even prívate banks have agronomists and animal health experts on their 
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staffs. This is a considerable improvement if one remembers that less than 20 years ago, 

prívate banks did not employ technicians, and their operations in the field of agricu lture 

and cattle raising were very small. Similar organizations exist in almost al l Latín American 

countries. In sorne countries the World Bank recommends hiring a foreign director for the 
cattle development program who wil l train a nat ive technician so that he can eventually 

take over the program. In other cases, the banks work directly with the ca ttleman who 

has to employ officially registered, prívate consultants whose work is regulated by the 

bank. This was the type of operation set up t wo years ago for the control of lnteramerican 

Development Bank funds invested in the catt le industry on the North Coast of Colombia. 

Thus, technical assistance is being channeled t h rough programs that have arisen out of 

the immediate need to develop the agricultura! and cattle raising sectors; and 1 think the 

results have been positive . Unfortunately, as far as 1 know, no evaluation has been made 

of the results distinguish ing the effects of financing from the effec ts of new techniques 

introduced by the professionals in charge o f the programs. 

In general , we can say that this dual system of financia! and t echnica l assistance has 

been successful in its initia1 stage. I n the future, however, i n order to continue its growt h 

and increase its influence, the system w ill have to change considerably , keepíng pace wíth 

the rhythm of development it has been responsible for establishíng in t he country's cattle 

industry. Experience has taught us that in the fírst stages of development, si mple 

technícal innovatíons in original ly empírica! and primitive operatíons yíeld quite significant 

results; but as the cattleman masters these, the technicían's storehouse of techníques ís 

fínal ly exhausted and his importance d iminished . 

The technical adviser needs a continua! flow of technícal assistance in order to keep up 

to date. This assistance must be f írst rate, or the technicían wíll lose t he cattleman' s trust. 

Sending the technicían for studíes abroad ís only a partía! so lution. The technicían may 

learn va luable new practices and ideas, but these may not have been test ed f or hís own 

ecological and social environment. Obviously he can not recommend them commercially. 

lt is imperatíve for us to have adequate mechanísms f or testing new techniques, whether 

original or deríved from o ld ones, and for transmitting them to the technical adviser who, 

in turn, wí l l see that they reach the individual farmer. 

There have been sorne commendable efforts made in this respect. The Bank of Mexico 

Guarantee Fund, tor instance, has a demonstration system involving the introduct ion and 

test ing of t ropical grasses and legumes, milk product ion in the tropics, syst em s tor raising 

calves, etc. In Chile, special ists w ere sent from New Zea land, and latera group of 15 

Chi leans traveled to Australia and New Zealand in order t o study, among o ther th ings, 

the possibi l ity of establishing a winter grazing management system to rep lace the 

widespread practice of teeding cattle in mangers dur ing the co ld season. In view ot the 

fact that no definite arrangements w ere made, more than 20 milk producers were chosen 

to travel to Australia and New Zealand . What they saw convinced them, and they in turn 
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convinced their neighbors. Today many Chilean producers have switched to the winter 

grazing system, which is economically superior to the system formerly used in the area 
(Wagenen, 1972). 

A few years ago, R. Milford started a program in Paraguay for introducing tropical 
legumes, using plots where it was possible to test all the grass-legume combinations_ The 

following year the best combinations were planted in commercial plots_ Similar programs 

are under way in several Latín American countries. Their design and execution might be 
subject to criticism from a scientific point of view, but they are eminently practica! in 

nature, providing information for immediate application. Although these programs are a 
very positive approach, they cannot be expected to solve the great number of problems 

faced by the complex animal production system. We must turn toward the two essent ial 

sources for technical assistance: research and education. 

Research 

In the first place, 1 must admit that 1 am not familiar with the cattle research programs 

existing in all tropical Latin American countries. 1 know a few of them, however; and the 

exchange of ideas J have had over the years with L atin American technicians and 

researchers has convinced me that there are general characteristics which should be 

mentioned. 

Research has been classified in many ways: basic research, applied research, speculative 

research, etc. For our purposes perhaps the most practica! classification would be "useful " 

and "useless" research. In the first category we must class the type of studies which yiefd 

data and experiences applicable in reasonably short or intermediare terms. In Latín America 

we often indulge in the three types of research mentioned previously, or no research is 

done at all. We often encounter research projects without well -defined objectives or aimed 

at studying problems totally unrelated to the socioeconomic reality of the country paying 
for them . 

Fortunately, researchers themselves se e m to be reacting as they are finally becoming 

aware of the little regard cattlemen have for research, simply because they see no 

economical results coming from it. At the Fourth Convention of the Latín Amer ican 
A ssociation of Animar Production last year, their president dealt with the problem in his 
opening speech. 1 think everyone there was motivated to think more about the practica! 
usefulness of the papers presented from the cattleman's point of view. 

Sorne scientists have a narrow view of the objectives of research, giving no thought 

whatsoever to the applicability of their findings. They consider themsefves " men of 

science," whose basic objective is to publish articles in highly specialized journals in 
arder t o bu ild up their professional reputation. 
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One of the most important technological contributions made by the World Bank to 
the Latín American cattle industry has been the know-how and discip li ne insti lled in 
institutions and technicians. Our own institutions are now able to evaluate investments 
and make sol id economic decis ions us ing modern methods for determining ind icators 
such as the cost-benefit ratio and profitability . lt would be high ly beneficia! to tra in 
researchers in the same way so that thev plan t heir research proiects, taking into account 
the dollars and cents to be derived from th is work . This does not mean that experiments 
should be planned and dea lt with as mere financia! investme nts, but there is a lot to be 
done to make research more pertinent. 

The late Dr. McKeenan, a practica! man anda great researcher , pointed out the 
scarcity of researchers and financia! resources in developing countries (McKeenan, 1970f . 
Dr. McKeenan saw the need for "adaptable" (as opposed to speculativef research in 
animal production in order to t ransfer the informat ion obtained in more developed 
countries to our countries and put it to practica! use. He fe lt that this type of research was 
not for second·rate researchers, but rather was justas difficult as basic research, for it 
required a great deal of intelligence, imagination , sol id basic know ledge anda mastery of 
scientific methods. 

lt is a common error in Lat ín American for experiment stations to function 
independently of livestock farmers in the area. They underestimate the capacity of 
these men who mav be uneducated and lacking in scientific train ing, but who generally 
possess a good deal of practica! sense and intuition. Experimental programs where farmers 
and researchers have collaborated have proven quite successful in Austral ia. 

An analysis of the causes of the recent development of the cattle indust ry in Mexico 
would show that the main inputs in commercial catt le raising have been introduced by 
the producers themselves. This is the case for several species of grass, such as pangola 
grass (D. decumbens), African star grass (C. plectostachyum), buffel grass (C. ciliare) and 
the coastal Bermuda cross No. 1 (C. dactylon and C. n/emfuensis), to mention a few. l t 
was also the farmer working in the humid areas of the tropics who tamed the so·called 
German grass (E. po/ystachya), the only native grass in that area . Producers have also 
introduced Hereford, Angus and Charolais cattle, et c. The small mil k producer in the 
tropics has preserved and selected cattle descended from the cattle originally brought by 
the Spaniards and adapted the an imals to our environment by natural selection. All these 
valuable contributions made by the farmers have been empirical efforts, but we should 
not forget those who fail ed for lack of technical direction . 1 t is, the refore , urgent to 
channel the great initiative shown by catt le raise rs into a scientif ically pl anned nat ional 

structure. 

Education 

The educational system provides the human resources necessary for extension and 
research in beef and crop production . lf th is system is not adequately organize d , the 
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result will be deficiencies in personnel for these areas. Many Latín American schools of 

animal science still employ the scholastic educational philosophy and have not begun to 

take advantage of modern methods of dynamic or active education . combining physical 
work with intellectual effort (Costa, 1973). We have inherited a centuries-old tradition 

of underestimating practica! experienc;:e in professional training. Quite often we see that 

extension workers or technical assistants are not trusted by the farmers because of this 

lack of sol id practica! training. 

Academic preparation also leaves a lot to be desired. Few schools train their technicians 

in library skills and in those t echn iques they will need in order to keep up with new 

developments. lt is commonly believed that once the student completes h is thesis, which 
is supposed to be the highlight of his career, he will automatically be endowed with all 

these ski lis. 1 t was al so felt that these professional dissertations were va luable contributions 

to the scientif ic development of the country . Actually. the great majority of animal 

science schools that require the student to write a thesis in order to obtain his degree 

possess inadequate research facilities. The only other alternative, that of sending graduates 

out into the professional world to fend for themselves in writing their undergraduate 

theses, would be an irresponsible measure on the part of the educational institution. In 

developed countries,the prerequisite of a thesis for granting a professional degree has been 

abolished, but at the same time study programs have been radically changed. 

As long as professional animal science education does not reach a higher level of 

efficiency, graduate study programs wi/1 lack a sol id foundation. Since adequate graduate 

education is not available at the requ ired pace in our countries, we are torced to obtain it 

abroad. Sorne countries, such as Venezuela and Mexico, have already sent large groups 

abroad for graduate studies in animal science and agronomy. Unquestionably, th is 

practice has been favorable for the countries involved; and although these programs 

should continue to a greater or lesser extent, it would not hurt to evaluate the situation 

in depth. Training abroad is rather burdensome for the sponsoring country or international 
institutions. On his return, the technician tends to overestirnate his abilities and generally 

moves toward better-paying jobs, not necessarily related to the institution or program 

that financed his graduate degree. An alarming percentage of the technicians finally go into 

administrative work . 

A lot can be done to improve the quality of educatíon and increase the number of 

people it reaches. A good example of such an endeavor is the professional training 

program developed at C IAT. There is al so a modest, but extremely interesting program 
initiated by de A lba and Prestan in Mexico. Exploring a new approach different from 

orthodox graduate programs, they are training students through work in field projects, 

so me of them even in comrnercial ventures -as is the case with Dr. Preston's students- or 
through a project of organizing their own research and training centers, as in the case of 

Dr. de Alba 's trainees. 

The basic idea of these programs is to give future technicians intensive practica! 
experience in addition to orientation in the basic disciplines and library skills. Finally , 

190 



they wi ll be involved in i ntensive courses taught by national and international specia l ists 

in their field . This will hopefully produce a qualified t echnician, f am iliar with the 

problems of his own country and able to handle research, education or extension projects. 

This program is still at the experimental stage, but it is flexible enough to be adapted to 

a given country's specific circumstances. Conventional graduate schools, a long with pro· 

grams such as this, could be an aid in training professional s for our specif ic situations, 

where human and mater ial resources are scarce . 

1 n conclusion, the application o f technology at the level of the cattleman has become 

one of the major factors l imiting production i n Latin America. Other traditional 

constrai nts, such as the availability of f inancing and basic inpu ts at the leve! of the 

producer, infrastructure, commercial policies, etc., have been only partially solved . 

Technical assistance in each country must be strengthened and reorganized into one 

well-planned, sol id structure. l t is imperati ve to coordinate f ur ther the effor ts of off icia l 

ex tension services, credit institutions and devel opment agencies. Because of th e economic 

situation of m ost of our countries, the government should not be the only institution 

paying for technical assis tance costs, especial ly since this is a burden on taxpayers. 

lt is also necessary to strengthen the ties between researchers and producers. Research 

programs should be developed wi th in an economic framework and geared to short -term 

problem solving. The only way to gain the cattleman's trust is to involve him in the 

planning and carrying out of research. In Latin Amer ica it is almost a crime to waste 

valuable time on research programs that have no practica! application. 

Education in animal science must adopt modern, dynamic teaching methods in order to 

acquaint a technician with the production process in detai l, or he w ill also lose the 

cattleman's confidence. 1 n order to eliminate our tremendous defici t in specialists and our 

dependence on training abroad, graduate study programs must undergo radical changes. 

The aforementioned points are of basic importance in the product ion of food of 

animal origin in the 19 countries o f t ropical Lat in America. This area, with a populat ion 

of roughly 240 million (World Atlas, 1973) has an ann ual rate of population !Jrowth of 

2.96 per cent. Some of our countries l ike El Salvador, N icaragua, Mexico and Venezuela 

have a rate of population growth o f more than 3 .5 per cent, one of the h ighest in the 

world. On the other hand, Dr. D ieter Piasse informed us in his talk that the birth rate of 

cattle i n Latin America is only from 35 to 60 per cent. In other words, in our under

developed countries, human births are inversely correlat ed to animal birth s. At present, 

the mean per capi ta gross national product, a conventional way to measure economic 
development, is only 460 dollars per year. These figures indica te that our present 

situation is unfavorable and the future even more uncertai n unless drastic changes are 

introduced into our animal production processes. 
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MANAGEMENT ANO AOMINISTRATION OF AGRICUL TURAL 
ANO LIVESTOCK ENTERPRISES 

Julio Reboí/edo A. 

To obtain good results in the operation of an agricultura! and livestock enterprise, it is 

essential t o make an inventory of the existing resources f irst . This will allow careful 

planning for the type of operation to be establ ished, taking maximum advant age of 

existing resources. 

First, we should know what those resources are. 

1. Human resources. 1 have divided them into three categories. 

a. Technical personnel. This category shou ld incl ude all the professionals connected 

with the enterprise as long as they carry out t heir di fferent activities. There are 

those who are able to work full time and others who render contractual services 

to develop a certain type of work or for a speci fic consulta tion. 

b . Administrative personnel . They do not necessari ly have to be professionals, but 

they should have had administrative experience. 

c. T rained specialized workers and common laborers. Unfortunately, the latter 

group have a high degree of illi teracy. 

2. Location . In arder to avoid future marketing problems, it is .important to consider 

all access routes to the enterpri se, such as highways, rivers, railways, roads, airports, 
etc., in order to plan the most advisable type of operation, depending upon existing 
transporta ti on faci 1 ities. 

3. Soils and cl imate. When the objective is to have an efficient operation and better 
results, an accurate knowledge of the different soil types is required, as well as 

knowledge of water available for irrigation and livestock, mean temperature, wind, 
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dry and rainy seasons, environmental humidity and all those factors that influence 
the li te cycle of plants and animals. These environmental factors should be taken 
into account when looking for the most desirable type of forage, grasses, crops and 

cattle breeds in arder to avoid the introduction of exotic plants or animals that 
will not grow or produce satistactorily. 

4 . Economic resources. These are divided into fixed assets, saleable assets, owned 
capital , and short·, medium- and long-term credit. These will be discussed later. 

5. Agrarian laws. Th is point is of utmost importance because the program of the 

agricultura! enterprise must be based on the concepts of the agrarian laws, which 

by nature, are often stimulating factors to the agricultura! and livestock industry 

such as those related to special credit for the area. However, at other times, thcse 
laws are limiting, especially those that reduce the size of the operations toa degree 

that hinders the introduction ot adequate modern technology. In such cases, the 
state should provide needed technical inputs but the result has been completely 

negative in most cases. 

There are other agrarian laws that discourage investment in agriculture, such as those 

that allow the government to expropriate without fair payments. These laws are a highly 
negatLve factor, hindering the introduction of permanent improvements which would 
otherwise produce great benefits. 

SELECTING THE LIVESTOCK ENTERPR ISE 

According to the previously mentioned inventory of resources, one should consider 
different types of operations that can be adjusted to the conditions of the farm itself. 
For example, we will make an énalysis of the cattle f arm. There are different types of 
operations, the si mplest being a commercial cattle operation that can be developed based 

on Criollo breeds and improved bulls which may be Zebu . 

1. This type of operation in the inexpensive savanna areas, such as the Eastern Plains 

(Llanos Orientales) in Colombia, requires good management practices but do es not 
require higly advanced technology. lt has the advantage of having a high percentage of 

the capital invested in easily saleable goods, very few fixed assets, and tew pieces of 

rnachinery and equipment to depreciate. 

2. A more advanced type of operation would be an upgraded commercial herd of 
good-quality ca ttle, where in addition to usual sa les, high -grade bulls would be produced 

to be sold tor use in commercial herds. In th is case, higher fixed investments are required, 
especially in pastures, fencing, buildings, equipment, et c. At the same time, there will be 
higher expenses involved for technical and admin istrative personnel, as this type of 

operation generates more sources of employment than the system previously mentioned. 
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Management costs per cattle unit will also be higher, but this wi l l be offset by higher 

selling prices for animals. This t ype of operation requ ires a more accessible location than 

those previously described. 

3. The most advanced of al l is the purebred or highly selected cattle operation. Since 

this type is the most important source o f herd bulls for the national cattle industry , it is 
essential to work with breeds adapted to the trop ical environment. Many industries of this 

type have failed because of the introduction of exotic breeds, not adapted to the tropical 

environment. 

This type of operation should be developed under optimal environmental conditions; 

that is, it should have highly qualified administrative and technical personnel, qualified 

workers, an easi ly accessible location, good communications systems, a food transportation 

system, good or artificially improved soi ls, good pastures, and adequate economic resources 

because investment per surface area is higher than in other types of cattle operations. In 

summary, this type of operation is prof itable onl y when optimal conditions exist. 

4. Cattle fattening should be considered as an industry that t ransforms feed into meat 

and where breeding is not involved . For this type of operat ion, steers must be able to 

utilize forages common to the tropics. 

For f attening operations, it is important to be near markets and to have good means of 

transportation . In relation t o the technological aspect, agronomy p lays an important role 

in pasture improvement. 1 t is essential to ha ve adequate programs for control of in terna! 

and externa! parasites in order to obtain higher productivity . Th is type of operation is 

easily managed, has a fast turnover of capital invested and has the h ighest rate of liquidity . 

ADMINIST ERING THE ENT ERPR ISE 

One of the m ost import ant aspect s in the development of an agr icultura! and livestock 

enterprise is continuing communication between techn ical and adm inistrative personnel. 

In my opinion, it is essential to have weekl y mee t ings to d iscuss and analyze t he d ifferent 

farm production programs being carried out. 

Trad itionally, we see farms t hat include both agr icultura! and livestock components. 

However, they are managed as if they were two separate enterprises, and the work is not 
coordinated. For this reason, 1 consider periodic meetings important because 1 believe 

that they are the only way to attain coordinat ion of the tech nical, financia! and 

administrative aspects. 

The establishment of a central office w ith an adequate accounting and stati st ical 

department should be given priori ty. 1 believe that in order to manage an agri cultura! 

and livestock enterprise wel l , it is essential to heve adequate st at ist ical data that al low 
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the analysis of t he different units in the operation . Of course, it is not advisable to begin 

with completely separated production units, but rather with a system that groups units 
of the same kind and then, depending on the development of the enterprise itself, expand 

statistical data in arder to be able to analyze each production unit individually. For 
example, let us consider the case of a farm with 500 commercial cows. lnitially, we would 

have all the necessary data for the group. Then , conditions permitting, we wou ld separate 
these into f ive groups of 100, in order to obt ain information for each individual animal. 

This procedure applies to every field: pastures, agricultura! areas, machinery and equip
ment , etc. 

With good records, programming is easier. Many times, enterprises have failed because 
planning of the infrastructural work has not been organized or completed, or large 

investments have been made in areas whose location, soils and other f actors are inadequate 
to ach ieve stated objectives. 

Befare beginning farm development, it is important to know all the factors involved in 
production, and development priorities should be established and implemented as soon as 
possible to avoid interest costs on idle capital. 

The development program has been divided into three groups: 

1. Partial work that benef i ts only a certain lot within the farm 

2 . Integral work that benefits a good part of the farm 

3. Regional work which can be done in cooperation with the neighbors for the 

benefit of an entire region . 

Another important factor which, toa certain extent, has been neglected by modern 

enterprises is the experimental aspect. A good development policy should include the 
allocation of about 10 per cent of the net profit of the enterprise for experimentation . 

Mixed enterprises 

Combination crop and cattle enterprises have a great potential in our country . At 
present, it is difficu lt to find straight cattle enterprises in the highly populated areas with 
good transportation services. Analysis of zones having these characteristics shows that 

mixed enterprises prevail in our country and are the best administered. 

In this type of enterpri se, crop production should be limited toa commercial scale; it 
is also important to make provision for production of food crops such as cassava, 
plaintain, etc. (in the warm areas) for on-farm consumption. At present, the price of 
these products is excessively high and they are scarce; therefore, the enterprise should 

produce them to feed their employees and thei r families. 
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Within this type of operation, it is easy and economical to produce supplementary 

feed for cattle - such as sorghum for forage - and ensiled maize and legumes, etc. for 

grain, taking advantage of the machinery and equipment required for commercial crops. 

Lumber 

The production of timber is an important factor . Every cattle enterprise needs lumber 

for fencing, corrals and other purposes. Unfortunately, poor conservation of natural 

resources, burning, and uncontrolled forest clearing have eliminated many extensive 

wooded areas. 

An area must be set aside for reforestation ; at present it is easy and profitable todo 

it with trees of early maturing varieties, which after three or tour years can produce good

quality timber. 

Agro-industrial aspects 

1 would like to comment on what should be ca lled agro-industrial enterpri ses. This 

type of enterprise has a promising future in our country, especially in the overpopulated 

areas where labor is easy to get and new sources of employment must be created. Of 

course, this type of enterpri se is harder to manage than crop or l ivestock enterprises. lt 

requires more technological competency and the fu\1 -time dedication of technical and 

administrative personnel. 

lt is essential to have additional facilities such as electr ic power, without which 

industrial ization would be inconceivable. There is a wide range of small industries that 

can be combined with the agricultu~al and livestock enterprise . For example, small feed 

manufacturing plants can be established, based on farm -produced crops and by -products. 

Another alternative would be to process farm -produced oil seed crops, obtaining meals 

rich in protein . These feeds are very expensive at present. 

In accordance with the factors already analyzed, it is easy to develop programs to 

increase the productivity of each unit in the enterprise . These involve l and , cattle, 

agricultura! equipment, human and natural resources; in other words, all those factors 

influencing production. With good programming, there will be a constant increase in 

productivity; and with reliable statistica l data, we w ill be able to determine which units 

are unprofitable or less profitable and how they might be improved. 

1 n conclusion, 1 bel ieve that the work ot an administrator is based on the coordination 

of all available resources and all personnel in the farm enterpnse; and to achieve this, a 

person must have time to think. An administrator cannot be expected todo all the 

administrative work ; he must delegate responsibility in order to obtain better resu lts, 

channeling all efforts toward the same objective, which is to increase productivity. And 

for this, 1 repeat, he must have time to think . 
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SOME ECONOMIC ASPECTS OF THE CATTLE INDUSTRY 
IN LATIN AMERICA 

A lberto Va!dés * 

Th is past January, 20 ec:_:onom ists f rom eight nations part icipated in a seminar at CIAT 

as part of an effort to achieve a greater in teraction among economist s working on problems 

of the 1 ivestock sect or. 

The objectives of the seminar were 

1. To review ex isting research, both completed and in progress 

2. T o ident ify substantive areas for priority work 

3. T o identi f y personnel and insti tut ions capable of partici pat ing in a collaborative 

research effort at the regional level 

One of our prem ises was that research in economics is a neces5ary complemer.t in the 

great task of accelerating beef production in Latin America . 1 n the long run, the world and 

domestic market si tuat ion for beef products is quite favorable. Through research we cou ld 

capitalize on the favorable conditions of world m arkets and contribute to increases i n 

product ion and expor ts, thereby genera t i ng importan! changes in agricultura! income, the 
supply of foreign exchange, nonagricultural employment and perhaps even nutr ition. 

The experience o f th is sem inar indicates that there is a h ighly competer:lt professional 

group in our area o f the wor ld, al though the num ber o f group members is lim ited in each 

individual country. lt is our op inion that the combined efforts of group m embers, if 

organized professionally, could be more efficient than the total of individual endeavors. 

This sem inar was but one f irst step in this direct ion . 

* The author is indebted t o Reed H"rlford, Lovell S . J arvis and Lucio Reca for the ir h"lpful comments. 

199 



In thís report, 1 will not try to give a chronological account of the presentatíons or the 

comments of all seminar partíci pants. Rather, 1 will attempt to summarize the ir· 

observations and presentations, arranging them in rather loose categories as follows: 

l. Production and consumptíon 

11 . 1 nvestment behavior and farmers' responses to economic incentives 

111 . So me options in economic poi icies 

IV . Economics of beef productíon systems with special emphasis on loca tion . farm 
size and product ívity 

V . Foreign trade and perspectives for exports 

V l . Methodological considerations pertaíning to the matters already mentioned 

Finally, 1 will make some suggestíons about a ty pe of organizatíon that could initiate 
coll aborative research programs. 

l. Beef production and consumption in selected countries 

Some valuable background statistics were presented in this seminar . Some of these have 

been compiled in Tables 1 through 3 . We will f irs t deal with some background informat ion 

on production trends. 

Tabl e 1 shows that as regards ca ttle population, the four most important Latín Amer1car 

countr ies are Brazi l , Argentina , Mexico and Colombia, in that order. In general, except for 

Argentina and Chile, mcreeses in cattle inven tones are relative ly small, for five out of s1x 

countr ies the annual rate is close to 3 per cent. 

When we compare the rat1 o of an imals slaughtered for domes t ic consumpt1on to those 
destined for exports, we see that Argentina has increased the amount destíned for t he 

export market although both have diminíshed . In Brazil , on t he other hand, there have 
been increases in expor ts, but proportionately less than the increases m the total number 

of animal s slaughtered. • The slaughter ínventory ratios in Argent ina and Brazi l imply net 

increases in cattle populatíon . On the contrary, the four remain íng countries are literally 
eating up their capital ; in fact, increases in slaughter are greater than mcreases in cattle 

stock .** 

* Slau ~hter is con sidered on a larl(<' r b asis than e x¡J<lrts. 
•• Strictly, the compa ri;on o f slaughter to net productton would be a mon• •ppropia te indicalor of 

invest ment : S= P +ll J, w hcr" S = slaughtl'r, P produrtion a n d ÓJ = ch a ngrs in invenlot\·. 
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Table 1. Cattle population , evolution of production and extraction rate. 

Annual compond rate of increase ( 1960-70) 
Cattle 

Population 1 Slaughter 3 Extraction 
1970 Stock 2 (domestic rate 

Country (millions) (O/o) consumption) Exports4 (O/o) 

Argentina 56 a 0 .3a - 0 .4a ·-0 .1a 25 

Brazil 78b 3 .5 2 3b ::::::2.0 15 

Chile 3c - 0 .1b 4 .1c - 3.0b 28 

Colombia 20d 2.7 4 .3 2 .9 11 -12 

MexiCO 26" 3.3 4 .1 

Venezuela gf 3.0c 5 .1d 13.2c 10.7 

Cattle popula tion 

a Th •s f1gure corresponds 10 1967 (Yver . 1972. p 62). 
b. Schuh and Latt1more ( 1974, p . 5) 
c. Th 1s figure corresponds 10 1965 (Barros. 1973 . p . 56) . 
d. H ertford and Gut•érrez ( 1974, p. 6) 
e. Si los ( 1974 . p. 1 ) 
f. M1ller ( 1973, p. 4 25) 

Stock 

a. 1957 67 
b. 1955 65 
c. 1961 70 

Slaughter 

a. 1956 -66 (Nores, 1969,p. 117 ) 
b A pparent beef consumpt•on (Schuh, 1974, p . 4 ) 
c. 1955-65 
d . 1959-69 

4 Exports 

;~ . 1956 66, beef exports m tons (Nares. 1969 . p . 117) 
b . lmports 1955-65 ( B arros. 1973, p. 42) 
c. l mpor ts 1962 70 

Why has the expansion of inven tory been relatively slow? To what extent does th is 
reflectan economic distortion at the level of cattlem en who, considering prevailing prices, 

may have underinvested in cattle? Or is this dist ort ion rather caused by factors beyond 
the cattlemen's control , such as artificially lowered prices. insufficient i nvestments in 

infrastructure, etc.? 

1 n order to raise the ra te of expansion in cattle populat ion beyond 2 or 3 per cent, 

cattle productivity must be increased. The most common index for these comparisons is 
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the extraction rate shown in Table 1. This rate varíes greatly from one country to another. 

Chile and Argentina are clearly ahead, with rates twice that of Colombia and 21/2 times 

that of Venezuela. But this rate also varíes in different regions within a given coun t ry. 

The higher the land value, the more intensive the system of production tends to be. 

In this presentation, Dr. Raun classified the Latín Amer ican ecosystems as (a) those 

prevalen! in fertife affuviaf soils , (b) affic so i ls with high pH and low fertility, characteristíc 

of tropical savannas, and (e) low fertility soils covered by forest vegetation. 

The greatest potential for expansion seems to be in areas of tropical savannas, where 

cattle productivity today is relatively low and where, co incidentally, there is the most 

elastic supply of land, as in the case of the "campo cerrado" region in central Braz il, 1n 

the Colombian and Venezuelan Llanos and part of Bolivia. On the other hand, 1n countri es 

with alluvial soils-like Argentina, perhaps, and certainly Chile- the trontier Jands are 

almost total ly incorporated to agricul tura! production.* But the potential found in 

tropical zones can be fulfilled only if and when researchers succeed in designing an 

economically viable technology, maktng it profitable to introduce nutritional changes 

that could raise the calving rate, reduce the mortal ity rate and raise the average daily 

weight gained during fattening. 

1 n relation to the structure of domestic consumption, the high we1ght of beef in the 

family budget was pointed out. In Table 2 we can see that in Brazil , for example, bee f 

represents 25 per cent of the total food budget and almost 10 per cent within the general 

cost ot 1 iving index. 1 n Argentina, the latter amounts to 15 per cent. There is, therefore, 

great pressure to introduce beef price controls, as will be mentioned in the section on 

economic policies. 

The studie; by Schuh and Lattimore (8razil, 1974), Andersen and Londoño (Colombia, 

1972). Nores (Argentina, 1969) and Barros (Chile, 1973) 1ndicate that the demand lor 

beef is relatively price inelastic in the long run, reflecting scarce substitut10ns for beef~ •¡ s 

Latín America a special base in this respect , givtng beef a greater 1mportance 1n the daliy 

diet? 

As a source of protein , the relative importance of beef is greater, as shown 1n the study 

for Colombia by Hertford and Gutiérrez ( 1 974). 1 t 1s possible that when produced under 

extensive grazing systems rather than on grain teed1ng, beef wi!l be a cheaper source of 

protein than either pork or poultry. lts empírica! comparison is complicated by the 

existence of price controls for beef. 

Howcver, one ought not to underestimate lhP inc rcases in produ ctaon which 1night bt' gainf'd rrom 
increased productivity in th(' lemperatí' zohes. As Jan•is corrcctl v Points out, Argentina uses almosl 
n o fertilil.N, has l~ss improved pastures than it could thcor<•tically <'mploy. has lower calving ratcs 
than the US does, and h~s few feedlot syst('rns (L. Jarvis. pnsonal corr~spondence ). 

• • lncluding por k and poultrv, as is shown ror Brazil 
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Tab le 2. Demand for beef in selected countries. 

Elasticities 

Price 
Share of beef in Share of beef in 

total food total family In come 
expenditure expenditures Short Long 

Country (Ofo) (Ofo) High Low Average t erm term 

N 
o 
w A rgenllnJ 25.0 15 .0 o 41 0.3 - 1.0 

BraLil 25.0 9.6 0.50 1.60 - 0.9 

Colombo a 23.0 13.1 0 .47 1.50 0 .84 - 0.8 

Chile 2 1.7 27.9 10.9 7.2 0 .25 1.73 0.6 1 - 0 .9 

lncome level low high low high 

Source: Argentona : L G. Reca ( 1973, p. 99 1031 , except lar langter m elasticity, obtaoned f ram Yver ( 1972, p. 441 

Brazo\ : Schuh and Lattimore ( 197 4 , p. 1 7. Chapter 11 and Table 1, p. 561 

Colamb oa : Hertlard and Gu tiérrez ( 1974, p . 35} lar average in come 

Chile: Valdés and Mujica (1973. p. 36), except l ar price elastocity, wh ich isdue taBarros ( 19 7 3 ) 



1 n regard to income elasticities, there is a great difference between low and high in come 

levels in Brazil, Colombia and Chile. In fact (as can be seen in Table 2) ata low income 

level, elasticity is always higher than 1.0, whereas ata high income level it is of 0.5 or less. 

lt is estimated that the average income elasticity is lower than 1.0, which shows that beef 

can be classified as a basic rather than a luxury consumption good . 

The relation developed by Hertford and Gutiérrez (1974) between the characteristics 

of consumption and growth in production and exports is an important contribution. They 
conclude that for Colombia, per capita consumption has not increased during the per iod 

of 1957-1970, which seems to be the result of relatively modest increases in per capita 

income, combined with an income elasticity lower than 1.0 and increases in the relative 

pr ice of beef. These factors favored the rapid growth of exports. 

The lack of information about the structure of beef consumption was pointed out. 

especial ly at the low income level. This could have a bearing on the fact that demand 

projections seem to have underestimated the increases in consumption because of a 

mistaken use of low elasticities for low-income groups. 

As a reflection of our concern for obtaining better information. a benchmark study on 

cattle raising in Latín America was suggested as a start ing point. The preliminary study on 

Colombia presented at th is seminar is one su eh effort. On the basis of the informat ion 

availab le, the following subjects are dealt with: (a) the evolution of the cattle populat ion 

and production according to age, sex and regions, with emphasis on determi ning the 

coefficients of bi rth, mortal ity and length of the fattening operations, etc., (b) the 

identification of the sources of changes in production and determining the evolution of 

consumption and exports, (e) the quantification of the sector's contribution to the 

gross national product, exports, the.fiscal budget, employment and distribution of 

income, (d) the description of policies and legislation relevant to the subject, (e) the 

characterization of landholding systems and the examination of the smal l -scale beef 

producer 's economy, (f) the analysis of the pr incipal limiting factors of an environmental 

and institutional nature (including government policies). (g) the revision of sectorial 
models and their implications for the same. The main objective woufd be to create, on 

the basis of a diagnosis f or each country, an agenda for technical and sociocconomic 

research on the cattle industry. 

11. Jnvestment behavior and farmers' supply response 

Until recently, policy makers acted as though catt le sales would not be affected by 

price changes in the short or the long run . Previous empirical studies had found a 
negative supply elastici ty in short·term sales, and from this they deduced that elasticity 

was also negative for long-term sales. Th us, they concluded that cattl e raisers did not 

respond to economic incentives. 
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Looking back, the fact that production, when viewed properly, involves the su m of 

changes in inventory as well as changes in sales (slaughter), does not seem to have been 

well understood. Production in a given year can result i n two situations that are mutually 

exclusive: retention of cattle asan investment versus putting them on the market. The 

price per unit remains the same in both cases. As Yver (1972) has accurately said, in th is 

industry it is difficult to know when we are consuming the machinery and when the 

product. 

1 n the last two or three years, important theoretical and empirical contributions have 

been made in the area of investment behavior in cattle rai sing. The excellent research done 

by Jarvis ( 1973) and Y ver ( 1972), complemented by their econometric studies and the 

empirical stud ies ot Nores in Argentina (1969). Barros in Chi le (1973) and Schuh and 

Lattimore in Brazil (1974), has brought to light certain fundamental aspects of cattle 

supply. One ot their most important conclusions is that the long-run elast ic ity of supply 

is clearly positive in all cases analyzed, and one of its most complex implications is the 

dynamics of the response of l ivestock farmers l t was essential to differentiate clearly 
between short· and long-term responses and between sales and cattle stocks. 

These stud ies show that when beef prices increase, the sale of animals will tend to 
diminish at first. The cattleman will prolong the optimum age for sales and adjust the 

composition of his herd . 

In T able 3 it can be seen that when pr ices go up, the reduction in short·term sales* is 

greater for females than for male animals and that tour or five years later (depending on 

the country) this negative response becomes positive, with values of 1 to 1.5 in the long 

run. .. 
The per iod ot adjustment for achieving a new long-term steady·state equilibrium takes 

at least tour or five years. During this per iod of transi tion , beef prices could become 

unstable, but they would tend to stabilize in approximately three to f ive years. lf 

authorities intervene during this period of adjustment, it is possible that long·term 

expansion of sales w ill not materialize. 

This analysis is complicated by the effects of inflation and the resulting imperfections in 

the capital market, so typical of many South American countries. A logical reaction on 

the part ot many entrepreneurs would be to buy cattle as a hedge against intlation , 

investing more as inflation increases, with a reduction ot sales in the short run , nevertheless, 

th is ettect would lead toan increase in sales in the long run . 

* \Vithout an en1pirical analysis. Professor Navas dC'scribes the same short·term phenomenon in 
Vt>nezuela for 1972-1973. When official prices rose from $B 6.50 to $ 9 .00 per kilo. h e observe d 
that cattle fanners retained their cattle for t wo or three months, thus raising the average slaughter 
wcight lro m 170 to 210 kg. Howl'ver. the latter could ins tead reflect changes in the comp osition 
of the age and s~x o f t he animals being slaughtered. 

•• As Musalem (1973) has shown theoretically. it is importan! to keep in mind that the s hort-run 
e lastici t Y o f salf's can be positive. 
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Table 3. Estimates of elasticity of beef cattle supply . 

Elasticity of: 

lnventory : 
Males 

Fe males 

Total 

Sales (slaughter) 

Period 

o 

2 

3 

4 

5 

Long term 

Females1 

- 0.055 

- 0 .372 

- 0.4 11 

0 .012 

0 .533 

0 .689 

1.376 

Argentina Brasi12 

Males1 Total sales 
1 

0.076 0.023 

0.017 -0.161 

0 .053 0 .370 

0.370 0 .225 

0.664 0 .609 

0 .725 0 .710 

0.995 1.149 

Short Long 
t&rm 

0.078 

0.046 

Females 

- 0 .575 

- 0 .458 

- 0 .347 

-0.243 

- 0 .146 

- 0 .053 

1.538 

t&rm 

1.775 

0 .788 

1.587 

Males --

--0.113 

0 .036 

0 .037 

0.107 

0 .174 

0 .238 

1.596 

Chil&3 

Short 
t&rm 

0 .13 

0 .18 

-0.108 

-0.227 

-0.117 

fe males 

males 

calves 

Source: Elastic1ty of sales is measured '" terms of beef pri ces and leng th of the period ( Yver , 1969 , p. 47 , Tabla 8 ). 

Measures the "accumula ted " elasticity of cattle sales with respec t to t he pnce of meat (Sch uh and L a ttimore, p relimi · 
nary, 19741 

Barros, 1973 



!t is interesting to note that a relatively similar theoretical model served as the basis for 

studies in Argentina, Brazil and Chi le. We are well equipped for the study of this problem 

area since we have at our d isposal sound theory and supply coetticients. Our task now is 
to use them ettectively in economic policy making and planning. 

In the future we must continue to study investment behavior in relation to technological 
changes, especially in the area of nutrition. The theory mentioned above gives us an 

excellent point of departure. In th is context, risk considerations would be less important 
than they are in studies of crops. As illustrated by Schuh and L attimore, we can relate the 

supply and demand of beef to government policies, including endogenously the political 
instruments currently used. 

The fina l objective of investment analysis is to provide an empirical basis for the 
evaluation of national economic policies. 

111 . So me options of economic policies for this are a 

The so-called " agricultura! " policies have often hada lesser effect than general policies, 
such as exchange rates, interest rates, tax systems, tariffs, export quotas, etc. In other 
words, the economic key to the industry is almost exclusive ly in the hands of the central 

banks and ministries of economics, rather than being influenced by agricultura! agencies; 

and the well ·being of the consumers very often overrides the interest of producers. 

This kind of policy making has not only limited the level of investments in cattle rais ing , 
as is deduced from the empirical stud ies avai lable on Argentina, Brazil and Ch ile, but could 

also have had sorne effect on the ditfusion of technology employed . The quick adoption 
of a specific technology often depends to a great extent on the economic policies in force. 

This section will consider th ree aspects of the subject : 

A . Exports versus domestic consumption 

B. lnstabil ity and uncertainty in prices 

C. Critical inputs and infrastructure 

A . Exports versus domestic consumption 

In several countries, the government has and is intervening in the regulati on of meat 
markets, lowering domestic prices below the international levels. These ant i ·inflationary 
measures have been caused by the high weight of beef prices in the family budget, as 
mentioned before. Almost without excepti on this has brought about greater fore ign trade 
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restrictions, as happened in Brazil, Argentina, Colombia and Chile. Frequently these 

restrictions have taken place through changes in export quotas and/ or export duties and/ 
or multiple exchange rates. 

Government officials come up against complex dilemmas. In the short run, governments 

can ei ther allow international prices to prevail in the domestic market, which increases the 

pressure on the cost of living indexes but results in export increases anda stronger balance 

of payments. Or they can favor the domestic consumer. with consequent reduction of 

investments and the risk of eventuafly having to import beef as has happened in Chile Up 

to now, in virtually every country, it has been dectded to reduce exports. • A key problem 

to be considered is whether or not high beef prices on the international markets are a 
transi tory phenomenon. 

There also seems to be a widespread distortion of milk prices in relation to beef prtces 

in Latín America. Almost invariably mil k prices are set ata low level. A quick estímate 

suggests that at present the milk -beef price ratios are in a proportion of 1 to 10 on the 

Colombian North Coast; whereas in the United States, for instance, the ratto ts 1 to 5. 
What would happen in Colombia if the price of milk climbed to the 1 to 5 ratto? 

1 f mil k and beef were considered as joint products, technically speaking, the contt ols 

on the price of milk would be limiting the long-run expansion of beef production, 
resulting in a lower output of calves. • • 

B. ln stability and uncertainty in prices 

In relation to this, three tnteresting types of problems arose. On the one hand, we have 

the so-called beef cattle cycles; that-is, the annual fluxes in sa les and prices. Countrtes such 

as Colombia are making an effort to reduce the instability of tnternal prtces through 

adjustments in the export quotas. These measures are well grounded. Excesstve tnstablltty 

makes the price mechanism less efficient and leads to smaller levels of investments . 

Econometric models show that the adjustment period takes many years. Alteran tncrease 

in expected prices. reach ing a new long term steady state of production takes around 
five years in the case o f Argentina and even more in Brazil. This suggests that the extstence 

of trequent ups and down in prices may have a negative effect in the expan~ion of the 
industry in the long run_ But there is a risk in that the stabiliz111g of cycltcal vanabtltty 

often results in a distortion of the domestic price leve!, whtch goes down below 

international prices. 

• Accorctin g to export·demand e lastícities. a reductioo oi Pxport volumt•s can lead tn 1ncrcasf'S 10 t•xpur 
prices. T his is perhaps the situation in Ar~•·ntina. 

•• L. Jarvis informs me that there ís evidcnce for both Ar,¡~ntina and Chile that an increas<' in lh~ price 
o ( milk leads to greater slaughter o f animals in lhe short run. I n the IOI\I\ run though , w ithout thc 
pasture constraint. hil:her milk prices mav a Uow an ••xpansion of thl' herd of dual-purpo,.. antmdls. 
wh ich would result in an increase in the availability o f bcl'f at constant priccs. 
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Another aspect is that of seasonal variat ions, a problem better documented in the case 

of Brazil. According to da Leite ( 1972). a large subsidized investment was made in storage 
facilit ies in Brazil in arder to reduce price variability between the dry and rainy seasons. 

Stocks were put in cold storage instead of keeping live cattle on the ranch. In the latter 

case, l ive cattle supply would have risen during the dry season as a resu lt of higher prices. 
These are alternatives, but any varia t ion of prices during the dry season will affect the 

cattleman's behavior in the rainy season as well. 'lt was suggested that it was necessary to 

revise the poi icy in question. 

C. Critica! inputs and infrastructure 

The process of increasing cattle productivity through technological changes may 

gEmerate significan! tensions on the markets which supply the cattle sector; we must 

therefore try to anticípate them . 

Credits, fert ilizer supply and road infrastructure are some of the inputs mentioned 

most often . 

Unfortunately we could not find any study on the credit situation. There are only brief 

commentar ies. Surprisingly, i t was said tha t at least in two or three countries there seems 

to be more cred it available than the cattleman wishes to utilize. Th is is surprising, 

especially when we remember that this credit is usually offered ata negative real rate of 

interest; in other words, loans are really handouts. • 

The role of international credit pe'r se was not discussed . We do not know its real 

effect on net investments, income distribution and on technological change. There was 

an impression in the past that in 1 B R D credit programs the problem of alleviating the 

balance of payments situa ti on was given priori ty over the issue of the benefit derived 

from distributing loans according to size o f herd and tenure . 

A novel and important tapie was the economics of animal health programs. A lot of 

international credit has been invested in foot -and-mouth clisease and to other diseases ; 

andas taras we know, there is no quant itative study of the costs and benefits derived 
from these investments. 

The analysis of the situation is complica ted further by the existence of "externalities" 
(e.g., foot-and -mouth-d isease vaccinat ion) which could bring about discrepancies between 

prívate and social benelits and the possible interaction between the management level and 

the incidence of a given disease. 

For example. atan annual interest of 12 p()r cent. wh('n inflation reaches approximat<"ly 23 pcr ce nt 
per vear, as in Colotnbia in 1973. O nc of the rt'asons ~.iv(-'n at least in Argentina. according to Jarvis. 
is that thes~ loan s require the sub1nission of substan tial in formation from thc produ cí>r regarding his 
asse ts, income. etc.- informati -:>n w hic h many producers are unwilling to giv~ for fear t h at it might fa ll 
into t h e hands of the lax au thorities. 
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There are other issues we should al so try to analyze, such as (a) costs and returns of 

alternative control methods (levels) at the level of the farm , (b) the social cost of diverse 

levels of incidence, and (e) the probable rate of return upon reducing incidence. This 

would al low us to examine problems, such as how rnuch and to what degree the cattleman 

should be subsidized, what the optimum level of control for foot-and -mouth disease 1s, 

when attempts can finally be made to eradicate a disease rather than control it, etc. The 

veterinar ian should know about relat ions involved in the incidence of foot -and-mouth 

disease , brucel fosis, etc. and production parameters, such as birth and mortallty rates, 

weight gains, probability of contagian according to age, etc. Unfortunately, this 

information is not yet available for the majority of diseases. 1 t is a new area where a 

rigorous application of economic theory has not yet been made and where it 1s difficult 

to quanti fy the effects o f these diseases. 

1 n regard to the fertilizer market, the problem of phosphates in Colombia was analyzed 

in reference to its incidence on the costs of establishing and maintaining improved 

pastures in tropical savannas (Montes, 19741 . Colombia depends on imports; approxJ · 

mately 85 per cent of the fertilizers consumed in the last f ive years was imported. The 

future of savanna legumes depends partly on the interniltional prices for phosphates. 

Around 1971 prices climbed dramatically, increasing 200 per cent between 1971-1973. 
Future projections should be urgently studied . 

Part of the prob lem is to know whether the supply of phosphatP.s procluced in Lat1n 

Ame rica would effectively reduce the price below internat1onal levels. 1 t is relevan! to 

look back and remember that 1n Chile and Argentma, two cases where fo¡ years the 

governments have protected the development of national fertilizer 1ndustnes, the pnccs 

for domestic fertiliLers turned out to be higher than those of 1mpo1 ted fertil izers, resultmg 
in the reduction of their consumption . • We must not generalize from these experiences. 

but they should serve as a wa1n1ng. Colombia. on the contrary , sells ata pnce equivale11t 

to the internationallevel . 

Roads and transportation in general seem to be crucial matters. above all 111 front1e1 

areas. such as the Colombian and Venezuelan Llanos and Brazil 's and Bolrvra's inte11or. 
lt is necessary to study the impact of dd !eren t levels of tr ansport infras t1 ucture 011 11et 

prices obtained by the cattleman in a given area and how this can 111fluence the prese11t 

specialization of the area in P.ither breed1ng 01 fattening operations. 

Clearly. the need arises for more research on economic policy for the cattle sector. 

including the role o f public works. The ernphasis on quantitative analysis may facili tate 

communication between researchers and the authorit ies in charge o f des1gn1ng and 

• lf the importation o f n i trogen at int<'mational Prices had bHn pcrmitted, thP incr('ase-both in 
y iel d and consequentlv in n'ttional w heat production- would hav(' pcrmittcd thc low .. rinf( of wheat 
imports bv such an amoun t thal th~ir value in doll..trs would ha\'(' be<'n gr('aLt'r thdn Lht' val u•· or th,• 
additional ferti li7Pr imported (\' a)d('s, 1974 ). 
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implementing economic policy. A good ill ustration is the sectorial model for Venezuela 

developed by Oregon and MAC- FAO. used in the process of setting pric.o::s for beef. 

IV . Economics of beef cattle production systems 

We shall examine three issues: regional specialization. the relation between profitability 
and production technology. and final! y the importance of dairy production . 

Beef cattle raising tends to utilize residual lands in relation to crops and plantations. * l t 

is very land intensive. as well as intensive in capital and in cattle. so it is logical that beef 

producers prefer areas where land is rela t ively cheap, such as frontier areas. Since larger 
proportions of land are needed for cow-calf operations than for fattening, the former 

act ivi ty tends to be located in places where land is relatively cheaper, as was seen to be the 

case in Colombia and Braz il. Besides. young animals travel better because the cost of 

recovering weight losses is smaller. T he investment theory already mentioned serves as 

the bilsis for explaining regional specialiLation in cattle raising. 

One issue we did not deal wi th , but which meri ts discussion on another occasion. is the 

feasibility of intensive fatten ing systems in areas with wide availabil1 ty o f agro-industrial 

products. The Cuban. Central American and Kenyan experiences are relevant in this respect. 

lf they turn out to be feas1ble, surely regional specialization in the cow-calf operation 

would become even more widespread. 

As l ar as the cattle are concerned- a very liquid asset- a rate of return no lower than the 

real ri:l te obtainable on bonds and othe1 nonagncu ltural investments of similar liquidity 

is ex pected . 

What changes. if anv. have taken place in the average cattle productivi ty in, let us say , 

the last 20 or 30 years7 We know little about this. The study by Hertford and Gut iérrez 

( 19741 for Colombia concludes that production growth is mainly brought about by 

increases i n gra1ing land and in the number of operations. No significan! increases in 

carry ing capacity have come about. Da Lei te Si lva (19721 also studied the problem of 

production in Bra1i l and concluded that in spite o f climbing mecJt prices. there has been 

no importan! growth in output. Sorne evidence though indicates that toward the end of 
the 60's, production was beginning to increase. T his type of extensive expansion might 

have been an "efficient " path in the past; we do not know for sure . 

An interesting aspect is the interrelation among profitability. technological changes and 

whether or not livestock farmers live on the fa rm. This point was illustrated by Obschatko's 
study for Argentina ( 197 11. wh ich determined that given the technology prevai ling in the 

• Thi~ js n o t th(• case with whec&l and meat in Ar~Pnlina . 
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area, residen ce on the farm was nota factor affecting profitability. Nevertheless, those 
who do reside on their farms have subjective socioeconomic costs from 1 iving in isolated 

areas without educational, health and recreational facilities tor their famil ies. 

The question is whether the new technology in tropical savannas, for instance, will 

demand significant improvements in management capacity. This new technology would 

have to raise the rate of return substantially in arder to compensate competen! 

admi n istrators for taking their famil ies to 1 ive in the country, with all the implications 

of such a decision. Competen! administrators have a high opportun1ty cost . lt should 

likewise be remembered that studies on the diffusion of technology have concluded that 

farmers do not readily switch to new technological practices when they mean increases 

in profitability of only 4 to 5 per cent. 

1 n relation to development potentials of frontier are as, the perspectives of the beef 

cattle industry in the Peruvian jungle were examined. A feasibility study has determined 

that at present prices, beef production in the jungle would not be a successfu l operation, 

even at the most "probable" productivity rates tor the area (Aidunate, 1973) . The biggest 

problem is a financia! one. lt has been concluded that a farmer would have negative cash 

flows for many years, during the en ti re period for developing the pastures and the herd. 

Another issue which carne up repeatedly was the importance of milk production in 

beef cattle operations. A parallel might be established between cattle raising and crops. 

Mixed cropping is more common in the tropics than in temperate climates. which also 

seems to be true in the case of beef and dairy operations for tropical and temperate areas. 

In areas traditionally classified as solely beef producing as shown in Rivas' (19731 study 

for the North Coast of Colombia, it was observed that mil k production is responsible for 

an important share of the farmers' income. This is probably because o f their need for cash. 

The proportion will vary , of course, as a function o f the ratio between milk prices and 

the prices for calves destined for beef production . with milk sales decreasing when relative 

prices for calves go up. The relative tmportance of milk sales for small farms in Costa Rica 

was also pointed out by Vernon Smith (personal communication) . 

Detailed studies of the economics ot production systems ( those in progress as well as 
projected ones) seem to be a must in order to project the response of cattle supply in the 

short and long run, under different ecosystems. Why does the farmer do what he does? 

How homogeneous is the use of technology in the farms of the same area or from one 

area to another? 

V. Foreign trade and export perspectives* 

Oespite the cyc/ical si tuation in 1974, long-run projections regarding the international 

beef market forecast that rising prices would contmue. The demand tor beef exports 

• This seclion is bascd mainly o n thc pr('sentalion by Mrs. R. van Haeftt'n . bul this V('rsion of h ('r 
cornmentari<'s at thc- se minar is sol(') y the author's re-sponsibilit.y. 
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increases rapidly and prices have more than doubled between 1966 and 1970. According 

to available information there are no risks of overproduction in the future but rather of 

underproduction, unless drastic changes occur in the commercial policies of the major 

importing countries. 

Europe is the most important market for South American production , the main 

importer being Great Britain and Germany . In the future, after 1980, Japan may become 

a large importer. For Mexico and Central Amertca, the United States constttutes the 

major market. These countries, because they are free of foot -and-mouth d tsease. receive 

preferential treatment over South America. 

The largest export market at present is for fresh -chilled and frozen beef . Canned beef 

represents only 14 per cent of world exports and seems to continue decltning. Most of the 
beef Europe imports from South America comes to the consumer in processed form, 

whtch ts subject to lower tariffs than fresh meat . There is a tendency for the consumer tn 

both the United States and Western Europe to favor lower priced meats, which precisely 

benefits processed meats. Whether or not South America will be able to increase the 

exportation of processed beef (as Mexico did after eradicating foot-and-mouth disease) 

remains to be seen. 

Astde from tariffs on unprocessed meat. the major restrictions for beef tmports in 

Europe, as well as North Amenca, are not tanffs but tmport quotas and health regulattons. 

01 the two, the more flexible and negotiable for exporting countries are import quotas. 

Thts year the United States Department of Agriculture will begin an extensive study on 

the international market, itemized by countries. T hey are developtng a framework of 

analysís to study the ímpacts of alternatíve foreign trade policies on prtces, consumption, 

production and future trade flows in both importing and exporting countnes. Because 

of its nature and extension, this study will encompass a great number of nat10nal research 

projects on the economtcs of the cattle industry 

VI. Sorne methodological consideratíons 

We have already identtfied the two major difftculties in the economic evaluation of 
antmal health programs. 1 would merely like to add that the econometric models of 

investment behavior could only be esttmated by making considerable efforts to correct 

offtcial statistics. 1 t was shown that this handicap could be overcome through the use of 
a system of accountmg tdenttties and by havtng at hand a good census anda ltme series 

of slaughter. Today we have good series of stocks and slaughter for Argenttna, Brazil and 

Chile, classified by sex and age. The stud ies for Venezuela by Oregon with MAC - FAO 

and for Colombia by Garcia and OPSA will presenta reviston of these data f01 the respec 

tive countnes. The benchmark study we have menttoned tS a good starting potnt in the 
tdent tftcatton of informat10n sourcPs and fot the revtston of pertinent techn tcal coefftctents. 
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The presentations by Miller and Halter (1973) and Anderson (1974) on the uses of 

simulation models at both macro· and microeconomic levels, were important contributions 
to this seminar. The sectorial model for Venezuela is relatively better known (Miller and 
Halter, 1973) . The implications of changing from a tradi tional production system toa 

modern one are being studied by adapting part of the model designed by Michigan for 

Nigeria. This model stresses the animal nutrition subsystem and the price policy. The 

production coefficients used are not statistical estimates but rather represent the opinion 
of experts. 

One of the main assets of the simulation -model approach, both at the micro· and 

macroeconomic levels, líes in the construction process itself. The methodology leads to 

the c lear identification of crucial structural relat ions, even when the model cannot be 

totally, validated. In this sense the sectoria l model may be a great help to officials in 
charge of economic policy making and planning, by pointing out the trade-off between 

alternative policies. Halter illustrated important cases, such as the dtfterential increases 
in slaughter and average weight after the price goes up by 2 per cent, both when 

complementary policies are and are not modified . He also measured the cost/benefit 
ratio of solving sorne animal health deficicncies. 

1 t seems important to attempt to integrate analytical sectorial models, such as the 
model on investment and supply behavior, with the simulation models. Thts could 

help explain the "black boxes" in the latter when they bear an influence as decision 
variables and also aid in incorporating statistical estimates . 

The discussion of production models (micro) was centered on identifytng decisive 
factors in the selection of the structure and analytical method to be used in the 
construction of a production model for grazing beef cattle. There was no discussion 

on systems methodology per se. 

In general, efforts are directed towards the study of the implicat10ns of changing 

prevai l ing traditional systems to alternative modern ones. The sequence to follow would 
be to construct the model at the microeconomic leve! first in order to tdent tfy key 

practices, then go toa regional model and finally to a sectorial onc tn order to examine 

the macroeconomic impl ications on the markets for inputs and final products. Among 
these stand out such factors as fertili zers, credit , transportation and prices . 

The problem was illustrated in general terms for the case of troptcal savannas. The 

potential impact that incorporating legumes in grazing pastures would have on cattle 
production and on the farm's financia! sttuation, cash flow and rate of return needs to 

be examined in order to determine the optimum development rate for the graLing lands. 

These results would help by orienting biologtcal research because if the production 

system is found not to be sensitive to certain factors, why study them? These results 
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would al so a id in the task of designing landholding poi icies and the overal l economic 

policies for the area . There is still a need to determine the mínimum capital requirements 

per farm in order to provide an "acceptable" family income under alternative technologica l 
levels and different price ratios. 

There are several t echniques a11ailable. These are budget methods. linear (un i- and 

multiperiodical) and dynamic p rogramming, and simulation. Anderson and Hal ter argued 

convincingly in favor of using computerized si mulation models for grazing beef cattle 

production . This is the most adequate method for t he study of the system's behavior. for 

it considers the importance of (a) flows in time (dynamic analysis). (b) variations on the 

scale o f the operation , and (e) stochastic elements. as well as the system's sensi tivity to 

changes in prices and in the technology used in the area. * 

However. these models are expensive and their construction , verification and va lidation 

are time consuming. Research objectives, the availabi lity of technological parameters, the 

computing facilities. and the time element-al! bear an influence on the elaboration of 

models. l t is basic to determ ine a priori the degree o f structural detail to be included. 

otherwise model construction becomes an endless process. 

Whenever possible, the effort should be made t o adapt parts of models tha t have already 

been successfully applied in other areas and/ or countries . The model designer must be 

brought in at the same time, for he is the only person thoroughly acquainted with the 

structure and handling of the original model. 

One of the greatest difficulties in construc t ing production models arises from the fact 

that the information comes from several disciplines (agronomy, animal nutrition, soils. 

economics, etc.); and as Anderson has said, i t is easy to underestimate the difficulties of 

interdiscipl inary communica tions. 

SOME REFLECTIONS ABOUT COLLABORATION IN T HE FUTURE 

1 believe the seminar was an effective instrument in identifying specialists. 1 t allowed a 

greater exchange of views on the subject of methodology. and it contributed to a wide 

exchange of research results and experiences, al l at a cost of approximately US$ 3,500 , 
which is low. Besides, as stems from th is report, important topics for futu re research w ere 

identi fied . 

There was a consensus that oppor tunities for regional collaboration should be explored, 

so they may support and complement nat ional activities . This will result in strengthening 
both local and professional insti tuti ons. 

* In the CüS<> o f the Llanos. sp<'cial t'mphasis w ould be l(iv<> n first to the re latio n bet ween the basic 
sy<t<>m 's behavior and the feed componen! a nd bet ween the scale o f th<> operation amd ten u re. 
Later o n. other "lemenls, su c h as commcrcial crops and anim al health , could be incorporated. 
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There are several possible models of collaboration. My following statements are, 1 

believe, consistent with the suggestions of several participants; but like any synoptic view 

of a seminar, they represent a personal view. 

The talent for research in this problem area is at present scattered throughout the 

universities and government agencies in Latín America as elsewhere. For many of them , 

this area of research contains only part of their research interests. 

One approach would be to form core groups centered around high-level researchers. The 

goal would be, at the end ot 18 or 24 months, to have a set of relevant problems analyzed 
with a display of r igorous methodological excellence. 

The final mechanism must permit the continuation of the process of identifying talent, 

and even more importan t. it must make the special ist's participation truly attractive to 
him. These objectives could be achieved by 

1. Organizing small work groups around specific problems. These groups would meet 
frequently in workshops with few participants and for short periods of time. A 
total of two or three workshops could take place in 1974. 

2. Providing direct support tor research in sorne priority subjects. 1 suggest the 
following: 

a. A benchmark study for tour or five countries (described in 1) 

b. The economics of beef cattle production systems (described in IV and VI) 

c. The economics of animal health (menti oned in 111) 

3. lmproving communication channels among Lat in American researchers and between 
them and selected research centers in the United States and in other continents. 
Because of the nature of the topic, it is imperative to have their support in both the 

theoretical and methodological processes. 
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SYSTEMS ANALYSIS OF A BE EF CATTLE ENTERPRISE 

Bias Bravo 

In most of the cattle raising areas of Latín America, the predominance of a l ivest ock 

operation similar to that of previous decades is caused by different biological and 
physical reasons on the one hand and socioeconomic reasons on the other. 

The necessary increase in production for each region or country requires ( 1) the 

existence of a viable tcchnology and (2) the introduction of adequate agricultura! policies 

regarding land tenure, taxes, credit, trade and input-output prices. 

Only if the two aformentioned points are accomplished will improved technology be 
feasible, thereby increasing production . lt should be remembered that production is not 

an end in itself, but that it should be at the service of mankind; technology is not 

"neutral." 

Technology originated and used in countries having a great deal of available capital and 
a shortage of rural labor is neither viable nor advisable in regions where the opposite 

conditions prevail : shortage of capital and abundance of manual labor. Changes must be 
geared not only to increase production but also to lower unemployment and improve the 
distribution of wealth . Th is implies that each of the regions and countries in Latin America 
must crea te its own technology, based on research performed within the production 
system in which it is going to be used or with those that could be formed. 

For many years, agricultura! and livestock research has been carried out in the majority 
of the countries of the world. However, no adequate mechanism has been developed 
which is geared to (a) evaluate and assimilate the i nformation flow produced by research, 
whether one's own research or that performed by others, and (b) provide a more objective 
guideline for conducting future rese3rch. 
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One of the most important features in beef production is its immense complexity in 

the tace of already complex agricultura! production . In beef cattle production we find a 
large number of strongly interrelated variables that must be considered jointly. Th is fact 

explai ns the failures in trying to solve production and profitability problems of a reg ion or 
of a producer by the modification of a few factors only . 1 quote asan example the 

experiences of many of my colleagues: the introduction of perennial grasses, pasture 

fertilization, the use of art if icial insemination, etc. (each of which used asan isolated 
technique has in many cases not produced the expected results). However, these and other 

pract ices could be part of an organ ic and integrated whole that would constitute a 

successful production system. 

An analytic approach is predominant in traditional agricu ltura! research. The research 

worker analyzes sorne particular aspect of the complex bioeconomic system , which 
constitutes an agricultura! and livestock operation. Aspects of soi ls, meteorology , botan y , 
zoology, plant and animal physiology, health, genetics, etc. are studied in greater detail 

every time. 

The great quantity of knowledge at the world level makes it necessary to have greater 
specializations wi thin these disciplines. But on the other hand, the agricultura! and 
livestock producer does not deal with the plant alone nor with the isolated animal; he 
deals with the whole enterprise and with all the biological complexi ti es in an environment 
full of uncertainty in regard to bioeconomic factors. 

Whereas the research worker is used to t hinking in an analytical way- that is, from 

the whole to the parts-the producer and the extension worker must integrate information 

and synt hesize variables to obtain the functional organic whole . lt is, therefore, evident 
that a formal approach must be taken which allows the visualization of the enterprise asan 
organic whole. Th is formal approach-system research-can be defined as an integrating 

framework permitting the study of complex systems involving severa! disciplines. 

By the use of systems methodology, the f ollowing goals are pursued: 

1. To become more fami liar with the system under study and to estímate the scope 
and structure of the result of the operation of the system as a response to the management 

strategies used and under the conditions of uncertainty resulting from the use of 

uncontrollable inputs 

2 . To assist in the identification of areas of knowledge in which there is little or no 
information, thereby determining research lines and the al lott ing of funds for the same 

3 . To promote interd isciplinary t eamwork; int egration is indispensable when a group 

of technicians from different disciplines faces a common problem. 
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STUDY OF SYSTEMS METHODOLOG Y 

A system is defined as a set of elements having a given function and interacting within 
a real or conceptual l imit. 

There are hierarchies of systems, from the atom to the universe; therefore, what we are 
really concerned with are subsystems of a larger system . Tradi t ionally, research regarding 

livestock production has had as a goal the biologi cal system of the complex " animal

habit." More recently , it has been recognized that it is a bioeconomic complex with 
important interrelations between the biological and economic factors , wh ich must be 
studied as a whole, respecting said interrelations. 

Livestock and agricultura! systems may be studied in di fferent ways, but it is evident 
that their studv through research with real -lite systems is very costly in both time and 

money. However, al though " experimental production un its" do not lend themselves t o 

research, they may be of great use. They not on ly serve demonstration purposes (on a 

commercial scale) for a given technological package for producers, but they also pinpoint 

flaws or lacks of information that should be corrected through more research o f those 

variables that are part of the package. On the other hand , planning and implementing 
these production units is beneficia! for the research center where these units exist since 

it becomes necessary to have an interdiscipl inary team at work including so i l scientists, 

agrostologists, nutritionists, breeders, veterinarians, management specialist s and 

economist s. 

1 said that to carry out research with more complex rea l systems is pract ically 

impossible. lf one thinks about the number of factors intervening in the process and 
about the different levels each factor may have, a prohibitive number of un its arises, 

making the repl ication of experiments more d ifficult . In the case of a f actor ial tria! 
in which 

where U 

N 
F 

number of experimental units 
number of levels f or each factor 
number o f factors 

only the results of one replicat ion for one year would be obtai ned. Obviously this would 
not be sufficient; severa! repl icat ions would be necessary during severa! years of 
experi mentat ion. 

In l ivest ock and agricu lture, as in many o ther fi elds, the study of model designs- that is, 
representations of real systems- is considered adequate. Whereas sorne f ields use physical 
models (of great application in aeronaut ic and hydraulic engineering, etc.), we are 

interested in mathematical models. These can be o f different types and complexity , going 
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from a simple linear equation, passing through regression models and production function 

models, until we reach models involving a large number of equations that require the use 
of computers with large capacity and speed for a practica! solution. 

A lthough all methods based on the use of mathematical models may be considered 

simulation methods, a distinction must be established between (1) those based on models 

built to a somewhat rigid mathematical structure that permit one to obtain the optimum 
solution (i.e .• linear programming) and (2) those using more dynamic models that are not 

restricted to set formats and that are usually not opt imization models. 

For the purpose of th is discussion and without denying that both can be called 

simulation methods, 1 shall call the first "optimization methods" and the second 

"simulation methods." The optimization methods are adequate for problems of allocating 
scarce resources among severa! competitive activities, within a system whose goal is the 
maximization of profit or the minimization of costs. On the other hand, the simulation 

model s are more adequate for representing dynamic systems. subject to exogenous 
stochastic factors. and where the interest is to prove the effect of different decisions 
taken in the tace of different conditions. 

Examples and conclusions 

The examples presented are taken from work done by students in the An imal 
Production Course of the Graduate School at the l. N .T .A. Experimental Station in 
Balcarce, Argent ina. lt must be clarified that the authors have been able to perform 
this work after taking a programming course (in the FORTRAN language) and with 
a few orientation classes regarding systems methodology in a period of about six 
months, using an IBM 1130 computer at the station . 

A . Optimization 

Linear programming ot an agricultura! and livestock enterprise in a cattle breeding 
area in the province of Buenos Aires 

B. Simulation 

Simulation of steer fattening on pasture, based on a simu lation model ot a ruminant 
andona growth model of perennial rye grass-wh ite clover pasture 

A . Sample of optimization 

Simplified case (natural grasslands only) of a beef cattle enterpr ise in the Salado River 

Basin (province of Buenos Aires) without capital restriction 
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Description of the activities 

1. One bull + pregnant or lactating cow + nursing calf 

Requires: Winter rations 
Spring rations 
Summer rations 
Fall rations 
Pregnant replacement heifers 
Variable costs 

Producers : Male calves 
Heifers 
Old pregnant cows 
Open cow 
Aborting cows 

2. Adult pregnant or lactating cow + nursing calf 

Requires: Winter rations 
Spring rations 
Fall rations 
Summer rations 

Produces: Male calves 
Heifers 
Sale value 

3. Sale at weaning 

Requires : 
Produces: 

Calves at weaning 
Sale value 

4. Heifers for first mating at 26 months 

Requires: 

Produces : 

Spring rations 
Fall rations 
Replacement heifers kept for 

19 months 
Variable expenses 
Pregnant replacement heifer 
Open heifer 
Aborting heifer 
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113 
131 
87 
90 

0.25 
$ 12.60 

0.50 
0.50 
0.03 
0.15 
0.05 

108 
126 
120 
84 

0.50 
0 .50 

$ 1,058 .00 (net) 

1 

$ 720.00 (net) 

90 
42 

1 

$ 5.00 
0.80 
0.15 
0.05 



5. Maintenance of heifers for 19 months 

Requires: Winter rations 

Spring rations 

Summer rations 

Fall rations 

Weaned heifer 
Variable costs 

Produces: Replacement heifer kept 

for 19 months 

6. Sale of heifers at weaning 

Requires: 

Produces: 

Heifers 

(Per sal e) 

7. Purchase of pregnant heifers on March 1 

Requires : Heifer price 
Produces: Pregnant replacement heifer 

126 
63 
42 

168 
1 

$ 19.00 

0.98 

1 

$ 600.00 

$ 1,000.00 

8. lmmediate sale of open cows upon palpation on March 

Requires : 

Produces : 
Open cow or heifer 
(Per sale) 

9. Sale of wintered open cows, July 1 

Requires: 

Produces: 

Cow or open heifer 
Fall rations 
(Per sale) 

1 O. Sale of cows on December 1, kept unt1l March 1 

Requires: 

Produces: 

Aborting cow or heifer 
Fall rations 
Winter rations 
Spring rations 
(Per sale) 

11 . Native grassland, well drained 

Requires : 

Produces: 

1 hectare of well -drained land 

Winter rations 
Spring rations 

Summer rations 
Fall rations 
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1 

$ 1,000.00 

1 

120 
$ 1,215.00 

1 
120 
90 
60 

$ 1,215.00 

27 
117 

18 
96 



12. Native grassland, poorly drained 

Requires: 
Produces: 

1 hectare of poorly drained land 
Winter ration 
Spring ration 
Summer ration 
Fall ration 

Restrictions 

1. Winter rations 
2. Spring rations 

3. Summer rations 
4. Fall rations 
5. Male calves 
6. Heifers 
7. Heifers maintained for 19 months 

8. Pregnant replacement heifers 
9. Old COWS 

10. Open cows or hei fers 
11 . Aborting cows or heifers 
12. Well -drained land (1,157 ha) 

13. Poorly dra ined land ( 1,850 ha) 

Results 

Activity 

1. Bull + cow + nursing calf 
2. Adult cow + nursing calf 
3. Sale of male calf at weaning 
6. Sale of heifer at weaning 
7. Purchase of pregnant heifers, March 1 
9. Sale of wintered open cows 

10. Sale of aborting cows 
11 . Well-drained grassland 
12. Poorly drained grassland 

Objective function : $ 224 ,866 

Surplus: Spring rations 
Fall rations 
Summer rations 
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9 
81 
18 
72 

Level 

397 units 
12 units 

204 units 
204 units 

99 units 
59 un its 
20 units 

1,157 ha 
1,850 ha 

(230,572 rat ions) 
(197,629 rat ions) 
( 18,620 rations) 



Shadow prices: 

For winter rations 

Well -drained land 
Poorly drained land 

$ 4.69 

126.78 
42.26 

In conclusion, it can be said that under the described conditions, objective f unction is 

maximized by selling all of the male calves and heifers at weaning and buying all 

replacement heifers already pregnant. 

B. Simulation example 

Simulation of steer fattening on grazing 

The system represented by this model may be defined as follows : A perennial rye grass 
(lolium perenne) and white clover (Trifolium repens) pasture, fert ilized with triple 
superphosphate (0-47 -0), and planted two years before on a Solod (Soloth) soil in the 

Balcarce area. On this pasture, d ivided into six plots, rotational grazing is given to young 
Aberdeen Angus steers that begin the fatten ing period after weaning at six months of 
age on the average. 

In the simulat ion model daily est imates are made in terms of dry matter, the growth of 

the grass, the consumption by the animals, natural losses of the pastures and losses caused 
by the animals. 

Steer fattening and pasture growth models were independently validated, finding in 
both cases a considerable similarity with the values found in real field trial s. 

Potential growth of the pasture, w ithout soil moisture restrictions, is a function of 
fodder availability and of the t ime of the year. On the other hand , real growth is a 

function of potential growth and of the degree of restrict ion imposed by the soil 

moisture content . The va lues required to estímate the restrictions caused by soil 
moisture are calculated by the Thornwhite method, based on real rainfall and daily 
temperature data. 

Losses pertaining to the pasture itself are estimated on the basis of availability; losses 
because of the animals are a function of the availability and of the instant stocking 
density . Both kinds of losses are estimated by empi r ical equations. 

Potent ial fodder consumption by the animals is based on their liveweight , adjusting 
it by availability and digestibility. Daily gains are obtained through a simplified 
metabolic route, beginning with feed composition and consumption. Energy produced 

by every fraction is estimated. Once maintenance is attained, energy utilizable for 
production is divided by the caloric value of the gain (which is, in turn, a function of 
the liveweight). wh ich gives the daily we¡ght gains. 
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Within the model, decisions to be made are established for every possible situation; 
animal rotation in the plots and the decision of whether to slaughter or notare taken 
based on preestablished availability values that vary with the time of the year. lf none 
of the plots has enough availability for grazing, the animals consume hay only until 
one of the plots reaches the point of minimal pasture availability to begin grazing. 

To improve this model, it is necessary to have more complete information regard ing 
several aspects, such as factors affecting pasture growth and losses (e. g., animals can 
affect growth and loss of forage as a result of trampling, teces, grazing habits, etc.) on 
the growth and losses of the root system and metabolic interchange with the aerial 
part of the plant. Bener knowledge asto how the availability and structure of the forage 
affects the maintenance requirements is also needed. 

lt is important to highlight the fact that the modeling process could not e.xist without 
information based on traditional research and without the formulation of hypotheses 
about the real systems, based on direct observation . In no way is simulation to be 
considered an alternative to real experimentation. 8oth activities should be integrated 
in such a way that the task of building models becomes a real aid in research. In this 
way , the first may actas a guide for the experimental research program so the available 
resources will be used in areas having greater possibilities for producing significant 
impact in production. 
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DEVELOPMENT PROJECTS: SELECTION, DESIGN, 
IMPLEMENTATION ANO THEIR ROLE IN TECHNOLOGICAL 

APPLICATIONS 

James Fransen 

This paper describes an international program for the improvement of beef production 
in tropical America. The approach is essentially that of combining capital resources and 
technical know-how, thereby making more effective use of land, animals and man in 
fostering economic development. The method permits the immediate use of these 
interrelated basic resources and provides man with the incentives and technology required 
to increase the productivity of both land and animals. 

lt is fitting that this session should be near the end of the seminar since it is concerned 
with attempts to increase food supplies from tropical America at t he point where they 
originate- the farm and ranch . The views expressed are personal ; they derive from sorne 

20 years of direct involvement with international livestock research and development 
programs. 

BACKGROUND 

Throughout tropical America, there are extensive areas of land , wh ich in the 
foreseeable future can be used economically only for grazing pastures. These lands are 
generally unsuited for cultivation; or if they are suited for this purpose, there is no 
economic justification at present for their use for crop production. In many of these 
areas, which have been and sti ll are the main "growth" areas for beef production, 
population pressure is low and infrastructure is almost nonexistent. 
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A major constraint to development of livestock production in these areas, as well as 
in others, has been the inadequacy of institutions to provide credit, research and extension 
services. This consideration, in addition to the fact that commercial lending systems have 
found it easier to IE'nd to large-scale producers. has influenced governments to encourage 

development of beef production on medium- or large-scale commercial ranches which can 
operate as self-contained units. In all likelihood, beef prod•; r.tion in these areas will 
continue for many years on an extensive system of development on existing ranches, 
above all those which are privately owned, or possibly on cooperative ranches comprised 
of severa! farms. 

In livestock development 10 Latin America, bank policy has therefore been aimed at 
transferring technology and resou·rces, encouraging a rational use of land by producing 
beef and milk in areas well suited to do so, emphasizing low-cost production, and 
helping improve the foreign exchange position of the recipient country . 

AGRICULTURE ANO DEVELOPMENT 

Let us turn to the importance of agriculture in development. In most developing 
countries, more than two thirds of the people live on the land. Once a contentious issue 
among development economists, it is now generally accepted that increasing the 
productivity of the agricultura! sector is one of t he most effective ways of contributing 
to capital savings and productive investment for economic growth . lt also contributes to 
a better balance of payment. More basically-and more urgently under the present 
circumstances-it offers the only hope of providing enough food for growing populations. 

Fortunately, the tide of development thought has been turning further . To evaluate 
the development process only by such gross indicators as rural or urban investment, per 
capita income, or the rate of increase in the gross national product is to ignore sorne of 
the more basic problems affecting the lives of people in developing countries. 1 refer to 
the fundamental issues of malnutrition, increasing unemployment, and the growing 
inequality in the ownership of resources and the distribution of income. Toa large 
extent, these problems arise from an unabated, rapid population growth. Unless greater 
emphasis is given to these issues within a broader concept of development, the results 
of all efforts will be mini mal indeed. 

lt is not my intention to dwell on these issues at any length but to point out that at 
the World Bank we are becoming more and more aware that the problems of 
unemployment and underemployment and unequal income distribution cannot be 
solved by economic growth alone. Nor can we expect to salve them by any fiscal 
rneasures designed to redistribute income. The income of the poorest groups of people, 
most of whom live in the rural areas, must be raised by somehow increasing the number 
of productive jobs available to them. 
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Analysis of the agricultura! sector 

In order to better account for all these factors of development, the bank has recently 
begun to undertake complete reviews of member countries' agricultura! sectors in close 
cooperation, of course, with the governments concerned. These reviews are aimed at 
obtaining an overall perspective of the sector so that after identifying the many resource 
and institutionallimitations, development and project priorities may be established. The 
bank and governments then use these reviews to guide investments in agricultura! projects. 

TH E ROLE OF LIVESTOCK 

In view of the widespread protein deficiency, investment in livestock can play an 
increasingly important role in the field of nutrition. The demand for cheaper food of 
animal origin is urgent and can only be met on a permanent basis by increasing production 
within the developing countries themselves. 

In a number of countries in tropical America, production from the livestock sector can 
be increased in sizable jumps. This is indicated by the low levels of productivity of 
existing herds, where it is often the case that from 5 to 20 acres are required per head 
of cattle. Reproductive efficiency, in terms of weaning rates, seldom exceeds an effective 
level of 50 per cent. Mortality rates of up to 10 per cent are common, and growth is so 
slow that it takes three to four years or more for steers to reach slaughter weight. The 
number of cattle slaughtered each year, expressed as a percentage of the national beef 
cattle herd, yields an average extraction rate of around 12 per cent; and this has not 
changed for many years. 1 n other words, in these countries so me 50 to 1 00 head of cattle 
must be fed and maintained to produce each ton of beef as compared with 12 to 14 head 
in the more advanced livestock·producing countries. There is clearly an enormous 
potential for using the large animal resources of tropical America more effectively through 
the application of existing technology suitably adapted to fit the needs of the local 

environment. 

TH E BANK 'S APPROACH TO LIVESTOCK PROJECTS 

The bank's policy has been to make special expertise available, either from permanent 
staff or hired consul tants, t o help member countries draw up overall agricultura! 
development programs and identify suitable project s which fit into the framework of 
these programs for bank financing. There are representatives in the audience today of at 
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least three countries where projects were selected and designed in this way. Prepared 

projects are submitted to the bank for review. At this stage, further information may be 
sought before the project is considered suitable for appraisal. 

PROJECT ·APPRAISAL AND MANAGEMENT 

Project appraisal 

The bank's lending activities are based on project appraisal. The team of evaluators for 
a livestock development project always includes professionals from several disciplines: 

livestock and pasture specialists, economists and financia! analysts, as well as cred it and 

marketing specialists. During appraisal, it is often necessary to make quite radical changes 

in the project originally submitted to the bank . In the interests of the borrower, the team 
of evaluators must ascertain that the project it recommends is the one most likely to 

contribute to the development of the 1 ivestock subsector and to the country's eco no m y. 
For this purpose, it must establish priorities within the subsector and among the 

geographical areas that should be brought into the project. Consideration is also given 

to the problems of organization and management, includ ing the availability of technical 

staff and other supporting services. The social implications of a project are, of course, 

also taken into consideration. (1 referred to these earlier.) lt may be more advisable to 
begin on a small scale, which if successful, can be further supported by one or more 
additional loans. 

Producer incentives 

lt is important to assess whether the economic clima te in the country concerned is 
conducive to increasing production. For this purpose, it may be necessary to make the 

loan conditional on the government's instituting policies that will increase :ncentives 
for the producer, such as removing marketing and price controls or adopting more 

equitable tariffs and methods of taxation. 1 n so me cases, part of the loan is allocated to 
finance special studies on marketing or on technical problems, which are d irectly related 

to the project's success. These studies may enable the initiation of viable projects in 
geographical areas and with ranchers that had been previously considered uncreditworthy 

by commerciallending institutions. 

Technical aspects 

On the technical stde, in order to make more effective use of animal and land resources, 
it is clearly important to understand the reasons for the low levels of productivity before 
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deciding what kind of inputs to ti nance. In most projects, funds are provided for physical 

inputs such as fencing, watering points and corrals. These rather simple inputs, which are 

essential for the control of stock and grazing management, have often produced 

considerable increases in production. An equally important physical input is improved 

pastures, particularly the introduction of legumes and fer t ilizers. 

Channel ing of credit 

In most developing countries, the main factors limiting development of the agricultura! 
sector have been the lack of medium· and long·term funds for productive investment and 

the failure to adopt modern technology . lt is not surprising, therefore, that all World Bank 
livestock projects provide medium· to long·term credit for rancher subborrowers, linked 

closely with technical supervision. 

When selecting suitable credit channels through which ranchers may obtain subloans, 

our general principie has been to use ex isting channels wherever possible and to improve 

them, if necessary, rather than establ ishing new ones. In this way, we try to invo lve both 

commercial and government banking and other credit institut ions. Unfortunately, how· 

ever, it is often the case that they have had little experience in long·term agriculturalloans, 

particularly in those countries that have exper ienced chronic inflation. 

A typical method we use is to channel World Bank f unds through the central or reserve 

bank to commercia l banks, which then pass the loan on to the participating ranchers. lt is 

usual for both the central bank and the commercial banks to provide an agreed proport ion 
of the total loan from thei r own funds; and the rancher himself al so contributes. 1 t is 

important to incorporate adequate incentives for the insti t utions responsible for d isbursing 

the credit, as well as for the subborrowers themselves. 1 n this context, interest rates and 

amortization schedules for the subborrowers and red iscounting procedures for the 

participating banks are of prime importance. 

Project management 

Probably the most critica! part of pro ject appraisal is to determine the most appropriate 
organizational and institutional framework required to ensure that a project functions as 

it is meant to. 1 n our experience, the organiza tion responsible for project management 
must be free from political pressures. Therefore, the most successful projects have been 

those where project management has been provided by a separate, independent department 

within an ex ist ing credit institution, such as n central bank , or where it has been provided 

under the umbrella of an "honorary project commiss ion," created especially for t he 

project. Such " commissions" usually include representatives from both the publ ic and 

prívate farming and banking sectors. The management organization employs a technical 

director whose responsibilities includt administration of the project and training of loca l 
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technical staff who, in turn, assist ranchers to draw up viable ranch development plans. 

No subloan may be granted without an approved development plan, which then 
becomes the basis for lending by the credit institution concerned. An individual ranch 
plan includes estimates of income and expenditures after accounting for the expected 

improvements in production performance. 

Once the loan is made effective, the technical staff makes follow-up visits to each 
rancher to assess progress, to measure the loan's impact and to solve any problems that 

may arise. Needless to say, it is not possible to provide this assistance to all ranchers. 
Nevertheless, there is significant program diffusion as a result of these visits because 

those ranchers participating influence their neighbors to adopt similar techniques, which 
increases the ovenill impact of the project. 

As far as the World Bank is concerned, during appraisal of each livestock project, a 
detailed estimate is prepared of the total project investment program and the rate at which 

the loan is expected to be disbursed to the borrower; that is, to the country involved. This 
includes capital expenditures for ranch development, working capital requirements and 
the cost of technical services. The financia! and economic viability of a project is 

calculated and rates of return estimated for both the subborrowers and for the economy 
as a whole. 1 n an cases a project should satisfy three broad criteria: lt should be 
technically feasible, financially viable and economically sound. 

IMPACT OF BANK GROUP LENDING IN LATI N AMERICA 

Of the 15 countries in Latin America that have received livestock development 

assistance from the bank group, only Uruguay, Chile, Paraguay, Colombia, Bolivia and 

Mexico have had projects operating long enough (five years) to warrant assessment on 
a project or national basis. 1 n order to make such an assessment, it is necessary to 
quantify the production benefits arising from the investments made at the individual 
ranch leve l. ldeally, this should be done on the bas is of the performance of individual 
subborrower ranchers, comparing actual with projected performance. To date, it has not 

been possible todo this on a general basis in any of these countries because project 
technical staffs have always had to give first priority to the1r basic development planning 

and supervisory functions, leaving insufficient time to collect necessary data. lndirect 
methods of obtaining these data by asking subborrowers to complete questionnaires 
periodically have also been unsuccessful, mainly because of the tradit!onal reluctance of 
ranchers to d ivulge information that could be used for other purposes. This problem is 
being given serious attention in Mexico; and under the livestock loans, a provision has 
been made to employ an experienced group of consultants to help set up a mechanism for 

234 



measuring results on participating ranches. lf successful , this will provide, along with 

similar efforts being made in Uruguay, valuable guidelines for establishing systems in 

other countries. 

In each bank group livestock project in Latin America, only a few individuals maintain 

adequate records from which it is possible to determine the results of their loans; and 

because of the paucity of such data, it is often tempting to use what is available to judge 

overall project performance. This, however, would lead to overoptimistic evaluations 

because the person with the initiative to maintain good records is invariably an above· 

average, progressive rancher. Such production achievements do, however, provide goals 

for other ranchers. 

Until a simple mechanism is created for obtaining regular records from all subborrowers 

in the various countries, the measurement of project impact will of necessity depend 

largely on subject ive assessments by experienced personnel and the interpretation of 
changes in cattle populations and be~f production data obtained from national statistics. 

Unfortunately, cattle population statistics are not rel iable in most tropical American 

countries. Furthermore, cattle populations per se are not a rel iable ind_ex of production 

unless they can be interpreted in terms of take-off rates and animals slaughtered. 1 n spite 

of the foregoing limitations, it can still be said that the bank group projects in the countr ies 

mentioned have had a positive impact to date. 

THE ROLE OF RESEARCH IN THE BANK'S APPROACH 

Finally, let us turn to the role of livestock research in the bank 's approach to economic 

development. As a bank, and principally as a development agency, we are especially 

interested in research that is carried out prior to making an investment and wh ich deals 

with the ranch as a whole. Most livestock research in needy countries is based upon the 

way of thinking and the approaches of the developed world; se ldom is it directed toward 

meeting a country's own immed iate basic development needs. lt rarely involves an 

effective unification of economics and technology, which brings serious consequences. 

Low-cost beef production is necessary to keep from being priced out of majar world 

markets, but the applicat ion of science and technology to traditional farming has just 
begun to produce dramatic results with sorne food crops. 

The rapid expansion of certain food grains in the d eveloping world has been heralded 

as the "Green Revolution." But what does this current crop history have todo with 
advances in livestock production? We believe the answer to be self -evident : Ranchers, 

like farmers, respond to incentives that increase productivi ty and at the same time reduce 

unit cost. To the world's average producer, the success of research results is measured in 
the terms of financia! returns rather than in terms of biological reactions. Although a 

new technological package l ike the "Green Revolution" has not yet been designed for 
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livestock production, it is believed that the prospect of doubling earnings is the most 
effective means of stimulating production increases. The bank's comprehensive approach 

to ranch development assists in this effort. 

In summary, let me say that although it is improbable that the bank's basic approach 
will differ from the three criteria mentioned earlier, we are presently evaluating and 

reevaluating additional considerations which are leading us to make major changes in our 

livestock development strategy and, in fact, in our development strategy as a whole. 
These changes have been brought about, in part, by recent acceptance of the view that 
by dedicating more attention to the poorer agricultura! groups, we are not necessarily 

sacrificing economic growth. Moreover, coupled with various land reform programs 
carried out by the countries themselves, we are able to facilitate a more equitable 
distribution of productive resources and income. 

In our livestock projects, more emphasis is being placed on the small livestock owner, 
including- in addition to beef cattle - sheep, dairy cattle, pigs and poultry . These changes 
present many new problems, particularly in regard to the appropriate technological 

package for the smaller producer and his financia! and economic viability . These projects 
are already challenging the ingenuity of bank and project statf in the field; but with the 
fuller involvement of all the organizations involved , we are confident that these problems 

will be solved successfully. 
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GOVERNMENT POLI CY ANO T HE LATIN AMERICAN 
BEEF PRODUCER 

August Schumacher 

For producers ot Latín American beef, 1973 was a vola t ile year. Governments 
throughout the world continued to extend their policy influences over the industry. 

Export ing countries increased their controls over exports; importing countries relaxed 
their restrictions on import s. At any rate, prediction of future trends has always been 

a hazardous occupat ion. 

The Latín American beef producer, l ike producers of grain and dairy product s, 

continues to be buffeted by nat ional and externa! government pol icies. Many are 

contradictory, sorne are outdated, and others serve on ly a narrow producer or service 
segment. National policies (credit , exchange controls, t aritfs, quotas, price contro ls, 
health regulations, taxes and subsidies), together w ith geographic conditions and externa! 

disease regulations, fragment the Latín American beef industry. 

Unlike cotfee and sugar, international agreements do not exist for beef. Government 
policies since World War 11 have largely originated at the national level although regional 

policies (EEC and toa lesser extent COMECON) have increased during the past decade. 

Regional groupings in Latin America (Andean Pact, LAFT A, Central Amerir.an Common 
Market) have not been as intluential in shaping the dynamics and structure of their beef 
industries as their European counterparts. With the exception of sorne of the multilateral 

development banks, international policy influences on the world beef system, as 
compared with national policies, have been minimal . lnternational beef policies do not 
ex ist; each country seeks to ob tain the most benef it from its advantages. 

Consumer-oriented policy makers in both rich and poor countries are particularly 
sensitive to the effect r ising beef prices have on their constituents, especial ly as beef 
consumption in many Latín American countries st ill accounts for more than 80 per cent 
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of meat consumption. Because of the high proportion of beef in consumer pr ice indexes, 

rises in consumer price indexes are created by rapid increases in beef prices, especially 

where they are related to middle- and high-income strata. 

With this pervasive influence of government policies on the dynamics and structure of 

the Latín American beef system, no participant in the system, including the research 

segment, can operate without (a) a reasonable understanding of existing pol icies and (b) 

a " best guess" asto what policy changes are likely to occur during the next decade. 

This paper focuses on the influence of government policy in shaping the dynamics and 

structure of the Latí n American beef industry. 

THE SIGN IFICANCE OF BEEF IN LATIN AMERICA 

Animal protein* availability from Latín American animal and fish production (1970) 

As Figure 1 ind icates, a significant segment (35 per cent) of Latín America's animal 

protein consumption is derived from beef. 

Figure 1. Animal protein consumption in Latín America. 

• Most p rot<'in is derived from crops~ such as beans and o ther c ro ps gro wn on subsistence farms, for 
which therc are no s tatis tics. 
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Beef production as a share of l atín American and world meat production ( 1970) 

Figures 2 and 3 indicate the importance of beef in Latín American meat production as 
compared with wor ld , Australian and United States patterns. Taken as a reg io n, beef 
production in Latin America is nearly 60 per cent more important in its meat economy 
as compared with its productive share in Australia and the United States. 
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Figure 3a. Latín America 

Mutton and lamb ___..., 

Source: USDA & FAO 

Figure 3b. United States 

Mutton and lamb 
1% 

Figure 3c. A ust ral ia 

Poultry _____, 

figures 3a, b and c. Comparative meat production in Latín America, the Un ited States and 
Australia (percentage of shares in 1970). 



As a consumer of annual operating inputs 

Figure 4 provides an estimated breakdown of categories of inputs used by ca ttle 

ranchers in Latín America in 1970. 

Sowee: Oerived fro m lB RO appraised report estima tes 

Figure 4. Estimated breakdown of inputs on Lat in American ranches in 1970. 
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As a consumer of investment inputs 

During the 1969-1971 period, typical ranchers in Latin America who had IBRD

supported development loans used such credit to support on-ranch investments broken 

down into the following categories: 

Source: I BRD dppraisal data basrd o n Table 2 in Annex 6 

Figure 5. Breakdown of typical on-ranch investments in Latin America ( 1969-1971) . using 
1 8 R 0 -supported developmen t loans. 
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BE EF SU PPLY POTENTIAL IN LATIN AMERICA 

As Figure 6 indicates, productivity per head of cattle* in Latin America is 67 per cent 

and 32 per cent of levels in Australia and the United S tates, respectively . 1 f cattle 

productivity in Latin America could be rai sed to 1970 levels in Australia, beef production 

would expand by 3.4 million tons by 1980, just from productivity increases of existing 
herds. This would imply a production increase of 5.5 per cent annually from productivity 
rises alone. 

lf, at the same time, these productivity increases were to be accompanied by a herd 
increase of 5 per cent annually during this decade; that is, approximately 385 mili ion by 
1980, beef supplies in Latin America would reach 16 mil i ion tons as compared with 6.8 
million tons in 1970. 

Figure 6 illustrates regional productivity differences in 1970. 
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Figure 6. Regional productivity differences ( 1970) . 

• However, Frank Tho m as po inted o ut lo m e thal this m easu re (pounds o f bee f produced p e r head 
o f catlle) may not be a rclevan t m easu re in the Aus tralian con text. a country which has 20 l o 25 
years of h igh-quality r esearch, litlle price manipulalion (until recentlv ) a nd unlimil ed la nd 
resources. In Australia. T homas believes, it is n o l imporlanl lo develop high p roduclio n per head 
o r per unit o í area ; but it is ir:tport an t to d evclop o utput per u nit o f invE.'strnc n t and per workcr to 
take advan lar.e o f Australia's comparativc advantal(c. 
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1 BR O appraisal report data ind icate that about US$55 of on-ranch investment is 

required to maintain an extra animal unit under l atin American conditions. This is an 
average figure with t he range running from $35 to $84. Thus, to expand herd numbers 

to 385 million (285 million animal units) in Latín America by 1983, the investment 

required would be roughly the equivalent o f US$5 bil l ion (or US$500 million ayear), 
exclusive of land costs. Current cash investment* in the beef cattle industry of Latín 

America is probably the equ ivalent of US$350 m illion: 25 per cent financed from 

f oreign sources, 75 per cent domestically generated. 

Most technicians will probably agree that these production possibil ities are feasible (a) 

as ample pasture areas are available in the lowland areas of South America and (b) there 

is a reasonable knowledge of improved grasses and legumes. And just as important, 

management techniques are available to be used by existing beef producers. Much research 

remains to be done on both types of ex t ensive and intensive production systems.* • but 

few here at this conference will argue that insuff icient technical knowledge is an 

investment in the short term. 

On the contrary, most beef producers are likely to argue that the most immediate 

obstacle to beef production in Latín America is the lack of consistent and sustained 

government policies to support the long-term investments necessary to increase 

production. This paper attempts to analyze sorne of the policy conundrums the Latín 

American beef producer faces. 

NATIONAL AND INTERNATIONAL POLICY INFLUENCES ON 

THE LATIN AMERICAN BEEF PRODUCER 

In the absence of beef commodity agreements, sorne of the international development 

agencies have emerged as a multilateral policy force capable of influencing the shape 

of the different segments of the Latín American beef system. The World Bank and 

lnteramerican Development Bank are now lending annually sorne US$85 m ili ion for beef 
cattle development in 15 Lat ín American countries. These institutions currently hold an 
accumulated beef loan portfolio of about US$650 million. Si nce these agencies normally 

lend about 50 per cent of project costs, another half a billion dollars has been invested as 

a result of these projects during the past eight years. Emphasizing low-cost systems of 

production, these banks have been especial ly active in Mexico, Central America, Brazil , 

Uruguay , Colombia, Paraguay and Bolivia. 

• This re fers exclusively lo lh~ valu e o f heifers retained, which are count<'d, in thl'ory. at t h e samc 
rate t h e ran chcr is dl'ptivcd of immcd ia t e cash incom e because he has retained the heifers lo build 
up his ht>rd. In view of the lim itt>d cash flow this system creates, sorne Latin American banks 
p rovide special Jine s of ere <lit over a lhree- lo four-year period in order t o cover this period of cash 
sh o rtage. 

• • lt is rccomrnended t o in vestiga te furt her rust-resistant strains o f Stylosanthes gracilis, the utiliLation 
of t h e savanna;; for beef produclion. and techniques for disseminating the resulls of this research. 
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A recent (19731 Latín American development, which is very interesting in light of 
recent oil and mineral developments, is the attempt by three major producing countries 

(Brazil, Argentina and Uruguay) to organize meetings (lnternational Congress of Meat 

Producers) with the express purpose of organizing a "more rational inter national market 

for beef." The first meetings of the congress did not go into these matters deeply as they 

were simply an attempt on the part of producers and purchasers to take a broadened look 

at sorne of the features of the world meat trade. 

However, most of the important policy features affecting the Latín American beef 
producer are nationally, rather. than multilaterally derived. A brief analysis follows of 

policies in countries representing nearly 80 per cent of the Latín American cattle herd 

and more often 90 per cent of the beef export. 

River Plate Region. Traditional beef exporters to the United Kingdom (Argentina and 
Uruguay) have gradually diversified their externa! markets, besides altering substantially 

their interna! policies toward their beef sectors. Unlike Australia*, a substantial portion of 
their domestic animal protein consumption is taken in the form of beef. Therefore, their 
governments have been increasingly torn between (a) keeping beef prices down 

domestically in the absence of alternative animal protein and (b) earning foreign exchange. 
During the past decade, domestic consumer considerations have prevailed ; therefore, 

export availabilities have fluctuated . 

In addition, these governments have relied on their beef sector for a significant portion 

of their fiscal revenues. 1 n the late 1960's, for example, more than 40 per cent of the total 
value of Uruguay's beef export was siphoned off by a multitude of taxes and levies. Unl ike 

Australia, which transferred a net US$7 per head into its beef sector in 1971 , Uruguay 

took US$4 per head from its producers; a similar pattern prevailed in Argentina and in 

Brazil at US$3 per head in 1971 . In the latter case, a 200 NC/ton export tax was levied 
in mid-1973, which was increased to 500 NC at the end of 1973, with the express purpose 
of diverting additional quantities of beef from the international market, thereby holding 

down domestic prices. 

In these countries, the beef sector is affected by four types of taxes: export, sa les, 
predial (continually rising) and income-by far the most important being export, predial, 

and sales taxes. 1 n Argentina, export taxes are frequently changed on beef, varying from 
5 per cent to 25 per cent. Their major effect, of course, is to keep domestic beef prices 

• A n o t e on Australia's beef policy :s contained in the Annual Report (38) of the Australian Meat 
Board , June 30, 1973. "The Board is conscious of the need to contain (beef) prices in an attempt 
t o s tem inflation .... In a report to ... the Minister of Primary Industry ... in April 1973, the 
board explained in sorne detail the reasons f<•r the meat price situation on the domestic mark<'t. 
lncluded in that report were the findings from the e xamination of a number of ways in which 
stabilizatio n of meat prices on the domestic market might be achieved. 
"We concluded that there appeared to be no m rthod by which price stabilization cou ld be achicved 
without damaging the Jo ng·term essential development o f the industry, the national economy a nd 
the Jong·term interests of the consum er. Ever y thing pointed to the need for increased production 
as the best means to contain prices." 
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5 per cent to 25 per cent below world levies. Producers and exporters in Argentina claim 

that the export retention system penalizes producers and deters exports when tllere is a 
sluggish market. 

Sales taxes (state and federal) are applied to all cattle sold. They average 5 per cent ot 

liveweight beet, or 1 O per cent of carcass. Land and in come taxes - unlike the United 

States and Australia, respectively - have a limited effect on the beef sector. The net effect 

is to tax production values rather than profits, thereby inhibiting production increases. 

In recent years, Argentina has conscientiously persisted in aban ("veda") policy of 
prohibiting beef consumption for two out of every tour weeks in order to keep exports 

flowing. The evidence of the success of this type of policy in reducing beef consumption, 

increasing consumption ot alternative meat, and maintaining or increasing exports is 

being closely watched by beet policy makers in other Latín American countries. 

Brazil. Brazil's beet industry has not been as dy namic as other segments ot the 

country's booming economy. Although the sheer size of Brazil has inhibited growth of 

the beef cattle industries because of transportation problems in the tar interior, 

government policy has played a significan! role in encouraging productivity increases in 

the more developed beef regions. The government has been torn between encouraging 

and restricting beet exports to hold down interna! prices. With rapid rises in available 

urban income, demand tor animal protein has skyrocketed. Beet production has not kept 

pace and prices have risen accordingly, compounded by rapidly rising international prices. 

In the short run, at least, the urban beet consumer appears to have won a significan! 

policy change. Exports are to be tightly controlled to 80,000 metric tons per year; in 

addition, these exports have to bear a 500 NC-per-ton export tax on fresh and frozen 

beet and 250 NC on canned beet. Realistically, these policies exclude Brazil from the 

international market for the next two to three years. 

In addition, a series of new measures has been introduced to keep prices to consumers 

closely controlled. Regulations have been put into force, directed not only at retailers and 

slaughterers, but also for the first time at the producing rancher (both breeder and 
fattener). In 1973, the government issued regulations actually enabling it to confiscate 

cattle from producers who retuse to sell their cattle to slaughterhouses at the controlled 

price. 

Government economists have estimated that a price of 90 NC per arroba gives adequate 
returns to producers. The unofficial price in late 1973 was reported as high as 140 NC per 

arroba. The government has also indicated that it will cut lines of seasonal and 
development credit from official banks to those ranchers who refuse to sell at official 

prices. Sales are to be monitored by new schedules on annual income tax statements. The 
schedules will provide forms for reporting purchases, sales and on-farm cattle slaughter. 

For the Brazilian beef producer, these measures introduce a period of uncertainty. 
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Mexico. Currently, the largest exporter of feeder cattle in the world, Mexico is 
evolving a set of policies that will in the future reduce export quotas in favor of local 

consumption. Unlike Argentina, which has vacillated on the subject, the President of 
Mex ico stated on March 17, 1973, at Uruanpan, Mexico that during his term, local 

consumption would have priority over exports. However, this policy, like many Mexican 
policies, is not being changed immediately but only as quickly as irrigated pastures for 
fattening can be developed in the dry northern parts ot Mexico. 

Using local and international credit, the Bank ot Mexico is rapidly expanding its credit 
facilities for this purpose. At the same time, it is not discounting any paper for grain
fattened beef. The grass-fattened beef would be channeled into local markets and would 
not be exported. Such a measure could greatly burden U. S. supplies, for a complete cutoff 
of Mexican feeders would diminish U. S. supplies 3 per cent or would require the United 
States to expand its beef breeding herd (cows, bu lis and rep lacements) by well over 2 
million; that is, a 4 per cent increase. lt would also keep Mexican consumer prices sorne 
20 to 30 per cent below U. S. prices, as all of Mex ico's beef would be grass fattened, 
leaving Mexico's feed grain industry to concentrate on supplying its growing pork and 
poultry industries. 

On the f iscal side, Mexico does not levy heavy taxes on beef producers. Mexico's 
principal policy objective, as stated above, is to ensure adequate supplies of grass-fed beef 
ata reasonable price for its growing middle-class population. To achieve this, it carefully 
controls live cattle and beef exports, these being allowed only from the low rainfall areas 
north of Mexico City, where it is virtually impossible to fatten cattle without irrigation . 
Exports from the h igher rainfall areas south of Mexico City have been prohibited for 
many years. Cattle from these areas ¡¡re designated for Mexico City meat supplies. This 
policy is unlikely to be changed. 

A second objective is to prevent the reestabl ish ment of large tracts of privately owned 
lands that are underutilized for cattle grazing. Toward this end , government policies 
¡Jrohibit individual ranchers from awning land acreages that are more than sufficient to 
maintain the equivalent of 500 head of cattle. Despite this law , ranchers meeting this 
target are often reluctant to invest in ranch improvements, as they feel that once they 
do, neighboring small farmers will insist that those ranch lands over and above the amount 
required to maintain 500 head be expropiated and distributed to the local small farmers 
and rural landless. Given the enormous population growth (3 .6 per cent annually in the 
rural areas). t here is likely to be an increasing ly severe problem for the beef cattle sector 
of Mexico. 

RANCH BUDGET SIMULATION AS A POLICY TOOL 

For the latín American beef producer, the policy tool of ranch budget simulation can 
serve both financia! and economic analytical needs. Financially, the projection of herd 
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and development and resu ltant cash flows enables the rancher to determine sensitive 
management areas in his operation. Economically , ranch budget simulation can assist both 

the producer and finance/agriculture ministry officials. The methodology and a case 
application is briefly described below. 

What is "simulation analysis"? Simulation is a simple projection of the effects of the 
interaction of a series of specified events. 1 n the case of a beef ranch, a producer "simulates' 

into the future by projecting his herd development and resultant cash flow. The effects of 
changes in endogenous variables (inputs under the control of the producer) and exogenous 
factors (variables such as price, weather, general policy not under the individual producer's 
direct control) can then be tested by recalculating the "simulation" with the "new" 

specified event or events. 

What is the importance of " representative ranch budgets"? To use simulation for 
policy evaluation, derivation of "representative ranch budgets" is necessary; that is, 

budgets representative of the ecological, tenure and financia! conditions prevailing in a 

country. This requires basic data about prices, costs, taxes, ranch-size distribution, herd 

composition and technical coefficients. (See Annex 1 for a sample representative ranch 

budget.) 

The purpose of this particular budget is to measure the financia! rate of return to the 
rancher on a package of new cattle, pasture and fixed, on-ranch investments. The 

financia! rate of return can then be used as a sensitivity measure for changes in one or 
more of the numero~s variables (see Annex 3¡ that affect the profitability of the 

additional investment. * 

In simulation analysis, computer assistance is a useful but nota necessary tool. In this 
budget in Annex 2, recalculation of the technical variables (weaning, culling and mortality 
rates, etc.) takes about four hours; changes in financia! variables (prices and costs) takes 

about half an hour to do. A computer-assisted run takes about 18 seconds, but in and out 
time often takes a day. For use as a policy tool, the use of a simple calculator usually 

suffices. But for those wishing to use thi~ simulation extensively as a ranch management 
tool, computer assistance on the herd development aspects of the model is probably 

advisable. 

The Latín American government that used this budget methodology was mainly 
interested in testing the effect that various levels of monetary devaluation would have 
on rancher incentives to make new, productive on-ranch investments. To the surprise 
of sorne of its policy makers, it discovered that other policy variables were more 

important to rancher incentives. Variables include: 

• In this methodology. e mphasis is placed on sensitivity measurements on additional or incremental 
investments, not on gains from total capital e mployed. This paper does not discuss the merits of 
either methodology (return o n total capital employed including land versus measuring return on 
incremental capital). As a policy tool, however, the latter rn ethpdology does ¡¡ive a better rneasure 
of sensitivity. 
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a) Processor margins 

b) Export taxes 

e) Sales taxes 

d) Fertilizer subsidies 

el Availability ot official credit 

As a result, the government was able to tai lor adjustments in a number of policy 
variables which, taken as a package, substantially improved rancher investment incentives. 
None of the variables invo lved adjustment of the exchange rate which had been used 
traditionally to increase rancher incentives. While the rate was eventually adjusted, the 

government has continued to use this simulation methodology to assess the effects of its 
polici~ on the ranchers' investment incentives. 

THE CENTRAL BANK AS A MAJOR FORCE IN LATIN AMER ICAN 

BEEF PROD UCTION 

Since 1965, the central banks of a considerable number of Latín American countries 
have formed special funds designed especially to encourage livestock production. Many of 

these funds began rediscounting operations in order to stimulate beef cattle sectors in 

their countries, gradually broadening their credit activities to the agricultura! sector as a 
whole. Since 1965, central banks have stimulated development investments amount ing to 
nearly US$650 million in Latin American beef production . Table 1 provides a breakdown 

by country and source of finance ( 1965 to 1973). 

These special agriculture and livestock funds in the central banks are thus emerging as 
an important tool of government policy in Latín America, an area where ministries of 

agriculture and agricultura! development banks have frequently not been as effective in 

stimulating the beef sector as t heir counterparts in other parts of the world. These central 
bank funds operate with tour objectives: 

a) To encourage commercial and government banks to lend to the beef catt le sector by 
providing them with a substantial portion of the long·t erm funds required on a 
rediscount basis. 

b) To provide a tech nical basis for cattle loans as a condition for receiv ing long·term 
liquidity (7- to 12-ye¡¡r money). In practice, this has meant that the central bank 
itself has also built up a special technical force of agricultura! techn icians (from 7 in 
the Dominican Republic to more than 285 in Mexico) who live in the livestock 
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Table 1. Selected central bank/World Bank financing of beef cattle development 
(in millions of U S$) . 

Central bank/ Number 
Total World participating of 
funds* Bank banks Government technicians 

Mexico 
Loan 1 50 25 25 40 

2 11 5 42 51 
3 83 42 41 .. 4 165 75 90 

Subto tal 41 3 184 207 40 

Brazil 
Loan 1 65 40 25 

2 42 26 16 

Subtotal 107 66 41 40 

Argentina 
32 15.3 13.5 3.2 30 

Ecuador 
Loan 1 5 .5 4 .0 1.5 

2 4 .0 3.0 1.0 
3 15.8 10.0 5.8 ---
Subtotal 25.3 17.0 8.3 20 

Pan ama 
9.5 4 .1 5.3 0 .1 5 

Dominican Republic 
7.5 5.0 2.5 4 

Costa Rica 
6.1 4 .1 2.0 10 

Uruguay 
34.2 20.6 9.5 4.1 85 

Honduras 
4.4 2.5 1.8 0.1 6 

Guyana 
3.6 2.2 0.8 0 .6 4 

Guatemala 
6.2 4 .0 0.6 1.6 5 ---

Total 648.8 324 .8 292.3 9.7 289 

E xclus•ve of ranchet invcstment 
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regions. Approval of the on-ranch development plan is required by these technicians 
befare the central bank will red iscount a beef cattle development loan. Approval 
involves the preparation of an overall ranch development plan, giving the techn ical 
parameters of a herd and ranch development plan during the lite of the proposed 
loan and providing a detailed case cash flow indicating how the development loan 
made by a participating bank and rediscounted with the central bank is to be 

serviced. 

e) To develop a technical basis, especially on the feed supply side, for increased beef 
cattle production. As a result, a number of the central bank special funds have 
organized theif own pasture research programs, most of them practica!, on-ranch 
trials of improved temperature and tropical legumes and grasses. The central bank 
staffs in Mexico, Brazil, Ecuador, Guyana and the Dominican Aepublic have 
developed well·known capabilities in this area of pasture research, complementing 
development bank te~hnicians and research and extension personnel in the m in istries 
of agriculture. 

d) To mobilize noninflationary interna! and externa! funds for relending and 
red iscounting operation's for beef cattle. Table 1 cites the success of these funds in 
th is effort. A number of central banks (Mexico, Brazil) have had sorne success in 
generating interna! banking resources, both directly and indirectly, for lending to 
their cattle sectors. 

These development credit loans thus become the umbrella under which commercial 
banks can develop expanded shorter term lending for: 

a) Working capital (start-up feed costs, chick purchases, processor inventory, etc.) 

b) Seasonal financing for growers, feed millers, etc. 

e) Financing for imports and exports of feed grains, highbred chicks, meat and crop 
processing and milling equipment. 

BIMODAL LIVESTOCK DEVELOPMENT AS A MEANS OF 

STIMULATING THE BEEF INDUSTRIES 

As beef continues to rise in price, a balance has to be found between its value as a source 
of foreign exchange to Latin American economies not blessed with oil or mineral export 
surpluses and its value as the source of animal protein. The importance of beef as a source 
of animal protein in Latín America was noted earlier. Thus, in Central America particularly, 
and toa lesser extent in countries such as Colombia, interna! beef consumption has 
stabilizcd or even begun to decline as ~xports increase faster than beef production. 
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The difference, of course, is dueto the marked growth in nonbeef meat consumption 
in Australia, chiefly pork and poultry. Rising beef prices, chiefly brought about by export 

demands, caused Australian consumers to shift to other sources of meat. Although policy 
makers and research groups have attempted to pursue a balanced program of encouraging 

other meat as well as beef production, technical and pricing constraints have limited the 

commercial impact. Traditionally, Latin American countries have not been able to utilize 
fully these alternatives to beef, as consumer prices of pork and poultry have been 
frequently higher than beef. 1 n tropical regions in Latin America, for example, this 

problem has been made worse by the lack ot suitable teed grains. Research has been done 
to promete beet cattle production, yet the estrus cycle of the cow is insutficient to keep 

up with beet demands. This biological limitation of the cow* has been compounded by 
government policy in a number of countries. This has kept the beef price below export 
price levels to control inflation besides the fact that there is no developed nonbeef meat 
industry to service primarily urban protein requirements. 

To overcome sorne of these problems, Mexico has followed this bimodal strategy, as 
Figures 7a and 7b indicate. 8oth pork and poultry production, geared primarily to serve 
urban markets, have grown during the past decade, with poultry prices to the consumer 

showing relatively little nominal change, a decline in real terms when inflation is taken 

into account. 

Guyana was another country which found itself in a difficult meat situation about ten 
years ago, faced by a decline in meat consumption whereas that of beef was 77 per cent. 
The government encouraged the development of a commercial broiler industry located 

on the outsk irts of the capital. A poultry adviser brought in from abroad and a local feed 
grain supplier combined torces to provide technical and financia! support to 11 local 
store clerks and small businessmen who were encouraged to enter full time into the 
broiler teeding and processing business. Since 1963 "chicken in the basket" has become 

a well-known advertising slogan in Guyana's principal cities. Whereas beef consumption 
continued to decline and then stabil ize, chicken consumption has enabled Guyana to 
increase its overall per capita meat consumption, reducing that of beef to 51 per cent of 

total meat consumption in ten years (Figure 8). 

This bimodal approach to meat production in Guyana has given that country sufficient 

time to t ake a detailed look at the structure of its beef industry and its production 
problems in order to develop a strategy that will eventually encourage beef production 

and that will not upset existing income distribution patterns in that country. Sorne of the 
implications of a bimodal policy approach to meat production in Latin America are listed 

below. 

a) The greatest demand for meat occurs in urban areas, areas where political pressures 
are often most readily articulated. In the absence of alternative sources of animal or 

• Of course, much Still has to be done to ensure that a cow do es actually ha ve an effective estrus 
e y ele. 
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Poultry 34% 

Per capita consumption (kg) 
Beef 7.5 
Poultry 4 .7 
Pork 1.7 
Other neg . 

Total meat 10.0 Total meat 

Figures 8a and b. Changes in meat consumption in Guyana (1960 and 1970). 
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fish protein, this political pressure is brought to bear on the urban price and 

availability of beef. Since the central bank and the rninistry of finance are greatly 

concerned about foreign exhange, which causes beef prices to skyrocket, they are 
sensitive to protests received frorn "pot and pan" brigades. 

b) In a considerable nurnber of the countries represented at this conference, central 
banks have special funds (staffed with competent technicians) geared to provide 
substantial lines of development credit designed to increase cattle production. 

These banks have not put the same technical and financia! effort into alternative 
forms of meat with a quicker production payoff. * lnternational development 
agencies, with the exception of a few lending operations, have also suffered from 

this bimodal lacuna. 

e) Regional and national research agencies have also historically neglected the pork 

and poultry segments of Latín America's meat industry. Existing commercial pork 
and poultry enterprises rel ied extensively on imported feed grains with 1 ittle 

research being done to develop alternative local feed grains particularly suitable 
for tropical conditions. Recent evidence indicates that this neglect is being rapidly 

reversed at this center with regard to pork production and other industries, as the 

forthcoming majar London conference on tropical animal feedstuffs indicates. 

d) Commercial bank participation in a bimodal strategy requires coordination with 

central bank and development bank operations. The World Bank, lnteramerican 

Development Bank, Adela and Ladd, with access to long-term bond and credit 
markets, are able to give 15- to 30-year loans supporting livestock infrastructure, 

such as port improvements, grain elevato~s, farm-to -market roads and research 

programs on pasture management and seed production. 1 n addition to these 

infrastructure loans, these international development banks frequently provide 
an umbrella of long-term loan liquidity to central bank special funds discussed 
above. These funds provide the capability (hitherto little used) of eight- to 

twelve-vear liquiditv, against which commercial banks can discount development 
loans made for farrowing pens, teed milis, growing houses, feed storage bins, 
processing equipment and hatcheries. 

Beef producers may rightly ask why this section of the paper on beef policy has 
dwelled so extensively on poultry and pork production . There are two reasons: First, 
with increasing urbanization, consumers in these areas continually worry about rising 
meat prices, which in Latín America is almost synonymous to rising beef prices. 
Governments respond by holding down mcat (beef) prices with a variety of controls. 

As we know rather weil, rising input costs and low output prices do not particular! y 
encourage investment in expanding beef production. Secondly, with beef in increasingly 
short supply in a number of developed countries. beef exports can contribute significant ly 

• PoultrY and pork production, as compared with beef. ha ve, of course, a substantially quicker 
production payoff. 
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to foreign exchange earnings. However, without alternative sources of meat for domestic 

consumption, few governments are 1 ikely to let foreign exchange needs override domestic 

animal protein requirements. Thus, this paper argues that the Latín American beef 

producer should have a close and continuing interest in encouraging (directly or 

indirectly) the domestic production and consumption of alternative meats to beef, 

while at the same time, he should strive to improve his own technical efficiency. 

RESPONSES TO GOVERNMENT POLICY TO STIMULATE 

INCREASED BEEF PRODUCTION 

So far, this paper has been some"Nhat negative concerning the influences government 

policy has had in encouraging additional beef production in Latin America. In concluding, 

1 would like to cite a number of instances where changing government policies have, in 

fact, contributed to a marked increase in producer demand for investment credit used for 
on-farm development . • 

In Uruguay, for example, ranchers have responded very well toa package of new beef 

policies promulgated in 1970. Demand for development credit (11 p~r cent interest 

indexed to the annual rise in beef and wool prices) almost tr ipled on an annual basis as 

compared with the previous five years. In Argentina, in 1972, ranchers in the Balcarce 

area began to undertake longer term investments to develop their ranchers. Similarly, in 

Brazil in 1972 and early 1973, ranchers undertook significant investments, even though 

much of the development credit was indexed. Rancher investment response to the policy 
measures undertaken in mid-1973 (mentioned earlier) is unclear to date. During the past 

seven years, Mexican ranchers located in the more tropical areas of that country have 

responded noticeably to the government policy of mak ing development credit more 

readily available on repayment schedules tai lo red to the capacity to repay from earnings 

generated from the additional investments. 

• Since four to seven years frequentl y pass between the time ranchers respond to investment 
incentives and incremental production is apparent, the utilization o f investment credit (on 
seven- to twelve-year terms) can be used as a measure of rancher responses to stimulative 
government policy. 
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ANNE X 1 

Table 1. Livestock numbers and beef production in Latin America (1970} . 
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Me.w•co 25.0 10.0 550 22 11 10 10,305 770 143 o 1100 5,400 56 172 31 17 986 
Guatemala 1.5 0.5 57 38 11 8 800 10 9.7 82 630 1 17 30 40 76 
Salvador 11 0.5 20 18 6 6 41 9 11 79 56 3 - -· - - J7 
Costa Rica 1 5 0.5 44 29 24 10 ?00 1 4 0 4 7 2 - 26 59 46 56 
N•carrtgua 2.1 1.0 60 28 29 14 561 15 30 28 2 - 34 57 4 1 78 
Panama 1 2 05 35 29 24 23 195 4 3 7 32 2 - 3 9 ) 4 2 
Honduras 1 6 0.5 30 19 11 5 800 9 - 4 2 9 - 17 57 40 43 

N Dom•n,can Republtc 1 3 0.5 24 18 6 6 500 11 7 3 - 25 - 4 1 7 11 35 
(11 Colomb•a 21 o 9.0 426 20 20 24 2.530 87 380 30 o 1,700 4 8 2 1 54/ ..... 

Venezuela 8.5 3.0 201 24 19 20 1.609 4 2 20 4 87 o 96 3 - - -- 333 
Guyat'la 03 o 1 51 18 66 66 7 1 70 33 1 - - - - 903 
8raz11 980 40.0 1,850 19 19 19 67.000 641 2780 192 o 24 ,500 57 124 7 4 2,740 
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Argentina 50.0 20.0 2.600 52 107 82 4,400 210 550 2 12 o 44,000 177 670 26 21 3,200 
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Bol lVII 2.4 1.0 35 15 8 8 950 2 32 1 5 6,800 2 - - - 42 
Cubo 70 3.0 181 26 22 - 1,460 39 10 S 23 o na n• -- - 243 
Paraguay 5.8 2.0 126 22 52 41 560 na 63 na 320 1 28 22 22 127 
Hc11t1 09 0.4 8.5 9 2 - 1,800 n.a 36 na 81 - - - 9 
Jamatcct 03 o 1 51 17 3 - 190 na 23 10 13 - - - 12 -- - - -- -- -- -- --
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ANNEX 2 

Table 1. Development of a l ,OOO·ha ranch; on·ranch investment cost projections. 

Foreign 

A verage 
Aver898 cost per uchange Foreign eJCchefl911 Foreign exchange 

ranch compo· component component 
unlts per IUr S 1,0001 nent (Ur $ 1 .0001 (US$1 

ranch Unit cost 
1 nvestment cat890rv (No. ) (UrSI Year 1 Yur2 (o/~ Vear 1 Year 2 Year 1 Year 2 

Pasture tmprovement · 

Fertlhzer (ha) 100 2,5 15 2520 - 75 189 o - 7560 
Freoglll !M.T.I 25 2,500 62 o - 40 250 - 100.0 
Seed lcul llvated pasture l 30 3,550 107 o - 70 75 o - 3000 
Seed (oversowtng) 42 1,454 61 .0 - 70 43.0 - 172.0 
lnocutant 72 64 50 - 10 - - -
Steeker (cellofax) 42 48 2.0 - 80 1.0 - 4 .0 

Cost of culttvetton 

Labor 30 720 22.0 
Machinery 30 4 ,980 149.0 - 60 89.4 - 358.0 

Cost o f oversowtng• • 

Labor 70 107 11.0 

N 
Machinery 70 747 48.0 - 60 29.0 - 116.0 

~ Referohzatton C2nd Year) 

Fertililer 100 1,000 - 1000 75 - 750 - 300 o 
Labor 100 120 - 12.0 - - - - -
M achinery 100 530 - 53.0 60 - 32.0 - 128.0 
Fre tght 100 250 - 25.0 40 - 10.0 - 40.0 

Fenctng (km) 3 145,000 435 o - 45 196 o - 784.0 

Water supply 1 55,000 550 - 50 28.0 - 112.0 

Machtnery - - 1250 - 70 88 o - 352.0 

Bu lis 1 60,000 600 

Butldtng and others - - 500 - 30 15 o - 60.0 -- --- -- --
Sub to tal 1,444 o 1900 778 o 117 o 3,11 4.0 4680 

Conttngenctes ~ 150.b) 217 o 29.0 - 11 7 o 18.0 467.0 700 -
Total 1,661 .0 219.0 895.0 135.0 3,5810 538.0 - --

Bued on 20°/o of Pestute area cuh•vated and dr•lled , 4 20¡o oversown or sodseeded, 38~0 f ertlllzed natyral PIISture 

Oversow•ng 11nd ferl•l•z.ng pet ha oversowmg Ur$800 for ma~:h •nery Ur$ 180 for labor, per h• fert•lu:ed Ur$530 for mach•nery, 
Ur$ 120 for labor 



ANNEX 2 

Table 2. Oevttlopment of a 1,000 ha ranch: beef cattle herd dtvelopment projections. 

--boforo 
v ... 

~ Gewelopment 4 5 6-12 

Composítion (No.l 
Bu lis 8 9 10 10 10 10 10 
Breeding COW$ 205 236 255 255 255 255 255 
W~calves 11 131 (1 131 11 421 1166) 1166) 1166) 11661 
Heifen (9-24 months) 52 52 53 67 79 79 79 
He•f•s (24-36 months) 49 34 20 10 13 15 15 
StHrs 19-24 months) 52 52 53 67 79 79 79 
St-. 124·36 monthsl 49 49 50 51 65 77 77 
StHn (36-48 months) 47 47 40 34 10 
Cull cows 20 20 34 44 49 49 49 

Totlll 595 612 657 704 726 730 730 
Total beef cattte unlts 472 489 499 516 535 539 539 
Total sheep, C8tde equivelent uniu 198 203 203 201 199 204 186 
Total ani"* unitt 670 692 702 717 734 743 725 
Tot• availabf.e cerrying CIP«itv. AU 675 690 710 730 730 730 730 

Oooms INo.l 
Bu lis 1 1 
Breeding cows 10 10 9 10 8 8 8 
Heifers t 9-2~ months) 5 5 4 4 4 4 4 
Heifen 124-36 monthsl 3 3 2 2 2 2 2 s·-· 1 9-24 months) 4 4 4 4 4 4 4 
Steen 124-36 monthd 3 3 2 2 2 2 2 
SIMn 1-months) 2 2 2 1 
Cui!COWS 1 1 1 1 1 1 

Total 28 28 24 25 21 21 22 

Pu<e:lloses INo.l 
Bu lis 2 3 2 

Solos 
Cull t>ulls 1 1 1 2 1 2 1 
Cun cows 19 19 33 43 48 48 48 
S...plu• "-"'"" 124-36 months) 19 4 5 18 20 
Cull heifen 124-36 months) 3 2 3 s-· 124-36 montht) 1 15 41 65 77 77 
Steen (36-48 monthl:) 47 47 40 34 10 

Total 86 77 91 126 129 144 148 

Heifers retained INoJ 31 19 

Tec:hnieel coefficients 
w .. ni,g date {0 /o) 55 55 60 65 65 65 65 
Mo.-tallty , 9-24 '"""thsiO/o) 8 8 7 6 5 5 5 
Mortatíty, OYif 24 months (Ofo) 5 5 4 4 3 3 3 
Bull/cow ratio fOfo) 4 4 4 4 4 4 4 
Cow culling rate (0/o) 10 10 15 18 20 20 20 
Heifer (24-36 months} culling rete (Oto• 5 10 25 
Heifen over 24 months transferred to 

brefding '-d 0< sold, O!o + INo,) 301151 60(30) 80141) 80152) 801621 80i621 
Steers sotd at 24-36 months, Ofo + (NoJ 151 11 30115) 80141) 100165) 1001771 100(77) 
8uU culling, rate. Ofo 15 15 15 15 15 15 15 
Cufl cows, AU per y .. r .5 .5 .5 .5 .5 .5 .5 
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ANNEX 2 

T<1:ble 3 Developmen1 of a 1 ,000-ha ranch : sheep flock developmen1 pro¡ectlons. 

Befar e Years 

Category developrnent 1 2 3 4 5 6 1 8 9-12 

r,ock compos•l•on !No 1 
R~ms 14 15 16 13 18 zo zo 20 /0 /0 
B•eedmg ewes 350 374 413 444 462 4 99 500 so o 500 500 
L.1mhs 12;?81 12281 12441 12891 13331 1347) 13741 13751 13751 13751 
Ewes 12-24 mon1hs, unmQted 104 104 104 111 132 152 158 137 131 137 
Ewes 14 36 monlhs, vnma1ed 100 100 80 60 43 25 29 30 26 26 
Wethe(s 12·24 mo•uhs 104 104 104 111 10~ 122 95 84 8ó 85 
WPthers o\ler 24 mooths 291 291 268 228 194 156 162 138 120 115 
Cult ewes 57 57 61 68 85 88 96 96 96 96 

Total an•mals 1.248 1.273 1.290 1.329 1.372 1.409 1,434 1380 1.359 1.354 
Total sheep eqlliV 991 1.016 1.016 1.006 996 1.018 1,012 957 936 931 
Total r.dtl le eq•Hv 198 ;?03 203 201 199 204 202 191 1RJ 186 

Dedth~ INo.) 
Ram\ 1 1 1 1 1 1 1 1 1 1 
Breed1ng ewes 14 14 15 17 18 18 20 20 20 20 
L::tmbs 12 12 12 13 15 14 1? 12 1? 1? 
Ewes 17-74 months 4 4 4 5 6 6 6 6 6 6 
Ewes 24 36 months 4 4 4 4 4 5 G 6 5 5 
Wetl1ets 12-24 months 4 4 4 5 4 5 4 4 4 4 
Wethers over 24 months 17 12 11 10 8 1 J 6 5 5 

N 
Cull ewes , 1 1 2 2 2 2 2 2 -- -- --

en lotal 52 52 52 56 5H 5?. 58 57 55 55 
o 

flurch<tses INo J 
Ro m~ 3 4 6 4 6 5 5 5 5 

Sales ~No _ ) 
Cull•~ms 2 2 2 3 3 3 4 4 4 4 

Cul! ewes 56 56 60 67 83 86 94 94 94 94 
lambs - - - 29 33 69 131 131 131 131 
Cul l ewes. 24-36 months 5 5 5 4 3 2 1 1 7 1 
Surplus ewes 24 - - - - - 24 34 18 15 
Wethers over 24 months 92 116 134 137 136 109 113 97 85 80 

\o tal 179 179 ~01 240 258 269 367 361 334 375 

Ewes reta•ned - 24 39 31 18 37 

Techn•cal coett.c1ents. Oto 
lamb we;m¡ng 65 65 65 70 75 75 75 75 75 75 
Mortahtv to 1 year 5 5 5 5 5 5 5 5 5 5 
Mort~tj•fV ovN 1 vear 4 4 4 4 4 4 4 4 4 4 
Cull•nq rate, ewec; 17 17 17 17 ~o 20 20 20 20 20 
Culhng rate, rams 15 15 15 20 20 20 20 70 20 20 
Culhnq ratc, cwes 24 36 months 5 5 5 5 5 5 5 5 5 5 
Culhng rate, wethen. over 24 rnos 33 40 50 60 70 70 70 JO 70 70 
Ram·ewe r;wo 4 4 4 4 4 4 4 4 4 4 
€wes over ?4 mon ths uanslerred 
10 breedmg flock or sold, 0 1o t CNo 1 - - 201201 401401 601641 8011 02< 80(11 JI 0011n1 8011001 8011061 
L.11nl.os -.ol<l. - - - 101201 101331 20169 1 35113 11 3511311 35(131 1 3511311 

• Onlv m.tle Lamhs s.o~U •n V' ea~~ 3 a11t1 a 1'- fQm vear 5 on 200fo of lert"!alo;> •<~ombs and 50q-o of m aLe lamb$ au~ sow 



ANNEX 2 

Table 4. Development of a 1,000-ha ranch: wool sales projections (kg). 

Production Befo re Years 

wool/sheep development 1 2 3 4 5 6 7 8 9 -12 

Rams 5.0 70 75 80 90 90 100 100 100 100 100 
Breeding ewes 3.5 1,225 1,309 1,446 1,554 1,617 1,747 1,750 1,750 1,750 1,750 
Ewes 12·24 months 2.5 260 260 260 278 330 380 395 343 343 343 

N Ewes 24-36 months 3.5 350 350 280 210 151 88 102 105 91 91 
Ol Wethers 12·24 months 3,0 312 312 312 333 315 366 285 252 255 255 ... 

Wethers over 24 months 4.0 1,164 1,164 1,072 912 776 624 648 552 480 460 
Cull ewes 3.0 171 171 183 204 255 264 288 288 288 288 -- -- -- -- -- -- -- -- -- --

Subtotal 3,552 3,641 3,633 3,581 3,534 3,569 3,568 3,390 3,307 3,287 

Lambs .8 182 182 195 231. 266 278 299 300 300 300 

Belly wool & pieces 4• 396 406 406 402 398 407 405 383 374 372 -- -- -- -- - - -- -- --
Total 4 ,130 4,229 4,234 4,214 4 ,198 4,254 4,272 4 ,073 3,981 3,959 

• Per adult sheep 



ANNEX 2 

Table 5. Development of a 1,000-ha ranch: operating costs projections (Ur$ 1,000). 

S.fort Yttrt 

C.tegory development 1 2 3 4 S 6 7 8 9-12 

Salaries and social contributions ( 1) 718 137 760 796 834 834 834 834 875 875 
Maintenance 

Machinerv 121 95 95 108 108 108 108 108 108 108 108 
Building> (3) 61 61 62 62 62 62 62 62 62 62 
Fencing and water (4 ) 83 83 107 104 104 104 104 104 104 104 

Fuel and lubrican ts 80 80 85 85 85 85 85 85 8 5 85 
Fertilizar for pasture meintenance (51 - - - 190 190 190 190 190 190 190 
Shearing eJCpenses 16) 52 53 54 56 58 59 60 58 57 57 
Veterinary expenses (7) 

Cattle 39 40 41 42 44 44 44 44 44 44 

Sheep 58 60 60 59 59 60 60 56 55 55 
Replecements 

Bu lis and rams (8) 78 83 123 155 83 155 149 149 149 149 
Machinerv (150/o) 110 110 129 129 129 129 129 129 129 129 

N Fences, water supply and build1ngs (JO/o) 149 149 165 165 165 165 165 165 165 165 
en Taxes 
N L.and and capital (9) 209 209 209 209 209 209 209 209 209 209 

Cattlo and sheep sales (1 00/o) 239 225 258 350 350 406 412 411 410 409 
Wool and skin sales (6 .5D.b) 29 30 30 29 29 30 30 28 28 28 

Selling expenses ( 101 96 90 103 140 140 162 165 164 164 164 
Freight 11 n 

Cattle 47 42 50 69 71 79 80 80 80 80 
Sheep 12 12 13 16 17 18 24 24 22 21 ---

Subtotal 2. 155 2,159 2,357 2,764 2,737 2 ,899 2,910 2,900 2,936 2,934 
Contingencias 11 00/o) 216 216 288 276 274 290 291 290 294 293 

Total 2,371 2,375 2,645 3,040 3,011 3 ,189 3,201 3 ,190 3,230 3,227 

Source: PL.AN and Mlst1on estlmates 
111 Per veer: rancher Ur$ 322,000. 2 nockmen Ur$ 181,000 each, plus cuuel halp 11 reQu lred. Stoc kmen •nd cesyal help•' wages are e&tlmated to r.se e o/o 
(21 1 6~o on ve hiela, 1 Octo on machlnerv In vear 4 and another SC:Vo '" year 8 . 

131 2~o on u,$ 3,060,000 
(4) Fene•ng 20 km, Ur$ 2 ,750 per year; water supply Ur$ 27,500 per ye&r 
(51 , 0 0 kg/ha per year of phosphate fertdizer (ínetuding freight and labor) 
(61 Ur$ 42 par shcap, lncludlng wool p ack s and tv1,.n" 

171 Caula, Ur$ 82 par head : sheep Ur$ 59 par head 
181 Bu lit Ur$ 6 0 ,000 Par hud; ramt UrS 5 ,800 par head 
(91 Ur$ 209 par ha 
(101 Cattle and shaep, 4~o of sales 
(11) Cattle Ur$ 350 par head; 1haep Ur$ 66 par haad 



ANN EX 2 

Table 6. Oevelopment of a l ,OOO·ha ranch: sales projections IUr$ 1,000). 

Woight Unit 
Before v .... v .... ().4 YIIUI 

IYoars 5-121 UrS development 1 2 3 4 5 6 7 8 9· 11 12 

Cattle 

Cull bulls 500 62/kg 31 31 31 62 31 62 31 31 31 31 31 
Cutl COWS 410(430) 53/kg 41 3 41 3 717 934 1.043 1.094 1,094 1.094 1.094 1.094 1,094 
He•fers 124·36 months) 350 60/kg 399 63 42 147 105 378 420 420 420 420 420 
Steers 124·36 monthsl 4201450) 65/ kg - 191 41 0 1.119 1.775 2,252 2 ,252 2,252 2,252 2.252 2.252 

N Steen i 36AS rnonths) 450 65/kg 1~ 1.375 1~ 995 293 
Ol Subtotal catlle 2.218 2.073 2.370 3,257 3.247 3,786 3.797 3.797 3.797 3.797 3.797 (N 

Sheep 
Cull rams 1000 2 2 2 3 3 3 4 4 4 4 4 
Cull ewes 650 36 36 39 44 54 56 61 61 61 61 61 
Lambs 900 - - - 26 30 62 11 8 118 118 118 118 
Matden ewes 800 23 4 4 3 2 20 28 16 13 13 13 
Wethers 1200 110 139 161 164 163 131 136 116 102 96 96 

Subtotal 171 181 206 240 252 272 347 315 298 292 292 

Wool 104 2/ kg 430 441 441 439 437 443 445 424 41 5 4 13 413 

Sk1ns 250 13 13 13 14 15 15 15 14 14 14 14 -- -- --
Subtotal sheep 61 4 635 660 693 704 730 807 753 727 719 719 --
Total sales 2.832 2.708 3.030 3.950 3.951 4.516 4.604 4.550 4 ,524 4 .516 4.516 



ANNEX 2 

Table 7. Development of a 1 ,000-ha ranch: financia! rate of return calculation (Ur$ 1 ,000) . 

Net Incremental Net 
Total Operating operating net op. On·ranch cash 

Years sales costs income income investment flow 

o 2,832 2,371 461 

2,708 2,375 333 (128) ( 1,661) (1 ,789) 

2 3,030 2,645 385 (76) (219) (295) 
N 

~ 3 3,950 3,040 910 449 - 449 

4 3,951 3,011 940 479 - 4 79 

5 4,516 3,189 1,327 866 - 866 

6 4,604 3,201 1,403 942 - 942 

7 4,550 3,190 7,360 899 - 899 

8 4 ,524 3,230 1,294 833 - 833 

9- 11 4,516 3,227 1,289 828 - 828 

12 4,516 3,227 1,289 828 - 1,475• 

Financia! rate of return 26°/ o . 

• lncludes incremental herd and flock value of Ur$ 647 ,000 



ANNEX 2 

Table 8. Oevelopment of a 1,000·ha ranch: cash flow projections (Ur$ 1,000) . 

Befo re Years 

development 1 2 3 4 5 6 7 8 9 10 11 12 

1. c .. h inflow 
Sales 2,832 2,708 3,030 3.950 3,951 4,5 16 4,604 4,550 4 ,524 4,516 4,5 16 4,516 4,516 
Loans - development - 1,329 175 

- incremental workeng 
capital - 345 345 -- -- --

To1a1 2.832 4,382 3,550 3,950 ~ 4,516 4,604 ~ 4 ,524 4,516 ~ 4,516 4,516 

2. Cash outflow 
N Operatmg costs 2,371 2,375 2,645 3,040 3,011 3, 189 3,201 3,190 3,230 3,227 3,227 3,227 3,227 en 
Ul l nvestmenl of developmen11oan - 1,329 175 

Aancher contributeon 1200/o) - 332 44 -- -- -- -- --
íota l 2,371 4 ,036 2,864 3,040 ~ 3,189 3,201 ~ 3,230 3,227 3,227 3,227 3.227 

3. Balonctt beforo debt oervico 461 346 686 910 940 1,327 1,403 1,360 1,294 1,289 1,289 1,289 1,289 

4 . O.bt Slrvice• 
Year 1 loan - interest 110/o - 92 184 184 184 

amorhzat•on 7 vears - - - - - 355 355 355 355 355 355 355 
Vear 2 loan - tnterMt 11 ° /o - - 29 57 57 57 - - - - - -

amoruzat•on 7 vean - - - - - - 110 110 110 100 110 110 110 -- -- -- -- -- -- --

5. Cash bt1anco altor dtbt Mrvico 461 254 473 669 699 915 938 895 829 824 824 824 1,179 

• Loans at 110fo, repayeble over 11 years. 'nc:luding 4 vear5 grace 



ANNEX 3 

Table 1. Sensitivity analysis of key variables on a cow-calf operation.• 

Rata of 
Aun Description Change return 

1 (Base) Breeding/weaning ranch 14 

Weaners carried to slaughter 
2 Breeding/ fattening ranch weight at 4 years of agc 21 

3 Breeding/weaning ranch Cattle market prices 
decreased 2CP/o 9 

4 Breeding/weaning ranch Cat tle market prices 
increased 2fP/o 18 

5 Breeding/weaning ranch Effective calving rates 
increased 2fYJ/o 17 

6 Breeding/weaning ra nch Effective calving rates 
decreased 2fYJ/o 12 

7 Breeding/weaning ranch Ranch investment costs 
increased 2fYJ/o 13 

8 Breeding/weaning ranch Operating costs 
increased 2fYJ/o 13 

9 Breeding/weaning ranch Mortality rate at 5th year 
increased 2fYJ/o 13 

10 Breeding/weaning ranch Mortality rate at 5th year 
decreased 2fYJ/o 15 

11 Breeding/weaning ranch Carrying capacity increased 
2CP/o at full development 14 

12 Breeding/weaning ranch Carrying capacity decreased 
2fYJ/o at full development 14 

Percentage in 
rate of return 

+ 50 

- 35 

+ 29 

+ 21 

- 14 

7 

7 

7 

+ 7 

• A breed ing/weaning herd development projection was used as a base with coefflclents, pr ices and costs 
selected as the "most likelv" to prevail during the 1 5 -year ranch life. Ranch policv, techrdcal coefficients, 
p rices and costs were varied as indicated in the notes in Column 3. The resulting percentage change on 
the internal rate of return is shown in Column 5 and the most sensitiva parameters ranked in descend•ng 
a rder of importance. 
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ANNEX 4 

Table 1. The broiler industry of Guyana (population and per cap ita income of Guyana). 

Year Population Rate of growth * Per capita income Rate of growth 

1970 714,200 137 G$ 565 140 

1969 705,800 136 533 132 

1968 695,700 134 506 125 

1967 688,900 133 474 117 

1966 671,700 129 442 109 

1965 651,700 125 438 108 

1964 634,800 122 407 100 

1963 619,600 119 377 93 

1962 602,100 116 4 21 104 

1961 587,300 113 430 106 

1960 575,900 111 399 99 

1959 559,800 108 379 94 

• 1956- 1958 = 100 
Source: Ministry of Finance 

ANNEX 4 

Table 2. The broiler industry of Guyana (retail prices of dressed beef 

and poultry in Georgetown) . 

Retail prices per pound 

Year Beef lndex" Poultry lndex 

1970 G$ 0 .74 154 G$ 1.02 105 

1969 0.65 135 1.00 103 

1968 0 .63 131 0 .97 100 

1967 0 .60 125 0.91 94 

1966 0.61 127 0 .86 89 

1965 0 .55 115 0 .98 101 

1964 0 .57 119 1.00 103 

1963 0 .57 119 0 .98 101 

. 1960 - 196 2 = 100 

Source: Ministry of Agr iculture 
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ANNEX 4 

Tab /e 3 . The broiler industry of Guyana (mea! consumpt oon in Guyana). 

Consumption (metric tona) Per capita comurnption 

lnde• of lndex of lndex of lndu: of lndex of lndex of 
v ... Beel ,. .. Of gt'OWth • Poultry rata of growth Pork rete of growth Othor rata of growth Total rete of growth Volume rate of growth 

1970 5.335 137 3.344 1,276 1,195 143 85 188 9,959 196 306 145 

1969 5,132 131 2,676 1,021 1,089 130 94 208 8,991 177 28 o 133 

1968 5,028 129 2,659 1,01 4 1.175 140 88 195 8,950 176 28 3 134 
N 1967 5,255 135 2,465 940 1,235 148 105 233 9,060 179 28 9 137 
~ 1966 5,4 16 139 1,879 717 1,201 143 8 1 180 8,577 169 28.1 133 

1965 4,808 123 958 364 923 110 80 177 6.769 134 228 108 

1964 4.8 14 ! 25 892 340 956 !!4 76 168 6,738 133 23 4 111 

1963 4,778 122 489 262 874 104 62 137 6,203 122 22.0 104 

1962 4,671 11 9 604 230 831 99 56 124 6. 162 121 22 5 107 

1961 4,526 11 6 669 255 772 92 50 11 1 6,039 11 9 22 6 107 

1960 4,380 11 2 533 203 766 91 48 106 5,733 113 21 9 104 

1959 3,735 95 395 150 794 95 44 97 4,968 98 19.5 93 

1959- 1958 = 100 

Source: M 1n1stry ot Agr1culture 



ANNEX 5 

Table 1. Ranch operating costs in selected Latin American countries (categories of annual expenditure by percent befare development). 

. ., 
~ .!:! 

• i ; !1 !1 .. ., .. . .. ~ e: ,.. ,.._ o -~ ·a. :e ,.. e: t; Average E " .. ·e~ e ; .. ., ... o~ o o . 
! E .. " "i 

. e: ~::: o:: ~:: "o ¡¡.¡: .!:! X u :: .. :: E weight 
o " "' ·- " '2 :~ ;:~ :~~: ·;¡ ~ ·;e ... • .. E c. t o:;: f: .... ~ .! "E befo re 
8 

e: " " ;a ~¡ ~ . e 
" . :5 8~ " ~ ii:ril cl'!ril ~ó .¡'!~ f.!! fe f~ :. development " > w 

Labor and 
mé)nagement 32 55 30 37 38 38 13 20 23 24 60 64 19 30 26 39 36 

Pasture 
lmalntenance) - 14 - 15 - 6 - 2 8 - - - - 14 26 10 4 

Machrnery lmamt. 
replacement and 
operationl 14 14 12 9 1 14 3 9 15 14 - - 18 9 10 - 11 

...., 
en Anrmal health 
CD hncl. salt and 

mmerats) 12 5 4 6 20 S 4 30 21 19 8 11 18 9 6 38 15 

Breeding replace· 
ments 28 2 3 - 22 7 3 18 5 11 6 6 12 15 - - 9 

Buildrngs fences 
and water lrepl. 
and marnt.) 10 6 12 7 5 6 2 5 13 7 - - 17 8 6 3 5 

Sellrng expen\e\ - 2 6 2 - - B 7 - 9 7 3 - - - - 6 

Sales taxes 5 - 20 - 2 19 - - - - 14 15 4 6 15 - 9 

Other - - 10 7 7 5 7 9 20 9 5 5 5 16 10 6 6 

USS AU before full 
developmen t B 24 14 12 5 24 16 7 13 8 3 4 20 24 17 19 15 

Sour<.e IBA O iiPIH31S8f report 



ANNEX 5 

Table 2. Ranch operating costs in selected Latin American countries (categories of annual expenditure by percent after development) . 

o 
~ n " 

., 
il .. .. .. , ~ u ... .. 'i > .~~ :a " " > > - ·a ·a Average E :¡; 

~ .. o ~ " 
~ 

.. ~ .. .. .... 
·ª ~ 

o o o o ., E N 

" 
<:.e 'i " ~= ~= E "o "~ uz uZ weight ., 

"' ·- " -g ·;; 
~ 

o= .! ~ " "'u "'" 'i( .. :; o e: 2 Ea. ::> N 10 N 

f~ e: .... .... "E ·;¡ ~ aftsr 
" 8 .. g~ o ;g o .. ~ .. 

~ó 
:¡ ·¡: ~,! ~~ u Ci:ci5 cfd! <3ci5 cf ~o (,!) > :::> U.J :r <( o.. O development 

Labor and 
management 9 27 41 26 17 30 24 26 32 15 20 19 16 16 40 43 21 25 31 26 

Pasture 
lmaintenance ) 15 10 23 6 8 12 23 - 16 33 18 5 14 29 - - - 11 13 14 

Machinery ~maint . 

replacement and 
operation) 4 10 14 10 3 13 7 1 11 9 16 15 12 5 5 5 19 6 6 9 

N Antmal health ...., 
(i ncl salt and o 
minerafsl 24 17 7 3 lO 16 26 45 S 18 29 37 34 25 8 11 19 18 14 15 

Breeding replace· 
ments (mainly 
bu lis} 16 24 4 5 6 7 12 9 6 5 7 15 11 15 13 12 11 15 12 11 

Buildings, fences 
and water (repl. 
and maint.} 2 7 9 5 4 7 8 7 5 6 5 4 3 5 5 5 5 4 4 5 

Selling expenses - - - 8 - - - - - - - - - - 10 6 - - - 10 

Sales taxes 9 5 - 20 - - - 3 22 - - - - - 17 15 3 6 12 9 

Other 9 - 2 - 14 8 4 9 3 10 5 5 5 5 2 3 5 17 9 3 

USS/ AU at tulf 
development 16 9 43 17 34 10 12 7 25 15 11 9 9 19 4 4 20 24 24 16 

Source: IBRD appra•sal repons 



NOTES ON ANNEX 5, TABLES 1 A NO 2 

The data in these two tables were derived from 1 BRD appraisal report estimates 
for breeding operations, many of which also include fattening of ranch bred stock . 
Argentine data were based on actual data from 88 ranches in the Balcarce area of 
Buenos Aires Province. The data ,.fer to the following: 

Country Year 

Argenti na 1970 

Brazil 1972 

Bolivia 19 70 

Colombia 1969 

Dominican Republic 197 1 

Ecuador 1970 

Hondur as 1973 

Guatemala 1970 

Guyana 1970 

Mexico 1971 

Nicaragua 1970 

Pan ama 1972 

Paraguay 1969 
1969 

Uruguay 197 1 

Venezuela 197 1 
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Size of ranch model 
(in ha) 

Location 

1,1 00 ( Balcarce) 

2,000 (Parana) 
1,500 (Rio Grande do Su l) 
8,500 (Mato Grosso) 
4,500 (Nor th Goies) 
4 ,000 (Beni) 

750 (North Coast) 

400 (Eastern region) 

300 

400 

350 

1,000 (Coastal ) 

150 (Wet tropics) 

300 

4 00 

1,000 

1,500 

(Chaco) 
(Oriental) 



ANNEX 6 

Table l. Unit costs fot investment inputs used on Latin American beef breeding ranc:hes ( 1970 or dates specified) in selected count ries (U S$) 

-
Mlxico 

Dominic• n Wet Guyane 
Republlc Honduras Venezuela Pana m a Uruguay Guat emala t ropical Argentina Brazil Bolivia Coastal 

1971 1973 1971 1972 1971 1970 1971 Balcarce Parana Ecultdor Benl ranch 
400ha 400ha 1500ha 400ha 1000ha 350ha 150ha 1970 1972 1969 1969 1970 

Pasture establ ishment 60 60 116 30 40 70 108 60 48 33 50 55 

N ..... Fencing 400 225 400 350 580 150 240 675 322 165 300 230 

N 
Water 3 ,100 1,000 2.222 500 220 400 1,100 1,150 806 2.000 2,000 750 

Corrals 3,150 2,000 2,222 800 - 1,000 880 1,375 3,200 1,000 2,000 2,250 

Oips/spray 1,200 - 1,11 1 1,500 - 750 1,440 - - 825 700 

Cows 180 150 111 250 85 100 160 70 100 110 75 50 

Bu lis 575 500 600 650 240 500 800 175 485 400 252 185 

Tractor (plow and 
harrow) and equipment 8 ,000 - 5,500 - - 5,400 

Source: IBA O appra•sal report estlmatet 



ANNEX 6 

Table 2. Categories of investment on Latin American beef breeding ranches in selected countries (percentagel. 

Bolivia Guyana Dominican Vene- Guate-

Me><ico Argentina (Senil (Co.stal Republic Honduras zuela mala Panama Uruguay 
Wet (Balcarce) Brazil Ecuador 1970 ranch) Nicaragua 1971 1973 1971 1970 1972 1971 

tropics 1970 (Pare na) 1969 4000ha 1970 300ha 400ha 400ha 1500ha 350ha 4000ha 1000ha 

N Pasture establishment 27 14 44 31 4 34 22 4 1 33 20 37 29 29 49 ..... 
w 

Fencing 5 8 6 7 25 7 15 14 16 10 11 7 7 30 

Watering po1nts 5 4 2 5 7 4 4 8 5 19 4 10 2 

Machinery 5 4 3 9 3 5 13 - 11 4 - 17 - 9 

Corrals. etc. 4 2 7 9 10 6 6 28 4 4 3 9 9 

Breed1ng stock 51 47 36 38 44 44 20 9 30 40 39 28 43 

- --
Source : 1 BAO appraual report est•mates 



DOMESTIC RESPONSE TO INTERNATIONAL TRADE 

Curt Wolffelt 

In discussing the domestic response to international trade as it relates to beef 

production development projects, it can be said that the producing countries have 
responded actively and amply to the demands of t he trade in the f ields of sanitation, 
technological improvement and product development. 

As other colleagues have focused on the aspect of animal production and the policies 

that affect or regu late the volumes of meat that countries allow for export, 1 would like 
to refer to the meat processing industry itself and its evolution during the last ten years 
or so, t he lessons that were learned, and how they can best be utilized in formulating 
new projects for increasi ng meat production. 

BACKGROUND 

The decade of the 60's witnessed the most significant transformation the meat industry 
has ever had in the producing countries. This was a direct result of the pressure brought to 

bear by impcrting markets, particularly the United States, the Un ited Kingdom , the 

member nations of the European Economic Community and others. The transformation 
was essential ly one of increased sanitat ion in operating practices and faci l ities. 

Of the two main Latín American beef exporting blocks- namely, tropical America and 

Argentina, Brazi l , Paraguay and U ruguay- the latter group (South American block) was 

most severely atfected, mainly bécause of the endemic foot -and -mouth disease of its 
livestock and the significan t role these exports play in their tota l volume of exports. 

There were also important techno logical advancements and new products developed by 
the industry; however, they were directly or indirectly a result of the importing countries' 

demand for better san itation t o obtain a more wholesome product. 
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There were several concurrent reasons for this emphasis on sanit ation. Sorne of the 
more important include 

1. The export of fresh salted meat (cured meats) to the United States in unwholesome 
conditions from Argentina, which led to the definite curtailment of the importation 
of fresh meats from South America 

2. The outbreak of typhoid in the United K ingdom, traced toa can of cooked corned 
beef sold in Aberdeen 

3. The outbreak of foot-and-mouth disease, also in the United Kingdom, which 
compelled the destruction of one mili ion head of cattle. The outbreak was believed 
to have been caused by the importation of fresh bone-in meats from South America. 

These and other concurring factors, such as gross inconsistencies in the sanitary 
practices at the plants, compelled importing countries to formulate codes of strict 

sanitary standards to which the industry was initially slow in conforming. 

At t he time, products received by the importing countries were either passed or rejected 

on the basis of sampling inspection at the port of entry and, in sorne cases, at the port 
of loading. However, there was a growing awareness that inspection of the finished 

product was in itself not enough. l nspection should start much earlier in the processing. 
In fact, it should start with the livestock intended for slaugh ter and follow through all 

stages of production. Only plants with adequate sani tary work methods, buildings, 
equipment and quality control should be allowed to produce for export. 

This philosophy eventuall y developed into the concept of the "approved plant," which 
armed the importing nations with considerable strength and authority to demand 
progressively more and more sanitary improvements and controls at all stages of 
processing. 

Therefore, the United States, the United Kingdom, Germany anc other important 
markets would only accept products processed in plants previously inspected by their 
vi:;iting veterinarians and listed as officially approved for export to their country, with 
formal notification through the respective governments. 

Curren ti y, approval ot a plant for export to a specific country remains in force until a 
new inspection either upholds the status or disqualifies the establishment, in which case 
exports to that particular market are suspended until the reported deficiencies have been 
corrected and the plant has requested a new inspection vía the respective governments. 
lntervals between visits by inspectors from the same country can vary from three months 

to one year. 

The sanitary regulations·ot the importing countriés are all basically similar. However, 

their interpretation and application depend toa great extent on the inspector's 
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judgment. lt can therefore happen that a plant approved by the United K ingdom 

inspector for export to his market may not necessarily be approved by the German 

inspector for export to his country. In fact, t here is only one plant in the United States 

today approved for export to Germany, as other plants engaged in production for t hat 

same market have been deleted from the German list. 

Stringent applicat ion of the standards can, of course, disqualify more than one plant 

in any country; and it is obvious that such a pol icy can serve well as a tool t o restrict 

imports without the need of applying undesirable import quotas. 

There are, or course, a number of considerations that infl uence the inspectors' 

judgment , such as prevai li ng plant hygiene, personnel discipline, attitude of plant 

management, age of the plant, and prevalence of certain endemic livestock diseases 

in the country. Above all , one consideration is the strength and effectiveness of the 

local government's veterinary inspection, and the conf idence it inspires in the visi ting 

vet er inarians. 

1 t was obvious that a high standard of hygiene and proper sanitary practices could on ly 

be achieved if they became a habit with supervisors and operato rs alike, as sporadic 

visits by foreign inspectors w ere not sufficient to achieve th is objective. More than any 

other nation, it was the United States inspection that recognized that the answer lay in 

supporting and building up a competent and effective local inspection service working 

out of the producing countries' own m inistries o f agriculture . 

In Argentina, particularly, this resulted in a healthy development of the Government 

Meat lnspection Service. Many perfunctory jobs became posi tions of chal lenge and 

responsibi l it y wi th better pay . All stages o f product ion carne under the surveillance of a 

qual if ied government inspector. lt t ook sorne time before the newly appointed veterina

rians grasped the scope of their new duties. In fact, although they w ere not responsible 

for the operations as such , they were indeed answerable for the conditions under which 

they allowed the operations to go on. lf the methods or the state of repair of the premises 

or equipment, etc. did not conform to the standards outl ined in the book, the inspector 

had authority to st op operations until corrective action had been taken by plant 
management. 

Another frui tful development w as the publication of the most comprehensive meat 

inspection manual in the Spanish language by the Argentine Ministry of Agriculture and 

Livestock. This manual covers al l food of animal origin and is an excellent reference for 

designing, as well as operating, animal-based food processing plants. On t he subject of 

plant design, a recommended reference is Agriculture Handbook No. 191, entitled " U .S. 

lnspected Meat Packing Plants: A Guide to Construction, Equipment, Layout," issued 
by the United States Department of Agriculture. 
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SUMMARY OF SANITARY MEASURES INTRODUCED IN THE MAJOR 
REPORTING COUNTRIES 

Let us examine briefly what the sanitary measures were that transformed the meat 

processing industry so drastically and how this evolved in technological advancement and 
new product development. Taken at random, some of them include 

1. The installation of potable water plants so only potable chlorinated water would 

be used, not only for processing but also for canning (retort cooling) and cleaning 
up 

2. The refrigeration of all areas where fresh meat was handled and apt to be kept in 

temporary storage, such as the cutting rooms 

3. The use of stainless steel, galvanized surfaces, or plastic for all equipment coming 

in contact with edit>le products 

4. The general improvement in the standards of illumination throughout the plant, 

together with the installation of adequately equipped, in-process inspection 

stations 

5. The provision of an isolated pen in the stockyards for cattle suspected of disease 

and adequate facilities for ante-mortem inspection 

6. The provision of an autopsy room and digestor for disposing of carcasses that 
must be destroyed 

7 . The provision of separa te facilities for slaughtering suspect and diseased animals 
in order not to risk contaminating the main ki lling floor 

8. The cleaning and disinfection of cattle trucks before leaving plant premises 

9. The introduction of wash basins and steri lizers to prevent the butcher's hand or 

his knife from being a vehicle of contamination 

10. The el imination of all wood in the processing areas (This applies to the traditional 
meat cutting board, as well asto the modern handle of the butcher's knife; and 
even chillroom doors have to be lined with stainless steel or made of plastic 
material.) 

11 . The construction of smooth, pitched, iiT'pervious floors and washable walls with 
flat, unpainted ceilings to avoid having peeling paint fall on product 

12. Screening of all openings to keep out birds and insects 
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13. The use of filtered, sterilized air to pressurize processing rooms that handle sterile 
products such as cooked meat 

14. The provision of controlled access points to processing areas, where personnel 

have to cleanse themselves and don sterilized boots. apparel and caps so that 
no one can walk straight from the stockyards on to the killing floor with soi led 
shoes, for example 

15. The simultaneous inspection of the víscera, carcass and head of each animal on 

the kil l ing tloor, with spacing between carcasses to avoid contamination from 
contact prior to inspection 

16. The control of the health of all operators manipulating meat through regular 
checkups 

17. The elimination ot the dual standard of sanitation that had prevailed for sorne 
time, consisting in observing the sanitary requirements only when processing 
meat for export, reverting to the old , unhygienic facilities and methods in the 

handling of meat for local consumption (The strongest argument against the dual 
standard was that unsold meat for the local market could easily be rerouted tor 
export.) 

18. The change in processing equipment design so that surtaces had to be smooth, 
self-draining and often self-cleaning, with no sharp bends; and installation had 
to be made with ample spacing trom walls and above tloors to tacilitate cleaning 

(This applied also to connecting piping and power wiring.) 

TECHNOLOGICAL ADVANC EMENT AND PRODUCT DEVELOPMENT 

Nearly every sanitary regulation involved a physical improvement that constituted sorne 
torm of technological advancement. To reduce manipulation of the product, mechanization 
was extensively introduced along with automatic controls for monitoring processes. 

Adequately equipped laboratories were provided for bacteriological and other tests to be 
made during processing and on the finished product. 

However, the most significant advancement was the technology that evolved with the 
development of trozen cooked beef and, toa similar extent, the production ot chilled, 
boneless cuts. 

Frozen cooked beef was the response of the foot-and-mouth endemic countries to the 
United States ban on import of their fresh meat. lt is a completely steri le product packed 
in 40-pound cartons either in the form of frozen chunks of cooked meat or cooked meat 
stufted in 4-inch plastic tubes of about 10 pounds each and frozen. lts processing requires 
carefully controlled sanitary precautions. 
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The c~illed boneless cuts developed as a consequence of the findings of the Lord 

Northhumbarton Commission. This body was appointed by the British Government in 

the latter half of the 60's to investigate means of reducing risk of foot·and-mouth virus 
infection transmitted by the chilled beef imported by the United Kingdom in the form 
of bone-in quarters. 

This development was also a commercial boon . lt permitted a more se lective marketing 
of the various parts of the carcass, the export of a product with increased manufacturing, 

a more efficient utilization of refrigerated cargo space and the elimination of the need to 

f reight bones across the ocean. 

RETROSPECT IVE V IEW, LESSON LEARNED AND RECOMMENDAT IONS 
TO THE INDUSTRY EMBARKING ON NEW PROJ ECTS 

There is no question that the sanitary improvements were necessary; and in general, 
most Latin American exporting plants found the will and the money to meet the demands. 

lt cannot be said that exports dropped significantly because of massive disqualification of 
plants. Fluctuations in export volumes were always based on other factors. The industry 

was hurt financially as the improvements often had to be made during too short a time 
and usually could not be part of an organic plan to improve flow and layout si multa· 

neously. To sorne extent, it was a learning period not only for the industry but for the 
inspectors themselves; and the price had to be paid . 

In Argentina, particularly, the sanitary improvements carried out under pressure 
without allowance for such planning hurt the big industry toa considerable extent. Added 

to other important factors that developed later, it led to the bankruptcy of sorne of the 
large packers, resulting in recent government takeover to assure continuity of exports. 
Other packers closed down because of a combination of circumstances. 

1 n retrospect, the following gains were made by the major exporters of the South 

American block 

1. A strong and effective government meat inspection service was developed, creating 

more jobs with better pay . 

2. Processing plants involved in the export of meat have attained high standards of 

sanitation. 

3 . New products were developed that involved a greater amount of processing and 
manufacturing, commanding a higher value on the export market. 

4 . T hese products increased the flexibility of the industry's product mix, allowing i t to 

meet fluctuations in demand with less financia ! d i fficulties. 
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Based on the foregoing, there are recommendations which can be made to those 

involved in formulating new projects for increasing beef production . 

l . Sanitary requirements 

a. A distinction must be made asto whether the projected plant will slaughter for 
the export market, the local market, or both. 

b. l f the plant is intended for export or export and local production, all sanitary 

requirements that will affect flow, layout, building design and location must be 
incorporated right at the drawing board stage. At this time the extra cost is not 
so significant as it would be to make major construction modifications later. 

c. Individual pieces of equipment can always be added gradually. as demanded by 
visiting inspectors, if space has been provided when making the original design. 

d . A careful analysis should be made befare deciding on making large-scale 
improvements on an old plant. lmprovements should be planned so sorne 

degree of modernization and better product flow can be obtained at the same 
time. However, in general , the expenses w ill always exceed the most conservative 

estimates; and the demand for continua! improvements will never cease. The 

alternative of building a new plant should always be analyzed . 
e. With reference to plants intended for slaughtering on ly for the local market, the 

degree of sanitation shou ld be compatible with what the market can afford. In 
other words, it must bear a relation to how many cents per pound of meat the 

population can afford to pay for more wholesome meat. 
f . lf the plant is fairly large and handles more than 50 to 100 head per day, 

processing of the by-products will help to pay for the added cost. However, 

in the case of small abbatoirs in most developing countries, the facilities must 

be confined to an enclosed slab, water for c leanup, and smooth concrete tables 
and basins to prevent manipulating the product on the floor. 

2. Product mix 

There are four broad categories of beef products for export. 

a. Boneless beef for processing (frozen) 
b. Boneless or bone-in cuts (chilled or frozen) 

c. Frozen cooked beef 
d . Cooked corned beef in cans 

The first two categories should constitute adequate and profitable outlets for the 
majority of processing plants built in connection with projects for increasing beef 
production. The investment required is about US$15,000 to $20,000 per head slaughtered 
daily . Marketing has few restrictions, except that of the United States for the foot-and

mouth endemic countries. 
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Frozen cooked beef and cooked corned beef are much more sophisticated products 
and require considerable investment. In addition to tighter controls, their processing is 
del icate and demands special skills on the part of supervisors, technicians and operators. 
The market is also more restricted. The United States is virtually the sole buyer of frozen 
cooked beef. Corned beef is a traditional product whose market is dominated by a 
number of well-established brands. The product is sold extensive ly in the United S tates, 
the United Kingdom and Western Europe. 
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WORK GROUP REPORT ON PASTURES ANO 
FORAGES/ NUTRITION 

Ricardo Garza Treviño and Joe Conrad 

Because of the poor rainfall distribution in the tropics, there are extremely dry and 
rainy seasons t hat influence forage production, causing in most cases marked variations 
in the qual ity and quantity of avai lable forage . Likewise, the t ropical soils have different 

physical, chemical and fertility characteristics which have a direct effect on the growth, 
production, quality and degree of acceptance of grasses. 

There are other factors involved in animal production, such as health, reproduction, 
genetics, transfer of tech nology to the cattle producer and socioeconomic and marketing 

problems, which will be handled by other work groups. Therefore, only those factors 
influencing the production of pastures and forages and those related to animal nutrit ion 
will be considered from a climatic, edaphic, agronomical and manageria l standpoint. 

The development of the cattle industry in the tropics is completely different from that 

in the temperate zones, therefore, it is not possible to extrapolate temperate climate 
technology to trop ical regions. An in-depth study of the following factors is essential for 
tropical regions: 

1. An intensification of studies of t he existing forage species and of new introductions 
adaptable to the ecological conditions prevailing in the dry and humid areas of 

tropical America 

2. A thorough study of the most appropriate methods for the establ ishment of the 

more adaptable species of grasses and legumes, as well as of grass-legume 

associations 

3. A continuation of studies of the most adequate management practices with special 
emphasis on weed control and grazing systems 
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4. An intensification of studies on forage conservation, supplementation, seasonal 

fertilization, grass-legume mixtures, and irrigation practices in order to compensate, 

when possible, for low forage production during the dry season 

5. Basic studies on tropical forage seeds (as there is a shortage of these) and an identi · 

fication of ecological zones adequate for commercial seed production 

6. An introduction of adequate zoning systems according to the most advisable ty pe 

of cattle operation, taking into account the variation in forage production potentíal 

throughout the tropics 

7. Grass and legume breeding studies of the most outstanding species (in special cases 

only) 

8. A continuation of studies on the soil -plant·animal interrelationships, aimed at 

detecting critica! factors that affect pasture production and quality, directly or 

indirectly, as well as animal production 

lt is evident that the items listed above in relation to pastures, forages and animal 

nutrition must be carried out in fine with sound economic policies related to beef 

production in tropical America. Likewise, the different cattle programs must have the 

required technical assistance. 

Regarding the exchange of technology and information among people and institutions 

dedicated to agricultura! and 1 ivestock development programs, it should be mentioned 

that th is se minar has shown that the efforts made to date have not produced the expected 

results because of the lack of contact among researchers from different countries. 

1 t is urgent to compile a directory listing the field of special ization of professionals 

presently working in connection with the cattle industry . The 1 nstituto 1 nteramericano 
de Ciencias Agrícolas (IICA) of the OAS, through its library at Turrialba, Costa Rica, has 

made a significant effort to compile the pastures and forages bibliography of the countries 

that cooperate with them. lt should also be mentioned that FAO has made an important 

effort in this respect . 

The two work groups in charge of writing this document would l ike to make it clear 
that the staff dedicated to education, research and extension in the fields of pastures and 

forages anu antmal nutrition is limited in quality and quantity; therefore, if a higher 

degree of development anda significant contribution to the world beef production are 

expected in tropical America, the support of national and international governments and 
institutions is urgently required to secure opportunities for the specialized training of the 

greatest possible number of professionals. 
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WORK GROUP REPORT ON 
INTENSIVE FINISHING SYSTEMS 

Pau/ F. Rande/ 

A. The definition of finish ing: rapid growth of beef cattle (in excess of 1 ki logram per 
head daily) with improvement in carcass quality 

B. The definition of intensive f inishing: production of a large output of beef cat t le per 
unit of land employed 

C. The function of pasture in intensive finishing systems 

1. There can be no intensive fin ishing on pasture alone since high product ivity per 

animal requi res low grazing intensity. 
2 . lntensive ut i lization of pasture or other roughages wi ll encourage the establishment 

of feedlots by providing catt le surpluses. 

D. The definition of feedlot: an operation in which animals are fed in confinement w ith 

total ration under the operator's control 

E. The factors required for viable feedlots, present status, and comments 

1. Sufficient credit at reasonable interest rates 

a. The World Bank and other international f inancing agencies are now supplying an 
adequate volume of loan money in most countries. 

b. High interest rates are a problem, especially for new operations. 

c. Perhaps a graded schedule of interest rates could be used, with the schedule 
based on t he recipient 's abi l ity to pay. 
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2. Animal health control commensurate with low losses 

a. There are many problems with disease at present. 
b. lmproved nutrition as requi red in feedlot s would increase natural resistance. 

c. Feedlot management with daily observations of animals should be an aid to early 

detection of disorders. 
d . Feedlots constitute a quarantine period prior to slaughter. 

3. Managerial ability 

a. Poor management accentuates the ínefficiency of many ranches. 
b . Viable feedlot operations can afford to pay salaries that will attract competent 

managers. 

4 . lnformation needed concerning feeding programs 

a. Possible basic crops in each area (The definition of basic crop: source of one or 

more feedstuffs which can constitute the principal ration components, supplying 
a great deal more than 50 per cent of the utilizable energy) 

b . The availabil ity of additional feed inputs in terms of quality , quantity and 

seasonality 

c. Market prospects for beef, including local factors that may permit premium 
prices 

5. The availability of sufficient feeder animals 

a. Tropical America has a vast beef cattle population. 
b. Many good breeding females are presently being lost through slaughter; this 

practice should be prohibited by law and enforced. 
c. Fertility rates are far below optimum. Sorne mitigation of infertility dueto poor 

nutrition could be achieved by moving part ot the cattle population to feedlots, 
thereby reducing the grazing pressure for the breedíng stock left on pasture. 

d. The sale of cattle at intermediate weights (í.e., feeders) is discouraged by the 

present pricing structure. Higher prices should be set for these cattle. 
e. Cow·calf and milking operations may also have a role in providíng feeder cattle. 

6. Meat grading systems and higher prices for fini shed animals 

a. The present lack of grades discourages finish ing cattle for sale. 
b. Each country should implement at least an elementary system of meat classifica· 

tion although U . S. Department of Agriculture grades are unsuitable for Latin 

America . 
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F. Group recommendations 

1. The compilation of this body of pertinent data should be undertaken by sorne inter

national institute such as CIAT, perhaps asan extension and amplification of the 
Latin American Feed Composition Project begun by the University of Florida. 

Pertinent research inform~tion should be made available to all workers in th is f ield 

as part of the services of an abstracting journal on agricultura! sciences in tropical 
America-or at least as a bibliographical list of all published papers. Rapid informal 

communication among researchers could be facilitated by a worldwide directory 

of all personnel and their research interests. 

2. "The following should be considered the most likely basic crops for the lowland 

tropics of America : 

a. Those ready for immediate commercial testing, such as whole sugar cane, sugar 

pith (cane minus rind). cane molasses, maize silage and sorghum si lage 

b. Those worthy of further research, such as treated sugar cane bagasse, bananas 
and citrus f rui t by-products 

c. Those that are only research ideas at present, such as cassava and by-products 
of other fruits 

3. All available agro-industrial by-products should be considered as possible additional 
feed inputs, w ith the fol lowing cit ed as examples: rice bran, hulls and straw ; cane 
trash ; cassava leaves; coconut meal; coffee pulp; animal carcass residues and manure; 

rum distiller's slops (condensed molasses solubles). NPN must f igure prominently in 

this category. 

4. 1 nternational funding organ izations should support (a) continued preliminary 

research where this is still requi red and (b) the establishment of pilot feed lots 

for purposes of demonstration (i .e., extension funct ion) and evaluation of feeding 

programs and complete technological packages for f eedlot operations under strictly 
commercial conditions. These pilot feedlots must be viable economic units as 

established, and their location should be chosen with this objective in mind . ldeally, 
a network of pilot feedlots should be set up at geographic regional and national 

levels and later at the internationallevel , where complete commercial evaluat ion 

could take place. 

Complete commercial evaluation can be defined as a detailed study of not only 
feedlot input-output data but also economic factors in the broadest sense and social 
factors bearing upon the feasibility and desirability of the operation. lt is especially 

important that gains in terms of edible t issue, carcass parameters and meat qual ity 

be considered. 

G. A final note on the utility of feedlots: Sorne of these could be used , if desired, to 
facili tat e performance test ing as a tool for genetic improvement of the cattle population. 
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WORK GROUP REPORT ON REPRODUCTION 
AND ANIMAL BREEDING 

Guillermo E. Joandet 

The most important single f actor in beef product ion in the tropics is reproduction. Low 

birth rates, along with high mortality and seasonal interruptions in growth, make beef 

production in this area inefficient. 

The achievement of greater efficiency will partially depend upon the study of single, 

isolated practices and other factors affecting production . 1 t is, therefore, imperative t o 

use integrated models involving all the aspects or disciplines that would improve the 

sítuation. Because of the i nteraction of single factors, their advantages are multiple as 

well as additive . 

For th is reason, the group u sed an integral model in studyi ng the problem of the 

reproductive rate; however, only those aspects concerning reproduction and genetics are 

presented . This model is presented as an attempt to integrate the efforts of other groups 

and the technology related to beef production . 

Although we ha ve tried to keep to th is model , there will surely be repetitions a:1d 

overlappings, but they are preferable to omitting important aspects. The model used as 

the basis for general discussion is shown in Figure 1. 

A herd's breeding efficiency depends on the behavior of its males and females. The 
behavior of each animal, whether male or female , is influenced by a series of variables 

shown in Figure 1. Sorne of them are associated with just one of the sexes while others 

are common to both . Also, sorne variables are permanent whereas others change with 
time and/or age of the animal. This general model attempts to give an idea of the 

complexity of the problern, as well as the .1eed for interdisciplinary studies of the kind 

that will surely prevail in the future. 
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Figure 1. Sorne variables and their relationship to the reproductive efficiency of the herd. 
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In order to faci litate discussion, we have divided the factors related to the reproductive 
rate into environmental and genetic areas. The latter will be d iscussed when we consider 

improvement programs. A list of environmental factors can be found in Table 1. 

Many research projects have shown the need for systematic mineral supplementation 
with mixtures containing minor elements, as well as calcium, phosphorus and salt. This is 
an uncommon practice in the tropics, yet it is w ithin the reach of any operation because 
of its simplicity and low cost. This practice should not only be a recommendation at the 
individual farm level , but it should also become an official policy in tropical countries. 
The responses shown to this supplementation are often significant; therefore, this group 
wishes to emphasize the need for its systematic use. This is an important aspect to be 
discussed by the nutrition group, but we wish to emphasize its ·importance. 

Deficiencies in proteins, energy or vitamins must be dealt with by another group; we 
only wish to mention the need to evaluate both their importance and the economic 
feasibility of supplying them. 

Diseases also affect reproduction; again, this is not a subject for us to go into. We 
merely wish to point out that diseases should not only be described but their incidence 
should also be evaluated quantitatively. This would permitan economic appraisal of 
the importance of each disease under different conditions in tropical operations. 

Studies describing the different stages or physiological changes related to the 
reproductive process are scarce in the tropics; therefore, it is difficult to determine 
where the problems lie and to propose solutions. lt would be useful to have more 
information for females of different ages and/or weight conditions as regards the time 
of first heat, intervals between parturitions, the appearance of estrus after parturition, 
etc. 

Table 1. Environmental factors affecting reproductive behavior. 

Deficiencies 

Minerals, proteins, energy, vitamins 

lnfectious, parasitic 

M.negement 

Mil king, age of weaning, first service, vaccinations, parasite control , time of mounting for heifers 
and cows, use of artificial insemination 
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Milking is another practice included in Table 1 as a factor affecting reproductive 

behavior. The data mentioned indicare the importance of this practice in some tropical 

regions. In Colombia, for example, approximatel y 55 per cent of the cows from beef 

production herds are milked, and 70 per cent of the milk sold commercially in this 

country is from that source. This provides a regular cash income, which is an economic 

reason for its being done in beef production herds, but it can also result in a higher 

mortality rate among calves anda general decrease in fertility . There is the possibi l ity 

of better herd control and improvement as it is feasible to employ arti f icial insemination 

under this system, for example, which would probably not be advisable in an extensive 

herd management system. As can be seen , there are both posit ive and negative factors 

involved in this practice; nevertheless, it should be taken into account when formulating 

managements as well as nutrition , health and breeding programs. 

Another discussion ítem was the pract ice of weaning. T he need to wean at the earl iest 

possible age was recogni zed, as long as adequate qua li ty feed is avai lable to m inim ize the 

adverse effects of th is practice. The feasibility of early weaning (at two months or less} 

should be studied carefu ll y since it is adequate only ata high technological level, wh ich 

is not found in the tropics at present. 

In deciding when heifers should be served for the f irst t ime, age should not be the onl y 

criterion. Weight, which varíes for the different genotypes, should also be considered. 

Both factors should be taken into account in order to make recommendations in this 

respect . 

The animal heal th group will surely recommend the promotion of vaccination and 

parasite control programs, but th is group wishes to stress the potent ia l importance of 

genetic resistance to certain parasites, as evidenced in studies published worldwide . In 

the f uture, research should deal with developing 1 ines or varie ties with this characteristic. 

The inheritability o f t ick res istance in beef cattle has been estimated at 0.4 , which 

justi f ies the incorporation of th is characteristic i n selection programs. 

T he advantage of establishing mating seasons was recogn ized since it permits better 

breeding management. Severa! factors , such as the avai labilíty of forage, floods at cer tain 

times of the year, etc. , make the establishment of seasonal service necessary . To set a 

season for parturition does not necessarily lead toa decrease in fertility. The transition 

toa seasonal syst em might seem to be a problem, but an adequate program-such as 

removing the heifers and nonmilking cows from the herd- might lead to establ ishing 

seasons for births at the most adequate time in just a few years. Seasonal parturition 
would not be advisable, however, for beef and dairy operations that must produce milk 

the year round. 

Since it is generally recognized that the reproductive rate is reduced at the second 

birth, the time for servicing heifers should be a month or 20 days earlier than for cows. 

This makes it possible for heifers calving for the first time to have a longer interval 
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between parturition and the next conception. lt is not advisable to provide a second 
service for those heifers that did not conceive after the breeding season if at that time 

they were of sufficient age and weight for normal reproductive behavior. 

In operations where penning of cattle is customary for milking orto prevent rustling, 

the use of artificial insemination is convenient and feasible. However, in those cases where 
estrus detection is difficult (as with certain genotypes). this practice is not advisable. 
Artificial insemination recognizedly represents an economic advantage since it facilitates 

sanitary management of the herd and it is a considerable aid in genetic improvement and 

crossbreeding. 

Bulls are often changed before the mating season in order to ensure fert i lization . 

According to the data, however, the importance of this practice is relatively minor in 

comparison with other factors . In general, the producer compensates for any deficiency 

by using a greater number of bu lis. 

The possibility of improving yield rates was studied in connection with breeding 

programs. These long-range plans allow the introduction of permanent modifications in 

a herd, passed on from one generation to the next . Sorne of the new characteristics will 

remain even after the plans have been abandoned. The group considered two forms of 

genetic expression: The first is related to additive genetic expressions and is the basis for 
selection plans within pure breeds ; the second is of the nonadditive type, related to 

heterosis, which is useful in crossbreeding. 

The group acknowledges the advantages of crossbreeding cows under tropical conditions. 

Selection and crossbreeding are not mutually exclusive but complement each other si nce 
the characteristics showing heterosis do not respond to selection, whereas those improved 

by selection are of low hybrid vigor. 1 t is therefore possible to select the pure breeds to be 
used in crossbreeding. 

Systematic crossbreeding requires at least two pure breeds adapted to tropical conditions. 
lt is also important to have the greatest possible genetic divergence between them; 

therefore, one breed should be of East lndian origin and the other European. Sorne breeds 
of East lndian origin, already adapted to our environment are available in sufficient 
numbers; but there might be a problem to find a breed of European origin in sufficient 

stock that is well adapted to our environment. The stock known under the genetic term 
"Criollo," which was once common, has disappeared in most of tropical America. 

Conservation programs of the surviving groups should be supported to prevent their total 
extinction. In the future, these herds could become an important source of germplasm 

for use in the production of crossbred females. 

Sires used for producing beef cattle - whether for mating or artificial insemination
should be selected under tropical conditions. Although it is often necessary to import 

germplasm, there is sufficient evidence of the interaction of environmental and genetic 
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conditions that make it advisable to select the animals from the same production area. 

Therefore, systematic importation of an imals or semen is not recommended. The 

possibility of exploiting complementary effects between d ifferent breeds is another 
advantage of crossbreeding. 

Another element to be considered in designing a crossbreeding plan is that the system 
should produce its own replacement females. For t his reason, it would be advisable, 

especially in beef -dairy operations, to have more heifers served than the number necessary 

for replacement in order to make a postpartum selection to permit the evaluation of 
their milk production capacity. 

A two-breed alternating crossbreeding system wou ld seem to be t he most feas ible. 

Terminal breeding does not seem feasible at present production levels since it demands 
a high reproduct ive rate in both the pure breeds and the replacements. Definitive plans 

should take into account management capability and the avai lability of facilities. 

Several characteristics to be considered in breeding plans (see Table 2) are related to 

reproduction, and most of them respond t o heterosis. For this reason, it is necessary to 
use crossbred females, wh ich have a longer useful lite and are better dams. 

In beef-dairy operations, select ion must be made within the pure breeds in order to 
increase milk production . Growth characteristics and carcass composition ought to be 

considered also. There is at least one association of pure breeders that has placed great 
emphasis on the milk-producing characteristics of females when classifying live animals. 

lmprovement of growth rate and carcass characteristics should resu lt in higher prices 
per un it weight. Unfortunately , most meat markets in tropical America do not have 
adequate systems for discriminating differences among carcasses. The group therefore 
recommends the establishment of off icial standards for cattle classi fication in order to 

obtain differential prices. These standards should consider age and carcass configuration 
and composition. This would stimulat e producers to make a more effective selection and 
to favor other practices that result in higher qual ity products. 

Table 2 . Elements to be considered in genetic programs. 

Reproduct ive rate 

Cal f mortali ty 

Difficulties in parturition 

Rate o f growth 

Beginning of puberty 
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Carcass charactens ti cs 

Adult s1ze lmale and female} 

Milk production 

Maternal ability 



Finally, the members of this group recognize the need to support long-range research 
projects in reproduction and genetics. We point out the lack of continuity in programs 
of this kind,either because of inadequate official support or because of changes in 
management that affect technicians dedicated to this type of research in tropical 
countries. 

Utmost importance was given to the need for better channels for the exchange of 
information among different groups working on beef production in the tropics and that 
this interchange be made effective tho·ugh this type of meeting. 
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WORK GROUP REPORT ON AN IMAL HEAL TH 

Manuel Moro 

The subject of animal health should be given primary consideration in order to 
maximize the level of production and to obtain animal products adequate for human 

consumption. The economic losses resulting from diseases may hinder the development 

of any cattle program undertaken in the tropics. 

Because of the extreme temperature and humidity changes favorable for the 
reproduction of parasites, the tropical climate is limiting to the cattle industry ; therefore, 
adequate technology should be developed for cattle production under the different 
climatic conditions. 

There are many tropical regions where cattle operations have not yet been developed. 
Here, two kinds of problems may arise: First , introduced cattle may bring infect ions or 
parasitic agents with them. Second, diverse problems may be caused by the disturbance 

of the natural ecological balance. 

In those areas where cattle operations have already been established, the existing 
systems are inadequate to control well·identified diseases because of the lack of 
suitable extension services. In other cases, problems of major economic importance 
have not yet been defined . 

Factors influencing the devel opment of the cattle industry in the lowland tropics 

include 

1. The lack of adequate systems for extending veterinary services t o cattle producers. 
This service should be incorporated into a multidisciplinary effort including 
production, nutrition, genetics, animal health, management, economics, sociology, 
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etc., because the importance of any disease may be influenced by sorne of these 
factors . This service would be provided by field veterinarians in conjunction with 
diagnostic and research centers. 

2. Disease control at the production level. The following are examples of the hMith 
problems in this group: 

a. Low fertility of bulls and cows 
b. High mortality and morbidity rates of calves and adult animals 
c. Ecto· and endoparasitic diseases, etc. 

3. The establishment of specific programs for the control of di se ases such as 

a. Foot·and-mouth disease 
b . Ticks 
c. Brucellosis 
d . Bovine tuberculosis 
e . Bovine paralytic rabies 
f. New or emergent diseases (rhinotracheitis , viral diarrhea. etc.) 

1 t is important to have controlled production of standardized antigens and vaccines. 

4. Adequate operational budgets 

5. The improvement in status of the veterinarian working at the field level 

The strategy to increase beef cattle production in the tropics should include 

1. The implementation of already established serv1ces or the development of new 
ones, if necessary. to improve animal health services in the field and at the same 
time to ensure an adequate supply of efficient vaccines 

2. The establishment of a training program at the undergraduate or graduate level on 
multidisciplinary or specific aspects, with emphasis on ecology and epidemiology 

3. Research with emphasis on epidemiology and preventive medicine. lntensive 
research shou ld be conducted on those diseases causing great losses to the beef 
cattle industry and on the development of economical control systems that can be 
easily applied by the cattleman. Prior ity should be given to studies on causes of 
low fertility and losses caused by ticks and other diseases. To support the system, 
programs based on field needs should be developed. Finally . in order to avoid the 
spread of hemoparasitic infections, systems should be established to detect the 
carrier animals. 
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4. The establishment of protective measures to avoid the spread of disease to 
nonaffected areas. Colonizations should be planned; and in such cases, the animal 
health aspect should be closely linked to nutrition, reproduction, management and 
economics. 

In summary, a veterinarian should be part of a team working toward a common goal. 

The recommendations to CIAT for the establishment of a basis for technological 
exchange would be as follows: 

1. The development and expansion of CIA T's service of documentation and extracts of 
scientific papers 

2. The provision of training on development techniques for the diagnosis, prevention 
and control of economically important diseases in the tropical areas not covered by 
the programs of the two centers operated by the Pan American Health Organ ization : 

the Center for Zoonses and the Center for Foot·and ·Mouth Disease 

3. The promotion of periodic meetings to deal with specific animal health problems in 
the tropics 
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WORK GROUP REPORT ON APPLICATIONS OF 
TECHNOLOGY AT THE FARM/RANCH LEVEL 

C. Patrick Moore 

The objective is to increase and to improve the technology that is presented and that 

will be accepted and appl ied by the farmer/rancher for increasing production and 

productivity . 

This seminar has present ed evidence that there exists adequate technology capable of 
producing an increase in beef production and productiv ity in tropical America by 

eliminating the two major constraints: low reproductive rates and loss of weight during 
critica! periods. 

Data presented at the seminar indicate that production parameters are extremely low 

as compared w ith those f rom other regions of the world . 

The working group then concludes that existing technology is not being appl ied at the 

farm level ata rate fast enough to have any impact . The group further recognizes that 
the failure of this transfer of technology to the producer is the main problem in increasing 

beef production. Because of the complexity of the problem, resolution will be dependen t 

upon a coordinated effort on the part of all inst itutions and disciplines concerned with 

agricultura! development. 

Specifically, the group suggest s the following act ions by these mstitutions: 

1. Educational institutions should 

a. Establish a special curriculum for training extension-type people w1th strong 

emphasis on pragmat1c f ield work and on diSCiplines that w ill prepare the "change 

agent" adequately in the techn1ques of transferring technology to the beef 

producer 
b . Provide opportunit1es for add1t1onal formal and mformal training 
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2. Research institutions should 

a. Form teams within research stations to carry out research using the systems 
approach 

b. Keep a research herd that would be used to evaluate technology as it is developed, 
as a part of a beef production system for the specific area in which it is located 
(The evaluation of this technology would include a complete economic 
analysis.) 

c. Provide demonstrations and training for extension agents and base further 
research action on f ield reports. 

3. Extension institutions should 

a. Select and send their people to be trained on the production package at the 
research station 

b. Transfer the technology back to the community by using field demonstrations 
to show the new techniques 

c. Relate to local institutions (e.g. , credit institutions) to assure that the package 
has all _the necessary local inputs to be successful at the farm level 

d. Maintain a two-way communication between extension and research institutions 
so that researchers are kept informed of current problems at the farm level 

e. Develop short courses directed towards training ranch operators in new ski lis, 
using the learning·by-doing approach rather than classroom lectures 

4. Ag.ricultural planning institutions should define the beef production pol icy, put it 
into practice and give it sufficient time to see whether or not it works . Until a 
defined policy has been established, it is difficult-if not impossible- to identify the 
weaknesses of the system. 
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WORK GROUP REPORT ON THE 
SOCIOECONOMIC ANO DEVELOPMENT PROJECTS 

T. Granizo 

Taking into consideration the scope of the socioeconomic and development projects, 
the work group decided to choose only sorne of the aspects involved. in order to deal 

with them toa certain degree. For this reason , the recommendations made can in no way 
be interpreted asan exhaustive list but rather reflect the opinions of the members of this 

group as regards sorne subjects of significance in these areas. 

A . The present status of the beet cattle industry within the economy of tropical America 

Beef production in tropical America is based mainly on the exploitation of native 

pastures and introduced pastures in areas whose natural vegetation is the forest. With 
the exception of a few areas, the carrying capacity of the pastures is correlated to the 

present leve! of technology being applied. Therefore, beef cattle development will 
require an increase in the investments necessary for intensification . 

In the forested areas of the humid tropics, the development of beef cattle production 

will demand significant investments to clear t imber and to establish grass and forage 
crops. 

In many areas of tropical America, beef cattle operations include both milk and beef 
production . In these cases, beef cattle development and related research should approach 
both lines of production jointly . 

B. The role of specific beef cattle development projects 

In recognition of the important contribution that well -planned and executed develop· 
ment projects can make in accelerating beef and mil k production in tropical American 
beef cattle herds, it is recommended that national , regional and international research 
organizations become more deeply involved in this process. In doing so, these organiza· 
t ions would 
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1 . Assist governments in their efforts t o select and formulate development projects 

that are technically feasible , financial ly viable and economically sound 

2. Assist governments in order to make fuller use of scarce resources by giving 
priority to projects featuring comprehensive, low -cost production packages 

3. Provide project management with technological production packages geared to 
the production intensity most appropriate for the different ecological regions 

and that would result in productivity changes and sufficient profitability to 

attract producers 

4. lnvolve project management staff in adapting technological packages to specific 

ecological regions as part of the research and demonstration process 

5 . Assist in efforts to develop projects t hat when considered jointly wou ld provide 

a balanced program of assistance t o the rural poor and would increase production 
6. Encourage the establishment of effective project management units in credit 

organ izations or under separate independent arrangements 

7. Encourage the provision of technical serv ices for ranch production and develop

ment planning, using production specialists employed directly by the agency 
administering the project for the time such services are required, as a comple 
ment of the general extension services 

8 . Assist in training programs for the preparation of production specialists to 
provide service for the technical project 

9. Provide guidance and assistance to project management t o ensure the 
establishment of effective monitoring systems to measure project impact 
and accomplishments 

10. Establish effective national, regional and international outreach and linkage 
networks for beef cattle research and training 

C. The institutional factors lim iting livestock development 

1. Economic policies in general 

Occasionally, general economic policies influence the cattle sector more than 

specific sectorial policies. lt is therefore deemed necessary to improve the 
coordínation of both sectorial and overall policies. above all economic (such 
as foreign exchange rates for imports and exports, interest rates, etc ) . 

2. Sectorial economic policies 

The lack of coherence in sectorial economic pol icies has frequently been a serious 

obstacle for beef cattle development because decisions based on shor t -term 
objectives prevail. 
Although the aforementioned is obvious. the nature of the biological processes 
of cattle emphasizes the need for mid - and long-term plans, making it necessary 

to have coherent economic policies. 

a. Product pdce policies move around restrict ive limiting factors ; i.e .• the ~ffect 
of prices on the cost of l iving on the one hand and the lack of incentives for 
production on the other. For this reason, pri ce policies regarding beef cattle 
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cannot play an important role in promoting livestock development, but they 

cannot be ignored. 

b. In regard to prices for inputs, it is recommended to act upon those that are 
desirable from the physical ·biological point of view and that would be 
profitable for the country's economy in the intermediate term. 

c. Since beef cattle development requires large investments which are difficult to 

finance through credit alone, all possible resources (including the producers') 
must be put into action, using every available tool (extension, taxes, etc.). 

Credit should be granted together with technical assistance, preferably in the 

form of supervised loans, to ensure the success of the investments, gearing 
the credit to the integral development of the farm. Before granting credit, the 
different cattle farms' capacities for generating economic surplus should be 

taken into account, in accordance with their relative size and scale of operation . 
Three sources of financing investments for beef cattle development are the 
contribution of the product itself, preferential tax treatment, and bank credit. 

lt is suggested that a system be structured whereby the per hectare invest· 
ment of the small farmer would be almost exclusively financed through bank 

resources, whereas the larger producer would be financed through his own 
contribution, preferential tax treatment and a minimum of bank credit. 1 n 

the short run, expansion of beef cattle production implies a decrease in supply 

destined to the consumer, together with a parallel , undesirable effect of an 

increase in beef prices. In this regard we already have broad experience in 
Latin America. Under such circumstances, noncyclic short· and intermediate· 

term loans are advisable, restricting this credit during the price increase 

periods in order to counteract these effects partially . 
d. Land policies should be structured so as to decrease the degree of land 

concentration found today in important beef cattle areas of Latin America. 
This would facilitate access to land util ization by those producers who have 
shown entrepreneurial skills and efficiency. 

A land tax that is in accordance with its productive capacity and that increases 
progressively in accordance with the size of the farm constitutes one of the 
measures conducive to the aforementioned object ives. 

D. Transfer of technology 

1. Prospects for livestock development in the lowland tropics in the intermediate 
term will be determined to a greater degree by factors influencing investment 
decisions to be made by the producers; that is, economic. socio·institutional 

and pol icy aspects and toa lesser degree, the availability of technology . 
2. Research programs geared to livestock development should include the study of 

the aforementioned factors. Because of the fact that investment decisions are 
closely linked to prospects of increasing profits. it is also important to obtain all 
the data necessary to evaluate cost-benefit ratios of all the techniques under 

research. 
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3. Field techni.cians must have a thorough knowledge of modem project planning 
procedures, of the techniques available for expediting quantitative data 
assessment of available resources and the combination of these data with 
socioeconomic factors. This knowledge is needed to present feasible and logical 
alternatives for beef cattle development planning in general and specifically in 
development projects. 

4. The training of a field technician must be oriented in a more practica! manner 
toward the improvement of communication with the producers. 

5. Technical assistance to the farmer must be provided at the individual level and 
also through mass media, otherwise the costs will be extremely high . 

6 . For individual technical assistance, it is necessary to be able to supply physical 
inputs and the necessary capital in cases where the proposed technological 
changes involve a greater use of inputs, implying more investments. 

7. In many tropical countries in Arnerica, it has been found that one of the best 
ways to ensure an etfective application of technology at the producer level is 
to combine technical assistance with credit, within specific development projects. 

8. lt is essential to coordinate applied research with technical assistance in order 
to ensure that the technician recommends the adequate solution for every 
situation and that research is based on the real needs of the producer. 
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